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Preface

This book provides overview of subjects in various fields of life. Authors solve current topics 
that present high methodical level. This book consists of 13 chapters and collects original and 
innovative research studies.

Chapter 1 is devoted to identity, social support and attitudes towards health with adolescents. 
The chapter presents selected aspects of development of adolescents with the stress on identity, 
social support and attitudes to health of adolescents. The period of adolescence is the most 
important developmental stage, which can be characterized as a temporary stage between 
childhood and adulthood. The chapter concludes also some research studies that observe 
selected areas, and that form not only theoretically known picture of what an adolescent 
look like, but also they point at new progress of experiencing, attitudes and behaviour of 
adolescents. Here we notice the influence of changes in the whole society, pressure of 
marketing strategies focused on adolescents, specifically in the areas that have profound 
effect on lifestyle of adolescents with the use of new information technologies.

Chapter 2 presents a novel theory in risk-management by numerical pattern analysis in data-
mining. The paper introduces the necessity of new techniques for data management. It is 
inevitable to catch up with current period moves and progress of each society. Authors thus 
approach a new pattern in data mining it is represented by using probability-trees to have 
a process on different type of data stored in databases and provide familiar information to 
system users. As authors notify, data mining by using patterns from databases is critical point 
in finding solutions to problems. The new pattern analysis in data mining is done with the 
help of probability and decision trees. A user easily gains necessary information based on 
mathematical analysis. According to authors the relationship between the relations is done 
according to system analysis and the designing and gathering of data is based on that analysis. 
By designing a specific pattern we get a specific analysis. Described principle is appreciated 
in risk management operations. At the same time it enables the increase of its profitable 
attributes and reduces the harmful ones. Practically the authors point at opportunities for 
utilizing risk management. 

Chapter 3 is concentrated on toward personalized therapy using artificial intelligence tools 
to understand and control drug gene networks. Author of paper showed the applications 
of RODES, the algorithm for reverse-engineering gene networks, based on linear genetic 
programming and neural networks control by feedback linearization method, to real 
microarray time-series data (NN RODES), and simulated data (GP RODES). Author presents 
notices that RODES is the only reverse-engineering algorithm based on neural network 
feedback linearization that has been applied to reverse engineer gene networks, as a highly 
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accurate system of ordinary differential equations, in the very difficult but common situation 
of missing information from data, as missing variables - having only the time-series of the 
gene expression levels, but not the time-series of transcription factors and drug related 
compounds.

Chapter 4 consists of the lead environmental pollution in central India. Authors in the article 
emphasize the alarming impact of the lead as well known non-biodegradable toxic metal. 
It is rather harmful for inhabitants, especially for children - as authors claim, more than 15 
million children in developing countries suffer from permanent neurological damage due to 
lead poisoning. People in India are threatened by both industrial and local exposures. Centre 
states are claimed to be the places of the most minerals and coal in India. Authors present 
various respiratory, cardiovascular and other symptoms found with people who live in the 
industrial environments. The objective of this work, as authors notice, is to highlight the mass 
concentration of lead in the various environmental compartments, such as particulates, rain, 
runoff water, surface soil and plants and they bring to discussion its sources and correlation.

Chapter 5 presents magneto hydrodynamic damping of natural convection flows in a 
rectangular enclosure. Authors focus the paper on mathematical formulation of cavitations 
in molten metals. In the presented study they work with the three-dimensional magneto 
hydrodynamics (MHD) stability of oscillatory natural convection flow in a rectangular cavity, 
with free top surface, filled with a liquid metal, having an aspect ratio equal to A=L/H=5, 
and subjected to a transversal temperature gradient and a uniform magnetic field oriented in 
x and z directions. According to authors of study the application of a magnetic field causes a 
change of the flow and thermal fields, and consequently stabilizes the convective flow. The 
flow stability appears when the direction of the magnetic field is longitudinal than when the 
direction of the magnetic field is transverse. The stability diagram shows dependences of the 
critical value of the Grashof number with the Hartmann number for two orientations of the 
magnetic field. As authors explain, the results obtained in this study will allow the research 
workers and industrialists to become familiar with oscillatory modes in the presence of a 
magnetic field, in order to improve quality of the crystal.

Chapter 6 is devoted to photocatalytic processes on the oxidation of organic compounds 
in water. In the chapter authors present an overview of the application of semiconductor 
photo catalysis, as well as of the Fenton process, as new technologies employed for the 
decontamination of chlorinated organic compounds in liquid waste. They briefly review 
various reactions that constitute the overall kinetic scheme. Besides, they present some 
applications proving the efficiency of this process in the degradation of chlorinated organic 
compounds. Authors pay attention to important theoretical aspects of titanium dioxide and 
modified TiO2 photocatalysts, with the aim to confirm their effectiveness in purification 
processes. The high efficiency Fenton process is presented in the study and it is being 
increasingly used in the treatment of contaminated water, along with applications in the 
decontamination of synthetic wastewaters. The results are useful for commercial sector, both 
in the fields of ecology and economy.

Chapter 7 presents new developments in large scale solar energy conversion. The chapter 
is devoted to possibilities of reduction of technological expenses for transformation of solar 
energy to electrical energy. Considerations cover many components, for example production 
of carbon dioxide, which contributes to global warming, problems regarding nuclear fuel 
sources, as well as environmental impact, sustainability, reliability and social benefits. 

VII

Authors stress that solar energy is the energy of future, and expectably its participation on 
production of energies will increase, even if higher investment inputs may be considered. 
Solar energy belongs to one of most abundant sources of renewable energy. The chapter 
deals with reviewing the technologies, which are currently available or proposed for large-
scale solar energy generation, generally speaking about concentrating and non-concentrating 
technologies. Several options exist for each solar energy application, however it is quite a 
difference to the success of the project that the most appropriate technology is the one selected 
for the given site and environment. As authors claim, the currently parabolic trough-collectors 
are the most commonly used and are already cost effective in many parts of the world; the 
Fresnel mirror adaptation may further cut their conversion costs. The Heliostat towers with 
their promise to yield very high concentrations with the beam-down optics and ground steam 
generation attract our attention.

Chapter 8 presents a comprehensive performance evaluation of a short duration high 
speed transient flow test facility. The paper aims to develop a numerical and experimental 
performance evaluation procedures to investigate the parameters affecting the flow conditions 
in a Short Duration High Speed Transient Flow Test Facility. The design of the facility has 
been adjusted to the use as a free piston compressor, shock tube, shock tunnel and gun tunnel 
interchangeably. Two sets of experiments have been conducted; the first one using shock 
tube arrangement while in the second set the facility is used as a free piston compressor 
arrangement (shock tube with free piston). The results presented in this chapter show that 
two-dimensional modelling of the high-speed fluid flow test facility is an effective way to 
obtain facility performance data. The results show that the facility performance in terms of 
shock speed, shock strength and the flow Mach number is highly affected by the diaphragm 
pressure ratio, gas combination and existence of piston. Authors are aware of the fact that 
although presented design provides good results, the improvement of future upgrades are 
welcomed to provide better flow quality and longer flow times, which would be needed for 
high speed fluid flow research. 

Chapter 9 is devoted to estimation of the effort component of the software projects using 
heuristic algorithms. Presented study deals with a multivariate interpolation model that 
was developed to estimate the effort component of the software projects. Presented material 
indicates that Simulated Annealing algorithm can be used to estimate the optimal parameters 
of the effort components of software projects. Author claim that in case of building a larger 
search space, there would be more time of computations. Also, convergence of search may 
become very slow. If the search space is set too small, optimal parameters could hardly be 
found. A proposed model provides better results comparing to previous studies. All three 
heuristic search algorithms (Genetic Algorithms, Tabu Search, Simulated Annealing) operate 
all right. They produce an acceptable sub-optimal solution within a reasonable amount of 
time.

Chapter 10 presents design of neural network mobile robot motion controller. The study 
introduces a design of the neural network-based velocity controller for the kinematics model 
of mobile robot with differential drive. The proposed neural controller has two inputs (position 
errors of wheels) and two outputs (velocities of wheels). PD controller enables online training 
with controlling the mobile robot. Due to this reason, the back propagation algorithm with 
adaptive learning rate is applied. Simulation results indicate the effectiveness of the proposed 
neural network-based control system.
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Chapter 11 is devoted to online rotor time constant estimator for induction machines with 
optimum flux. In presented chapter the reader becomes familiar with the estimation approach 
of rotor time constant variation with optimum flux. The estimation approach predicts and 
tunes the rotor time constant to the actual value rapidly. This approach is of great value in 
applying the reduction of losses in low load application for induction machines. Authors 
of chapter tested the proposed scheme diagram with the estimation approach of rotor time 
constant. The subsequent research may be devoted to the effectiveness rotor time constant, 
which remains an important parameter for stability and robustness in high application vector 
controlled machines in presence of load disturbance. The estimation approach has obtained 
perfect response behaviour of rotor time constant in large scale of time.

Chapter 12 presents rectifier low order harmonics reduction technique — educational 
approach. The chapter is devoted to verification of the chopping technique as an efficient 
technique to reduce low-order (high amplitude) harmonics and shift them away from the 
fundamental at the DC side. Authors demonstrated building an experimental prototype for 
support of theoretical and simulation results. Easier and more effective filter design is the 
result of shifting the high amplitude harmonics to higher frequencies. The value of the DC 
average component is directly proportional to the duty cycle k, while the number of PWMr 
pulses has no effect on the DC value. The highest harmonic amplitude is expected at the 
frequency equals to the fundamental frequency of the rectified voltage times number of 
pulses of PWM. The disadvantage of higher THD could be resolved by suppressing the high 
frequency components using low-pass filter.

Chapter 13 is devoted to restoration of hydrological data in the presence of missing data 
via Kohonen self organizing maps. The study deals with restoration of hydrological data 
in the presence of missing data via Kohonen Self Organizing Maps. The proposed models 
presented in the study are concluded as feasible and can be reliably applied to emulate and 
substitute historical missing daily rainfall data when one, two or all three of the recordings 
are not available. The proposed SOM Model have been found reliable and accurate, although 
they are applied to records with a maximum of 80% of days with missing data of up to two 
recording methods. Significant features like simplicity, the fact that it does not require any 
distribution of input data and produce consistently accurate imputed values regardless of 
input data quality level and ease of use are core advantages of using SOM Model and SOM-
NNeigh Hybrid Model. 

Assoc. prof. Blandína Šramová
E-mail: sramova2@azet.sk
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1. Introduction 

One of the most important and at the same time significant developmental stage from the 
ontogenetic point of view is considered the period of adolescence that can be characterised 
as a temporary stage between childhood and adulthood. The period brings significant 
physiological changes, as well as changes in mental and social developments of personality. 
Accelerating trend appearing in this developmental stage has already been documented for 
several decades and that is why we consider important to pay appropriate attention to those 
areas that are most attacked by the influence of socialization of a society, fast lifestyle, 
stronger pressure, and experienced stress. In the following chapter we will have a look at 
selected aspects of development of adolescents with the stress on identity, social support, 
and attitudes to health of adolescents. At the same time we will introduce research studies 
that observe selected areas, and that form not only theoretically known picture of what an 
adolescent look like, but also they point at new progress of experiencing, attitudes and 
behaviour of adolescents. Here we notice the influence of changes in the whole society, 
pressure of marketing strategies focused on adolescents, specifically in the areas that have 
profound effect on lifestyle of adolescents with the use of new information technologies.  

 
2. Adolescence 

Adolescent developmental stage is the era where an individual prepares for his future role 
of an adult individual. It is a developmental period between childhood and adulthood. Also, 
it is the period of profound changes of organism (increase in height, weight, maturing of 
genital organs) that go hand in hand with development of the psychic of an adolescent. 
Increasing requirements of society, informatization process of society, fast lifestyle, stronger 
pressure and experienced stress affects mental and social developments of adolescents. 
Accelerating trend in developed countries is more evident. On one hand, due to information 
accessibility adolescents are more skilful, more experienced in IT technologies, however on 
the other hand, they are more uncertain about their future role as adults, mainly regarding 
their profession. Lately, we have been witnesses of selecting the institutional education 
according to attractiveness in financial evaluation of a graduate in certain major, not 
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1. Introduction 

One of the most important and at the same time significant developmental stage from the 
ontogenetic point of view is considered the period of adolescence that can be characterised 
as a temporary stage between childhood and adulthood. The period brings significant 
physiological changes, as well as changes in mental and social developments of personality. 
Accelerating trend appearing in this developmental stage has already been documented for 
several decades and that is why we consider important to pay appropriate attention to those 
areas that are most attacked by the influence of socialization of a society, fast lifestyle, 
stronger pressure, and experienced stress. In the following chapter we will have a look at 
selected aspects of development of adolescents with the stress on identity, social support, 
and attitudes to health of adolescents. At the same time we will introduce research studies 
that observe selected areas, and that form not only theoretically known picture of what an 
adolescent look like, but also they point at new progress of experiencing, attitudes and 
behaviour of adolescents. Here we notice the influence of changes in the whole society, 
pressure of marketing strategies focused on adolescents, specifically in the areas that have 
profound effect on lifestyle of adolescents with the use of new information technologies.  
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pressure and experienced stress affects mental and social developments of adolescents. 
Accelerating trend in developed countries is more evident. On one hand, due to information 
accessibility adolescents are more skilful, more experienced in IT technologies, however on 
the other hand, they are more uncertain about their future role as adults, mainly regarding 
their profession. Lately, we have been witnesses of selecting the institutional education 
according to attractiveness in financial evaluation of a graduate in certain major, not 
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according to abilities, personal traits. This results in disappointment, bigger uncertainty, less 
ambitions. Entrance into adolescent stage is shifted to lower age; however, it only deepens 
difference between biological and personal maturity (secular acceleration). At the same time 
we are witnesses of later entering the stage of adolescence connected to prolonged gradual 
preparation for working activity (secular deceleration). Adolescents are more interested in 
their body. They observe changes in physiognomy. If they find disproportion in the 
development of individual parts of the body (for example left breast is smaller than the right 
one, etc.), they tend to search and study it all the time. The desire for perfection is also 
strengthened by mass media (advertisements, films, articles about celebrities, etc.) that force 
the importance of physical perfection for a happy and successful life (Šramová, 2007a). 
Despite awareness and knowledge about danger of such attitude, we still encounter this 
phenomenon that badly affects the health of adolescents. Experiments with various diets can 
lead towards mental anorexia or bulimia, which both attack metabolism in organism of 
young girls, however, later they can bring about serious physical and mental dysfunctions 
of personality. Adolescent youth have individualised more recently, mainly in developed 
countries, and at the same time they have been forming their norms, rules by which a 
separated group tries to detach itself. On one hand there is awareness of being unique and 
on the other hand, an individual belongs to a group that helps the individual to get 
orientated in social environment. Marketing and mass media experts react to these 
requirements and thus we meet a suggested trend in fashion, fun, music, interests and the 
way of spending the free time, where they define what is „cool“ or „in“ for subculture 
young people in certain era. Adolescents with their hairstyle, the way they dress, with music 
preference belong to each other. It is usually atypical style, different from conventional one 
that is accepted and used by an adult population. We can observe interactive and reciprocal 
relations between society and adolescents. On one hand, society gives adolescents social 
norms, values by means of institutions (school, important authorities), mass media and, at 
the same time society reacts to initiative changes that are realised by adolescents in social 
environment. Process of socialization is thus influenced institutionally, as well as 
contemporary relations that play an important role in forming values, ambitions, attitudes 
of adolescents. This does not exclude the influence of parents who still hold important social 
certainty of an adolescent. Adolescence thus has its economic, social, educational and 
cultural aspects.  

 
3. Identity in Adolescence  

Adolescence is a sensitive period of time for forming the personal identity, which means 
personal uniqueness. In a given evolutional stage an adolescent tries to find answers to 
questions: Who am I? Where do I belong? What is my role in society? What is the meaning 
of life? By this an adolescent clarifies the attitude towards himself, towards environment. 
Self-concept which is the set of information and feelings about oneself and it is being created 
throughout the whole ontogenetic development of personality, while in adolescence the self-
concept tends to increase, by which it serves a regulatory role of own behaviour and 
experience. According to Erikson (1968) forming own ego-identity is basic developmental 
role of given period, where performing the previous developmental roles are included, 
where the influence of biological, psychological social and cultural natures of development 
are met. Previous developmental eras are shown in adolescence as its derivates and they are 

 

covered explicitly: perspective versus confusion in early childhood, self-confidence versus 
high self-awareness in early childhood, role experimenting versus role fixation in preschool 
period, learning versus inability to learn at young school age (Erikson, 1968, Macek, 2003). 
The following phases are contained implicitly, such as sexual polarisation versus bisexuality 
in early adulthood, leadership and management versus confusion in middle and late 
adulthood, ideological obligation versus confusion in senior age (Erikson, 1968, Macek, 
2003). Thus it is evident that the development of personality is the lifelong process, 
however, it is adolescence that is a key developmental era. Identity is awareness of 
uniqueness, awareness of one self as a subject with own opinion, where parental values, 
attitudes, and also own experience of an adolescent are included. In case those individual 
components that create the identity do not unify into a compact whole in developmental 
stage of adolescence, we speak about diffuse identity, where an adolescent is not interested, 
or refuses the framing of his own identity, uniqueness, subjectivity that is different from 
others. According to Marcia (1980) it is important to view identity as a dynamic structure, 
where dynamic organisation of drives goes hand in hand with abilities, beliefs, as well as 
previous personality development. In the process of forming the identity is important to 
watch existence or absence of identity crisis (doubts about values, aims, that was 
implemented to a child by parents), and the presence, or absence of commitment (stability in 
the selection of values, life goals of an individual) and to define accordingly which out of the 
four identity conditions is reached by an adolescent. We can speak about identity diffusion, 
which is a condition an individual did not go through the identity crisis, he does not have 
a firm commitment. It is a condition, when active need of self-definition is missing. Other 
persons influence an adolescent; his opinions are complied with norms and expectations of 
the group to which he belongs. His self-evaluation is not autonomous, it is dependant on 
perception and reactions of other persons towards him, and while in an interpersonal 
encounters an adolescent has problems with diffuse identity. Foreclosure identity is 
a condition, where an adolescent has a stabilized, firm commitment that he reached without 
analysing, without selecting values, aims, without self-analysis. An adolescent usually 
uncritically picks up values that were chosen by parents, or another authorities, or friends. 
However, he is more or less satisfied with himself, even problematic relations with others 
prevail. Moratorium is a condition, where an individual undergoing the identity crisis 
reaches, which mean that he searches, looks for, forms his goals, but still he does not have a 
stabilized commitment, he postpones decision. It is a condition that can be accompanied by 
doubts, anxiety and is connected with changing of roles. Identity achievement is a condition, 
where an adolescent underwent the identity crisis based on his experience he is able to take 
his position, decision in various psychosocial areas. The past, presence and future 
perspectives are integrated here into a consistent whole that contributes to self-esteem of 
a personality. Identity achievement is considered the most adaptable, firm, self-regulatory 
personality identity. From the ontogenetic point of view is according Marcia (1980) 
important that moratorium precedes the condition of identity achievement, even of it is 
possible in a certain period that various conditions of identity appear in an adolescent (for 
example in the are of politics it is a moratorium condition, in the area of partnership it is 
a identity diffusion, and so on). This condition is typical from the developmental point of 
view. The problem might be, says Marcia (1980) when process of creating the identity is not 
completed before reaching adulthood. According to Berzonsky (2003), who was inspired by 
Marcia’s conception of identity, social-cognitive processes take part in forming the 

Identity,	social	support	and	attitudes	towards	health	with	adolescents 3

 

according to abilities, personal traits. This results in disappointment, bigger uncertainty, less 
ambitions. Entrance into adolescent stage is shifted to lower age; however, it only deepens 
difference between biological and personal maturity (secular acceleration). At the same time 
we are witnesses of later entering the stage of adolescence connected to prolonged gradual 
preparation for working activity (secular deceleration). Adolescents are more interested in 
their body. They observe changes in physiognomy. If they find disproportion in the 
development of individual parts of the body (for example left breast is smaller than the right 
one, etc.), they tend to search and study it all the time. The desire for perfection is also 
strengthened by mass media (advertisements, films, articles about celebrities, etc.) that force 
the importance of physical perfection for a happy and successful life (Šramová, 2007a). 
Despite awareness and knowledge about danger of such attitude, we still encounter this 
phenomenon that badly affects the health of adolescents. Experiments with various diets can 
lead towards mental anorexia or bulimia, which both attack metabolism in organism of 
young girls, however, later they can bring about serious physical and mental dysfunctions 
of personality. Adolescent youth have individualised more recently, mainly in developed 
countries, and at the same time they have been forming their norms, rules by which a 
separated group tries to detach itself. On one hand there is awareness of being unique and 
on the other hand, an individual belongs to a group that helps the individual to get 
orientated in social environment. Marketing and mass media experts react to these 
requirements and thus we meet a suggested trend in fashion, fun, music, interests and the 
way of spending the free time, where they define what is „cool“ or „in“ for subculture 
young people in certain era. Adolescents with their hairstyle, the way they dress, with music 
preference belong to each other. It is usually atypical style, different from conventional one 
that is accepted and used by an adult population. We can observe interactive and reciprocal 
relations between society and adolescents. On one hand, society gives adolescents social 
norms, values by means of institutions (school, important authorities), mass media and, at 
the same time society reacts to initiative changes that are realised by adolescents in social 
environment. Process of socialization is thus influenced institutionally, as well as 
contemporary relations that play an important role in forming values, ambitions, attitudes 
of adolescents. This does not exclude the influence of parents who still hold important social 
certainty of an adolescent. Adolescence thus has its economic, social, educational and 
cultural aspects.  

 
3. Identity in Adolescence  

Adolescence is a sensitive period of time for forming the personal identity, which means 
personal uniqueness. In a given evolutional stage an adolescent tries to find answers to 
questions: Who am I? Where do I belong? What is my role in society? What is the meaning 
of life? By this an adolescent clarifies the attitude towards himself, towards environment. 
Self-concept which is the set of information and feelings about oneself and it is being created 
throughout the whole ontogenetic development of personality, while in adolescence the self-
concept tends to increase, by which it serves a regulatory role of own behaviour and 
experience. According to Erikson (1968) forming own ego-identity is basic developmental 
role of given period, where performing the previous developmental roles are included, 
where the influence of biological, psychological social and cultural natures of development 
are met. Previous developmental eras are shown in adolescence as its derivates and they are 

 

covered explicitly: perspective versus confusion in early childhood, self-confidence versus 
high self-awareness in early childhood, role experimenting versus role fixation in preschool 
period, learning versus inability to learn at young school age (Erikson, 1968, Macek, 2003). 
The following phases are contained implicitly, such as sexual polarisation versus bisexuality 
in early adulthood, leadership and management versus confusion in middle and late 
adulthood, ideological obligation versus confusion in senior age (Erikson, 1968, Macek, 
2003). Thus it is evident that the development of personality is the lifelong process, 
however, it is adolescence that is a key developmental era. Identity is awareness of 
uniqueness, awareness of one self as a subject with own opinion, where parental values, 
attitudes, and also own experience of an adolescent are included. In case those individual 
components that create the identity do not unify into a compact whole in developmental 
stage of adolescence, we speak about diffuse identity, where an adolescent is not interested, 
or refuses the framing of his own identity, uniqueness, subjectivity that is different from 
others. According to Marcia (1980) it is important to view identity as a dynamic structure, 
where dynamic organisation of drives goes hand in hand with abilities, beliefs, as well as 
previous personality development. In the process of forming the identity is important to 
watch existence or absence of identity crisis (doubts about values, aims, that was 
implemented to a child by parents), and the presence, or absence of commitment (stability in 
the selection of values, life goals of an individual) and to define accordingly which out of the 
four identity conditions is reached by an adolescent. We can speak about identity diffusion, 
which is a condition an individual did not go through the identity crisis, he does not have 
a firm commitment. It is a condition, when active need of self-definition is missing. Other 
persons influence an adolescent; his opinions are complied with norms and expectations of 
the group to which he belongs. His self-evaluation is not autonomous, it is dependant on 
perception and reactions of other persons towards him, and while in an interpersonal 
encounters an adolescent has problems with diffuse identity. Foreclosure identity is 
a condition, where an adolescent has a stabilized, firm commitment that he reached without 
analysing, without selecting values, aims, without self-analysis. An adolescent usually 
uncritically picks up values that were chosen by parents, or another authorities, or friends. 
However, he is more or less satisfied with himself, even problematic relations with others 
prevail. Moratorium is a condition, where an individual undergoing the identity crisis 
reaches, which mean that he searches, looks for, forms his goals, but still he does not have a 
stabilized commitment, he postpones decision. It is a condition that can be accompanied by 
doubts, anxiety and is connected with changing of roles. Identity achievement is a condition, 
where an adolescent underwent the identity crisis based on his experience he is able to take 
his position, decision in various psychosocial areas. The past, presence and future 
perspectives are integrated here into a consistent whole that contributes to self-esteem of 
a personality. Identity achievement is considered the most adaptable, firm, self-regulatory 
personality identity. From the ontogenetic point of view is according Marcia (1980) 
important that moratorium precedes the condition of identity achievement, even of it is 
possible in a certain period that various conditions of identity appear in an adolescent (for 
example in the are of politics it is a moratorium condition, in the area of partnership it is 
a identity diffusion, and so on). This condition is typical from the developmental point of 
view. The problem might be, says Marcia (1980) when process of creating the identity is not 
completed before reaching adulthood. According to Berzonsky (2003), who was inspired by 
Marcia’s conception of identity, social-cognitive processes take part in forming the 
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according to abilities, personal traits. This results in disappointment, bigger uncertainty, less 
ambitions. Entrance into adolescent stage is shifted to lower age; however, it only deepens 
difference between biological and personal maturity (secular acceleration). At the same time 
we are witnesses of later entering the stage of adolescence connected to prolonged gradual 
preparation for working activity (secular deceleration). Adolescents are more interested in 
their body. They observe changes in physiognomy. If they find disproportion in the 
development of individual parts of the body (for example left breast is smaller than the right 
one, etc.), they tend to search and study it all the time. The desire for perfection is also 
strengthened by mass media (advertisements, films, articles about celebrities, etc.) that force 
the importance of physical perfection for a happy and successful life (Šramová, 2007a). 
Despite awareness and knowledge about danger of such attitude, we still encounter this 
phenomenon that badly affects the health of adolescents. Experiments with various diets can 
lead towards mental anorexia or bulimia, which both attack metabolism in organism of 
young girls, however, later they can bring about serious physical and mental dysfunctions 
of personality. Adolescent youth have individualised more recently, mainly in developed 
countries, and at the same time they have been forming their norms, rules by which a 
separated group tries to detach itself. On one hand there is awareness of being unique and 
on the other hand, an individual belongs to a group that helps the individual to get 
orientated in social environment. Marketing and mass media experts react to these 
requirements and thus we meet a suggested trend in fashion, fun, music, interests and the 
way of spending the free time, where they define what is „cool“ or „in“ for subculture 
young people in certain era. Adolescents with their hairstyle, the way they dress, with music 
preference belong to each other. It is usually atypical style, different from conventional one 
that is accepted and used by an adult population. We can observe interactive and reciprocal 
relations between society and adolescents. On one hand, society gives adolescents social 
norms, values by means of institutions (school, important authorities), mass media and, at 
the same time society reacts to initiative changes that are realised by adolescents in social 
environment. Process of socialization is thus influenced institutionally, as well as 
contemporary relations that play an important role in forming values, ambitions, attitudes 
of adolescents. This does not exclude the influence of parents who still hold important social 
certainty of an adolescent. Adolescence thus has its economic, social, educational and 
cultural aspects.  

 
3. Identity in Adolescence  

Adolescence is a sensitive period of time for forming the personal identity, which means 
personal uniqueness. In a given evolutional stage an adolescent tries to find answers to 
questions: Who am I? Where do I belong? What is my role in society? What is the meaning 
of life? By this an adolescent clarifies the attitude towards himself, towards environment. 
Self-concept which is the set of information and feelings about oneself and it is being created 
throughout the whole ontogenetic development of personality, while in adolescence the self-
concept tends to increase, by which it serves a regulatory role of own behaviour and 
experience. According to Erikson (1968) forming own ego-identity is basic developmental 
role of given period, where performing the previous developmental roles are included, 
where the influence of biological, psychological social and cultural natures of development 
are met. Previous developmental eras are shown in adolescence as its derivates and they are 

 

covered explicitly: perspective versus confusion in early childhood, self-confidence versus 
high self-awareness in early childhood, role experimenting versus role fixation in preschool 
period, learning versus inability to learn at young school age (Erikson, 1968, Macek, 2003). 
The following phases are contained implicitly, such as sexual polarisation versus bisexuality 
in early adulthood, leadership and management versus confusion in middle and late 
adulthood, ideological obligation versus confusion in senior age (Erikson, 1968, Macek, 
2003). Thus it is evident that the development of personality is the lifelong process, 
however, it is adolescence that is a key developmental era. Identity is awareness of 
uniqueness, awareness of one self as a subject with own opinion, where parental values, 
attitudes, and also own experience of an adolescent are included. In case those individual 
components that create the identity do not unify into a compact whole in developmental 
stage of adolescence, we speak about diffuse identity, where an adolescent is not interested, 
or refuses the framing of his own identity, uniqueness, subjectivity that is different from 
others. According to Marcia (1980) it is important to view identity as a dynamic structure, 
where dynamic organisation of drives goes hand in hand with abilities, beliefs, as well as 
previous personality development. In the process of forming the identity is important to 
watch existence or absence of identity crisis (doubts about values, aims, that was 
implemented to a child by parents), and the presence, or absence of commitment (stability in 
the selection of values, life goals of an individual) and to define accordingly which out of the 
four identity conditions is reached by an adolescent. We can speak about identity diffusion, 
which is a condition an individual did not go through the identity crisis, he does not have 
a firm commitment. It is a condition, when active need of self-definition is missing. Other 
persons influence an adolescent; his opinions are complied with norms and expectations of 
the group to which he belongs. His self-evaluation is not autonomous, it is dependant on 
perception and reactions of other persons towards him, and while in an interpersonal 
encounters an adolescent has problems with diffuse identity. Foreclosure identity is 
a condition, where an adolescent has a stabilized, firm commitment that he reached without 
analysing, without selecting values, aims, without self-analysis. An adolescent usually 
uncritically picks up values that were chosen by parents, or another authorities, or friends. 
However, he is more or less satisfied with himself, even problematic relations with others 
prevail. Moratorium is a condition, where an individual undergoing the identity crisis 
reaches, which mean that he searches, looks for, forms his goals, but still he does not have a 
stabilized commitment, he postpones decision. It is a condition that can be accompanied by 
doubts, anxiety and is connected with changing of roles. Identity achievement is a condition, 
where an adolescent underwent the identity crisis based on his experience he is able to take 
his position, decision in various psychosocial areas. The past, presence and future 
perspectives are integrated here into a consistent whole that contributes to self-esteem of 
a personality. Identity achievement is considered the most adaptable, firm, self-regulatory 
personality identity. From the ontogenetic point of view is according Marcia (1980) 
important that moratorium precedes the condition of identity achievement, even of it is 
possible in a certain period that various conditions of identity appear in an adolescent (for 
example in the are of politics it is a moratorium condition, in the area of partnership it is 
a identity diffusion, and so on). This condition is typical from the developmental point of 
view. The problem might be, says Marcia (1980) when process of creating the identity is not 
completed before reaching adulthood. According to Berzonsky (2003), who was inspired by 
Marcia’s conception of identity, social-cognitive processes take part in forming the 
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according to abilities, personal traits. This results in disappointment, bigger uncertainty, less 
ambitions. Entrance into adolescent stage is shifted to lower age; however, it only deepens 
difference between biological and personal maturity (secular acceleration). At the same time 
we are witnesses of later entering the stage of adolescence connected to prolonged gradual 
preparation for working activity (secular deceleration). Adolescents are more interested in 
their body. They observe changes in physiognomy. If they find disproportion in the 
development of individual parts of the body (for example left breast is smaller than the right 
one, etc.), they tend to search and study it all the time. The desire for perfection is also 
strengthened by mass media (advertisements, films, articles about celebrities, etc.) that force 
the importance of physical perfection for a happy and successful life (Šramová, 2007a). 
Despite awareness and knowledge about danger of such attitude, we still encounter this 
phenomenon that badly affects the health of adolescents. Experiments with various diets can 
lead towards mental anorexia or bulimia, which both attack metabolism in organism of 
young girls, however, later they can bring about serious physical and mental dysfunctions 
of personality. Adolescent youth have individualised more recently, mainly in developed 
countries, and at the same time they have been forming their norms, rules by which a 
separated group tries to detach itself. On one hand there is awareness of being unique and 
on the other hand, an individual belongs to a group that helps the individual to get 
orientated in social environment. Marketing and mass media experts react to these 
requirements and thus we meet a suggested trend in fashion, fun, music, interests and the 
way of spending the free time, where they define what is „cool“ or „in“ for subculture 
young people in certain era. Adolescents with their hairstyle, the way they dress, with music 
preference belong to each other. It is usually atypical style, different from conventional one 
that is accepted and used by an adult population. We can observe interactive and reciprocal 
relations between society and adolescents. On one hand, society gives adolescents social 
norms, values by means of institutions (school, important authorities), mass media and, at 
the same time society reacts to initiative changes that are realised by adolescents in social 
environment. Process of socialization is thus influenced institutionally, as well as 
contemporary relations that play an important role in forming values, ambitions, attitudes 
of adolescents. This does not exclude the influence of parents who still hold important social 
certainty of an adolescent. Adolescence thus has its economic, social, educational and 
cultural aspects.  

 
3. Identity in Adolescence  

Adolescence is a sensitive period of time for forming the personal identity, which means 
personal uniqueness. In a given evolutional stage an adolescent tries to find answers to 
questions: Who am I? Where do I belong? What is my role in society? What is the meaning 
of life? By this an adolescent clarifies the attitude towards himself, towards environment. 
Self-concept which is the set of information and feelings about oneself and it is being created 
throughout the whole ontogenetic development of personality, while in adolescence the self-
concept tends to increase, by which it serves a regulatory role of own behaviour and 
experience. According to Erikson (1968) forming own ego-identity is basic developmental 
role of given period, where performing the previous developmental roles are included, 
where the influence of biological, psychological social and cultural natures of development 
are met. Previous developmental eras are shown in adolescence as its derivates and they are 

 

covered explicitly: perspective versus confusion in early childhood, self-confidence versus 
high self-awareness in early childhood, role experimenting versus role fixation in preschool 
period, learning versus inability to learn at young school age (Erikson, 1968, Macek, 2003). 
The following phases are contained implicitly, such as sexual polarisation versus bisexuality 
in early adulthood, leadership and management versus confusion in middle and late 
adulthood, ideological obligation versus confusion in senior age (Erikson, 1968, Macek, 
2003). Thus it is evident that the development of personality is the lifelong process, 
however, it is adolescence that is a key developmental era. Identity is awareness of 
uniqueness, awareness of one self as a subject with own opinion, where parental values, 
attitudes, and also own experience of an adolescent are included. In case those individual 
components that create the identity do not unify into a compact whole in developmental 
stage of adolescence, we speak about diffuse identity, where an adolescent is not interested, 
or refuses the framing of his own identity, uniqueness, subjectivity that is different from 
others. According to Marcia (1980) it is important to view identity as a dynamic structure, 
where dynamic organisation of drives goes hand in hand with abilities, beliefs, as well as 
previous personality development. In the process of forming the identity is important to 
watch existence or absence of identity crisis (doubts about values, aims, that was 
implemented to a child by parents), and the presence, or absence of commitment (stability in 
the selection of values, life goals of an individual) and to define accordingly which out of the 
four identity conditions is reached by an adolescent. We can speak about identity diffusion, 
which is a condition an individual did not go through the identity crisis, he does not have 
a firm commitment. It is a condition, when active need of self-definition is missing. Other 
persons influence an adolescent; his opinions are complied with norms and expectations of 
the group to which he belongs. His self-evaluation is not autonomous, it is dependant on 
perception and reactions of other persons towards him, and while in an interpersonal 
encounters an adolescent has problems with diffuse identity. Foreclosure identity is 
a condition, where an adolescent has a stabilized, firm commitment that he reached without 
analysing, without selecting values, aims, without self-analysis. An adolescent usually 
uncritically picks up values that were chosen by parents, or another authorities, or friends. 
However, he is more or less satisfied with himself, even problematic relations with others 
prevail. Moratorium is a condition, where an individual undergoing the identity crisis 
reaches, which mean that he searches, looks for, forms his goals, but still he does not have a 
stabilized commitment, he postpones decision. It is a condition that can be accompanied by 
doubts, anxiety and is connected with changing of roles. Identity achievement is a condition, 
where an adolescent underwent the identity crisis based on his experience he is able to take 
his position, decision in various psychosocial areas. The past, presence and future 
perspectives are integrated here into a consistent whole that contributes to self-esteem of 
a personality. Identity achievement is considered the most adaptable, firm, self-regulatory 
personality identity. From the ontogenetic point of view is according Marcia (1980) 
important that moratorium precedes the condition of identity achievement, even of it is 
possible in a certain period that various conditions of identity appear in an adolescent (for 
example in the are of politics it is a moratorium condition, in the area of partnership it is 
a identity diffusion, and so on). This condition is typical from the developmental point of 
view. The problem might be, says Marcia (1980) when process of creating the identity is not 
completed before reaching adulthood. According to Berzonsky (2003), who was inspired by 
Marcia’s conception of identity, social-cognitive processes take part in forming the 



New	Trends	in	Technologies4

 

personality identity. We speak about cognitive strategies that are used by an adolescent 
personality with self-definition, self-constructing, while the given process is long-term and 
conditioned by adaptation processes (assimilation and accommodation). According to 
Berzonsky‘s concept, one of the three personality identity styles prevails, which he assigned 
to three variables that exist in a correlation relations with certain personality traits: 1/ 
Informative identity style is typical for individuals actively searching their personalities, who 
are open to experience, who are oriented to seek information, who have an active approach 
to problem solving (Berzonsky, 1992, Berzonsky & Sullivan, 1992, Berzonsky & Ferrari, 1996, 
Dollinger, 1995). Given style corresponds with achieving the moratorium condition and 
condition of identity achievement, as described by Marcia (Berzonsky & Neimeyer, 1994). 2/ 
Normative identity style is typical for an individual who passively overtakes patterns while 
self-definition, who is conscientious, focused on goal. His behaviour is adapted to norms 
and expectations of others, and thus he is conformably oriented. He is not comfortable with 
ambiguity, he reaches foreclosure identity (Berzonsky, 1992, Dollinger, 1995, Berzonsky & 
Neimeyer, 1994). 3/ Diffuse identity style is bound to maladaptive strategies, neuroticism, 
depressing. We speak about the style where an individual puts off defining of his 
personality, he has a low self-esteem, his behaviour is conditioned to situational factors, he 
avoids personal conflicts, insecurities, he reaches diffuse identity style (Berzonsky, 1992, 
Berzonsky 2003, Berzonsky & Ferrari, 1996, Dollinger, 1995).  

 
4. Parental style and adolescents identity style  

Since the family environment is key socializing space, where a child is developing, on which 
the child’s self-evaluation, perception of social relations, as well as orientation within them 
are dependant, it is important to find out what parental style is supporting in idea forming 
process. Berzonsky (2003), as well as Marcia (1980) pointed out on close interconnection of 
identity style with parental model of behaviour, and this connection was confirmed by 
several researches (Berzonsky, 2004, Campel et al., 1984, Grotevant & Cooper, 1985). It was 
found out that normative identity style is typical for individuals being brought up in 
a family with supportive atmosphere, while diffuse identity style is bound to parental 
authoritarian parental style that is based on punishment and strong control. Family 
environment based on trust and autonomy supports prevailing informative identity style. 
Authoritative parental style, as well as liberal parental style may delay self-identification 
process of a child. Assuming the mentioned we set up the following problems among 
Slovak participants: 1. To characterize mutual relations among age, gender, identity style, 
commitment with adolescents and parental style; 2. To find out whether gender of 
adolescents differentiates observed identity style, commitment, parental style (Šramová, 
2006). We have used Identity style inventory (ISI-3, Berzonsky, 2002) for observation of 
presence of social-cognitive identity style. The inventory consists of 40 items; adolescents 
expressed the level of agreement with the range 1 to 5 points. For analysis we have used 
addition score of social-cognitive identity styles, that are focused on solution, handling 
personal problems, creating final personal identity: informative identity style, diffuse 
identity style, normative identity style. At the same time, we have been watching the 
stability of decisions of personality that Berzonsky calls commitment identity. For finding 
the prevailing parental style in an adolescent family we have used Questionnaire for findings 
the way of upbringing in a family (Čáp & Boschek, 1999) that consists of 40 items. Each 10 items 

 

are devoted to observed components of upbringing: component of positive emotions, 
negative emotions, requirements and freedom. The following parents´ attitudes constitute 
with it: positive, hostile, directive, and autonomous. Research file was created by 468 
adolescents (228 boys, 240 girls) in the age of 16 to 19 (average age was 17.5 years). Final 
findings showed correlative relations among gender, forming social-cognitive identity 
styles, commitment and adolescents of prevailing perceived parental styles. The age of 
adolescents in a research file is not related with their self-definition, nor with perceptive 
parental style, whereas according to many authors in early adolescence foreclosures and 
identity diffusions prevail, and identity achievement with older adolescents (Marcia, 2004, 
Stark & Traxler, 1974). Gender affiliation influences the forming social-cognitive identity 
styles of adolescents. A positive correlation was found between gender and informative 
identity style (r=0.31,p<0.01), as well as between gender and normative identity style 
(r=0.16,p<0.05), and a negative one was found between gender and diffuse identity style (r=-
0.15,p<0.05). While girls have a higher need for searching self-relevant information 
(informative identity style) and have higher acceptance of social norms (normative identity 
style), observed adolescent boys tend to postpone self-definition. Informative 
(r=0.18,p<0.05) and normative (r=0.47,p<0.01) identity styles correlate positively, while 
diffuse identity style (r=-0.15,p<0.05) negatively with positive parental style. It appears that 
a positive attitude to a child from parents‘side has influence on forming the whole, 
structured identity in the sense of created commitment (r=0.20,p<0.01), together with 
directive parental style (r=0.27,p<0.01). Findings regarding a positive correlation of forming 
normative, informative social-cognitive identity style and commitment correspond with 
conclusions of Berzonsky (1992, 2004). A personality that forms his identity by an active 
search for information that confirm his self, as well as a personality with a passive 
overtaking of behavioural patterns, both support by their approach forming the whole 
identity in the sense of created commitment, which means they support the stability of an 
individual with selection of values, life goals, his responsibility. Our findings show that 
adolescent youth has mostly active attitude to self-exploration, to solution of life problems, 
they are autonomous, accepting the social norms. Autonomous upbringing in the sense of 
freedom influences negatively the stability of value selection, life goals, commitment of 
adolescents (r=-0.13,p<0.05) and positively the forming diffuse identity style (r=0.14,p<0.05). 
The preference of experiencing the freedom in upbringing postpones fulfilment of identity 
in an adolescent period. Results of research show also mutual weak interconnection of 
positive parental style and a directive (r=0.15,p<0.05), as well as autonomy (r=0.13,p<0.05). 
However, positive parental style excludes itself with hostile parental style (r=-0.17,p<0.05). 
Directive parental style in the sense of controlling, authority, requirements placed on a child 
supports forming the informative (r=0.26,p<0.01) and normative (r=0.54,p<0.01) identity 
styles; it reduces the existence of hostile behaviour towards a child (r=-0.14,p<0.05), and also 
forming the diffuse identity style (r=-0.13, p<0.05). While positive as well as directive 
parental style support forming the informative and normative identity styles of adolescent 
youth, what corresponds also with findings of Berzonsky (2004), liberal parental style 
supports forming the diffuse social-cognitive identity style of adolescents. If we look closer 
at presence of identity styles in adolescents depending on gender, it is obvious that 
informative (t=-5.4, p=0.000), as well as normative identity styles (t=2.231,p=0.023) are present 
in a higher degree with girls than with boys. On the contrary, diffuse identity style prevails 
with adolescent boys comparing to girls (t=2.904,p=0.013). Significantly higher degree of the 
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Berzonsky‘s concept, one of the three personality identity styles prevails, which he assigned 
to three variables that exist in a correlation relations with certain personality traits: 1/ 
Informative identity style is typical for individuals actively searching their personalities, who 
are open to experience, who are oriented to seek information, who have an active approach 
to problem solving (Berzonsky, 1992, Berzonsky & Sullivan, 1992, Berzonsky & Ferrari, 1996, 
Dollinger, 1995). Given style corresponds with achieving the moratorium condition and 
condition of identity achievement, as described by Marcia (Berzonsky & Neimeyer, 1994). 2/ 
Normative identity style is typical for an individual who passively overtakes patterns while 
self-definition, who is conscientious, focused on goal. His behaviour is adapted to norms 
and expectations of others, and thus he is conformably oriented. He is not comfortable with 
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normative, informative social-cognitive identity style and commitment correspond with 
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search for information that confirm his self, as well as a personality with a passive 
overtaking of behavioural patterns, both support by their approach forming the whole 
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However, positive parental style excludes itself with hostile parental style (r=-0.17,p<0.05). 
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informative (t=-5.4, p=0.000), as well as normative identity styles (t=2.231,p=0.023) are present 
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presence of diffuse identity style with boys in comparison to girls is in accordance with our 
previous findings regarding lower self-evaluation with adolescent boys (Šramová, 2004a) and 
it is contrary to findings regarding higher degree of the presence of diffuse identity style with 
women comparing to men (Rothman, 1978). Berzonsky (2004) found out higher degree of 
diffuse identity style with adolescent boys compared to adolescent girls, while diffuse identity 
style is bound to procrastination, to lower personality self-control (Berzonsky, 2003, 
Fandelová, 1999). In other words, in the observed file adolescent girls are in comparison to 
boys more active, but also conservative in the process of self-definition, while boys are more 
insecure, passive and indecisive, delaying the fulfilment of identity. Significant statistical 
difference between boys and girls in representation of perceived parental style was present 
only with autonomous parental style (t=2.451,p=0.011), even if only at 5% level of significance 
towards higher representation with boys than with girls. 
Thus it was found out in the observed file that positive emotional relation with children, 
placing requirements on children, support an active strategy of self-definition of adolescents. 
An individual is active when looking for information broadening his self-definition, he has an 
active attitude to problem solving. Family environment based on trust, support is important 
for development of autonomous, free personality. Forming the normative identity style that is 
typical for individuals who follow requirements of social environment and who accommodate 
their self-definition to the views of other people around them, is supported in a family 
environment, where here is a positive atmosphere of a child, but also in environment with 
prevailing requirements on a child. Since prevailing positive parental style and also directive 
parental style support forming the informative, as well as normative identity styles, we 
suppose that in a family with clear rules (authoritarian parental style) there are set limits that 
help an adolescent in self-definition development. Freedom in upbringing perceived by 
adolescents (autonomous parental style) that is present with parents, postpones forming the 
identity. An adolescent actively refuses clear limitation of his own self. This is also the reason 
why a diffuse identity style has a higher degree of presence with boys who at the same time 
perceived higher autonomy in parental upbringing than girls did. Freedom in children 
upbringing are often experienced as refusal, disinterest of their parents, while parental style 
based on trust, love, leading, rules is felt as a expression of care, interest of parents in children. 
With identity problem solving it is important to have in mind that family environment must 
support development of self-control, certain self-discipline of a child, it must not suppress 
personal individuality of a child, it must not be indifferent to other problems of a child. 
Demonstrated results of the research show an important influence of parental style with self-
definition of adolescents. That is why forming the social-cognitive identity styles in an 
adolescent period is dependant on behaviour of parents to adolescents, as well as gender 
affiliation, there is an evident effect of prevailing gender stereotypes. Positive, together with 
directive parental style has a supporting effect on forming the whole, structured identity in the 
sense of formed commitment, while autonomous parental style postpones the process of self-
definition of an adolescent. Understanding the process of forming and identity reconstruction 
are important for gaining relevant information that may serve for targeted effecting the 
process of identity formation not only in a family environment, but as well in institutional 
educational environment.  

 

5. Forming the semantic space of notions MEN, WOMEN depending  
on gender and the level of formed identity of adolescents 

Adolescence, as stated above, is a period of forming the identity, while we can view identity 
as multiple structured entities. Identity of personality is not considered one-dimensional 
category, it is a structured and multilayer category, it is not considered closed, however it is 
process able and it has an experience quality. In this sense, the experience of identity is 
a mental representation of experiencing individual’s self-image that effects social and 
cultural environments. A concept of mental representations and frame of semantic space are 
part of a research of personal and social identities, since it is subjective meaning assigned to 
certain objects creates image that an observed person creates about given object. 
Accordingly, semantic space is formed individually, in accordance with social-cultural 
context and individual history a personality. The form of semantic space is significant for 
adolescents in relation to their ontogenetic period and it covers notions and meanings that 
are bound to personal and social identities. Forming the semantic space of gender 
represented by notions MEN, WOMEN is important in the time of building inter-sexual 
relations from the point of view of creating attitudes to objective life roles.  
Our goal was to find out to what extent the viewing concepts MEN and WOMEN is 
dependable on gender, to what extent the gender stereotype prevailing in a society is 
reflected in a connotative meaning assigned to observed notion. From this aspect we were 
interested in the problem of forming the meanings of relevant notions (MEN, WOMEN) in 
relation to gender and level of formed identity. We have observed what optic adolescents 
with high degree of formed identity (adolescents who are stable in selection of values, life 
goals) use when they look at their gender and opposite gender; and what is the optics of 
adolescents with low degree of formed identity (adolescents who are not stable in value 
orientation, life aspirations). We have used a method Semantic differential to characterise 
notions MEN, WOMEN, with 17 bipolar adjectives with possibility to select within a seven-
grade scale, considering three dimensionality of semantic space according to Osgood et al. 
(1957). We spoke about the following adjectives: personal-impersonal, understandable-unclear, 
strong-weak, correct-incorrect, own-strange, fast-slow, friendly-unfriendly, clean-dirty, powerful-
powerless, good-bad, close-distant, liberal-conservative, nice-ugly, public-private, valuable-worthless, 
active-passive, and useful-useless. To search identity styles we used Identity style inventory (ISI-
3, Berzonsky, 2002), which is described in detail in the previous subchapter. For analysis we 
used coordinate score of commitment scale that informs us about formed final personal 
identity. For research goal we divided recipients according to status of achieved identity 
into two groups: with formed identity (N=67) and without formed identity (N=68). Criterion 
for division was MR+-1SD. A research file was created 463 adolescents (219 boys, 244 girls), 
in the age from 16 to 19 years (average age was 17.7 years) and statistical utilization has been 
realised with the help of SPSS 8.0 programme.  
Final findings showed different formation of mental picture of the notion WOMEN depending 
on gender and degree of formed identity (Šramová & Fandelová, 2006). Another subjective 
meaning of the notion WOMEN is assigned by boys, another by girls. The notion adolescents 
with formed identity perceive WOMEN differently in contrast to adolescents who do not have 
formed identity. Differences in perception, in mental organisation of notions WOMEN are thus 
statistically significant as for gender (z=-3.479,p=0.001), as well as for identity (z=-
3.621,p=0.000). Quality analysis also indicates certain differences in organising the cognitive 
structure that allow in the same way as with the notion MEN to probable trends and mild 
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inter-gender differences. Quality analysis thus enables to describe some differences in 
organising mental representations, but also the while process of connotative expressions that 
for boys and girls, as well as according to degree of achieved identity, show certain differences. 
Connotative meaning of the notion WOMEN is described by adolescent boys differently as in 
comparison to girls who identify themselves with a woman role and who trust in its abilities. 
Different perception of the notion between genders was found in eight dimensions. Girls see 
WOMEN as personal, clear, strong, correct, own, fast, powerful and active. Boys, as well as girls see 
WOMEN as persons who are friendly, good, nice, less public, valuable and useful. Boys perceive 
WOMEN differently as girls do and with girls it is possible to identify more positive 
connotation of the notion. Boys see the whole profile of an assessed notion positively, even 
more reserved. According boys, WOMEN are less clear, slower, more useless and conservative. 
Finding of different perception of the notion WOMEN according to degree of achieved 
identity showed that adolescents with formed identity (it means adolescents with stability in 
selection of values, life goals) and adolescents who do not have formed identity (it means 
adolescents with insecure selection of values, life goals, responsibility) form the observed 
notion differently. Adolescents with formed identity have more positive optic for WOMEN 
who are in their opinion strong, close, more personal, correct, friendly, clean, good, nice, valuable, 
active, useful, less public, in average clear, powerful and liberal. Adolescents who do not have 
formed identity form the notion in a more reserved way, less expressively and perceive 
WOMEN as more private, in average clearer, strong, own, fast, bad and close. We have not 
found statistically significant differences in assessing the notion MEN by boys and girls. 
Similarly, also differences in perception of the notion MEN according to degree of formed 
identity are not statistically significant. We can thus note that perception of the notion MEN 
did not differentiate adolescent boys and girls, nor individuals with formed or without 
formed identities. Results show that view on gender is conditioned not only by gender 
affiliation (where there is a noticeable influence of prevailing gender stereotypes in 
a society), but also by a degree of formed identity. We often meet with presentation of 
gender stereotypes where a woman is presented as a person taking care about household, 
about herself, husband and children. A man is showed as self-asserted, independent 
successful individual, despite the fact that for last decades the role of a woman and the role 
of a man have been significantly shifted. While we can observe significant emancipatory 
process in holding important positions in a working, social and public sectors with women, 
with men it is possible to observe significant participation on household activities, caring for 
children. As results of our findings show, the influence of gender stereotypes with our 
adolescents is fairly present. More positive connotation of the notion MEN has appeared in 
a frame of semantic space with boys and participants with formed identity, as well as the 
notion WOMEN with girls and adolescents with closed identity. Since these differences 
performed statistically significant only with assessment of female gender, it confirms that 
social perception of women and their expected roles – in contrast to social perception of men 
– is more complicated, more controversial and thus also a potential source of bigger 
interpersonal or social conflicts. Boys and girls have had clear gender identification and at 
the same time it appears what Berzonsky (2003) pointed out that a personality with closed, 
overall identity in the sense of formed commitment has stability in a value selection, life 
goals. It was showed that Slovak adolescents who have a stable system of values and life 
goals assess women (and to a certain extent also men) more positively than adolescents 
without a stable value orientation and life aspirations. Thus it is evident that a positive self-

 

acceptance, perceived stability reflects into more positive optic not only on person itself but 
also on others in a social environment and frame of social reality hides inside differences 
dependent on various mutually interconnected factors.  

 
6. Forming the semantic space of notions related to identity of adolescents 

Observing the connotative, which means subjective meaning of a notion assigned by an 
individual, is considered important specifically in a research of finding out the 
psychological meanings of observed notions. At denotative level that is objectively given 
and generally acknowledged quality of a notion, a connotative expression is often connected 
with associations, past experience of personality. And since it is also a connotative meaning 
from which an attitude of an individual is unfolded, it presents an important essence worth 
a scientific research. As it was already mentioned in the subchapter Identity in adolescence, 
it is adolescence developmental stage that is a stage where not only the identity is formed, 
but at the same time also the perception of affiliation to certain social categories is an 
important part of formed self-image of a personality, as well as the source of his identity 
(Tajfel & Turner, 1986, Bačová, 1996, Bianchi et al., 2007). As the bounds are anchored in 
important social categories belonging to a place, persons (important for an adolescent, as 
well as to those who are discriminated in a society) it is one of areas that create an image of 
personal and social identities of an adolescent. Social identity is important aspect of self-
concept that is formed during socialization process based on knowing one’s membership in 
a group (Tajfel & Turner, 1986), knowing and acquiring norms, values, and requirements of 
a society. An individual belongs to a certain social space with which he usually identifies 
(inclusive categories), or he understands them as abstract forms (Turner et al., 1987). Self-
perception bound to a place where an individual lives is an important category to which 
a fair attention is given by a social psychology, specifically by an environmental psychology. 
Some research findings indicate that although people identify themselves with quite broadly 
defined categories (continent, nation) in a relevant reference frame, also affiliation to 
narrower defined categories (region), which is a specific frame for them and which may 
provide more significant social identities (Simon et al., 1995). The aim of our findings was 
how a connection to place is presented in the semantic space of Slovak adolescents who 
were born into a democratic society and were witnesses of entering the European economic 
space. In other words, we have observed what is a semantic placement of macro social 
categories and a notion I in a broader semantic context of adolescents that we observed. 
Considering globalization trend we were interested what subjective meaning is assigned by 
adolescents to notions connected to personal and social identities that were presented by 
macro social categories (Europeans, Slovaks, People of my region), by notions expressing 
emotional experience (pain, sadness, joy, fear, happiness, unhappiness), by values (health, 
disease), by identity-forming social categories rendered by in-group and out-group (we, they, 
friends, enemy, citizens, Roma people, EU), as well as significantly others (mother, father, siblings, 
partner) and also by the notion I. These notions relate to various „levels“ of identification. 
For finding out the targeted goal we have used a psycho semantic Method of semantic selection 
of Doležal (In: Smékal, 1990), its picture version, labelled also as Test of semantic selection 
(Urbánek, 2003). The basic principle of the method is based in the fact that an observed 
person assigns pictures (symbols) to given notions – objects. We used an original version 
consisting of 16 archetypal symbols. Out of these the observed person must select always by 
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inter-gender differences. Quality analysis thus enables to describe some differences in 
organising mental representations, but also the while process of connotative expressions that 
for boys and girls, as well as according to degree of achieved identity, show certain differences. 
Connotative meaning of the notion WOMEN is described by adolescent boys differently as in 
comparison to girls who identify themselves with a woman role and who trust in its abilities. 
Different perception of the notion between genders was found in eight dimensions. Girls see 
WOMEN as personal, clear, strong, correct, own, fast, powerful and active. Boys, as well as girls see 
WOMEN as persons who are friendly, good, nice, less public, valuable and useful. Boys perceive 
WOMEN differently as girls do and with girls it is possible to identify more positive 
connotation of the notion. Boys see the whole profile of an assessed notion positively, even 
more reserved. According boys, WOMEN are less clear, slower, more useless and conservative. 
Finding of different perception of the notion WOMEN according to degree of achieved 
identity showed that adolescents with formed identity (it means adolescents with stability in 
selection of values, life goals) and adolescents who do not have formed identity (it means 
adolescents with insecure selection of values, life goals, responsibility) form the observed 
notion differently. Adolescents with formed identity have more positive optic for WOMEN 
who are in their opinion strong, close, more personal, correct, friendly, clean, good, nice, valuable, 
active, useful, less public, in average clear, powerful and liberal. Adolescents who do not have 
formed identity form the notion in a more reserved way, less expressively and perceive 
WOMEN as more private, in average clearer, strong, own, fast, bad and close. We have not 
found statistically significant differences in assessing the notion MEN by boys and girls. 
Similarly, also differences in perception of the notion MEN according to degree of formed 
identity are not statistically significant. We can thus note that perception of the notion MEN 
did not differentiate adolescent boys and girls, nor individuals with formed or without 
formed identities. Results show that view on gender is conditioned not only by gender 
affiliation (where there is a noticeable influence of prevailing gender stereotypes in 
a society), but also by a degree of formed identity. We often meet with presentation of 
gender stereotypes where a woman is presented as a person taking care about household, 
about herself, husband and children. A man is showed as self-asserted, independent 
successful individual, despite the fact that for last decades the role of a woman and the role 
of a man have been significantly shifted. While we can observe significant emancipatory 
process in holding important positions in a working, social and public sectors with women, 
with men it is possible to observe significant participation on household activities, caring for 
children. As results of our findings show, the influence of gender stereotypes with our 
adolescents is fairly present. More positive connotation of the notion MEN has appeared in 
a frame of semantic space with boys and participants with formed identity, as well as the 
notion WOMEN with girls and adolescents with closed identity. Since these differences 
performed statistically significant only with assessment of female gender, it confirms that 
social perception of women and their expected roles – in contrast to social perception of men 
– is more complicated, more controversial and thus also a potential source of bigger 
interpersonal or social conflicts. Boys and girls have had clear gender identification and at 
the same time it appears what Berzonsky (2003) pointed out that a personality with closed, 
overall identity in the sense of formed commitment has stability in a value selection, life 
goals. It was showed that Slovak adolescents who have a stable system of values and life 
goals assess women (and to a certain extent also men) more positively than adolescents 
without a stable value orientation and life aspirations. Thus it is evident that a positive self-
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inter-gender differences. Quality analysis thus enables to describe some differences in 
organising mental representations, but also the while process of connotative expressions that 
for boys and girls, as well as according to degree of achieved identity, show certain differences. 
Connotative meaning of the notion WOMEN is described by adolescent boys differently as in 
comparison to girls who identify themselves with a woman role and who trust in its abilities. 
Different perception of the notion between genders was found in eight dimensions. Girls see 
WOMEN as personal, clear, strong, correct, own, fast, powerful and active. Boys, as well as girls see 
WOMEN as persons who are friendly, good, nice, less public, valuable and useful. Boys perceive 
WOMEN differently as girls do and with girls it is possible to identify more positive 
connotation of the notion. Boys see the whole profile of an assessed notion positively, even 
more reserved. According boys, WOMEN are less clear, slower, more useless and conservative. 
Finding of different perception of the notion WOMEN according to degree of achieved 
identity showed that adolescents with formed identity (it means adolescents with stability in 
selection of values, life goals) and adolescents who do not have formed identity (it means 
adolescents with insecure selection of values, life goals, responsibility) form the observed 
notion differently. Adolescents with formed identity have more positive optic for WOMEN 
who are in their opinion strong, close, more personal, correct, friendly, clean, good, nice, valuable, 
active, useful, less public, in average clear, powerful and liberal. Adolescents who do not have 
formed identity form the notion in a more reserved way, less expressively and perceive 
WOMEN as more private, in average clearer, strong, own, fast, bad and close. We have not 
found statistically significant differences in assessing the notion MEN by boys and girls. 
Similarly, also differences in perception of the notion MEN according to degree of formed 
identity are not statistically significant. We can thus note that perception of the notion MEN 
did not differentiate adolescent boys and girls, nor individuals with formed or without 
formed identities. Results show that view on gender is conditioned not only by gender 
affiliation (where there is a noticeable influence of prevailing gender stereotypes in 
a society), but also by a degree of formed identity. We often meet with presentation of 
gender stereotypes where a woman is presented as a person taking care about household, 
about herself, husband and children. A man is showed as self-asserted, independent 
successful individual, despite the fact that for last decades the role of a woman and the role 
of a man have been significantly shifted. While we can observe significant emancipatory 
process in holding important positions in a working, social and public sectors with women, 
with men it is possible to observe significant participation on household activities, caring for 
children. As results of our findings show, the influence of gender stereotypes with our 
adolescents is fairly present. More positive connotation of the notion MEN has appeared in 
a frame of semantic space with boys and participants with formed identity, as well as the 
notion WOMEN with girls and adolescents with closed identity. Since these differences 
performed statistically significant only with assessment of female gender, it confirms that 
social perception of women and their expected roles – in contrast to social perception of men 
– is more complicated, more controversial and thus also a potential source of bigger 
interpersonal or social conflicts. Boys and girls have had clear gender identification and at 
the same time it appears what Berzonsky (2003) pointed out that a personality with closed, 
overall identity in the sense of formed commitment has stability in a value selection, life 
goals. It was showed that Slovak adolescents who have a stable system of values and life 
goals assess women (and to a certain extent also men) more positively than adolescents 
without a stable value orientation and life aspirations. Thus it is evident that a positive self-
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narrower defined categories (region), which is a specific frame for them and which may 
provide more significant social identities (Simon et al., 1995). The aim of our findings was 
how a connection to place is presented in the semantic space of Slovak adolescents who 
were born into a democratic society and were witnesses of entering the European economic 
space. In other words, we have observed what is a semantic placement of macro social 
categories and a notion I in a broader semantic context of adolescents that we observed. 
Considering globalization trend we were interested what subjective meaning is assigned by 
adolescents to notions connected to personal and social identities that were presented by 
macro social categories (Europeans, Slovaks, People of my region), by notions expressing 
emotional experience (pain, sadness, joy, fear, happiness, unhappiness), by values (health, 
disease), by identity-forming social categories rendered by in-group and out-group (we, they, 
friends, enemy, citizens, Roma people, EU), as well as significantly others (mother, father, siblings, 
partner) and also by the notion I. These notions relate to various „levels“ of identification. 
For finding out the targeted goal we have used a psycho semantic Method of semantic selection 
of Doležal (In: Smékal, 1990), its picture version, labelled also as Test of semantic selection 
(Urbánek, 2003). The basic principle of the method is based in the fact that an observed 
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inter-gender differences. Quality analysis thus enables to describe some differences in 
organising mental representations, but also the while process of connotative expressions that 
for boys and girls, as well as according to degree of achieved identity, show certain differences. 
Connotative meaning of the notion WOMEN is described by adolescent boys differently as in 
comparison to girls who identify themselves with a woman role and who trust in its abilities. 
Different perception of the notion between genders was found in eight dimensions. Girls see 
WOMEN as personal, clear, strong, correct, own, fast, powerful and active. Boys, as well as girls see 
WOMEN as persons who are friendly, good, nice, less public, valuable and useful. Boys perceive 
WOMEN differently as girls do and with girls it is possible to identify more positive 
connotation of the notion. Boys see the whole profile of an assessed notion positively, even 
more reserved. According boys, WOMEN are less clear, slower, more useless and conservative. 
Finding of different perception of the notion WOMEN according to degree of achieved 
identity showed that adolescents with formed identity (it means adolescents with stability in 
selection of values, life goals) and adolescents who do not have formed identity (it means 
adolescents with insecure selection of values, life goals, responsibility) form the observed 
notion differently. Adolescents with formed identity have more positive optic for WOMEN 
who are in their opinion strong, close, more personal, correct, friendly, clean, good, nice, valuable, 
active, useful, less public, in average clear, powerful and liberal. Adolescents who do not have 
formed identity form the notion in a more reserved way, less expressively and perceive 
WOMEN as more private, in average clearer, strong, own, fast, bad and close. We have not 
found statistically significant differences in assessing the notion MEN by boys and girls. 
Similarly, also differences in perception of the notion MEN according to degree of formed 
identity are not statistically significant. We can thus note that perception of the notion MEN 
did not differentiate adolescent boys and girls, nor individuals with formed or without 
formed identities. Results show that view on gender is conditioned not only by gender 
affiliation (where there is a noticeable influence of prevailing gender stereotypes in 
a society), but also by a degree of formed identity. We often meet with presentation of 
gender stereotypes where a woman is presented as a person taking care about household, 
about herself, husband and children. A man is showed as self-asserted, independent 
successful individual, despite the fact that for last decades the role of a woman and the role 
of a man have been significantly shifted. While we can observe significant emancipatory 
process in holding important positions in a working, social and public sectors with women, 
with men it is possible to observe significant participation on household activities, caring for 
children. As results of our findings show, the influence of gender stereotypes with our 
adolescents is fairly present. More positive connotation of the notion MEN has appeared in 
a frame of semantic space with boys and participants with formed identity, as well as the 
notion WOMEN with girls and adolescents with closed identity. Since these differences 
performed statistically significant only with assessment of female gender, it confirms that 
social perception of women and their expected roles – in contrast to social perception of men 
– is more complicated, more controversial and thus also a potential source of bigger 
interpersonal or social conflicts. Boys and girls have had clear gender identification and at 
the same time it appears what Berzonsky (2003) pointed out that a personality with closed, 
overall identity in the sense of formed commitment has stability in a value selection, life 
goals. It was showed that Slovak adolescents who have a stable system of values and life 
goals assess women (and to a certain extent also men) more positively than adolescents 
without a stable value orientation and life aspirations. Thus it is evident that a positive self-
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provide more significant social identities (Simon et al., 1995). The aim of our findings was 
how a connection to place is presented in the semantic space of Slovak adolescents who 
were born into a democratic society and were witnesses of entering the European economic 
space. In other words, we have observed what is a semantic placement of macro social 
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Considering globalization trend we were interested what subjective meaning is assigned by 
adolescents to notions connected to personal and social identities that were presented by 
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(Urbánek, 2003). The basic principle of the method is based in the fact that an observed 
person assigns pictures (symbols) to given notions – objects. We used an original version 
consisting of 16 archetypal symbols. Out of these the observed person must select always by 
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8 according to what pictures he finds suitable to characterize assessed notions. By means of 
two-dimensional projection of results of factor correspondence analysis (procedure of 
optimal scaling) of data from Test of semantic selection we obtained plots that enable lexical 
interpretation of semantic relations of assessed notions for 463 adolescents (219 boys, 244 
girls) in the age from 16 to 19 years (average age was 17.7 years). Statistical utilization has 
been realised with the help of SPSS 11.0 programme. According to semantic vicinity of 
notions that form a certain cluster as well as with analysis of the placement of notions with 
affinity to identity, we have identified by means of a correspondence analysis two 
dimensions with adolescents (Figure 1) that organize verbal impulses from Test of semantic 
selection. Test Chi-square for this solution is statistically significant (X2= 23785.674, p=0.000 
with 465 degrees of freedom), although there is an important difference between identified 
dimensions in their force (94% or 2.1% inertia). The first dimension is defined by polarities 
positive/pleasant vs. negative/unpleasant and the second places individual/intimate vs. 
social polarities. These two dimensions create four quadrants that were named (1) refused 
objects – combination of negative/unpleasant and social contents (they are created mainly 
by notions: Roma people and fear); (2) reference objects – combination of positive/pleasant 
and social contents (for example health, joy, Slovaks, Europeans); (3) objects of social 
satisfaction – combination of positive/pleasant and individual/intimate contents (for 
example love, desire, partner, mother) and (4) statuses of internal discomfort – combination of 
negative/unpleasant and individual/intimate contents, especially emotions and stages (for 
example sadness, pain). Macro social notions Europeans, Slovaks, People of my region placed 
themselves in this two-dimensional semantic system: Europeans and Slovaks are in close 
vicinity in a quadrant of reference objects: although their coordinate score in first dimension is 
accordingly only 0,21 in polarity positive/pleasant and in second dimension only 0.23 or 0.29 
in social polarity, the level of the saturation of their coordinate placement by first and second 
dimensions is relatively high (inertia 0.68 and 0.12 for category Slovaks and 0.62 or 0.17 for 
category Europeans (note: the whole inertia in second dimension is low, maximum value 
reaches 0.268). Category People of my region is placed on the border of quadrants reference 
objects and refused objects. Coordinate score of this verbal impulse is 0.02 in the direction of 
polarity negative/unpleasant and 0.14 in the direction of polarity social. A very low level of 
saturation of this verbal impulse stresses ambivalence of semantic placement, mainly by first 
dimension (inertia only 0.02).  
 

 
Fig. 1. A semantic space created by impulses of Test of semantic selection (symmetric 
normalization). Optimal scaling for a group of adolescents 
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Opposite to that, a verbal impulse I was placed completely differently, in quadrant objects 
of social satisfaction, while its coordinate score in first dimension was 0.58 in polarity 
positive/pleasant and in second dimension 0.15 in polarity individual/intimate. The level of 
saturation of this notion by first dimension is 0.97 and by second dimension 0.10. 
Considering the assumption that affiliation to macro social categories is a significant aspect 
of self-concept (Tajfel & Turner, 1986), we considered interesting to look at macro social 
categories together with semantic meanings of the notion I. Adolescents in a semantic space 
placed the notion I in „positive“ quadrant of objects of social satisfaction. Between it and 
macro social formations thus differed only the dimension of individual/intimate vs. social, 
not positive/pleasant vs. negative/unpleasant. However, in general the dimension of 
positive vs. negative was deterring for placing the notions, not dimension macro vs. micro 
social, let us say individual. 
According to our findings were People of my region placed at the level of the notion they (on 
contrary to the notion Slovaks that was placed at the level of the notion we). It seems that 
with evaluating macro social categories geographical vicinity, or the level of inclusiveness is 
not crucial, however, the meaning that is assigned to it by participants has a core role 
(Routland & Cinnirella, 2000). Even if Europeans are accepted positively and belong to a 
reference frame, their semantic distance from the notion I is evident, what can be connected 
with the fact that Europeans are a distant, unknown social category with which adolescents 
identify themselves less than with national and regional categories. Even if macro social 
categories are less relevant for the development of self-definition on contrary to 
contemporary groups, family and alike, they are important from the view of clarification of 
socialization process. They clarify a certain frame to us that is more easily to seize with 
analysis of regional in-group as well as with establishing specific interventional hits in the 
direction of positive influence, mainly social identity of adolescents.  

 
7. Social support perceived by adolescents 

Social support is one of important social frames that are in the front of interest of 
psychological society. Although single determination of definition of the notion social 
support cannot be found in literature, as social support presents multidimensional frame 
(Streeter & Franklin, 1992), most authors agree in opinion that perception of social support 
has a positive influence on handling the burden of a personality. Social support can be 
studied from the sociological, psychological and also medical views. According to Ptacek 
(1996) besides cognitive, emotional, behavioural variables, attachment effects handling the 
burden and perception of social support. Hupcey (1998) after analysis of social studies 
focused on theoretical grasping of the notion social support defines social support as an 
activity, which is provided willingly and with good intentions by a person with who the 
participant has good relations. Given activity has a positive effect on participant of social 
support, who gets better. Many studies stress that social support is dependent on personal 
traits of both donor and participant, on qualitative as well as quantitative dimensions, on 
age, life experience. Protective influence of social support is supported by various research 
findings, although negative effects of social support have also been documented (Krause, 
1997, Mareš, 2003). Subjects of the next research are also questions related to structure and 
mechanism of the effect of social support itself. With observing the source of social support, 
also its type, attention of researches is focused on emotional, instrumental and informative 
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selection. Test Chi-square for this solution is statistically significant (X2= 23785.674, p=0.000 
with 465 degrees of freedom), although there is an important difference between identified 
dimensions in their force (94% or 2.1% inertia). The first dimension is defined by polarities 
positive/pleasant vs. negative/unpleasant and the second places individual/intimate vs. 
social polarities. These two dimensions create four quadrants that were named (1) refused 
objects – combination of negative/unpleasant and social contents (they are created mainly 
by notions: Roma people and fear); (2) reference objects – combination of positive/pleasant 
and social contents (for example health, joy, Slovaks, Europeans); (3) objects of social 
satisfaction – combination of positive/pleasant and individual/intimate contents (for 
example love, desire, partner, mother) and (4) statuses of internal discomfort – combination of 
negative/unpleasant and individual/intimate contents, especially emotions and stages (for 
example sadness, pain). Macro social notions Europeans, Slovaks, People of my region placed 
themselves in this two-dimensional semantic system: Europeans and Slovaks are in close 
vicinity in a quadrant of reference objects: although their coordinate score in first dimension is 
accordingly only 0,21 in polarity positive/pleasant and in second dimension only 0.23 or 0.29 
in social polarity, the level of the saturation of their coordinate placement by first and second 
dimensions is relatively high (inertia 0.68 and 0.12 for category Slovaks and 0.62 or 0.17 for 
category Europeans (note: the whole inertia in second dimension is low, maximum value 
reaches 0.268). Category People of my region is placed on the border of quadrants reference 
objects and refused objects. Coordinate score of this verbal impulse is 0.02 in the direction of 
polarity negative/unpleasant and 0.14 in the direction of polarity social. A very low level of 
saturation of this verbal impulse stresses ambivalence of semantic placement, mainly by first 
dimension (inertia only 0.02).  
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Opposite to that, a verbal impulse I was placed completely differently, in quadrant objects 
of social satisfaction, while its coordinate score in first dimension was 0.58 in polarity 
positive/pleasant and in second dimension 0.15 in polarity individual/intimate. The level of 
saturation of this notion by first dimension is 0.97 and by second dimension 0.10. 
Considering the assumption that affiliation to macro social categories is a significant aspect 
of self-concept (Tajfel & Turner, 1986), we considered interesting to look at macro social 
categories together with semantic meanings of the notion I. Adolescents in a semantic space 
placed the notion I in „positive“ quadrant of objects of social satisfaction. Between it and 
macro social formations thus differed only the dimension of individual/intimate vs. social, 
not positive/pleasant vs. negative/unpleasant. However, in general the dimension of 
positive vs. negative was deterring for placing the notions, not dimension macro vs. micro 
social, let us say individual. 
According to our findings were People of my region placed at the level of the notion they (on 
contrary to the notion Slovaks that was placed at the level of the notion we). It seems that 
with evaluating macro social categories geographical vicinity, or the level of inclusiveness is 
not crucial, however, the meaning that is assigned to it by participants has a core role 
(Routland & Cinnirella, 2000). Even if Europeans are accepted positively and belong to a 
reference frame, their semantic distance from the notion I is evident, what can be connected 
with the fact that Europeans are a distant, unknown social category with which adolescents 
identify themselves less than with national and regional categories. Even if macro social 
categories are less relevant for the development of self-definition on contrary to 
contemporary groups, family and alike, they are important from the view of clarification of 
socialization process. They clarify a certain frame to us that is more easily to seize with 
analysis of regional in-group as well as with establishing specific interventional hits in the 
direction of positive influence, mainly social identity of adolescents.  

 
7. Social support perceived by adolescents 

Social support is one of important social frames that are in the front of interest of 
psychological society. Although single determination of definition of the notion social 
support cannot be found in literature, as social support presents multidimensional frame 
(Streeter & Franklin, 1992), most authors agree in opinion that perception of social support 
has a positive influence on handling the burden of a personality. Social support can be 
studied from the sociological, psychological and also medical views. According to Ptacek 
(1996) besides cognitive, emotional, behavioural variables, attachment effects handling the 
burden and perception of social support. Hupcey (1998) after analysis of social studies 
focused on theoretical grasping of the notion social support defines social support as an 
activity, which is provided willingly and with good intentions by a person with who the 
participant has good relations. Given activity has a positive effect on participant of social 
support, who gets better. Many studies stress that social support is dependent on personal 
traits of both donor and participant, on qualitative as well as quantitative dimensions, on 
age, life experience. Protective influence of social support is supported by various research 
findings, although negative effects of social support have also been documented (Krause, 
1997, Mareš, 2003). Subjects of the next research are also questions related to structure and 
mechanism of the effect of social support itself. With observing the source of social support, 
also its type, attention of researches is focused on emotional, instrumental and informative 
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8 according to what pictures he finds suitable to characterize assessed notions. By means of 
two-dimensional projection of results of factor correspondence analysis (procedure of 
optimal scaling) of data from Test of semantic selection we obtained plots that enable lexical 
interpretation of semantic relations of assessed notions for 463 adolescents (219 boys, 244 
girls) in the age from 16 to 19 years (average age was 17.7 years). Statistical utilization has 
been realised with the help of SPSS 11.0 programme. According to semantic vicinity of 
notions that form a certain cluster as well as with analysis of the placement of notions with 
affinity to identity, we have identified by means of a correspondence analysis two 
dimensions with adolescents (Figure 1) that organize verbal impulses from Test of semantic 
selection. Test Chi-square for this solution is statistically significant (X2= 23785.674, p=0.000 
with 465 degrees of freedom), although there is an important difference between identified 
dimensions in their force (94% or 2.1% inertia). The first dimension is defined by polarities 
positive/pleasant vs. negative/unpleasant and the second places individual/intimate vs. 
social polarities. These two dimensions create four quadrants that were named (1) refused 
objects – combination of negative/unpleasant and social contents (they are created mainly 
by notions: Roma people and fear); (2) reference objects – combination of positive/pleasant 
and social contents (for example health, joy, Slovaks, Europeans); (3) objects of social 
satisfaction – combination of positive/pleasant and individual/intimate contents (for 
example love, desire, partner, mother) and (4) statuses of internal discomfort – combination of 
negative/unpleasant and individual/intimate contents, especially emotions and stages (for 
example sadness, pain). Macro social notions Europeans, Slovaks, People of my region placed 
themselves in this two-dimensional semantic system: Europeans and Slovaks are in close 
vicinity in a quadrant of reference objects: although their coordinate score in first dimension is 
accordingly only 0,21 in polarity positive/pleasant and in second dimension only 0.23 or 0.29 
in social polarity, the level of the saturation of their coordinate placement by first and second 
dimensions is relatively high (inertia 0.68 and 0.12 for category Slovaks and 0.62 or 0.17 for 
category Europeans (note: the whole inertia in second dimension is low, maximum value 
reaches 0.268). Category People of my region is placed on the border of quadrants reference 
objects and refused objects. Coordinate score of this verbal impulse is 0.02 in the direction of 
polarity negative/unpleasant and 0.14 in the direction of polarity social. A very low level of 
saturation of this verbal impulse stresses ambivalence of semantic placement, mainly by first 
dimension (inertia only 0.02).  
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Opposite to that, a verbal impulse I was placed completely differently, in quadrant objects 
of social satisfaction, while its coordinate score in first dimension was 0.58 in polarity 
positive/pleasant and in second dimension 0.15 in polarity individual/intimate. The level of 
saturation of this notion by first dimension is 0.97 and by second dimension 0.10. 
Considering the assumption that affiliation to macro social categories is a significant aspect 
of self-concept (Tajfel & Turner, 1986), we considered interesting to look at macro social 
categories together with semantic meanings of the notion I. Adolescents in a semantic space 
placed the notion I in „positive“ quadrant of objects of social satisfaction. Between it and 
macro social formations thus differed only the dimension of individual/intimate vs. social, 
not positive/pleasant vs. negative/unpleasant. However, in general the dimension of 
positive vs. negative was deterring for placing the notions, not dimension macro vs. micro 
social, let us say individual. 
According to our findings were People of my region placed at the level of the notion they (on 
contrary to the notion Slovaks that was placed at the level of the notion we). It seems that 
with evaluating macro social categories geographical vicinity, or the level of inclusiveness is 
not crucial, however, the meaning that is assigned to it by participants has a core role 
(Routland & Cinnirella, 2000). Even if Europeans are accepted positively and belong to a 
reference frame, their semantic distance from the notion I is evident, what can be connected 
with the fact that Europeans are a distant, unknown social category with which adolescents 
identify themselves less than with national and regional categories. Even if macro social 
categories are less relevant for the development of self-definition on contrary to 
contemporary groups, family and alike, they are important from the view of clarification of 
socialization process. They clarify a certain frame to us that is more easily to seize with 
analysis of regional in-group as well as with establishing specific interventional hits in the 
direction of positive influence, mainly social identity of adolescents.  

 
7. Social support perceived by adolescents 

Social support is one of important social frames that are in the front of interest of 
psychological society. Although single determination of definition of the notion social 
support cannot be found in literature, as social support presents multidimensional frame 
(Streeter & Franklin, 1992), most authors agree in opinion that perception of social support 
has a positive influence on handling the burden of a personality. Social support can be 
studied from the sociological, psychological and also medical views. According to Ptacek 
(1996) besides cognitive, emotional, behavioural variables, attachment effects handling the 
burden and perception of social support. Hupcey (1998) after analysis of social studies 
focused on theoretical grasping of the notion social support defines social support as an 
activity, which is provided willingly and with good intentions by a person with who the 
participant has good relations. Given activity has a positive effect on participant of social 
support, who gets better. Many studies stress that social support is dependent on personal 
traits of both donor and participant, on qualitative as well as quantitative dimensions, on 
age, life experience. Protective influence of social support is supported by various research 
findings, although negative effects of social support have also been documented (Krause, 
1997, Mareš, 2003). Subjects of the next research are also questions related to structure and 
mechanism of the effect of social support itself. With observing the source of social support, 
also its type, attention of researches is focused on emotional, instrumental and informative 
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8 according to what pictures he finds suitable to characterize assessed notions. By means of 
two-dimensional projection of results of factor correspondence analysis (procedure of 
optimal scaling) of data from Test of semantic selection we obtained plots that enable lexical 
interpretation of semantic relations of assessed notions for 463 adolescents (219 boys, 244 
girls) in the age from 16 to 19 years (average age was 17.7 years). Statistical utilization has 
been realised with the help of SPSS 11.0 programme. According to semantic vicinity of 
notions that form a certain cluster as well as with analysis of the placement of notions with 
affinity to identity, we have identified by means of a correspondence analysis two 
dimensions with adolescents (Figure 1) that organize verbal impulses from Test of semantic 
selection. Test Chi-square for this solution is statistically significant (X2= 23785.674, p=0.000 
with 465 degrees of freedom), although there is an important difference between identified 
dimensions in their force (94% or 2.1% inertia). The first dimension is defined by polarities 
positive/pleasant vs. negative/unpleasant and the second places individual/intimate vs. 
social polarities. These two dimensions create four quadrants that were named (1) refused 
objects – combination of negative/unpleasant and social contents (they are created mainly 
by notions: Roma people and fear); (2) reference objects – combination of positive/pleasant 
and social contents (for example health, joy, Slovaks, Europeans); (3) objects of social 
satisfaction – combination of positive/pleasant and individual/intimate contents (for 
example love, desire, partner, mother) and (4) statuses of internal discomfort – combination of 
negative/unpleasant and individual/intimate contents, especially emotions and stages (for 
example sadness, pain). Macro social notions Europeans, Slovaks, People of my region placed 
themselves in this two-dimensional semantic system: Europeans and Slovaks are in close 
vicinity in a quadrant of reference objects: although their coordinate score in first dimension is 
accordingly only 0,21 in polarity positive/pleasant and in second dimension only 0.23 or 0.29 
in social polarity, the level of the saturation of their coordinate placement by first and second 
dimensions is relatively high (inertia 0.68 and 0.12 for category Slovaks and 0.62 or 0.17 for 
category Europeans (note: the whole inertia in second dimension is low, maximum value 
reaches 0.268). Category People of my region is placed on the border of quadrants reference 
objects and refused objects. Coordinate score of this verbal impulse is 0.02 in the direction of 
polarity negative/unpleasant and 0.14 in the direction of polarity social. A very low level of 
saturation of this verbal impulse stresses ambivalence of semantic placement, mainly by first 
dimension (inertia only 0.02).  
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Opposite to that, a verbal impulse I was placed completely differently, in quadrant objects 
of social satisfaction, while its coordinate score in first dimension was 0.58 in polarity 
positive/pleasant and in second dimension 0.15 in polarity individual/intimate. The level of 
saturation of this notion by first dimension is 0.97 and by second dimension 0.10. 
Considering the assumption that affiliation to macro social categories is a significant aspect 
of self-concept (Tajfel & Turner, 1986), we considered interesting to look at macro social 
categories together with semantic meanings of the notion I. Adolescents in a semantic space 
placed the notion I in „positive“ quadrant of objects of social satisfaction. Between it and 
macro social formations thus differed only the dimension of individual/intimate vs. social, 
not positive/pleasant vs. negative/unpleasant. However, in general the dimension of 
positive vs. negative was deterring for placing the notions, not dimension macro vs. micro 
social, let us say individual. 
According to our findings were People of my region placed at the level of the notion they (on 
contrary to the notion Slovaks that was placed at the level of the notion we). It seems that 
with evaluating macro social categories geographical vicinity, or the level of inclusiveness is 
not crucial, however, the meaning that is assigned to it by participants has a core role 
(Routland & Cinnirella, 2000). Even if Europeans are accepted positively and belong to a 
reference frame, their semantic distance from the notion I is evident, what can be connected 
with the fact that Europeans are a distant, unknown social category with which adolescents 
identify themselves less than with national and regional categories. Even if macro social 
categories are less relevant for the development of self-definition on contrary to 
contemporary groups, family and alike, they are important from the view of clarification of 
socialization process. They clarify a certain frame to us that is more easily to seize with 
analysis of regional in-group as well as with establishing specific interventional hits in the 
direction of positive influence, mainly social identity of adolescents.  

 
7. Social support perceived by adolescents 

Social support is one of important social frames that are in the front of interest of 
psychological society. Although single determination of definition of the notion social 
support cannot be found in literature, as social support presents multidimensional frame 
(Streeter & Franklin, 1992), most authors agree in opinion that perception of social support 
has a positive influence on handling the burden of a personality. Social support can be 
studied from the sociological, psychological and also medical views. According to Ptacek 
(1996) besides cognitive, emotional, behavioural variables, attachment effects handling the 
burden and perception of social support. Hupcey (1998) after analysis of social studies 
focused on theoretical grasping of the notion social support defines social support as an 
activity, which is provided willingly and with good intentions by a person with who the 
participant has good relations. Given activity has a positive effect on participant of social 
support, who gets better. Many studies stress that social support is dependent on personal 
traits of both donor and participant, on qualitative as well as quantitative dimensions, on 
age, life experience. Protective influence of social support is supported by various research 
findings, although negative effects of social support have also been documented (Krause, 
1997, Mareš, 2003). Subjects of the next research are also questions related to structure and 
mechanism of the effect of social support itself. With observing the source of social support, 
also its type, attention of researches is focused on emotional, instrumental and informative 
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social support, while a quantitative indicator is a dimension of social net, and a qualitative 
indicator is satisfaction perceived by participant (Koubeková, 2001). One of interests of 
psychologists was to find out what personal features influence social support, it means 
what features facilitate, or complicate the perception of provided social support. According 
to Reis & Collins (2000) we speak about three big groups of disposition variables. The first 
one is sensitivity of partners subjectively perceived, where personal attachment is observed 
and it is based on creating mental models of I and other people from an early age of a child. 
In a given concept the stress is placed on attachment to mother, from which later relations to 
other people arise. Another group is created by variables of emotional attraction, where 
empathy has an important role, it means ability of a person to empathize feelings, 
experiencing of another person, which results in pro-social behaviour of an individual to 
a person that needs social support. The third group consists of variables marked social, or 
interpersonal competence, which means ability to deal with people, ability to manage them 
with fair, non-manipulating manner.  
Gender is understood as a set of characteristics and behaviour of an individual that are 
linked with picture of a man and women in a certain society. It means that connotation of 
the notion gender is highly dependent on social-cultural aspect. An individual learns his 
gender role with influence of socialization process, mainly in the era of early childhood. In 
late adolescent age we suppose that the identification regarding gender has already been 
formed. Adolescent developmental stage is a stage where we can look closer at different 
perception of social support in relation to gender differences. According to Gecková et al. 
(2000), lack of social support threatens more to boys than girls, while girls are more sensitive 
to lack of social support. Bačová & Matějovská (2003) note that a lower degree of perceived 
and accepted emotional social support with men can be caused by so called masculine norm 
of firmness that orders not to show emotions with men except for anger that is socially 
accepted emotion. Traditional viewing the role of a man as a breadwinner, a protector and 
the main authority in a family, viewing a woman as the one who creates cosy family 
atmosphere, emotional support is a limiting factor today due to education opportunities for 
women and due to broadening possibilities of career growth. A man role turns to different 
level, it is as if looking for itself. To a certain extent, even if with minor turbulence, the same 
situation is with definition, looking for identity of a woman, as broadening possibilities of 
career and social application permanently shift the meaning of a woman role. Goleman 
(1997) stresses the meaning of emotional intelligence, which is ability of an individual to 
manage successfully human relations, what presupposes his good self-control. Emotional 
intelligence thus includes a cognitive part (perception and understanding of emotions), as 
well as behavioural part (expressing and regulation of emotions). According to Neubauer 
& Freudenthaler (2007) emotionally intelligent persons are able to perceive correctly and 
judge correctly their own emotions, to express themselves and communicate with others, to 
recognise correctly emotions with other people and to react to it in an adequate manner, to 
regulate efficiently their own emotions and emotions of other people with the intention to 
reach specific goals, to take advantage of own emotions for problem solving by motivation 
of adaptive behaviour. At the same time we speak about ability of emotional support of 
thinking, understanding to emotions and their analyses, thoughtful regulation of emotions. 
Ability to adapt oneself in interpersonal relations of people marked as social skills is 
connected with emotional area. Correct orientation in emotions connected with people, 
situations are one of important areas of social competence. It is important to adapt oneself in 

 

emotions of another person, as well as to be able to react adequately. In this area 
individual’s empathy is significant. 
Our aim was to find out how emotionality, social skills are bound to gender with social 
support with 215 adolescents (95 boys, 120 girls) in the age from 16 to 19 years (average age 
was 17.4 years). For measuring social support we used Child and Adolescent Social Support 
Scale (CASSS, Malecki & Demaray 2002, CASSS-CZ, Mareš & Ježek, 2005). The Scale consists 
of 60 items and we can find out four types of social support (emotional, evaluating, 
informative and material). Internal consistency of individual scales measured by Cronbach 
alpha in our research was in the range from 0.85 to 0,91. For the whole questionnaire 
Cronbach alpha=0.93. The Scale focused on emotions was created by adding 12 items of 
Schutte scale of emotional intelligence (SEIS, Schutte et. al., 1998) to the scale regarding 
expressing emotions for adolescents (Bronstein et al., 1996). Cronbach alpha for the scale as 
a whole was 0.80. The scale of social competency was adapted by Dalley et al. (1994), for the 
use for adolescent research file from original Lewinsohn version that was consequently 
modified for our research purposed. Cronbach alpha for the scale as a whole was 0.78. A 
statistical programme SPSS 11.0 evaluated outcomes. 
Final findings refer relations among emotionality, social skills, and social support of 
observed adolescents in relation to dependence on gender. Reis and Collins (2000), 
Engelberg & Sjöberg (2007), Bursik (1995) and Reevy & Maslach (2001) came to similar 
findings. The importance of individual types of social support (emotional, evaluating, 
informative, material), as well as overall social support was higher with girls than with 
boys. Girls showed a higher degree of emotion range with self-appraisal what indicates 
socially formed gender categories. While according to girls schoolmates provide social 
support, boys perceive social support from parents and that corresponds with findings of 
Koukola & Ondřejová (2003). In the area of importance of providing social support are both 
for boys and girls at first place parents, who present important and essential pillar on which 
they can lean in times of anxiety or burden. Correlation relations between femininity and 
social support, and also between masculinity and social support show that the more 
feminine and more masculine an individual is, what corresponds with marking 
androgynous individual, more often an individual perceives social support, and that 
corresponds with findings of Reevy & Maslach (2001) and Koubeková (2001). 
Interconnection among emotions, social skills and social support present the fact that the 
more effectively an individual is able to work with his emotions and the more he is able to 
orientate within it, the more socially able and sensitive for providing social support an 
individual is. An empathic individual expresses his emotions more often and more 
adequately, it is easier for him to adapt to emotions of other people, as well as to social 
competence and he experiences more social support. According to Koubeková (2001) social 
support is positively connected to masculinity, what agrees with our findings, even the 
bond of social support and femininity is a bit closer. There was an evident aim with our 
adolescents to search for help, to accept social support during personal stressful events and 
that is in accordance with the concept of Butler et al. (1985). By a regress analysis we found 
out to what extent individual components predict the perception of social support. It 
appeared in the first step that age, masculinity, femininity, social skills significantly do not 
explain the perception of social support. Frequency of emotion, their expressing and 
empathy checked in the second step predict perception of social support (R2 =0.281,p0.01). 
Given predictors explain social support at 28.1%. Expressing emotion (β=0.282,p0.01) and 
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social support, while a quantitative indicator is a dimension of social net, and a qualitative 
indicator is satisfaction perceived by participant (Koubeková, 2001). One of interests of 
psychologists was to find out what personal features influence social support, it means 
what features facilitate, or complicate the perception of provided social support. According 
to Reis & Collins (2000) we speak about three big groups of disposition variables. The first 
one is sensitivity of partners subjectively perceived, where personal attachment is observed 
and it is based on creating mental models of I and other people from an early age of a child. 
In a given concept the stress is placed on attachment to mother, from which later relations to 
other people arise. Another group is created by variables of emotional attraction, where 
empathy has an important role, it means ability of a person to empathize feelings, 
experiencing of another person, which results in pro-social behaviour of an individual to 
a person that needs social support. The third group consists of variables marked social, or 
interpersonal competence, which means ability to deal with people, ability to manage them 
with fair, non-manipulating manner.  
Gender is understood as a set of characteristics and behaviour of an individual that are 
linked with picture of a man and women in a certain society. It means that connotation of 
the notion gender is highly dependent on social-cultural aspect. An individual learns his 
gender role with influence of socialization process, mainly in the era of early childhood. In 
late adolescent age we suppose that the identification regarding gender has already been 
formed. Adolescent developmental stage is a stage where we can look closer at different 
perception of social support in relation to gender differences. According to Gecková et al. 
(2000), lack of social support threatens more to boys than girls, while girls are more sensitive 
to lack of social support. Bačová & Matějovská (2003) note that a lower degree of perceived 
and accepted emotional social support with men can be caused by so called masculine norm 
of firmness that orders not to show emotions with men except for anger that is socially 
accepted emotion. Traditional viewing the role of a man as a breadwinner, a protector and 
the main authority in a family, viewing a woman as the one who creates cosy family 
atmosphere, emotional support is a limiting factor today due to education opportunities for 
women and due to broadening possibilities of career growth. A man role turns to different 
level, it is as if looking for itself. To a certain extent, even if with minor turbulence, the same 
situation is with definition, looking for identity of a woman, as broadening possibilities of 
career and social application permanently shift the meaning of a woman role. Goleman 
(1997) stresses the meaning of emotional intelligence, which is ability of an individual to 
manage successfully human relations, what presupposes his good self-control. Emotional 
intelligence thus includes a cognitive part (perception and understanding of emotions), as 
well as behavioural part (expressing and regulation of emotions). According to Neubauer 
& Freudenthaler (2007) emotionally intelligent persons are able to perceive correctly and 
judge correctly their own emotions, to express themselves and communicate with others, to 
recognise correctly emotions with other people and to react to it in an adequate manner, to 
regulate efficiently their own emotions and emotions of other people with the intention to 
reach specific goals, to take advantage of own emotions for problem solving by motivation 
of adaptive behaviour. At the same time we speak about ability of emotional support of 
thinking, understanding to emotions and their analyses, thoughtful regulation of emotions. 
Ability to adapt oneself in interpersonal relations of people marked as social skills is 
connected with emotional area. Correct orientation in emotions connected with people, 
situations are one of important areas of social competence. It is important to adapt oneself in 

 

emotions of another person, as well as to be able to react adequately. In this area 
individual’s empathy is significant. 
Our aim was to find out how emotionality, social skills are bound to gender with social 
support with 215 adolescents (95 boys, 120 girls) in the age from 16 to 19 years (average age 
was 17.4 years). For measuring social support we used Child and Adolescent Social Support 
Scale (CASSS, Malecki & Demaray 2002, CASSS-CZ, Mareš & Ježek, 2005). The Scale consists 
of 60 items and we can find out four types of social support (emotional, evaluating, 
informative and material). Internal consistency of individual scales measured by Cronbach 
alpha in our research was in the range from 0.85 to 0,91. For the whole questionnaire 
Cronbach alpha=0.93. The Scale focused on emotions was created by adding 12 items of 
Schutte scale of emotional intelligence (SEIS, Schutte et. al., 1998) to the scale regarding 
expressing emotions for adolescents (Bronstein et al., 1996). Cronbach alpha for the scale as 
a whole was 0.80. The scale of social competency was adapted by Dalley et al. (1994), for the 
use for adolescent research file from original Lewinsohn version that was consequently 
modified for our research purposed. Cronbach alpha for the scale as a whole was 0.78. A 
statistical programme SPSS 11.0 evaluated outcomes. 
Final findings refer relations among emotionality, social skills, and social support of 
observed adolescents in relation to dependence on gender. Reis and Collins (2000), 
Engelberg & Sjöberg (2007), Bursik (1995) and Reevy & Maslach (2001) came to similar 
findings. The importance of individual types of social support (emotional, evaluating, 
informative, material), as well as overall social support was higher with girls than with 
boys. Girls showed a higher degree of emotion range with self-appraisal what indicates 
socially formed gender categories. While according to girls schoolmates provide social 
support, boys perceive social support from parents and that corresponds with findings of 
Koukola & Ondřejová (2003). In the area of importance of providing social support are both 
for boys and girls at first place parents, who present important and essential pillar on which 
they can lean in times of anxiety or burden. Correlation relations between femininity and 
social support, and also between masculinity and social support show that the more 
feminine and more masculine an individual is, what corresponds with marking 
androgynous individual, more often an individual perceives social support, and that 
corresponds with findings of Reevy & Maslach (2001) and Koubeková (2001). 
Interconnection among emotions, social skills and social support present the fact that the 
more effectively an individual is able to work with his emotions and the more he is able to 
orientate within it, the more socially able and sensitive for providing social support an 
individual is. An empathic individual expresses his emotions more often and more 
adequately, it is easier for him to adapt to emotions of other people, as well as to social 
competence and he experiences more social support. According to Koubeková (2001) social 
support is positively connected to masculinity, what agrees with our findings, even the 
bond of social support and femininity is a bit closer. There was an evident aim with our 
adolescents to search for help, to accept social support during personal stressful events and 
that is in accordance with the concept of Butler et al. (1985). By a regress analysis we found 
out to what extent individual components predict the perception of social support. It 
appeared in the first step that age, masculinity, femininity, social skills significantly do not 
explain the perception of social support. Frequency of emotion, their expressing and 
empathy checked in the second step predict perception of social support (R2 =0.281,p0.01). 
Given predictors explain social support at 28.1%. Expressing emotion (β=0.282,p0.01) and 
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social support, while a quantitative indicator is a dimension of social net, and a qualitative 
indicator is satisfaction perceived by participant (Koubeková, 2001). One of interests of 
psychologists was to find out what personal features influence social support, it means 
what features facilitate, or complicate the perception of provided social support. According 
to Reis & Collins (2000) we speak about three big groups of disposition variables. The first 
one is sensitivity of partners subjectively perceived, where personal attachment is observed 
and it is based on creating mental models of I and other people from an early age of a child. 
In a given concept the stress is placed on attachment to mother, from which later relations to 
other people arise. Another group is created by variables of emotional attraction, where 
empathy has an important role, it means ability of a person to empathize feelings, 
experiencing of another person, which results in pro-social behaviour of an individual to 
a person that needs social support. The third group consists of variables marked social, or 
interpersonal competence, which means ability to deal with people, ability to manage them 
with fair, non-manipulating manner.  
Gender is understood as a set of characteristics and behaviour of an individual that are 
linked with picture of a man and women in a certain society. It means that connotation of 
the notion gender is highly dependent on social-cultural aspect. An individual learns his 
gender role with influence of socialization process, mainly in the era of early childhood. In 
late adolescent age we suppose that the identification regarding gender has already been 
formed. Adolescent developmental stage is a stage where we can look closer at different 
perception of social support in relation to gender differences. According to Gecková et al. 
(2000), lack of social support threatens more to boys than girls, while girls are more sensitive 
to lack of social support. Bačová & Matějovská (2003) note that a lower degree of perceived 
and accepted emotional social support with men can be caused by so called masculine norm 
of firmness that orders not to show emotions with men except for anger that is socially 
accepted emotion. Traditional viewing the role of a man as a breadwinner, a protector and 
the main authority in a family, viewing a woman as the one who creates cosy family 
atmosphere, emotional support is a limiting factor today due to education opportunities for 
women and due to broadening possibilities of career growth. A man role turns to different 
level, it is as if looking for itself. To a certain extent, even if with minor turbulence, the same 
situation is with definition, looking for identity of a woman, as broadening possibilities of 
career and social application permanently shift the meaning of a woman role. Goleman 
(1997) stresses the meaning of emotional intelligence, which is ability of an individual to 
manage successfully human relations, what presupposes his good self-control. Emotional 
intelligence thus includes a cognitive part (perception and understanding of emotions), as 
well as behavioural part (expressing and regulation of emotions). According to Neubauer 
& Freudenthaler (2007) emotionally intelligent persons are able to perceive correctly and 
judge correctly their own emotions, to express themselves and communicate with others, to 
recognise correctly emotions with other people and to react to it in an adequate manner, to 
regulate efficiently their own emotions and emotions of other people with the intention to 
reach specific goals, to take advantage of own emotions for problem solving by motivation 
of adaptive behaviour. At the same time we speak about ability of emotional support of 
thinking, understanding to emotions and their analyses, thoughtful regulation of emotions. 
Ability to adapt oneself in interpersonal relations of people marked as social skills is 
connected with emotional area. Correct orientation in emotions connected with people, 
situations are one of important areas of social competence. It is important to adapt oneself in 

 

emotions of another person, as well as to be able to react adequately. In this area 
individual’s empathy is significant. 
Our aim was to find out how emotionality, social skills are bound to gender with social 
support with 215 adolescents (95 boys, 120 girls) in the age from 16 to 19 years (average age 
was 17.4 years). For measuring social support we used Child and Adolescent Social Support 
Scale (CASSS, Malecki & Demaray 2002, CASSS-CZ, Mareš & Ježek, 2005). The Scale consists 
of 60 items and we can find out four types of social support (emotional, evaluating, 
informative and material). Internal consistency of individual scales measured by Cronbach 
alpha in our research was in the range from 0.85 to 0,91. For the whole questionnaire 
Cronbach alpha=0.93. The Scale focused on emotions was created by adding 12 items of 
Schutte scale of emotional intelligence (SEIS, Schutte et. al., 1998) to the scale regarding 
expressing emotions for adolescents (Bronstein et al., 1996). Cronbach alpha for the scale as 
a whole was 0.80. The scale of social competency was adapted by Dalley et al. (1994), for the 
use for adolescent research file from original Lewinsohn version that was consequently 
modified for our research purposed. Cronbach alpha for the scale as a whole was 0.78. A 
statistical programme SPSS 11.0 evaluated outcomes. 
Final findings refer relations among emotionality, social skills, and social support of 
observed adolescents in relation to dependence on gender. Reis and Collins (2000), 
Engelberg & Sjöberg (2007), Bursik (1995) and Reevy & Maslach (2001) came to similar 
findings. The importance of individual types of social support (emotional, evaluating, 
informative, material), as well as overall social support was higher with girls than with 
boys. Girls showed a higher degree of emotion range with self-appraisal what indicates 
socially formed gender categories. While according to girls schoolmates provide social 
support, boys perceive social support from parents and that corresponds with findings of 
Koukola & Ondřejová (2003). In the area of importance of providing social support are both 
for boys and girls at first place parents, who present important and essential pillar on which 
they can lean in times of anxiety or burden. Correlation relations between femininity and 
social support, and also between masculinity and social support show that the more 
feminine and more masculine an individual is, what corresponds with marking 
androgynous individual, more often an individual perceives social support, and that 
corresponds with findings of Reevy & Maslach (2001) and Koubeková (2001). 
Interconnection among emotions, social skills and social support present the fact that the 
more effectively an individual is able to work with his emotions and the more he is able to 
orientate within it, the more socially able and sensitive for providing social support an 
individual is. An empathic individual expresses his emotions more often and more 
adequately, it is easier for him to adapt to emotions of other people, as well as to social 
competence and he experiences more social support. According to Koubeková (2001) social 
support is positively connected to masculinity, what agrees with our findings, even the 
bond of social support and femininity is a bit closer. There was an evident aim with our 
adolescents to search for help, to accept social support during personal stressful events and 
that is in accordance with the concept of Butler et al. (1985). By a regress analysis we found 
out to what extent individual components predict the perception of social support. It 
appeared in the first step that age, masculinity, femininity, social skills significantly do not 
explain the perception of social support. Frequency of emotion, their expressing and 
empathy checked in the second step predict perception of social support (R2 =0.281,p0.01). 
Given predictors explain social support at 28.1%. Expressing emotion (β=0.282,p0.01) and 
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social support, while a quantitative indicator is a dimension of social net, and a qualitative 
indicator is satisfaction perceived by participant (Koubeková, 2001). One of interests of 
psychologists was to find out what personal features influence social support, it means 
what features facilitate, or complicate the perception of provided social support. According 
to Reis & Collins (2000) we speak about three big groups of disposition variables. The first 
one is sensitivity of partners subjectively perceived, where personal attachment is observed 
and it is based on creating mental models of I and other people from an early age of a child. 
In a given concept the stress is placed on attachment to mother, from which later relations to 
other people arise. Another group is created by variables of emotional attraction, where 
empathy has an important role, it means ability of a person to empathize feelings, 
experiencing of another person, which results in pro-social behaviour of an individual to 
a person that needs social support. The third group consists of variables marked social, or 
interpersonal competence, which means ability to deal with people, ability to manage them 
with fair, non-manipulating manner.  
Gender is understood as a set of characteristics and behaviour of an individual that are 
linked with picture of a man and women in a certain society. It means that connotation of 
the notion gender is highly dependent on social-cultural aspect. An individual learns his 
gender role with influence of socialization process, mainly in the era of early childhood. In 
late adolescent age we suppose that the identification regarding gender has already been 
formed. Adolescent developmental stage is a stage where we can look closer at different 
perception of social support in relation to gender differences. According to Gecková et al. 
(2000), lack of social support threatens more to boys than girls, while girls are more sensitive 
to lack of social support. Bačová & Matějovská (2003) note that a lower degree of perceived 
and accepted emotional social support with men can be caused by so called masculine norm 
of firmness that orders not to show emotions with men except for anger that is socially 
accepted emotion. Traditional viewing the role of a man as a breadwinner, a protector and 
the main authority in a family, viewing a woman as the one who creates cosy family 
atmosphere, emotional support is a limiting factor today due to education opportunities for 
women and due to broadening possibilities of career growth. A man role turns to different 
level, it is as if looking for itself. To a certain extent, even if with minor turbulence, the same 
situation is with definition, looking for identity of a woman, as broadening possibilities of 
career and social application permanently shift the meaning of a woman role. Goleman 
(1997) stresses the meaning of emotional intelligence, which is ability of an individual to 
manage successfully human relations, what presupposes his good self-control. Emotional 
intelligence thus includes a cognitive part (perception and understanding of emotions), as 
well as behavioural part (expressing and regulation of emotions). According to Neubauer 
& Freudenthaler (2007) emotionally intelligent persons are able to perceive correctly and 
judge correctly their own emotions, to express themselves and communicate with others, to 
recognise correctly emotions with other people and to react to it in an adequate manner, to 
regulate efficiently their own emotions and emotions of other people with the intention to 
reach specific goals, to take advantage of own emotions for problem solving by motivation 
of adaptive behaviour. At the same time we speak about ability of emotional support of 
thinking, understanding to emotions and their analyses, thoughtful regulation of emotions. 
Ability to adapt oneself in interpersonal relations of people marked as social skills is 
connected with emotional area. Correct orientation in emotions connected with people, 
situations are one of important areas of social competence. It is important to adapt oneself in 

 

emotions of another person, as well as to be able to react adequately. In this area 
individual’s empathy is significant. 
Our aim was to find out how emotionality, social skills are bound to gender with social 
support with 215 adolescents (95 boys, 120 girls) in the age from 16 to 19 years (average age 
was 17.4 years). For measuring social support we used Child and Adolescent Social Support 
Scale (CASSS, Malecki & Demaray 2002, CASSS-CZ, Mareš & Ježek, 2005). The Scale consists 
of 60 items and we can find out four types of social support (emotional, evaluating, 
informative and material). Internal consistency of individual scales measured by Cronbach 
alpha in our research was in the range from 0.85 to 0,91. For the whole questionnaire 
Cronbach alpha=0.93. The Scale focused on emotions was created by adding 12 items of 
Schutte scale of emotional intelligence (SEIS, Schutte et. al., 1998) to the scale regarding 
expressing emotions for adolescents (Bronstein et al., 1996). Cronbach alpha for the scale as 
a whole was 0.80. The scale of social competency was adapted by Dalley et al. (1994), for the 
use for adolescent research file from original Lewinsohn version that was consequently 
modified for our research purposed. Cronbach alpha for the scale as a whole was 0.78. A 
statistical programme SPSS 11.0 evaluated outcomes. 
Final findings refer relations among emotionality, social skills, and social support of 
observed adolescents in relation to dependence on gender. Reis and Collins (2000), 
Engelberg & Sjöberg (2007), Bursik (1995) and Reevy & Maslach (2001) came to similar 
findings. The importance of individual types of social support (emotional, evaluating, 
informative, material), as well as overall social support was higher with girls than with 
boys. Girls showed a higher degree of emotion range with self-appraisal what indicates 
socially formed gender categories. While according to girls schoolmates provide social 
support, boys perceive social support from parents and that corresponds with findings of 
Koukola & Ondřejová (2003). In the area of importance of providing social support are both 
for boys and girls at first place parents, who present important and essential pillar on which 
they can lean in times of anxiety or burden. Correlation relations between femininity and 
social support, and also between masculinity and social support show that the more 
feminine and more masculine an individual is, what corresponds with marking 
androgynous individual, more often an individual perceives social support, and that 
corresponds with findings of Reevy & Maslach (2001) and Koubeková (2001). 
Interconnection among emotions, social skills and social support present the fact that the 
more effectively an individual is able to work with his emotions and the more he is able to 
orientate within it, the more socially able and sensitive for providing social support an 
individual is. An empathic individual expresses his emotions more often and more 
adequately, it is easier for him to adapt to emotions of other people, as well as to social 
competence and he experiences more social support. According to Koubeková (2001) social 
support is positively connected to masculinity, what agrees with our findings, even the 
bond of social support and femininity is a bit closer. There was an evident aim with our 
adolescents to search for help, to accept social support during personal stressful events and 
that is in accordance with the concept of Butler et al. (1985). By a regress analysis we found 
out to what extent individual components predict the perception of social support. It 
appeared in the first step that age, masculinity, femininity, social skills significantly do not 
explain the perception of social support. Frequency of emotion, their expressing and 
empathy checked in the second step predict perception of social support (R2 =0.281,p0.01). 
Given predictors explain social support at 28.1%. Expressing emotion (β=0.282,p0.01) and 
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empathy (β=0.271, p0.01) positively influences the perception of social support and frequency 
of occurrence of emotion negatively influences the perception of social support (β=-0.400, 
p0.01). The tested model is illustrated as the results of regression analyses (Figure 2). The 
variables as age, femininity, masculinity, social skills were not included into the testing.  
Final findings show that the more empathic an adolescent is and the more often he 
expresses his emotions, the more sensitive he is in relation to social support. With frequency 
of emotion we speak about negative relation to perceived social support. Thus the more 
often a person experiences various emotions; the less sensitive he is in relation to social 
support. This can be explained by the fact that an individual often experiences certain 
emotions and during this time he is focused on himself. We can find some lack of sensitivity 
there, an individual is sensitive to offered social support in a lower degree. We consider 
these findings important for a family, for education of adolescents at schools, as well as in 
gradual and post gradual preparations of teachers.  
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Fig. 2. Path model for illustration of the results of regression analyses 
 
Knowledge can be used also in the area of mass media education, mainly in the problems 
focused on elimination and removal of gender stereotypes that are a limiting component in 
sensitivity of provided social support and that are widely spread in a society. Unfortunately, 
as we have found out in a research aimed to contents analysis of media that form opinion in 
Slovakia are also supported (Šramová,2007b). Raising social capabilities and correct 
orientation in emotional area are important predictors of social support that is highly actual 
in the period of adolescence.  

 
8. Attitudes of adolescents to health 

Health is according to WHO (2008, p.10) defined as “a status of physical, mental and social 
comfort and it is not only the absence of an illness or handicap“. There exist more concepts 
in attitude to health, which can be divided into three basic groups: medical attitude focused 
on an illness, bio psychosocial attitude stressing the interconnection of physical, mental and 
social components, attitude focused on quality of health and illness from the point of view 
of everyday experience of a person. Matarazzo (1984) in relation with health behaviours 
distinguishes behavioural pathogens, which means behaviour with a negative effect on 
health (smoking, drinking alcohol) and behavioural immunogens, which means behaviour 
useful to health, and thus with a positive effect (cleaning teeth, sufficient sleep). Holistic 
attitude to health presents a model that was introduced by Engel (1980) and which presents 
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an effort to integrate biological, psychological and social determinants of health and illness. 
We speak about bio psychosocial model of health and illness and it includes bio factor (for 
example viruses, genetics, bacteria), psychological factor (behaviour, beliefs, coping) and 
social factors (social norm, social class, ethnicity). According to McKeown (1979) health 
behaviours includes focus on health as well as on illness and it is determined by various 
attributes, specifically by individual determinants of own behaviour (smoking, lifestyle, 
exercising and alike), which modify significantly our habits focused on health. She 
documents her claims with observation of relation between mortality and health 
behaviours, which we can find with many authors. For example Belloc & Breslow (1972, 
Breslow & Enstrom (1980), Poliaková (2004), Ogdan (1996). The most important factors 
supporting health are considered 7-8 hours of sleep a day, regular breakfasts, rare eating 
between main meals, no smoking, rare or no alcohol drinking maintaining suggested 
weight, exercising. Leventhal et al. (1985) concentrated factors supporting health into the 
following categories: social factors, genetics, emotional factors, the beliefs of the patient, and 
the beliefs of health professionals, perceived symptoms. He also emphasized that for 
predication and support health-related behaviour it is important to observe in what 
combinations individual factors occur. We can find many theoretical concepts that explain 
prediction of health behaviour. It is for example attribution theory, which also pointed out 
that if a patient considered his illness as external, but controlled by himself, then he behaved 
more responsibly (King, 1982). Dynamics of the process of a change of behaviour Dynamics 
of process of a change of behaviour is according to Prochazska & DiClemente (1982) based 
on stages (pre-contemplation, contemplation, preparation, action, maintenance), which have 
their accessibility, however, they are not static, an individual can reach a higher stage and 
then after some time he can return to a lower stage. Another significant contribution in the 
area of health behaviours is cognition models, which explain predicators as well as 
precursors to health behaviours. According to cognitive models behaviour is the result of 
rational information process, which is based on an individual cognitive experience of 
a person (Ogdan, 1996). Protection motivation theory is one of conceptions that we rank to 
cognitive models and that claims that health-relation behaviour is a result of four factors: 
severity, vulnerability, response effectiveness, self-efficacy (Rogers, 1975,1983,1985), while 
two kinds of source of information exist and they are environmental (verbal persuasion, 
learning by observing) and interpersonal kind (initial experience). The theory of planned 
behaviour concentrates on relation between attitude and behaviour, as attitudes 
significantly predefine health behaviour (Fishbein a Ajzen, 1975), considering individual 
and also social cognitions of an individual. According Ajzen and Madden (1986) attitudes 
towards the behaviour includes beliefs about outcomes and evaluations of these outcomes. 
Another important factor is a subjective norm, which contains beliefs about important 
attitudes of others to behaviour and motivation to comply with others. The third factor is a 
behavioural control, which contain internal and external control factors. These three factors 
predicate behavioural intentions, which lead to behaviour. Authors also emphasize that 
behavioural control can directly influence behaviour of personality without behavioural 
intention. By generalizing knowledge we can say in accordance with Ogdan (1996), 
Poliaková (2004), those health behaviours agrees with status of health of each personality.  
Health presents a basic determining phenomenon for an adolescent for fulfilling his life 
aspirations and expectations; it brings him a feeling of comfort. Theoretical concepts agree in 
the fact that parents, as well as friends influence on risk behaviour connected with health 
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empathy (β=0.271, p0.01) positively influences the perception of social support and frequency 
of occurrence of emotion negatively influences the perception of social support (β=-0.400, 
p0.01). The tested model is illustrated as the results of regression analyses (Figure 2). The 
variables as age, femininity, masculinity, social skills were not included into the testing.  
Final findings show that the more empathic an adolescent is and the more often he 
expresses his emotions, the more sensitive he is in relation to social support. With frequency 
of emotion we speak about negative relation to perceived social support. Thus the more 
often a person experiences various emotions; the less sensitive he is in relation to social 
support. This can be explained by the fact that an individual often experiences certain 
emotions and during this time he is focused on himself. We can find some lack of sensitivity 
there, an individual is sensitive to offered social support in a lower degree. We consider 
these findings important for a family, for education of adolescents at schools, as well as in 
gradual and post gradual preparations of teachers.  
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Fig. 2. Path model for illustration of the results of regression analyses 
 
Knowledge can be used also in the area of mass media education, mainly in the problems 
focused on elimination and removal of gender stereotypes that are a limiting component in 
sensitivity of provided social support and that are widely spread in a society. Unfortunately, 
as we have found out in a research aimed to contents analysis of media that form opinion in 
Slovakia are also supported (Šramová,2007b). Raising social capabilities and correct 
orientation in emotional area are important predictors of social support that is highly actual 
in the period of adolescence.  
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comfort and it is not only the absence of an illness or handicap“. There exist more concepts 
in attitude to health, which can be divided into three basic groups: medical attitude focused 
on an illness, bio psychosocial attitude stressing the interconnection of physical, mental and 
social components, attitude focused on quality of health and illness from the point of view 
of everyday experience of a person. Matarazzo (1984) in relation with health behaviours 
distinguishes behavioural pathogens, which means behaviour with a negative effect on 
health (smoking, drinking alcohol) and behavioural immunogens, which means behaviour 
useful to health, and thus with a positive effect (cleaning teeth, sufficient sleep). Holistic 
attitude to health presents a model that was introduced by Engel (1980) and which presents 
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an effort to integrate biological, psychological and social determinants of health and illness. 
We speak about bio psychosocial model of health and illness and it includes bio factor (for 
example viruses, genetics, bacteria), psychological factor (behaviour, beliefs, coping) and 
social factors (social norm, social class, ethnicity). According to McKeown (1979) health 
behaviours includes focus on health as well as on illness and it is determined by various 
attributes, specifically by individual determinants of own behaviour (smoking, lifestyle, 
exercising and alike), which modify significantly our habits focused on health. She 
documents her claims with observation of relation between mortality and health 
behaviours, which we can find with many authors. For example Belloc & Breslow (1972, 
Breslow & Enstrom (1980), Poliaková (2004), Ogdan (1996). The most important factors 
supporting health are considered 7-8 hours of sleep a day, regular breakfasts, rare eating 
between main meals, no smoking, rare or no alcohol drinking maintaining suggested 
weight, exercising. Leventhal et al. (1985) concentrated factors supporting health into the 
following categories: social factors, genetics, emotional factors, the beliefs of the patient, and 
the beliefs of health professionals, perceived symptoms. He also emphasized that for 
predication and support health-related behaviour it is important to observe in what 
combinations individual factors occur. We can find many theoretical concepts that explain 
prediction of health behaviour. It is for example attribution theory, which also pointed out 
that if a patient considered his illness as external, but controlled by himself, then he behaved 
more responsibly (King, 1982). Dynamics of the process of a change of behaviour Dynamics 
of process of a change of behaviour is according to Prochazska & DiClemente (1982) based 
on stages (pre-contemplation, contemplation, preparation, action, maintenance), which have 
their accessibility, however, they are not static, an individual can reach a higher stage and 
then after some time he can return to a lower stage. Another significant contribution in the 
area of health behaviours is cognition models, which explain predicators as well as 
precursors to health behaviours. According to cognitive models behaviour is the result of 
rational information process, which is based on an individual cognitive experience of 
a person (Ogdan, 1996). Protection motivation theory is one of conceptions that we rank to 
cognitive models and that claims that health-relation behaviour is a result of four factors: 
severity, vulnerability, response effectiveness, self-efficacy (Rogers, 1975,1983,1985), while 
two kinds of source of information exist and they are environmental (verbal persuasion, 
learning by observing) and interpersonal kind (initial experience). The theory of planned 
behaviour concentrates on relation between attitude and behaviour, as attitudes 
significantly predefine health behaviour (Fishbein a Ajzen, 1975), considering individual 
and also social cognitions of an individual. According Ajzen and Madden (1986) attitudes 
towards the behaviour includes beliefs about outcomes and evaluations of these outcomes. 
Another important factor is a subjective norm, which contains beliefs about important 
attitudes of others to behaviour and motivation to comply with others. The third factor is a 
behavioural control, which contain internal and external control factors. These three factors 
predicate behavioural intentions, which lead to behaviour. Authors also emphasize that 
behavioural control can directly influence behaviour of personality without behavioural 
intention. By generalizing knowledge we can say in accordance with Ogdan (1996), 
Poliaková (2004), those health behaviours agrees with status of health of each personality.  
Health presents a basic determining phenomenon for an adolescent for fulfilling his life 
aspirations and expectations; it brings him a feeling of comfort. Theoretical concepts agree in 
the fact that parents, as well as friends influence on risk behaviour connected with health 
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empathy (β=0.271, p0.01) positively influences the perception of social support and frequency 
of occurrence of emotion negatively influences the perception of social support (β=-0.400, 
p0.01). The tested model is illustrated as the results of regression analyses (Figure 2). The 
variables as age, femininity, masculinity, social skills were not included into the testing.  
Final findings show that the more empathic an adolescent is and the more often he 
expresses his emotions, the more sensitive he is in relation to social support. With frequency 
of emotion we speak about negative relation to perceived social support. Thus the more 
often a person experiences various emotions; the less sensitive he is in relation to social 
support. This can be explained by the fact that an individual often experiences certain 
emotions and during this time he is focused on himself. We can find some lack of sensitivity 
there, an individual is sensitive to offered social support in a lower degree. We consider 
these findings important for a family, for education of adolescents at schools, as well as in 
gradual and post gradual preparations of teachers.  
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Slovakia are also supported (Šramová,2007b). Raising social capabilities and correct 
orientation in emotional area are important predictors of social support that is highly actual 
in the period of adolescence.  
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social components, attitude focused on quality of health and illness from the point of view 
of everyday experience of a person. Matarazzo (1984) in relation with health behaviours 
distinguishes behavioural pathogens, which means behaviour with a negative effect on 
health (smoking, drinking alcohol) and behavioural immunogens, which means behaviour 
useful to health, and thus with a positive effect (cleaning teeth, sufficient sleep). Holistic 
attitude to health presents a model that was introduced by Engel (1980) and which presents 
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an effort to integrate biological, psychological and social determinants of health and illness. 
We speak about bio psychosocial model of health and illness and it includes bio factor (for 
example viruses, genetics, bacteria), psychological factor (behaviour, beliefs, coping) and 
social factors (social norm, social class, ethnicity). According to McKeown (1979) health 
behaviours includes focus on health as well as on illness and it is determined by various 
attributes, specifically by individual determinants of own behaviour (smoking, lifestyle, 
exercising and alike), which modify significantly our habits focused on health. She 
documents her claims with observation of relation between mortality and health 
behaviours, which we can find with many authors. For example Belloc & Breslow (1972, 
Breslow & Enstrom (1980), Poliaková (2004), Ogdan (1996). The most important factors 
supporting health are considered 7-8 hours of sleep a day, regular breakfasts, rare eating 
between main meals, no smoking, rare or no alcohol drinking maintaining suggested 
weight, exercising. Leventhal et al. (1985) concentrated factors supporting health into the 
following categories: social factors, genetics, emotional factors, the beliefs of the patient, and 
the beliefs of health professionals, perceived symptoms. He also emphasized that for 
predication and support health-related behaviour it is important to observe in what 
combinations individual factors occur. We can find many theoretical concepts that explain 
prediction of health behaviour. It is for example attribution theory, which also pointed out 
that if a patient considered his illness as external, but controlled by himself, then he behaved 
more responsibly (King, 1982). Dynamics of the process of a change of behaviour Dynamics 
of process of a change of behaviour is according to Prochazska & DiClemente (1982) based 
on stages (pre-contemplation, contemplation, preparation, action, maintenance), which have 
their accessibility, however, they are not static, an individual can reach a higher stage and 
then after some time he can return to a lower stage. Another significant contribution in the 
area of health behaviours is cognition models, which explain predicators as well as 
precursors to health behaviours. According to cognitive models behaviour is the result of 
rational information process, which is based on an individual cognitive experience of 
a person (Ogdan, 1996). Protection motivation theory is one of conceptions that we rank to 
cognitive models and that claims that health-relation behaviour is a result of four factors: 
severity, vulnerability, response effectiveness, self-efficacy (Rogers, 1975,1983,1985), while 
two kinds of source of information exist and they are environmental (verbal persuasion, 
learning by observing) and interpersonal kind (initial experience). The theory of planned 
behaviour concentrates on relation between attitude and behaviour, as attitudes 
significantly predefine health behaviour (Fishbein a Ajzen, 1975), considering individual 
and also social cognitions of an individual. According Ajzen and Madden (1986) attitudes 
towards the behaviour includes beliefs about outcomes and evaluations of these outcomes. 
Another important factor is a subjective norm, which contains beliefs about important 
attitudes of others to behaviour and motivation to comply with others. The third factor is a 
behavioural control, which contain internal and external control factors. These three factors 
predicate behavioural intentions, which lead to behaviour. Authors also emphasize that 
behavioural control can directly influence behaviour of personality without behavioural 
intention. By generalizing knowledge we can say in accordance with Ogdan (1996), 
Poliaková (2004), those health behaviours agrees with status of health of each personality.  
Health presents a basic determining phenomenon for an adolescent for fulfilling his life 
aspirations and expectations; it brings him a feeling of comfort. Theoretical concepts agree in 
the fact that parents, as well as friends influence on risk behaviour connected with health 

Identity,	social	support	and	attitudes	towards	health	with	adolescents 15

 

empathy (β=0.271, p0.01) positively influences the perception of social support and frequency 
of occurrence of emotion negatively influences the perception of social support (β=-0.400, 
p0.01). The tested model is illustrated as the results of regression analyses (Figure 2). The 
variables as age, femininity, masculinity, social skills were not included into the testing.  
Final findings show that the more empathic an adolescent is and the more often he 
expresses his emotions, the more sensitive he is in relation to social support. With frequency 
of emotion we speak about negative relation to perceived social support. Thus the more 
often a person experiences various emotions; the less sensitive he is in relation to social 
support. This can be explained by the fact that an individual often experiences certain 
emotions and during this time he is focused on himself. We can find some lack of sensitivity 
there, an individual is sensitive to offered social support in a lower degree. We consider 
these findings important for a family, for education of adolescents at schools, as well as in 
gradual and post gradual preparations of teachers.  
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Fig. 2. Path model for illustration of the results of regression analyses 
 
Knowledge can be used also in the area of mass media education, mainly in the problems 
focused on elimination and removal of gender stereotypes that are a limiting component in 
sensitivity of provided social support and that are widely spread in a society. Unfortunately, 
as we have found out in a research aimed to contents analysis of media that form opinion in 
Slovakia are also supported (Šramová,2007b). Raising social capabilities and correct 
orientation in emotional area are important predictors of social support that is highly actual 
in the period of adolescence.  

 
8. Attitudes of adolescents to health 

Health is according to WHO (2008, p.10) defined as “a status of physical, mental and social 
comfort and it is not only the absence of an illness or handicap“. There exist more concepts 
in attitude to health, which can be divided into three basic groups: medical attitude focused 
on an illness, bio psychosocial attitude stressing the interconnection of physical, mental and 
social components, attitude focused on quality of health and illness from the point of view 
of everyday experience of a person. Matarazzo (1984) in relation with health behaviours 
distinguishes behavioural pathogens, which means behaviour with a negative effect on 
health (smoking, drinking alcohol) and behavioural immunogens, which means behaviour 
useful to health, and thus with a positive effect (cleaning teeth, sufficient sleep). Holistic 
attitude to health presents a model that was introduced by Engel (1980) and which presents 
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an effort to integrate biological, psychological and social determinants of health and illness. 
We speak about bio psychosocial model of health and illness and it includes bio factor (for 
example viruses, genetics, bacteria), psychological factor (behaviour, beliefs, coping) and 
social factors (social norm, social class, ethnicity). According to McKeown (1979) health 
behaviours includes focus on health as well as on illness and it is determined by various 
attributes, specifically by individual determinants of own behaviour (smoking, lifestyle, 
exercising and alike), which modify significantly our habits focused on health. She 
documents her claims with observation of relation between mortality and health 
behaviours, which we can find with many authors. For example Belloc & Breslow (1972, 
Breslow & Enstrom (1980), Poliaková (2004), Ogdan (1996). The most important factors 
supporting health are considered 7-8 hours of sleep a day, regular breakfasts, rare eating 
between main meals, no smoking, rare or no alcohol drinking maintaining suggested 
weight, exercising. Leventhal et al. (1985) concentrated factors supporting health into the 
following categories: social factors, genetics, emotional factors, the beliefs of the patient, and 
the beliefs of health professionals, perceived symptoms. He also emphasized that for 
predication and support health-related behaviour it is important to observe in what 
combinations individual factors occur. We can find many theoretical concepts that explain 
prediction of health behaviour. It is for example attribution theory, which also pointed out 
that if a patient considered his illness as external, but controlled by himself, then he behaved 
more responsibly (King, 1982). Dynamics of the process of a change of behaviour Dynamics 
of process of a change of behaviour is according to Prochazska & DiClemente (1982) based 
on stages (pre-contemplation, contemplation, preparation, action, maintenance), which have 
their accessibility, however, they are not static, an individual can reach a higher stage and 
then after some time he can return to a lower stage. Another significant contribution in the 
area of health behaviours is cognition models, which explain predicators as well as 
precursors to health behaviours. According to cognitive models behaviour is the result of 
rational information process, which is based on an individual cognitive experience of 
a person (Ogdan, 1996). Protection motivation theory is one of conceptions that we rank to 
cognitive models and that claims that health-relation behaviour is a result of four factors: 
severity, vulnerability, response effectiveness, self-efficacy (Rogers, 1975,1983,1985), while 
two kinds of source of information exist and they are environmental (verbal persuasion, 
learning by observing) and interpersonal kind (initial experience). The theory of planned 
behaviour concentrates on relation between attitude and behaviour, as attitudes 
significantly predefine health behaviour (Fishbein a Ajzen, 1975), considering individual 
and also social cognitions of an individual. According Ajzen and Madden (1986) attitudes 
towards the behaviour includes beliefs about outcomes and evaluations of these outcomes. 
Another important factor is a subjective norm, which contains beliefs about important 
attitudes of others to behaviour and motivation to comply with others. The third factor is a 
behavioural control, which contain internal and external control factors. These three factors 
predicate behavioural intentions, which lead to behaviour. Authors also emphasize that 
behavioural control can directly influence behaviour of personality without behavioural 
intention. By generalizing knowledge we can say in accordance with Ogdan (1996), 
Poliaková (2004), those health behaviours agrees with status of health of each personality.  
Health presents a basic determining phenomenon for an adolescent for fulfilling his life 
aspirations and expectations; it brings him a feeling of comfort. Theoretical concepts agree in 
the fact that parents, as well as friends influence on risk behaviour connected with health 
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(smoking, drug abuse, alcohol, self-destruction), which deeply affects health of an 
adolescent. Besides social support, another crucial factors influencing health are social-
economic background and gender (Gecková, 2002). According to Poliaková (2004) 
a subjective feeling of health is important intervening factor of adolescents’ attitude to 
health. Her research findings indicate that almost a half of observed adolescents (47.6%) 
admitted more expressive subjective perceived health problems during the last month. 
There was mainly physical pain (headaches, pain in back, stomach ache). Psychosomatic 
disorders were also highly present (56%) (anxiety, tiredness, sleeping disorder, 
concentration problems). Health is usually perceived by adolescents as target and functional 
category, which means to be in physical and mental comfort, not to have health troubles, to 
be satisfied with one’s body, to be independent personality.  
In our approach to health we came up with holistic attitude that is related to the whole 
person, not only to a body. Health is understood as means serving a person to reach his 
goals, wishes, desires, not only as a goal of his effort. We are aware of the fact that human 
potential can only be develop when an individual is healthy and thus has bigger ability to 
handle negative life events, and is able to approach problem solving rationally, in a positive 
way. Though adolescents declare that health is one of key values, in a given period it is 
usually taken for granted as an area, which they do not have to take care yet. Behavioural 
component of attitude to health (activity supporting health) is therefore behind the cognitive 
component of attitude (awareness of the importance of health, factors supporting and 
threatening health). One of possibilities is to find out connotative (subjectively attributed) 
meaning of marked areas related to health, and this is hardly accessible with the help of 
standard diagnostic methods and therefore psycho semantic methods seem to be highly 
possible options focused on mental presentations of experiencing the image of own 
personality with confrontation with other categories. In a given relation frame it is essential 
to grasp salutary factors, which are factors, which strengthen adolescents’ health. 
Connotative meaning of notion related to health can show us important subjectively 
experienced objects, we can identify factors, where there is possible to build theoretical and 
practical form of health education of youth, which is often build on simplified premise 
„health is avoiding the illness“. The aim of a research was to map selected notions related to 
health with adolescents. The aim was aptness of subjective experiencing the notions with 
affinity to health with boys (N=162) and with girls (N=188), as well as in the whole file 
(N=350). Average age of adolescents was 17.6 years. To watch targeted aim we used psycho 
semantic method, picture version of semantic selection of the author Doležal (In: Smékal, 
1990), with which we have been observing subjective evaluation of the notions related to 
health (see subchapter Forming the semantic space of notions related to identity of adolescents). 
There were 18 studied notions, which were selected in relation to health. We were interested 
what was the positioning of a person itself expressing the notion I. We speak about the 
following notions: aggression, selfishness, sadness, conflict, stress, pain, hatred, drugs, friendship, 
relax, sport, work, happiness, success, love, support, I, family. With the use of a given method we 
are able to do quantification and at the same time qualitative analysis of gained data. To 
extract facts we have used a factor analysis (the method of main components with rotation 
Varimax), number of factors was determined according to screen test (eigen value more than 
one) (Šramová, 2004b). By the factor analysis we extracted factors grasping the notions 
related to health for the research file, as well as particularly for adolescent boys and girls 
with the use of statistical programme SPSS-8.  

 

Final findings showed the following: in the whole research file 6 factors were selected 
which cover 69% of dispersion. We named given factors as follows: social support, affliction, 
family relation, burden, tension, and life experience. With the analysis of selected factors we 
realised that factor 1, social support (28% dispersion), is related to notions containing pro-
social feature (support, friendship, family), activity (work, sport), mental comfort (happiness, 
success, love, I, relax). Factor 2, affliction (13% dispersion), is covered with notions pain, 
hatred, drugs. Factor 3, family relation (9% dispersion), is related to notions I and family. 
Factor 4, burden (7% dispersion) is included in the notions selfishness, stress, conflict. The 
notions aggression and sadness satiate the fifth factor, tension (6% dispersion). The sixth 
factor, life troubles (6% dispersion), is related to the notions stress and aggression.  
During observation of subjective experiencing the notions related to health we realised 
gender differences in the amount of selected factors, as well as in a different variable. We 
separated 5 factors with boys: affliction, social support, comfort, tension, and burden, which 
exhaust in total 71% dispersion. Factor 1, affliction (21% dispersion) is related to notions 
containing suffering (stress, pain, hatred, drugs) and activity (work). Factor 2, social support 
(20% dispersion) is related to the notions expressing pro-social feature (friendship, I, family) 
and activity  (sport). The third factor, comfort (13% dispersion), is related to the notions 
expressing mental comfort (happiness, love, relax). The fourth factor, tension (11% 
dispersion), is related to notions having a negative feature (aggression, sadness, conflict) as 
well as a positive feature (success). Factor 5, burden (6% dispersion), is related to the notions 
selfishness and support. Six factors were selected with girls: controversy, social support, 
diversity, tension, affliction, burden and they cover 73% of total dispersion. The first factor, 
controversy (17% dispersion), is related to negative emotions (stress, sadness), with mental 
comfort (love, happiness), activity (work). Factor 2, social support (16% dispersion) is related 
to the notions having a pro-social feature (friendship, love, support, I, family). Factor 3, 
diversity (13% dispersion), is related to notions sadness, hatred, work and success. The fourth 
factor, tension (9% dispersion), is related to the notions of tension (aggression, selfishness), 
and also to the notion of an activity (sport). The fifth factor, affliction (9% dispersion), is 
related to the notions expressing suffering (pain, drugs). The sixth factor, burden (8% 
dispersion), is related to the notions selfishness, conflict, success. From identified factors we can 
see the superiority of negative aspects related to health with girls as well as with boys, while 
with girls, controversy and diversity are classic. These findings correspond with gender 
stereotypes in Slovakia, and also with higher anxiety and distrust in own decisions with 
adolescent girls. Controversy among presented attitudes to health and real behaviour of 
adolescents related to health, among really satiated knowledge and skills with strengthening 
and protection of health were found by Poliaková (2004). The author found out highly risky 
behaviour in relation to health, especially in the area of smoking, alcohol, eating habits, 
exercise and stress, while more risky behaviour was found with girls in comparison to boys. 
At the same time the author points out the importance of interconnection of knowing 
connections, preference of awareness sources, understanding own responsibility for health 
into intervention precautions realised in educational process referring also to finding that in a 
group of adolescents preferred health the most, a higher level of worries and hopelessness was 
found. However, adolescents expressed the level of adolescents health threat by a perception 
of the following risk factors (indifference to own health, heart illnesses, terrorism, AIDS, drugs, 
genetic impairments, improper nutrition, traffic accidents, risky sexual behaviour, insufficient 
physical activity) and two controversial factors were seen in this relational: strongly satiated 
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(smoking, drug abuse, alcohol, self-destruction), which deeply affects health of an 
adolescent. Besides social support, another crucial factors influencing health are social-
economic background and gender (Gecková, 2002). According to Poliaková (2004) 
a subjective feeling of health is important intervening factor of adolescents’ attitude to 
health. Her research findings indicate that almost a half of observed adolescents (47.6%) 
admitted more expressive subjective perceived health problems during the last month. 
There was mainly physical pain (headaches, pain in back, stomach ache). Psychosomatic 
disorders were also highly present (56%) (anxiety, tiredness, sleeping disorder, 
concentration problems). Health is usually perceived by adolescents as target and functional 
category, which means to be in physical and mental comfort, not to have health troubles, to 
be satisfied with one’s body, to be independent personality.  
In our approach to health we came up with holistic attitude that is related to the whole 
person, not only to a body. Health is understood as means serving a person to reach his 
goals, wishes, desires, not only as a goal of his effort. We are aware of the fact that human 
potential can only be develop when an individual is healthy and thus has bigger ability to 
handle negative life events, and is able to approach problem solving rationally, in a positive 
way. Though adolescents declare that health is one of key values, in a given period it is 
usually taken for granted as an area, which they do not have to take care yet. Behavioural 
component of attitude to health (activity supporting health) is therefore behind the cognitive 
component of attitude (awareness of the importance of health, factors supporting and 
threatening health). One of possibilities is to find out connotative (subjectively attributed) 
meaning of marked areas related to health, and this is hardly accessible with the help of 
standard diagnostic methods and therefore psycho semantic methods seem to be highly 
possible options focused on mental presentations of experiencing the image of own 
personality with confrontation with other categories. In a given relation frame it is essential 
to grasp salutary factors, which are factors, which strengthen adolescents’ health. 
Connotative meaning of notion related to health can show us important subjectively 
experienced objects, we can identify factors, where there is possible to build theoretical and 
practical form of health education of youth, which is often build on simplified premise 
„health is avoiding the illness“. The aim of a research was to map selected notions related to 
health with adolescents. The aim was aptness of subjective experiencing the notions with 
affinity to health with boys (N=162) and with girls (N=188), as well as in the whole file 
(N=350). Average age of adolescents was 17.6 years. To watch targeted aim we used psycho 
semantic method, picture version of semantic selection of the author Doležal (In: Smékal, 
1990), with which we have been observing subjective evaluation of the notions related to 
health (see subchapter Forming the semantic space of notions related to identity of adolescents). 
There were 18 studied notions, which were selected in relation to health. We were interested 
what was the positioning of a person itself expressing the notion I. We speak about the 
following notions: aggression, selfishness, sadness, conflict, stress, pain, hatred, drugs, friendship, 
relax, sport, work, happiness, success, love, support, I, family. With the use of a given method we 
are able to do quantification and at the same time qualitative analysis of gained data. To 
extract facts we have used a factor analysis (the method of main components with rotation 
Varimax), number of factors was determined according to screen test (eigen value more than 
one) (Šramová, 2004b). By the factor analysis we extracted factors grasping the notions 
related to health for the research file, as well as particularly for adolescent boys and girls 
with the use of statistical programme SPSS-8.  

 

Final findings showed the following: in the whole research file 6 factors were selected 
which cover 69% of dispersion. We named given factors as follows: social support, affliction, 
family relation, burden, tension, and life experience. With the analysis of selected factors we 
realised that factor 1, social support (28% dispersion), is related to notions containing pro-
social feature (support, friendship, family), activity (work, sport), mental comfort (happiness, 
success, love, I, relax). Factor 2, affliction (13% dispersion), is covered with notions pain, 
hatred, drugs. Factor 3, family relation (9% dispersion), is related to notions I and family. 
Factor 4, burden (7% dispersion) is included in the notions selfishness, stress, conflict. The 
notions aggression and sadness satiate the fifth factor, tension (6% dispersion). The sixth 
factor, life troubles (6% dispersion), is related to the notions stress and aggression.  
During observation of subjective experiencing the notions related to health we realised 
gender differences in the amount of selected factors, as well as in a different variable. We 
separated 5 factors with boys: affliction, social support, comfort, tension, and burden, which 
exhaust in total 71% dispersion. Factor 1, affliction (21% dispersion) is related to notions 
containing suffering (stress, pain, hatred, drugs) and activity (work). Factor 2, social support 
(20% dispersion) is related to the notions expressing pro-social feature (friendship, I, family) 
and activity  (sport). The third factor, comfort (13% dispersion), is related to the notions 
expressing mental comfort (happiness, love, relax). The fourth factor, tension (11% 
dispersion), is related to notions having a negative feature (aggression, sadness, conflict) as 
well as a positive feature (success). Factor 5, burden (6% dispersion), is related to the notions 
selfishness and support. Six factors were selected with girls: controversy, social support, 
diversity, tension, affliction, burden and they cover 73% of total dispersion. The first factor, 
controversy (17% dispersion), is related to negative emotions (stress, sadness), with mental 
comfort (love, happiness), activity (work). Factor 2, social support (16% dispersion) is related 
to the notions having a pro-social feature (friendship, love, support, I, family). Factor 3, 
diversity (13% dispersion), is related to notions sadness, hatred, work and success. The fourth 
factor, tension (9% dispersion), is related to the notions of tension (aggression, selfishness), 
and also to the notion of an activity (sport). The fifth factor, affliction (9% dispersion), is 
related to the notions expressing suffering (pain, drugs). The sixth factor, burden (8% 
dispersion), is related to the notions selfishness, conflict, success. From identified factors we can 
see the superiority of negative aspects related to health with girls as well as with boys, while 
with girls, controversy and diversity are classic. These findings correspond with gender 
stereotypes in Slovakia, and also with higher anxiety and distrust in own decisions with 
adolescent girls. Controversy among presented attitudes to health and real behaviour of 
adolescents related to health, among really satiated knowledge and skills with strengthening 
and protection of health were found by Poliaková (2004). The author found out highly risky 
behaviour in relation to health, especially in the area of smoking, alcohol, eating habits, 
exercise and stress, while more risky behaviour was found with girls in comparison to boys. 
At the same time the author points out the importance of interconnection of knowing 
connections, preference of awareness sources, understanding own responsibility for health 
into intervention precautions realised in educational process referring also to finding that in a 
group of adolescents preferred health the most, a higher level of worries and hopelessness was 
found. However, adolescents expressed the level of adolescents health threat by a perception 
of the following risk factors (indifference to own health, heart illnesses, terrorism, AIDS, drugs, 
genetic impairments, improper nutrition, traffic accidents, risky sexual behaviour, insufficient 
physical activity) and two controversial factors were seen in this relational: strongly satiated 
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(smoking, drug abuse, alcohol, self-destruction), which deeply affects health of an 
adolescent. Besides social support, another crucial factors influencing health are social-
economic background and gender (Gecková, 2002). According to Poliaková (2004) 
a subjective feeling of health is important intervening factor of adolescents’ attitude to 
health. Her research findings indicate that almost a half of observed adolescents (47.6%) 
admitted more expressive subjective perceived health problems during the last month. 
There was mainly physical pain (headaches, pain in back, stomach ache). Psychosomatic 
disorders were also highly present (56%) (anxiety, tiredness, sleeping disorder, 
concentration problems). Health is usually perceived by adolescents as target and functional 
category, which means to be in physical and mental comfort, not to have health troubles, to 
be satisfied with one’s body, to be independent personality.  
In our approach to health we came up with holistic attitude that is related to the whole 
person, not only to a body. Health is understood as means serving a person to reach his 
goals, wishes, desires, not only as a goal of his effort. We are aware of the fact that human 
potential can only be develop when an individual is healthy and thus has bigger ability to 
handle negative life events, and is able to approach problem solving rationally, in a positive 
way. Though adolescents declare that health is one of key values, in a given period it is 
usually taken for granted as an area, which they do not have to take care yet. Behavioural 
component of attitude to health (activity supporting health) is therefore behind the cognitive 
component of attitude (awareness of the importance of health, factors supporting and 
threatening health). One of possibilities is to find out connotative (subjectively attributed) 
meaning of marked areas related to health, and this is hardly accessible with the help of 
standard diagnostic methods and therefore psycho semantic methods seem to be highly 
possible options focused on mental presentations of experiencing the image of own 
personality with confrontation with other categories. In a given relation frame it is essential 
to grasp salutary factors, which are factors, which strengthen adolescents’ health. 
Connotative meaning of notion related to health can show us important subjectively 
experienced objects, we can identify factors, where there is possible to build theoretical and 
practical form of health education of youth, which is often build on simplified premise 
„health is avoiding the illness“. The aim of a research was to map selected notions related to 
health with adolescents. The aim was aptness of subjective experiencing the notions with 
affinity to health with boys (N=162) and with girls (N=188), as well as in the whole file 
(N=350). Average age of adolescents was 17.6 years. To watch targeted aim we used psycho 
semantic method, picture version of semantic selection of the author Doležal (In: Smékal, 
1990), with which we have been observing subjective evaluation of the notions related to 
health (see subchapter Forming the semantic space of notions related to identity of adolescents). 
There were 18 studied notions, which were selected in relation to health. We were interested 
what was the positioning of a person itself expressing the notion I. We speak about the 
following notions: aggression, selfishness, sadness, conflict, stress, pain, hatred, drugs, friendship, 
relax, sport, work, happiness, success, love, support, I, family. With the use of a given method we 
are able to do quantification and at the same time qualitative analysis of gained data. To 
extract facts we have used a factor analysis (the method of main components with rotation 
Varimax), number of factors was determined according to screen test (eigen value more than 
one) (Šramová, 2004b). By the factor analysis we extracted factors grasping the notions 
related to health for the research file, as well as particularly for adolescent boys and girls 
with the use of statistical programme SPSS-8.  

 

Final findings showed the following: in the whole research file 6 factors were selected 
which cover 69% of dispersion. We named given factors as follows: social support, affliction, 
family relation, burden, tension, and life experience. With the analysis of selected factors we 
realised that factor 1, social support (28% dispersion), is related to notions containing pro-
social feature (support, friendship, family), activity (work, sport), mental comfort (happiness, 
success, love, I, relax). Factor 2, affliction (13% dispersion), is covered with notions pain, 
hatred, drugs. Factor 3, family relation (9% dispersion), is related to notions I and family. 
Factor 4, burden (7% dispersion) is included in the notions selfishness, stress, conflict. The 
notions aggression and sadness satiate the fifth factor, tension (6% dispersion). The sixth 
factor, life troubles (6% dispersion), is related to the notions stress and aggression.  
During observation of subjective experiencing the notions related to health we realised 
gender differences in the amount of selected factors, as well as in a different variable. We 
separated 5 factors with boys: affliction, social support, comfort, tension, and burden, which 
exhaust in total 71% dispersion. Factor 1, affliction (21% dispersion) is related to notions 
containing suffering (stress, pain, hatred, drugs) and activity (work). Factor 2, social support 
(20% dispersion) is related to the notions expressing pro-social feature (friendship, I, family) 
and activity  (sport). The third factor, comfort (13% dispersion), is related to the notions 
expressing mental comfort (happiness, love, relax). The fourth factor, tension (11% 
dispersion), is related to notions having a negative feature (aggression, sadness, conflict) as 
well as a positive feature (success). Factor 5, burden (6% dispersion), is related to the notions 
selfishness and support. Six factors were selected with girls: controversy, social support, 
diversity, tension, affliction, burden and they cover 73% of total dispersion. The first factor, 
controversy (17% dispersion), is related to negative emotions (stress, sadness), with mental 
comfort (love, happiness), activity (work). Factor 2, social support (16% dispersion) is related 
to the notions having a pro-social feature (friendship, love, support, I, family). Factor 3, 
diversity (13% dispersion), is related to notions sadness, hatred, work and success. The fourth 
factor, tension (9% dispersion), is related to the notions of tension (aggression, selfishness), 
and also to the notion of an activity (sport). The fifth factor, affliction (9% dispersion), is 
related to the notions expressing suffering (pain, drugs). The sixth factor, burden (8% 
dispersion), is related to the notions selfishness, conflict, success. From identified factors we can 
see the superiority of negative aspects related to health with girls as well as with boys, while 
with girls, controversy and diversity are classic. These findings correspond with gender 
stereotypes in Slovakia, and also with higher anxiety and distrust in own decisions with 
adolescent girls. Controversy among presented attitudes to health and real behaviour of 
adolescents related to health, among really satiated knowledge and skills with strengthening 
and protection of health were found by Poliaková (2004). The author found out highly risky 
behaviour in relation to health, especially in the area of smoking, alcohol, eating habits, 
exercise and stress, while more risky behaviour was found with girls in comparison to boys. 
At the same time the author points out the importance of interconnection of knowing 
connections, preference of awareness sources, understanding own responsibility for health 
into intervention precautions realised in educational process referring also to finding that in a 
group of adolescents preferred health the most, a higher level of worries and hopelessness was 
found. However, adolescents expressed the level of adolescents health threat by a perception 
of the following risk factors (indifference to own health, heart illnesses, terrorism, AIDS, drugs, 
genetic impairments, improper nutrition, traffic accidents, risky sexual behaviour, insufficient 
physical activity) and two controversial factors were seen in this relational: strongly satiated 
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There was mainly physical pain (headaches, pain in back, stomach ache). Psychosomatic 
disorders were also highly present (56%) (anxiety, tiredness, sleeping disorder, 
concentration problems). Health is usually perceived by adolescents as target and functional 
category, which means to be in physical and mental comfort, not to have health troubles, to 
be satisfied with one’s body, to be independent personality.  
In our approach to health we came up with holistic attitude that is related to the whole 
person, not only to a body. Health is understood as means serving a person to reach his 
goals, wishes, desires, not only as a goal of his effort. We are aware of the fact that human 
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into intervention precautions realised in educational process referring also to finding that in a 
group of adolescents preferred health the most, a higher level of worries and hopelessness was 
found. However, adolescents expressed the level of adolescents health threat by a perception 
of the following risk factors (indifference to own health, heart illnesses, terrorism, AIDS, drugs, 
genetic impairments, improper nutrition, traffic accidents, risky sexual behaviour, insufficient 
physical activity) and two controversial factors were seen in this relational: strongly satiated 
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risk of own indifference and slightly satiated risk of risky sexual behaviour. Subjective feeling 
of health as an intervention factor of attitude to health in an observed group of adolescents 
showed unsatisfactory findings. As far as 45.6% observed adolescents stated that they have felt 
mild physical pain for last month, while as far as 3% of them have marked pain as strong. 
Headaches were at the first place (36.8%), followed by stomach-ache (31.5%), pain in back 
24.6%. The biggest group was created by psychosomatic disorders connected with the feeling 
of tiredness (67%), sleeping disorder (54%), anxiety (47%) and concentration problems (35%). 
However, in a direct subjective evaluation of health not even a half of adolescents have 
claimed good health (48%), 35% marked health as quite good and only 17% of adolescents 
marked their health as very good, what corresponds with findings of Poliaková (2004).  
Psychology of health, according to our findings, should be a firm part of educational process 
of adolescents. To support evaluation, to teach how to manage burden, provide and accept 
social support is possible in educational environment by means of training activities with 
experience form focused on development of self-recognition, knowing others, by working 
with distress, with burden, strengthening self-confidence and alike. Considering the 
analysis of environmental background that affects health of citizens in Slovakia, priority has 
been accepted (relating to for example healthy lifestyle, injury prevention, healthy living, 
physical activity), considering risk factors of health related to children and youth (WHO, 
2008). Our findings pointed out that it is important for adolescents not only to be aware of 
positive and negative factors, which influence our behaviour, but also it is essential to know 
the ways of influencing them, which is unfortunately neglected.  
 
9. Media in life of adolescents 

Since media, especially mass media, has become a part of everyday life, their influence on 
forming the opinion, as well as influence on culture has an increasing tendency. One of 
important media is a television screen in front of which children and adolescents spend a lot 
of time. Its negative, as well as positive impacts on forming personality are well known. 
Especially the influence of television on ethics of viewers is documented (Huston & Wright, 
1998, Wildavsky,1996). If we look in psychology at watching ethical aspects of a personality, 
we realize that ethical is often connected with the notion „good“, „right“, „fair“ and that for 
observing the ethics it is important to look at the system of personal values, aspirations of a 
personality, as well as at lifestyle of personality. Perhaps the most popular model in the area 
of study of ethical development is Kohlberg’s cognitive-developmental approach (1976) that 
stresses ethical development connected to ontogenesis of a man, during which cognitive 
abilities are being developed (Šramová, 2007a). Rules, norms, values create the contents of 
cognitive structures that direct ethical judgement of a personality. During the development 
of cognitive structures a personality influenced by socialization acquires his values of 
culture where he grows and learns to differentiate the correct from the incorrect. The 
hierarchy of values is according to authors emphasising ontogenetic aspect changing under 
the influence of acquiring experience, cognitive structures. Personality learns to differentiate 
between good and bad. Due to influence of age, cognitive structures differentiate and 
crystallize in a higher degree, while they are always dependant on interactive relation of 
a personality and social environment. Thus a personality in a given process is not a passive 
recipient of norms that are transformed by society, but an active subject that forms ethical 
judgements and norms that are regulators of social interactions. According to Kohlberg 
(1984) ethical dilemmas enables am acceleration of ethical stages with an individual. At the 

 

same the author indicates that an ethically mature personality is not only able to accept and 
express ethical judgements, but also is able to act in accordance with ethical principles. 
According to Berzonsky (1994) an ethical development is a process during which an 
individual adopts rules of a society and integrates them into his behaviour. It is mass media 
that should be a mediator of norms of a society. From ontogenetic point of view it is 
important to consider in this area the age of a viewer, as Šramová (2007a), Hamranová 
(2007), but age is unfortunately under-evaluated with programme producers, which is 
a shame, as if even the best project is realised without taking into account basic ontogenetic 
aspects of a child viewer, it may not achieve an required effect. Only optics of an adult 
individual is not sufficient. Popular television programme is according to many researches 
a part of child’s lifestyle. If a child regularly watches his favourite programme, then 
character roles become due to identification process an integral part of his real life. This 
leads to an illusion that he can exchange the identity with a television character, what is 
marked as para-social interaction. A child accepts the programme as real (Duck, in 
Rosenkoetter, 2001). However, it is evident that the image of life aspirations by media is 
often unrealistic, supporting risk behaviour, of which the result is escaping to daydreaming, 
growth of fiction concepts, receding the adolescent from real life. Commercialism by which 
commercial channels feed viewers in the form of presenting expensive clothes brands, cars, 
luxurious houses and apartments, expensive restaurants lead to a hypothesis about 
favouring material values with viewers (Cheung & Chan, 1996). Possessing is considered 
reached status worth admiration of others and therefore inability to reach a desired status of 
expensive brands by others evokes anxiety. According to Škodáček (2006) 16% of Europeans 
during their life have evoked anxious defect, while approximately 23% of them have never 
been treated at all, to which media contribute, mainly television. Many experts for children 
development have been pointing at negative impact on children who spend a lot of time in 
front of television for a long time. Particularly dangerous is when children are exposed to 
violence on television screen, which may lead to social anxiety (Drtílková, 2001). 
New technologies, especially the Internet, are extremely important for fast development of 
mass media. Digital technologies provide us with higher quality of a picture, sound, and 
more information, possibility to watch several programmes simultaneously and alike. 
Rosenkoetter (2001), among others, shows opportunities to learn to select from offered 
programmes, as well as decreasing influence of commercialised televisions with the use of 
DVD recorder. On one hand, the media provide entertainment, relax, information, on the 
other hand they lead to passive communication and to a threat of possible non-substance 
dependence on certain medium. Expansion of Internet possibilities caused a movement of 
adolescents from television screens to spending main part of their free time using the 
Internet, and the reason is to gain information needed to fulfil school task, as well as to 
communicate with friends and to make new friends. However, time spent with electronic 
media must be controlled due to health both physical and mental. We are aware of results of 
findings that document the occurrence of symptoms with non-substance dependence, that 
we can see in gamblers, alcoholics and alike, we speak mainly about violated relations, 
feeling anxiety (for example if a subject is not online), reducing self-control and so on 
(Young & Rogers, 1998). Marketing of many companies focused on existence of teenage and 
adolescent segments react to behaviour of given targeted groups by developing and by 
offering better and better computer games, notebooks to school instead of exercise books, 
gaining personal data via the internet, and marketing based on the Internet and alike. 
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According to Berzonsky (1994) an ethical development is a process during which an 
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that should be a mediator of norms of a society. From ontogenetic point of view it is 
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aspects of a child viewer, it may not achieve an required effect. Only optics of an adult 
individual is not sufficient. Popular television programme is according to many researches 
a part of child’s lifestyle. If a child regularly watches his favourite programme, then 
character roles become due to identification process an integral part of his real life. This 
leads to an illusion that he can exchange the identity with a television character, what is 
marked as para-social interaction. A child accepts the programme as real (Duck, in 
Rosenkoetter, 2001). However, it is evident that the image of life aspirations by media is 
often unrealistic, supporting risk behaviour, of which the result is escaping to daydreaming, 
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luxurious houses and apartments, expensive restaurants lead to a hypothesis about 
favouring material values with viewers (Cheung & Chan, 1996). Possessing is considered 
reached status worth admiration of others and therefore inability to reach a desired status of 
expensive brands by others evokes anxiety. According to Škodáček (2006) 16% of Europeans 
during their life have evoked anxious defect, while approximately 23% of them have never 
been treated at all, to which media contribute, mainly television. Many experts for children 
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violence on television screen, which may lead to social anxiety (Drtílková, 2001). 
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findings that document the occurrence of symptoms with non-substance dependence, that 
we can see in gamblers, alcoholics and alike, we speak mainly about violated relations, 
feeling anxiety (for example if a subject is not online), reducing self-control and so on 
(Young & Rogers, 1998). Marketing of many companies focused on existence of teenage and 
adolescent segments react to behaviour of given targeted groups by developing and by 
offering better and better computer games, notebooks to school instead of exercise books, 
gaining personal data via the internet, and marketing based on the Internet and alike. 



New	Trends	in	Technologies18

 

risk of own indifference and slightly satiated risk of risky sexual behaviour. Subjective feeling 
of health as an intervention factor of attitude to health in an observed group of adolescents 
showed unsatisfactory findings. As far as 45.6% observed adolescents stated that they have felt 
mild physical pain for last month, while as far as 3% of them have marked pain as strong. 
Headaches were at the first place (36.8%), followed by stomach-ache (31.5%), pain in back 
24.6%. The biggest group was created by psychosomatic disorders connected with the feeling 
of tiredness (67%), sleeping disorder (54%), anxiety (47%) and concentration problems (35%). 
However, in a direct subjective evaluation of health not even a half of adolescents have 
claimed good health (48%), 35% marked health as quite good and only 17% of adolescents 
marked their health as very good, what corresponds with findings of Poliaková (2004).  
Psychology of health, according to our findings, should be a firm part of educational process 
of adolescents. To support evaluation, to teach how to manage burden, provide and accept 
social support is possible in educational environment by means of training activities with 
experience form focused on development of self-recognition, knowing others, by working 
with distress, with burden, strengthening self-confidence and alike. Considering the 
analysis of environmental background that affects health of citizens in Slovakia, priority has 
been accepted (relating to for example healthy lifestyle, injury prevention, healthy living, 
physical activity), considering risk factors of health related to children and youth (WHO, 
2008). Our findings pointed out that it is important for adolescents not only to be aware of 
positive and negative factors, which influence our behaviour, but also it is essential to know 
the ways of influencing them, which is unfortunately neglected.  
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Especially the influence of television on ethics of viewers is documented (Huston & Wright, 
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we realize that ethical is often connected with the notion „good“, „right“, „fair“ and that for 
observing the ethics it is important to look at the system of personal values, aspirations of a 
personality, as well as at lifestyle of personality. Perhaps the most popular model in the area 
of study of ethical development is Kohlberg’s cognitive-developmental approach (1976) that 
stresses ethical development connected to ontogenesis of a man, during which cognitive 
abilities are being developed (Šramová, 2007a). Rules, norms, values create the contents of 
cognitive structures that direct ethical judgement of a personality. During the development 
of cognitive structures a personality influenced by socialization acquires his values of 
culture where he grows and learns to differentiate the correct from the incorrect. The 
hierarchy of values is according to authors emphasising ontogenetic aspect changing under 
the influence of acquiring experience, cognitive structures. Personality learns to differentiate 
between good and bad. Due to influence of age, cognitive structures differentiate and 
crystallize in a higher degree, while they are always dependant on interactive relation of 
a personality and social environment. Thus a personality in a given process is not a passive 
recipient of norms that are transformed by society, but an active subject that forms ethical 
judgements and norms that are regulators of social interactions. According to Kohlberg 
(1984) ethical dilemmas enables am acceleration of ethical stages with an individual. At the 

 

same the author indicates that an ethically mature personality is not only able to accept and 
express ethical judgements, but also is able to act in accordance with ethical principles. 
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that should be a mediator of norms of a society. From ontogenetic point of view it is 
important to consider in this area the age of a viewer, as Šramová (2007a), Hamranová 
(2007), but age is unfortunately under-evaluated with programme producers, which is 
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aspects of a child viewer, it may not achieve an required effect. Only optics of an adult 
individual is not sufficient. Popular television programme is according to many researches 
a part of child’s lifestyle. If a child regularly watches his favourite programme, then 
character roles become due to identification process an integral part of his real life. This 
leads to an illusion that he can exchange the identity with a television character, what is 
marked as para-social interaction. A child accepts the programme as real (Duck, in 
Rosenkoetter, 2001). However, it is evident that the image of life aspirations by media is 
often unrealistic, supporting risk behaviour, of which the result is escaping to daydreaming, 
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commercial channels feed viewers in the form of presenting expensive clothes brands, cars, 
luxurious houses and apartments, expensive restaurants lead to a hypothesis about 
favouring material values with viewers (Cheung & Chan, 1996). Possessing is considered 
reached status worth admiration of others and therefore inability to reach a desired status of 
expensive brands by others evokes anxiety. According to Škodáček (2006) 16% of Europeans 
during their life have evoked anxious defect, while approximately 23% of them have never 
been treated at all, to which media contribute, mainly television. Many experts for children 
development have been pointing at negative impact on children who spend a lot of time in 
front of television for a long time. Particularly dangerous is when children are exposed to 
violence on television screen, which may lead to social anxiety (Drtílková, 2001). 
New technologies, especially the Internet, are extremely important for fast development of 
mass media. Digital technologies provide us with higher quality of a picture, sound, and 
more information, possibility to watch several programmes simultaneously and alike. 
Rosenkoetter (2001), among others, shows opportunities to learn to select from offered 
programmes, as well as decreasing influence of commercialised televisions with the use of 
DVD recorder. On one hand, the media provide entertainment, relax, information, on the 
other hand they lead to passive communication and to a threat of possible non-substance 
dependence on certain medium. Expansion of Internet possibilities caused a movement of 
adolescents from television screens to spending main part of their free time using the 
Internet, and the reason is to gain information needed to fulfil school task, as well as to 
communicate with friends and to make new friends. However, time spent with electronic 
media must be controlled due to health both physical and mental. We are aware of results of 
findings that document the occurrence of symptoms with non-substance dependence, that 
we can see in gamblers, alcoholics and alike, we speak mainly about violated relations, 
feeling anxiety (for example if a subject is not online), reducing self-control and so on 
(Young & Rogers, 1998). Marketing of many companies focused on existence of teenage and 
adolescent segments react to behaviour of given targeted groups by developing and by 
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The aim of our research was to find out to what extent adolescents use new information 
technologies and for what purpose. Also we were interested how these findings agree with 
awareness of parents regarding the way and contents of utilization of new information 
technologies with their children. In other words, whether parents of observed adolescents 
know how much time and in what way their children spend using new information 
technologies. We focused on the following areas: Watching television (time and contents); 
Watching films on DVD (frequency and contents); Identification with well-known celebrity; 
Using computer (time and purpose); Using the Internet (time and contents); Using another 
media for listening to music. Also we have been searching what associations are bound to 
notions media, television, DVD, Internet, mobile phone with adolescents. To find out 
targeted aims we used a questionnaire created by us, with open questions and association 
projective method, of which the principle is the following: a participant (adolescent) had to 
react to an initiative word (media, television, DVD, internet, mobile phone) with a very first 
word (limited to three) that came into his mind. Results of associations were evaluated by 
a statistical analysis with the help of SPSS 8.0 programme. A research file consisted of 104 
adolescents (64 women, 40 men), the average age 18.6 years (in the range from 16 to 21 
years) and 95 their parents who filled the questionnaire related to utilization of selected 
media by their children. A research was realised in April 2009.  
Final findings showed that according to adolescents the time spent in front of television is in 
average 1.5 hours (working day) and 2 hours during the weekend. Parents claim almost 
double the time spent in front of television during the weekend in comparison to what 
adolescents say. Only two programmes out of 15 were broadcasted by a public television, 
the rest were broadcasted by commercial televisions. The genre of programmes watched by 
adolescents are of the following structure: family series of a domestic and foreign 
productions prevail (31%), followed by situational comedies (16,5%), soup operas (11%), 
crime series (11%), programmes presenting lifestyle (11%), programmes of yellow character 
(11%), news-service (11%), entertainment (11%), life stories (11%), documentary of „city 
soap“ format (11%) and music videos (11%). If we compare information from parents we 
find out that parents have an overview about what programmes their children watch on 
television. Identification with a favourite actor was one of the areas that we focused our 
research on. Results of observed adolescents showed that the most popular characters are 
those of animated programmes: Homer Simpson, where they admire humour that she uses to 
solve life problems with. Jack from an animated film Pre-Christmas nightmare, as well as 
Zoro, both was character roles where adolescents positively evaluated their ethical qualities 
and self-sacrifice. Favourite actors are those who act in their favourite series (Miezga), films 
(Will Smith), and also those who are famous not only due to character roles but also for their 
high frequency of occurrence in magazines (Brad Pitt, Angelina Jolie). Parents were not able 
to state favourite television film heroes of their children; they only knew actors, while their 
selection was in accordance with the one of adolescents. According to these findings we can 
be satisfied with the fact that adolescents mentioned ethical imperatives with their heroes. 
However, names of programmes that adolescents prefer inform us not only about late time 
(after 10pm.), but also some of them are not adequate to given age cohort (for example 
Desperate Wives), and also ethical aspects presented in popular series are quite dubious, 
often having the level of soap operas. Final findings mapping the frequency of DVD 
watching, where we suppose own selection of genre and time showed that observed 
adolescents choose two films in a week in average, while parents think it is only one film 

 

they watch. Our goal was to watch the genre of own selection. We realised that comedies 
prevail (56%), followed by drama (23%) and historical films (23%). Adolescents choose also 
fairy-tales (15%), adventure films (11%), sci-fi (11%), romantic (11%) and action films (11%). 
Parents think that their children prefer comedies (16%), adventure films (14%), horrors 
(12%), romantic films (12%), sci-fi (11%), action films (11%). Approximately 24% of parents 
could not tell what genre their children watch when they can choose themselves. Results 
showing the frequency of time spent with computer, as well as its utilization inform us that 
adolescents spend with computer 1.5 hours in a working week in average and 2 hours at the 
weekend. According parents it is more (an hour more during a working week and twice as 
much during the weekend) than their children state. The most frequent usage of computer 
by adolescents can be seen in relation to the Internet (85%), work for school (38%), music 
playback (34%), playing games (28%) and watching movies (28%). Parents say that their 
children use computer mostly for school preparation (73%), for Internet connection (61%), 
for playing games (25%) and watching movies (13%). After analysis of Internet 
communication we focused on finding the time, as well as its contents that are devoted by 
adolescents. Results show that according to adolescents they devote 1.5 hours daily in 
average to the Internet, while their parents state 3 hours. The range of time spent by the 
Internet communication was from no usage of the Internet (1 participant) up to 6 hours per 
day (according to parents 7 hours a day), which already shows non-substance dependence. 
The most frequently visited web pages are internet search engine Google (94%), page offering 
entertainment: YouTube (54%), pages offering fun, communication, information: Boom-46%, 
pokec-41, facebook-24%, blog-11%, online-11%, hry-11%, fanradio-11%, topky-11%, moje video-
11%, atlas-11%, superhry-11%, online encyclopaedia: Wikipedia (9%). While searching 
awareness of parents regarding Internet pages their children visit we realised that in a given 
area parents have no awareness. Parents stated as the most frequently visited pages: search 
engine Google (96%), online encyclopaedia Wikipedia (94%), offering fun YouTube (93%), 
offering fun, communication, information (gmail- 47%, azet- 36%). When we were searching 
what media are used by adolescents for listening to music except for CD player we realised 
that in the first place it is the computer (86%), the mobile phone (72%), the MP3 player 
(56%). Parents elided the utilization of personal computer, they considered first place the 
MP3 player (91%), followed by the mobile phone (88%).  
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average to the Internet, while their parents state 3 hours. The range of time spent by the 
Internet communication was from no usage of the Internet (1 participant) up to 6 hours per 
day (according to parents 7 hours a day), which already shows non-substance dependence. 
The most frequently visited web pages are internet search engine Google (94%), page offering 
entertainment: YouTube (54%), pages offering fun, communication, information: Boom-46%, 
pokec-41, facebook-24%, blog-11%, online-11%, hry-11%, fanradio-11%, topky-11%, moje video-
11%, atlas-11%, superhry-11%, online encyclopaedia: Wikipedia (9%). While searching 
awareness of parents regarding Internet pages their children visit we realised that in a given 
area parents have no awareness. Parents stated as the most frequently visited pages: search 
engine Google (96%), online encyclopaedia Wikipedia (94%), offering fun YouTube (93%), 
offering fun, communication, information (gmail- 47%, azet- 36%). When we were searching 
what media are used by adolescents for listening to music except for CD player we realised 
that in the first place it is the computer (86%), the mobile phone (72%), the MP3 player 
(56%). Parents elided the utilization of personal computer, they considered first place the 
MP3 player (91%), followed by the mobile phone (88%).  
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Fig. 3. Klaster’s analysis of observed notions related to media for a group of adolescents  
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The next part of our research was to find out what associations are connected with selected 
notions representing individual media (media, television, DVD, PC, internet). Individual 
associations were exposed to coding, the result of which was classed into the following 
groups: communication, I, film, fun, information, positive emotions, progress, negative 
emotions, pictures, erotica, advertisement, work, music. To express the coherence among 
observed notions we used an explorative technique of cluster analysis, Ward’s method, 
result of which is a dendrogram (Figure 3). With the help of the dendrogram we can visually 
show the interconnection as well as the distance of observed notions. Results show that 
observed adolescents in relation to mass media select four groups that are concentrated into 
two basic areas. The first group is formed by notions presenting personality itself (notion I), 
which are linked to communication, film and fun. The second group is formed by 
information, positive emotions and progress. The third group is created with negative 
emotions connected to pictures and advertisement connected to erotica. A work that 
includes advertisement and erotica is in the vicinity of a given group. It seems that with 
analysis of mutual distance, as well as in connectivity of individual notions adolescents 
connect their personality with communication, film and fun. Information, positive emotions, 
as well as progress, are more distant to the notion I. Negative emotions are linked with 
pictures, while erotica and advertisement are in close vicinity. A universal culture is being 
spread to young people by means of mass media and they identify with it. Our findings 
show preference of watching these programmes that enable to search for an escape from 
difficult life situations, however, with a small amount of presenting ethical messages that 
would have an effect on value system of adolescents. The Internet seemed to be the most 
preferable media used by adolescents, where they can find mainly entertainment and 
information. It is necessary to point out here that frequent time spent with the Internet is 
connected with the feeling of sadness and loneliness. There is a reciprocal positive 
correlation relation between anxiety and search for fun. The result of the overload of 
information that are spread via the Internet is the status of satiety that expresses itself in no 
sensitivity of a user, in a feeling of apathy, disinterest. It is not unusual to replace real life 
and virtual life, which is easier, simpler, clearer; thus the user is passive, he feels 
hopelessness, he orientates in interpersonal relations with difficulties, he is not able to solve 
conflicts in an adequate manner, he is not able to work with emotions in his real life. In this 
connection parents should hold the role of a regulator, to teach their children to adapt to 
flood of information, to cope with the pressure of mass media without a loss, or confusion in 
value orientation with maintaining individual uniqueness of a personality. An alarming 
factor is considered the fact that in our file we realised that parents are less informed about 
the contents of web pages visited by their children, although they are sufficiently informed 
about its threats.  
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The next part of our research was to find out what associations are connected with selected 
notions representing individual media (media, television, DVD, PC, internet). Individual 
associations were exposed to coding, the result of which was classed into the following 
groups: communication, I, film, fun, information, positive emotions, progress, negative 
emotions, pictures, erotica, advertisement, work, music. To express the coherence among 
observed notions we used an explorative technique of cluster analysis, Ward’s method, 
result of which is a dendrogram (Figure 3). With the help of the dendrogram we can visually 
show the interconnection as well as the distance of observed notions. Results show that 
observed adolescents in relation to mass media select four groups that are concentrated into 
two basic areas. The first group is formed by notions presenting personality itself (notion I), 
which are linked to communication, film and fun. The second group is formed by 
information, positive emotions and progress. The third group is created with negative 
emotions connected to pictures and advertisement connected to erotica. A work that 
includes advertisement and erotica is in the vicinity of a given group. It seems that with 
analysis of mutual distance, as well as in connectivity of individual notions adolescents 
connect their personality with communication, film and fun. Information, positive emotions, 
as well as progress, are more distant to the notion I. Negative emotions are linked with 
pictures, while erotica and advertisement are in close vicinity. A universal culture is being 
spread to young people by means of mass media and they identify with it. Our findings 
show preference of watching these programmes that enable to search for an escape from 
difficult life situations, however, with a small amount of presenting ethical messages that 
would have an effect on value system of adolescents. The Internet seemed to be the most 
preferable media used by adolescents, where they can find mainly entertainment and 
information. It is necessary to point out here that frequent time spent with the Internet is 
connected with the feeling of sadness and loneliness. There is a reciprocal positive 
correlation relation between anxiety and search for fun. The result of the overload of 
information that are spread via the Internet is the status of satiety that expresses itself in no 
sensitivity of a user, in a feeling of apathy, disinterest. It is not unusual to replace real life 
and virtual life, which is easier, simpler, clearer; thus the user is passive, he feels 
hopelessness, he orientates in interpersonal relations with difficulties, he is not able to solve 
conflicts in an adequate manner, he is not able to work with emotions in his real life. In this 
connection parents should hold the role of a regulator, to teach their children to adapt to 
flood of information, to cope with the pressure of mass media without a loss, or confusion in 
value orientation with maintaining individual uniqueness of a personality. An alarming 
factor is considered the fact that in our file we realised that parents are less informed about 
the contents of web pages visited by their children, although they are sufficiently informed 
about its threats.  
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The next part of our research was to find out what associations are connected with selected 
notions representing individual media (media, television, DVD, PC, internet). Individual 
associations were exposed to coding, the result of which was classed into the following 
groups: communication, I, film, fun, information, positive emotions, progress, negative 
emotions, pictures, erotica, advertisement, work, music. To express the coherence among 
observed notions we used an explorative technique of cluster analysis, Ward’s method, 
result of which is a dendrogram (Figure 3). With the help of the dendrogram we can visually 
show the interconnection as well as the distance of observed notions. Results show that 
observed adolescents in relation to mass media select four groups that are concentrated into 
two basic areas. The first group is formed by notions presenting personality itself (notion I), 
which are linked to communication, film and fun. The second group is formed by 
information, positive emotions and progress. The third group is created with negative 
emotions connected to pictures and advertisement connected to erotica. A work that 
includes advertisement and erotica is in the vicinity of a given group. It seems that with 
analysis of mutual distance, as well as in connectivity of individual notions adolescents 
connect their personality with communication, film and fun. Information, positive emotions, 
as well as progress, are more distant to the notion I. Negative emotions are linked with 
pictures, while erotica and advertisement are in close vicinity. A universal culture is being 
spread to young people by means of mass media and they identify with it. Our findings 
show preference of watching these programmes that enable to search for an escape from 
difficult life situations, however, with a small amount of presenting ethical messages that 
would have an effect on value system of adolescents. The Internet seemed to be the most 
preferable media used by adolescents, where they can find mainly entertainment and 
information. It is necessary to point out here that frequent time spent with the Internet is 
connected with the feeling of sadness and loneliness. There is a reciprocal positive 
correlation relation between anxiety and search for fun. The result of the overload of 
information that are spread via the Internet is the status of satiety that expresses itself in no 
sensitivity of a user, in a feeling of apathy, disinterest. It is not unusual to replace real life 
and virtual life, which is easier, simpler, clearer; thus the user is passive, he feels 
hopelessness, he orientates in interpersonal relations with difficulties, he is not able to solve 
conflicts in an adequate manner, he is not able to work with emotions in his real life. In this 
connection parents should hold the role of a regulator, to teach their children to adapt to 
flood of information, to cope with the pressure of mass media without a loss, or confusion in 
value orientation with maintaining individual uniqueness of a personality. An alarming 
factor is considered the fact that in our file we realised that parents are less informed about 
the contents of web pages visited by their children, although they are sufficiently informed 
about its threats.  
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The next part of our research was to find out what associations are connected with selected 
notions representing individual media (media, television, DVD, PC, internet). Individual 
associations were exposed to coding, the result of which was classed into the following 
groups: communication, I, film, fun, information, positive emotions, progress, negative 
emotions, pictures, erotica, advertisement, work, music. To express the coherence among 
observed notions we used an explorative technique of cluster analysis, Ward’s method, 
result of which is a dendrogram (Figure 3). With the help of the dendrogram we can visually 
show the interconnection as well as the distance of observed notions. Results show that 
observed adolescents in relation to mass media select four groups that are concentrated into 
two basic areas. The first group is formed by notions presenting personality itself (notion I), 
which are linked to communication, film and fun. The second group is formed by 
information, positive emotions and progress. The third group is created with negative 
emotions connected to pictures and advertisement connected to erotica. A work that 
includes advertisement and erotica is in the vicinity of a given group. It seems that with 
analysis of mutual distance, as well as in connectivity of individual notions adolescents 
connect their personality with communication, film and fun. Information, positive emotions, 
as well as progress, are more distant to the notion I. Negative emotions are linked with 
pictures, while erotica and advertisement are in close vicinity. A universal culture is being 
spread to young people by means of mass media and they identify with it. Our findings 
show preference of watching these programmes that enable to search for an escape from 
difficult life situations, however, with a small amount of presenting ethical messages that 
would have an effect on value system of adolescents. The Internet seemed to be the most 
preferable media used by adolescents, where they can find mainly entertainment and 
information. It is necessary to point out here that frequent time spent with the Internet is 
connected with the feeling of sadness and loneliness. There is a reciprocal positive 
correlation relation between anxiety and search for fun. The result of the overload of 
information that are spread via the Internet is the status of satiety that expresses itself in no 
sensitivity of a user, in a feeling of apathy, disinterest. It is not unusual to replace real life 
and virtual life, which is easier, simpler, clearer; thus the user is passive, he feels 
hopelessness, he orientates in interpersonal relations with difficulties, he is not able to solve 
conflicts in an adequate manner, he is not able to work with emotions in his real life. In this 
connection parents should hold the role of a regulator, to teach their children to adapt to 
flood of information, to cope with the pressure of mass media without a loss, or confusion in 
value orientation with maintaining individual uniqueness of a personality. An alarming 
factor is considered the fact that in our file we realised that parents are less informed about 
the contents of web pages visited by their children, although they are sufficiently informed 
about its threats.  
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1. Introduction 
 

By technology development and highly affect of computer usage in people's daily life, the 
way of gathering and saving information has differed a lot. Deep change in storing and 
retrieving data - raw information - from paper based to computer based has brought up a 
condition needing new techniques for data management necessarily. Increasing need for 
gathering information in different social systems and on the other hand, decreasing time 
periods from asking to get a reply, made computer engineers think about ways for speed 
process on stored data and get useful information as soon as possible. As it is said, 
"necessity is the mother of invention," from late 1980s data mining has been developed and 
become warmly accepted amongst software engineers and database designers (Larose, 
2005),(Pei, 2004). 
Representing local features of data in the forms called patterns is the main task of data 
mining (Bloedorn, 2000). In this paper, a new pattern in data mining is represented by using 
probability-trees to have a process on different type of data stored in databases and give 
familiar information to system users. 

 
1.1 Terminology 
Data mining is a popular technique in searching for interesting and unusual patterns in 
data, has also been enabled by the construction of data warehouses, and there are claims of 
enhanced sales through exploitation of patterns discovered in this way. In other words, data 
mining is extraction of interesting (non-trivial, implicit, previously unknown and 
unexpected and potentially useful) information or patterns from data sources, e.g. 
databases, texts, web, images, etc (Kuonen, 2004), (Karasova, 2005), (Laxman, 2006). 
Data mining is not data warehousing, (deductive) query processing, SQL/reporting, 
software agents, expert systems, Online Analytical Processing (OLAP), statistical analysis 
tool, statistical programs or data visualization. Further definitions are available in (Aflori, 
2004), (Piatetsky-Shapiro, 2006), (Alvarez, 1994), (McGrail, 2002), (Ordieres Meré, 2002). 
Pattern is a local feature of the data, departure from general run of data, a group of records 
that always score the same on some variables, a pair of variables with very high correlation 
and unusual combination of products purchased together. Patterns must be valid, novel, 
potentially useful and understandable; validity is holding on new data with some certainty; 
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novelty is to be non-obvious to the system; usefulness is to be possible to act on the item and 
ability to understand is being interpretable by humans (Hand, 2001). 
In data-bases relation has the same meaning with table. In this paper relation is used instead 
of using the word table.  
 
1.2 Outlines 
This chapter is organized in eleven sections. In Section 1 we started an introduction to the 
subject. In section 2 and 3 the problem and an idea solution to the problem are set forth. In 
section 4 we present a brief survey of the previous work, their strength and weaknesses, and 
the areas, requiring further improvements. From section 5 to 9 we present our work under 
the title of Probability-Based Patterns and describe how the job can be done. In section 10 
the steps of risk management is explained. Finally we conclude the paper in Section 11 with 
an evaluation of our work and some future topics of research. 

 
2. Concepts 
 

Nowadays, entrance of software and IT in all commercial systems has caused a special 
sensitiveness in the comparison world between different companies and different ideas. 
Maybe we can now claim that good knowledge about past, present and future can lead us to 
success and the company having confidence to such information, can easily present proper 
strategies and protocols, establish proper connections and start to upgrade their commercial 
systems. 
They can easily and frequently do reengineering and management in proper manner and 
guide commercial processes towards development. It is impossible to reach such a guidance 
and leading stage in development and growth unless the operations lean to the reliable 
knowledge and information. 
These days, business and commerce processes amongst companies and customers have 
become so important and comporting the relation between them needs reliable and precise 
analysis. For this aim, information and knowledge producing process seams to be helpful 
and beneficial. In trademark process, all the process gather next to each other in the way that 
they lead the system to the stage of improvement which can come to existence in different 
paths: its structure and organism, its processes and conducts with others, its feedbacks and 
results. 

 
3. Different Paths 
 

3.1 Structure and Organism 
If a part of an organisation or society reaches to improvement, surely the commerce process 
will cause less overhead and cost upon the system. On the other hand, the external 
conditions of the organisation will be known easily and the organisation can make itself 
ready to comport with them. The important point here is that the external conditions 
depending on time, place and culture are in various types. Therefore the situation 
adjustment of company and its structure with the external conditions of the system will be 
gained only if the change in every part be distinguished easily and quickly; otherwise 
expecting improvement and productivity will be impossible. 

 

What’s more, knowing a system relates to different and various parameters. It is also 
possible that a complicated and hidden relation may exist between different indexes and 
different parameters which before discovering such a relation, no proper method would be 
presentable. 
For an instance it is important for a well-known company that in an LCD sale, how much 
gender, nationality, age, financial stage, job and such information should be effective in 
quality, price and size of it. On the other hand, the company should be aware of the needs of 
markets and the requirements that haven’t been fulfilled by others or a proper way is 
possible and should be emphasized and be counted and analyzed.  
Therefore such information can organize the companies to access different methods in their 
systems. Such a way in organizing the company policies will be trustable though general 
organizing systems cannot be so reliable. Generally the organizations are classified 
according to the process, task, function, operation case and/or objects and are gathered next 
to each other through definite basics. This job should be followed until the result which is 
production, business or an operation is gained and improvement is noticeable in the existing 
cycle. 
Usually complex of these methods are not acceptable and usually there is doubt in efficiency 
and yield of such organizations. Although all methods lead to improvement, but unless the 
knowledge covers all the parts of an organization and relations and receives proper reply 
from them, and there is no proper analysis from all the changes, the change in the system 
and organization would be impossible. 

 
3.2 Processes and Conducts 
A system is made up of a set of processes. These processes are set next to each other in 
special templates and special behaviors. However necessity of the processes themselves or 
the changes among them and on the other hand revising in the type of connections between 
them are so important. This subject is so difficult that after passing a period, no effectiveness 
of a process becomes known or the relation between processes are weaken or strengthened 
or wholly eliminated or given existence. 
The need to the new processes and relation amongst them is a necessity at the pass of time. 
The orders of customers and the ones who are in connection with us vary frequently and if 
any delay to wait for a general and major change in processes and relations and in other 
words establishing a new system will make us late. So, it is clear that along with partial 
changes in orders, those changes should be known and some changes simultaneously 
should be done in the system. There is a question: which processes should be changed and 
what relations? 
This subject is so important that the processes and their internal and external connections 
should change gradually. Otherwise it is expected to here that the system has run down. 
This precise job that accompanies many risks requires instant, exact and clear recognition. It 
needs special ability till for each change in its processes or relations their future effects 
become analyzed and observed properly. 

 
3.3 Feedbacks and Results 
Every change, every process and generally every operation does a task and probably success 
in many cases lonely but when they are set next to each other defeat of system or decrease in 
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and leading stage in development and growth unless the operations lean to the reliable 
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and beneficial. In trademark process, all the process gather next to each other in the way that 
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paths: its structure and organism, its processes and conducts with others, its feedbacks and 
results. 

 
3. Different Paths 
 

3.1 Structure and Organism 
If a part of an organisation or society reaches to improvement, surely the commerce process 
will cause less overhead and cost upon the system. On the other hand, the external 
conditions of the organisation will be known easily and the organisation can make itself 
ready to comport with them. The important point here is that the external conditions 
depending on time, place and culture are in various types. Therefore the situation 
adjustment of company and its structure with the external conditions of the system will be 
gained only if the change in every part be distinguished easily and quickly; otherwise 
expecting improvement and productivity will be impossible. 

 

What’s more, knowing a system relates to different and various parameters. It is also 
possible that a complicated and hidden relation may exist between different indexes and 
different parameters which before discovering such a relation, no proper method would be 
presentable. 
For an instance it is important for a well-known company that in an LCD sale, how much 
gender, nationality, age, financial stage, job and such information should be effective in 
quality, price and size of it. On the other hand, the company should be aware of the needs of 
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possible and should be emphasized and be counted and analyzed.  
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production, business or an operation is gained and improvement is noticeable in the existing 
cycle. 
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and yield of such organizations. Although all methods lead to improvement, but unless the 
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from them, and there is no proper analysis from all the changes, the change in the system 
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3.2 Processes and Conducts 
A system is made up of a set of processes. These processes are set next to each other in 
special templates and special behaviors. However necessity of the processes themselves or 
the changes among them and on the other hand revising in the type of connections between 
them are so important. This subject is so difficult that after passing a period, no effectiveness 
of a process becomes known or the relation between processes are weaken or strengthened 
or wholly eliminated or given existence. 
The need to the new processes and relation amongst them is a necessity at the pass of time. 
The orders of customers and the ones who are in connection with us vary frequently and if 
any delay to wait for a general and major change in processes and relations and in other 
words establishing a new system will make us late. So, it is clear that along with partial 
changes in orders, those changes should be known and some changes simultaneously 
should be done in the system. There is a question: which processes should be changed and 
what relations? 
This subject is so important that the processes and their internal and external connections 
should change gradually. Otherwise it is expected to here that the system has run down. 
This precise job that accompanies many risks requires instant, exact and clear recognition. It 
needs special ability till for each change in its processes or relations their future effects 
become analyzed and observed properly. 

 
3.3 Feedbacks and Results 
Every change, every process and generally every operation does a task and probably success 
in many cases lonely but when they are set next to each other defeat of system or decrease in 
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expected success might happen. Basically when the processes have finished and the 
operations are done, the results come to the system at the end to see if the operation cycle is 
proper sufficiently or not; what the strong and weak points are. 

 
3.4 Problem 
Such an operation result references to the operation cycle would be so efficient but 
producing such proper results that can give a brief and exact knowledge about the proper 
stage of the system, is so tenuous and difficult. The problem is how to solve this question 
though the question is so familiar to general that if the results are gained through feedbacks 
then the system can improve but how the results should be produced? How the result 
should be analyzed to clarify the parts that should have change in. 

 
3.5 Solution 
Generally while considering a commercial system and operation of a company come to this 
conclusion that setting data and statistics next to each other, discovering dependencies and 
correlations between different attributes and values of them and finally finding a relation 
between those results is not easy. If this process programmed in an engineering way, the 
processes and organisms of the commercial system will improve reliably and the 
improvement and upgrade management gain to a confidence that the amount of risks 
caused by not recognizing them, reach to its lowest level. 
Knowledge processing should be instant and precise. Effective and impressible parameters 
should be ranked according to their priority. Dependence to knowledge process is so 
efficient in knowledge confidence ability. The aim is not knowledge processing for once but 
a continuous operation is important. Entering knowledge in system for upgrading system 
and its efficiency can be part of the end. Knowledge processing cycle should be simple. 

 
4. Previous work 
  

Although the pattern suggested in this paper is new and there is no previous work done on 
it, but here some information in given about a number of previous models presented in 
articles. 

 
4.1 Decision tree 
Many data mining methods generate decision trees—trees whose leaves are classifications 
and whose branches are conjunctions of features that lead to those classifications. One way 
to learn a decision tree is to split the example set into subsets based on some attribute value 
test. The process then repeats recursively on the subsets, with each splitter value becoming a 
sub-tree root. Splitting stops when a subset gets so small that further splitting is superfluous 
or a subset contains examples with only one classification. 
A good split decreases the percentage of different classifications in a subset, ensuring that 
subsequent learning generates smaller sub-trees by requiring less further splitting sorting 
out the subsets. Various schemes for finding good splits exist (Menzies, 2003). For further 
information about decision trees refer to (Fayyad, 1996). 

 

 

4.2 Declarative networking 
In Declarative Networking, the data and query model proposed for declarative networking 
are introduced. The language presented is Network Datalog (NDlog), a restricted variant of 
traditional Datalog intended to be computed in distributed fashion on physical network 
graphs. In describing the model, the NDlog query which performed distributed 
computation of shortest paths was used. In that model, one of the novelties of our setting, 
from a database perspective, is that data is distributed and relations may be partitioned 
across sites. To ease the generation of efficient query plans in such a system, NDlog gives 
the query writer explicit control on data placement and movement. Specifically, NDlog uses 
a special data type and address, to specify a network location. For further information refer 
to (Thau Loo, 2006).  

 
4.3 Databases and logic 
Logic can be used as a data model in databases. In frame of such a model we can distinguish 
Data Structures, Operators and Integrity Rules.  
All these three elements are represented in the same unique way as axioms in the logic 
language. As a deductive database system we can treat such a system, which has the ability 
to define deductive rules and can deduce or infer additional information from the facts 
stored in a database. Deductive rules are often referred to as logic databases. A deductive 
database (DDB) can be defined as:  
DDB= {I, R, F}, where:  F – a fact set, R – a deductive rule set, I – an integrity constraints. For 
further information refer to (Nycz, 2003). 
In (Wul, 2004) a data-mining is surveyed in an artificial intelligence perspective that 
presents a new and interesting view to readers. Avoiding prolongation it is not noted here. 

 
4.4 Probability-based patterns 
In the previous work done for representing a pattern in data-mining and risk management, 
a new step was put forward that some points of them are mentioned here. For the perfect 
information about the job, refer to (Kargar, 2008). 

 
5. Database Models in Probability Based Patterns 
 

Using probability in the pattern makes it so sensible, understandable and easy to be 
performed. The description of the pattern is kept on by representing an example: 
Data-bases are considered as relations with logic relationships between them. The objective 
is to concentrate on the special data and to reach to a point that there exists desired amount 
of them or it grows with a special norm increasingly or decreasingly. In some cases such as 
profit, revenue, sale amount and etc the increasing growth is requested and in other cases 
such as withdrawal, warranty time, absolute produce cost and etc the decreasing growth is 
requested. 
Because of the relationship between the relations, fluctuations of the amounts of a field may 
influence the amounts of other fields. So, by designing an appropriate pattern from the data-
base, fluctuations of the amounts of a field could be managed in a way that it goes up and 
down, in the manner we want. 
In the supposed data-base some relations exist as below: 

A	Novel	Theory	in	Risk-Management	by	Numerical	Pattern	Analysis	in	Data-Mining 33

 

expected success might happen. Basically when the processes have finished and the 
operations are done, the results come to the system at the end to see if the operation cycle is 
proper sufficiently or not; what the strong and weak points are. 
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Such an operation result references to the operation cycle would be so efficient but 
producing such proper results that can give a brief and exact knowledge about the proper 
stage of the system, is so tenuous and difficult. The problem is how to solve this question 
though the question is so familiar to general that if the results are gained through feedbacks 
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Although the pattern suggested in this paper is new and there is no previous work done on 
it, but here some information in given about a number of previous models presented in 
articles. 
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Many data mining methods generate decision trees—trees whose leaves are classifications 
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A good split decreases the percentage of different classifications in a subset, ensuring that 
subsequent learning generates smaller sub-trees by requiring less further splitting sorting 
out the subsets. Various schemes for finding good splits exist (Menzies, 2003). For further 
information about decision trees refer to (Fayyad, 1996). 

 

 

4.2 Declarative networking 
In Declarative Networking, the data and query model proposed for declarative networking 
are introduced. The language presented is Network Datalog (NDlog), a restricted variant of 
traditional Datalog intended to be computed in distributed fashion on physical network 
graphs. In describing the model, the NDlog query which performed distributed 
computation of shortest paths was used. In that model, one of the novelties of our setting, 
from a database perspective, is that data is distributed and relations may be partitioned 
across sites. To ease the generation of efficient query plans in such a system, NDlog gives 
the query writer explicit control on data placement and movement. Specifically, NDlog uses 
a special data type and address, to specify a network location. For further information refer 
to (Thau Loo, 2006).  

 
4.3 Databases and logic 
Logic can be used as a data model in databases. In frame of such a model we can distinguish 
Data Structures, Operators and Integrity Rules.  
All these three elements are represented in the same unique way as axioms in the logic 
language. As a deductive database system we can treat such a system, which has the ability 
to define deductive rules and can deduce or infer additional information from the facts 
stored in a database. Deductive rules are often referred to as logic databases. A deductive 
database (DDB) can be defined as:  
DDB= {I, R, F}, where:  F – a fact set, R – a deductive rule set, I – an integrity constraints. For 
further information refer to (Nycz, 2003). 
In (Wul, 2004) a data-mining is surveyed in an artificial intelligence perspective that 
presents a new and interesting view to readers. Avoiding prolongation it is not noted here. 

 
4.4 Probability-based patterns 
In the previous work done for representing a pattern in data-mining and risk management, 
a new step was put forward that some points of them are mentioned here. For the perfect 
information about the job, refer to (Kargar, 2008). 
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Using probability in the pattern makes it so sensible, understandable and easy to be 
performed. The description of the pattern is kept on by representing an example: 
Data-bases are considered as relations with logic relationships between them. The objective 
is to concentrate on the special data and to reach to a point that there exists desired amount 
of them or it grows with a special norm increasingly or decreasingly. In some cases such as 
profit, revenue, sale amount and etc the increasing growth is requested and in other cases 
such as withdrawal, warranty time, absolute produce cost and etc the decreasing growth is 
requested. 
Because of the relationship between the relations, fluctuations of the amounts of a field may 
influence the amounts of other fields. So, by designing an appropriate pattern from the data-
base, fluctuations of the amounts of a field could be managed in a way that it goes up and 
down, in the manner we want. 
In the supposed data-base some relations exist as below: 
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expected success might happen. Basically when the processes have finished and the 
operations are done, the results come to the system at the end to see if the operation cycle is 
proper sufficiently or not; what the strong and weak points are. 

 
3.4 Problem 
Such an operation result references to the operation cycle would be so efficient but 
producing such proper results that can give a brief and exact knowledge about the proper 
stage of the system, is so tenuous and difficult. The problem is how to solve this question 
though the question is so familiar to general that if the results are gained through feedbacks 
then the system can improve but how the results should be produced? How the result 
should be analyzed to clarify the parts that should have change in. 

 
3.5 Solution 
Generally while considering a commercial system and operation of a company come to this 
conclusion that setting data and statistics next to each other, discovering dependencies and 
correlations between different attributes and values of them and finally finding a relation 
between those results is not easy. If this process programmed in an engineering way, the 
processes and organisms of the commercial system will improve reliably and the 
improvement and upgrade management gain to a confidence that the amount of risks 
caused by not recognizing them, reach to its lowest level. 
Knowledge processing should be instant and precise. Effective and impressible parameters 
should be ranked according to their priority. Dependence to knowledge process is so 
efficient in knowledge confidence ability. The aim is not knowledge processing for once but 
a continuous operation is important. Entering knowledge in system for upgrading system 
and its efficiency can be part of the end. Knowledge processing cycle should be simple. 

 
4. Previous work 
  

Although the pattern suggested in this paper is new and there is no previous work done on 
it, but here some information in given about a number of previous models presented in 
articles. 

 
4.1 Decision tree 
Many data mining methods generate decision trees—trees whose leaves are classifications 
and whose branches are conjunctions of features that lead to those classifications. One way 
to learn a decision tree is to split the example set into subsets based on some attribute value 
test. The process then repeats recursively on the subsets, with each splitter value becoming a 
sub-tree root. Splitting stops when a subset gets so small that further splitting is superfluous 
or a subset contains examples with only one classification. 
A good split decreases the percentage of different classifications in a subset, ensuring that 
subsequent learning generates smaller sub-trees by requiring less further splitting sorting 
out the subsets. Various schemes for finding good splits exist (Menzies, 2003). For further 
information about decision trees refer to (Fayyad, 1996). 

 

 

4.2 Declarative networking 
In Declarative Networking, the data and query model proposed for declarative networking 
are introduced. The language presented is Network Datalog (NDlog), a restricted variant of 
traditional Datalog intended to be computed in distributed fashion on physical network 
graphs. In describing the model, the NDlog query which performed distributed 
computation of shortest paths was used. In that model, one of the novelties of our setting, 
from a database perspective, is that data is distributed and relations may be partitioned 
across sites. To ease the generation of efficient query plans in such a system, NDlog gives 
the query writer explicit control on data placement and movement. Specifically, NDlog uses 
a special data type and address, to specify a network location. For further information refer 
to (Thau Loo, 2006).  

 
4.3 Databases and logic 
Logic can be used as a data model in databases. In frame of such a model we can distinguish 
Data Structures, Operators and Integrity Rules.  
All these three elements are represented in the same unique way as axioms in the logic 
language. As a deductive database system we can treat such a system, which has the ability 
to define deductive rules and can deduce or infer additional information from the facts 
stored in a database. Deductive rules are often referred to as logic databases. A deductive 
database (DDB) can be defined as:  
DDB= {I, R, F}, where:  F – a fact set, R – a deductive rule set, I – an integrity constraints. For 
further information refer to (Nycz, 2003). 
In (Wul, 2004) a data-mining is surveyed in an artificial intelligence perspective that 
presents a new and interesting view to readers. Avoiding prolongation it is not noted here. 

 
4.4 Probability-based patterns 
In the previous work done for representing a pattern in data-mining and risk management, 
a new step was put forward that some points of them are mentioned here. For the perfect 
information about the job, refer to (Kargar, 2008). 

 
5. Database Models in Probability Based Patterns 
 

Using probability in the pattern makes it so sensible, understandable and easy to be 
performed. The description of the pattern is kept on by representing an example: 
Data-bases are considered as relations with logic relationships between them. The objective 
is to concentrate on the special data and to reach to a point that there exists desired amount 
of them or it grows with a special norm increasingly or decreasingly. In some cases such as 
profit, revenue, sale amount and etc the increasing growth is requested and in other cases 
such as withdrawal, warranty time, absolute produce cost and etc the decreasing growth is 
requested. 
Because of the relationship between the relations, fluctuations of the amounts of a field may 
influence the amounts of other fields. So, by designing an appropriate pattern from the data-
base, fluctuations of the amounts of a field could be managed in a way that it goes up and 
down, in the manner we want. 
In the supposed data-base some relations exist as below: 
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expected success might happen. Basically when the processes have finished and the 
operations are done, the results come to the system at the end to see if the operation cycle is 
proper sufficiently or not; what the strong and weak points are. 

 
3.4 Problem 
Such an operation result references to the operation cycle would be so efficient but 
producing such proper results that can give a brief and exact knowledge about the proper 
stage of the system, is so tenuous and difficult. The problem is how to solve this question 
though the question is so familiar to general that if the results are gained through feedbacks 
then the system can improve but how the results should be produced? How the result 
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A good split decreases the percentage of different classifications in a subset, ensuring that 
subsequent learning generates smaller sub-trees by requiring less further splitting sorting 
out the subsets. Various schemes for finding good splits exist (Menzies, 2003). For further 
information about decision trees refer to (Fayyad, 1996). 

 

 

4.2 Declarative networking 
In Declarative Networking, the data and query model proposed for declarative networking 
are introduced. The language presented is Network Datalog (NDlog), a restricted variant of 
traditional Datalog intended to be computed in distributed fashion on physical network 
graphs. In describing the model, the NDlog query which performed distributed 
computation of shortest paths was used. In that model, one of the novelties of our setting, 
from a database perspective, is that data is distributed and relations may be partitioned 
across sites. To ease the generation of efficient query plans in such a system, NDlog gives 
the query writer explicit control on data placement and movement. Specifically, NDlog uses 
a special data type and address, to specify a network location. For further information refer 
to (Thau Loo, 2006).  

 
4.3 Databases and logic 
Logic can be used as a data model in databases. In frame of such a model we can distinguish 
Data Structures, Operators and Integrity Rules.  
All these three elements are represented in the same unique way as axioms in the logic 
language. As a deductive database system we can treat such a system, which has the ability 
to define deductive rules and can deduce or infer additional information from the facts 
stored in a database. Deductive rules are often referred to as logic databases. A deductive 
database (DDB) can be defined as:  
DDB= {I, R, F}, where:  F – a fact set, R – a deductive rule set, I – an integrity constraints. For 
further information refer to (Nycz, 2003). 
In (Wul, 2004) a data-mining is surveyed in an artificial intelligence perspective that 
presents a new and interesting view to readers. Avoiding prolongation it is not noted here. 

 
4.4 Probability-based patterns 
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a new step was put forward that some points of them are mentioned here. For the perfect 
information about the job, refer to (Kargar, 2008). 
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Using probability in the pattern makes it so sensible, understandable and easy to be 
performed. The description of the pattern is kept on by representing an example: 
Data-bases are considered as relations with logic relationships between them. The objective 
is to concentrate on the special data and to reach to a point that there exists desired amount 
of them or it grows with a special norm increasingly or decreasingly. In some cases such as 
profit, revenue, sale amount and etc the increasing growth is requested and in other cases 
such as withdrawal, warranty time, absolute produce cost and etc the decreasing growth is 
requested. 
Because of the relationship between the relations, fluctuations of the amounts of a field may 
influence the amounts of other fields. So, by designing an appropriate pattern from the data-
base, fluctuations of the amounts of a field could be managed in a way that it goes up and 
down, in the manner we want. 
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Fig. 1. Relationships of the relations 
 
The relation R1 is supposed as the source and the relation R5 is supposed as the destination. 
Other relations play the role of interfaces and are the connection terminals between the source 
and destination. However they can be supposed as independent destinations too. 
As it is shown in figure 1, some relations are directly or indirectly related to R1 and a change in 
their amounts can be affective in the change of the amounts of a field like A1. 
Some points are considered: 
1- The relations that are related to a relation like R1 directly or with less number of hops can 
have more affect on it. So the dependency amount of near relations is more than the far ones 
(from the perspective of hop amounts of relationships).  
Although the presupposition 1 is a basic rule in designing the pattern, but it never causes the 
far relations to be worthless. The exit of a far relation from the set of relations which are 
affective in the pattern depends on its dominant and related data. 
2- The relation which includes more relationships is an important relation and should be set in 
higher priority in designing the pattern. 
3- The R set includes dominant and affective attributes in the pattern. These attributes are 
selected through the prime and experienced guess which becomes perfect during pattern 
designing period and possibly some attributes would be less important (not affective).  
4- An attribute is considered as a head or a key attribute and pattern is designed according to 
it. 
The following steps explain how the pattern is designed: 
1- Firstly a graph is drawn based on the R set; 
2- Then importance and priority of the nodes should be computed; 
3- The decision tree or the decision graph is drawn based on the graph and the statistics 
gathered from the data-base, for designing the pattern; 
4- Deduction of superior patterns is done from the graph. 

 
6. Creating Probability Based Decision Tree & Decision Graph 
 

The decision tree or graph is used to put together the effective and impressible components 
existing in the operational environment to deduce the hidden relations among them by this 
dependency and correlation. Using each of them in special situations can provide special 
gains. The statistics existing in databases can help with making and creating each of them. The 
importance of subject is shown by numbers and probabilities which demonstrate themselves 
as the weight in tree and graph and creates the probability based weighted tree and graph. 
In the probability based decision tree, the operation starts from the root and in each step a level 
is added to the tree and this job is kept on till it reaches to the point that the tree and the 
number of levels seem sufficient. In this tree, each level relates to an attribute and according to 
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various statistics the attribute has in the database, the related weight of each edge and branch 
is produced. 
For example, if the supposed attribute and component is gender, it means that the gender is 
mentioned as an effective parameter and element; therefore the statistics related to it is 
gathered according to dominant values. As the values of this attribute are precise and 
significant, then its statistics are resulted easily. Figure bellow demonstrates the subject clearer. 
 

 
 
 
 

Fig. 2. A tree branches in which “A” is the attribute “gender” and each branch are its values 
 
In this tree branch “A” is considered as gender and each branch as each value. In the branch A-
B1 the weight related to the first value and in the branch A-B2 the weight related to the second 
value is taken into consideration. Imagine B1 as the attribute “male” and B2 as the attribute 
“female”. If the branch A-B1 is supposed as 40% and the branch A-B2 is supposed as 60% then 
the tree will be formed as the figure bellow: 
 

 
 
 
 
 
 

Fig. 3. A tree branches in which the attributes are given values 
 
Now, the whole set is clustered to the two sets of “male” and “female”. This operation would 
be starting point of other component and statistics selection and producing the next weight 
which operates in intricacy manner. 
As an instance, the product type that can be dominant values such as LCD, CRT, Plasma and 
other types for a TV company, because of considering 4 values for the product type then 4 
branches are mentioned and each of them will be evaluated in “male” and “female” sets. The 
forth value and the statistics and probability related to that consists other products than LCD, 
CRT and Plasma. In the figure bellow the intricacy of clustering operation is demonstrated 
clearly. 
 

 
 
 
 

 
Fig. 4. Clustering attributes 
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Fig. 1. Relationships of the relations 
 
The relation R1 is supposed as the source and the relation R5 is supposed as the destination. 
Other relations play the role of interfaces and are the connection terminals between the source 
and destination. However they can be supposed as independent destinations too. 
As it is shown in figure 1, some relations are directly or indirectly related to R1 and a change in 
their amounts can be affective in the change of the amounts of a field like A1. 
Some points are considered: 
1- The relations that are related to a relation like R1 directly or with less number of hops can 
have more affect on it. So the dependency amount of near relations is more than the far ones 
(from the perspective of hop amounts of relationships).  
Although the presupposition 1 is a basic rule in designing the pattern, but it never causes the 
far relations to be worthless. The exit of a far relation from the set of relations which are 
affective in the pattern depends on its dominant and related data. 
2- The relation which includes more relationships is an important relation and should be set in 
higher priority in designing the pattern. 
3- The R set includes dominant and affective attributes in the pattern. These attributes are 
selected through the prime and experienced guess which becomes perfect during pattern 
designing period and possibly some attributes would be less important (not affective).  
4- An attribute is considered as a head or a key attribute and pattern is designed according to 
it. 
The following steps explain how the pattern is designed: 
1- Firstly a graph is drawn based on the R set; 
2- Then importance and priority of the nodes should be computed; 
3- The decision tree or the decision graph is drawn based on the graph and the statistics 
gathered from the data-base, for designing the pattern; 
4- Deduction of superior patterns is done from the graph. 
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various statistics the attribute has in the database, the related weight of each edge and branch 
is produced. 
For example, if the supposed attribute and component is gender, it means that the gender is 
mentioned as an effective parameter and element; therefore the statistics related to it is 
gathered according to dominant values. As the values of this attribute are precise and 
significant, then its statistics are resulted easily. Figure bellow demonstrates the subject clearer. 
 

 
 
 
 

Fig. 2. A tree branches in which “A” is the attribute “gender” and each branch are its values 
 
In this tree branch “A” is considered as gender and each branch as each value. In the branch A-
B1 the weight related to the first value and in the branch A-B2 the weight related to the second 
value is taken into consideration. Imagine B1 as the attribute “male” and B2 as the attribute 
“female”. If the branch A-B1 is supposed as 40% and the branch A-B2 is supposed as 60% then 
the tree will be formed as the figure bellow: 
 

 
 
 
 
 
 

Fig. 3. A tree branches in which the attributes are given values 
 
Now, the whole set is clustered to the two sets of “male” and “female”. This operation would 
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which operates in intricacy manner. 
As an instance, the product type that can be dominant values such as LCD, CRT, Plasma and 
other types for a TV company, because of considering 4 values for the product type then 4 
branches are mentioned and each of them will be evaluated in “male” and “female” sets. The 
forth value and the statistics and probability related to that consists other products than LCD, 
CRT and Plasma. In the figure bellow the intricacy of clustering operation is demonstrated 
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Fig. 1. Relationships of the relations 
 
The relation R1 is supposed as the source and the relation R5 is supposed as the destination. 
Other relations play the role of interfaces and are the connection terminals between the source 
and destination. However they can be supposed as independent destinations too. 
As it is shown in figure 1, some relations are directly or indirectly related to R1 and a change in 
their amounts can be affective in the change of the amounts of a field like A1. 
Some points are considered: 
1- The relations that are related to a relation like R1 directly or with less number of hops can 
have more affect on it. So the dependency amount of near relations is more than the far ones 
(from the perspective of hop amounts of relationships).  
Although the presupposition 1 is a basic rule in designing the pattern, but it never causes the 
far relations to be worthless. The exit of a far relation from the set of relations which are 
affective in the pattern depends on its dominant and related data. 
2- The relation which includes more relationships is an important relation and should be set in 
higher priority in designing the pattern. 
3- The R set includes dominant and affective attributes in the pattern. These attributes are 
selected through the prime and experienced guess which becomes perfect during pattern 
designing period and possibly some attributes would be less important (not affective).  
4- An attribute is considered as a head or a key attribute and pattern is designed according to 
it. 
The following steps explain how the pattern is designed: 
1- Firstly a graph is drawn based on the R set; 
2- Then importance and priority of the nodes should be computed; 
3- The decision tree or the decision graph is drawn based on the graph and the statistics 
gathered from the data-base, for designing the pattern; 
4- Deduction of superior patterns is done from the graph. 

 
6. Creating Probability Based Decision Tree & Decision Graph 
 

The decision tree or graph is used to put together the effective and impressible components 
existing in the operational environment to deduce the hidden relations among them by this 
dependency and correlation. Using each of them in special situations can provide special 
gains. The statistics existing in databases can help with making and creating each of them. The 
importance of subject is shown by numbers and probabilities which demonstrate themselves 
as the weight in tree and graph and creates the probability based weighted tree and graph. 
In the probability based decision tree, the operation starts from the root and in each step a level 
is added to the tree and this job is kept on till it reaches to the point that the tree and the 
number of levels seem sufficient. In this tree, each level relates to an attribute and according to 

id3 C1 C2 C3 C4 

R3 

… id1 A1 A2 A3 A4 

R1 

… id2 B1 B2 B3 B4 

R2 

… 

id4 D1 D2 D3 D4 

R4 

… id5 E1 E2 E3 E4 

R5 

… 

 

various statistics the attribute has in the database, the related weight of each edge and branch 
is produced. 
For example, if the supposed attribute and component is gender, it means that the gender is 
mentioned as an effective parameter and element; therefore the statistics related to it is 
gathered according to dominant values. As the values of this attribute are precise and 
significant, then its statistics are resulted easily. Figure bellow demonstrates the subject clearer. 
 

 
 
 
 

Fig. 2. A tree branches in which “A” is the attribute “gender” and each branch are its values 
 
In this tree branch “A” is considered as gender and each branch as each value. In the branch A-
B1 the weight related to the first value and in the branch A-B2 the weight related to the second 
value is taken into consideration. Imagine B1 as the attribute “male” and B2 as the attribute 
“female”. If the branch A-B1 is supposed as 40% and the branch A-B2 is supposed as 60% then 
the tree will be formed as the figure bellow: 
 

 
 
 
 
 
 

Fig. 3. A tree branches in which the attributes are given values 
 
Now, the whole set is clustered to the two sets of “male” and “female”. This operation would 
be starting point of other component and statistics selection and producing the next weight 
which operates in intricacy manner. 
As an instance, the product type that can be dominant values such as LCD, CRT, Plasma and 
other types for a TV company, because of considering 4 values for the product type then 4 
branches are mentioned and each of them will be evaluated in “male” and “female” sets. The 
forth value and the statistics and probability related to that consists other products than LCD, 
CRT and Plasma. In the figure bellow the intricacy of clustering operation is demonstrated 
clearly. 
 

 
 
 
 

 
Fig. 4. Clustering attributes 

Male 40% Female 60% 

    CRT 45% 

  LCD 

  Plasma 
20% 

  Other 

CRT 

     LCD 35% 

  Plasma 
30% 

  Other 

 B1  B2 

 A 

Male Female 

40% 60% 

Root 

A	Novel	Theory	in	Risk-Management	by	Numerical	Pattern	Analysis	in	Data-Mining 35

 

 
 
 
 
 
 
 
 

Fig. 1. Relationships of the relations 
 
The relation R1 is supposed as the source and the relation R5 is supposed as the destination. 
Other relations play the role of interfaces and are the connection terminals between the source 
and destination. However they can be supposed as independent destinations too. 
As it is shown in figure 1, some relations are directly or indirectly related to R1 and a change in 
their amounts can be affective in the change of the amounts of a field like A1. 
Some points are considered: 
1- The relations that are related to a relation like R1 directly or with less number of hops can 
have more affect on it. So the dependency amount of near relations is more than the far ones 
(from the perspective of hop amounts of relationships).  
Although the presupposition 1 is a basic rule in designing the pattern, but it never causes the 
far relations to be worthless. The exit of a far relation from the set of relations which are 
affective in the pattern depends on its dominant and related data. 
2- The relation which includes more relationships is an important relation and should be set in 
higher priority in designing the pattern. 
3- The R set includes dominant and affective attributes in the pattern. These attributes are 
selected through the prime and experienced guess which becomes perfect during pattern 
designing period and possibly some attributes would be less important (not affective).  
4- An attribute is considered as a head or a key attribute and pattern is designed according to 
it. 
The following steps explain how the pattern is designed: 
1- Firstly a graph is drawn based on the R set; 
2- Then importance and priority of the nodes should be computed; 
3- The decision tree or the decision graph is drawn based on the graph and the statistics 
gathered from the data-base, for designing the pattern; 
4- Deduction of superior patterns is done from the graph. 

 
6. Creating Probability Based Decision Tree & Decision Graph 
 

The decision tree or graph is used to put together the effective and impressible components 
existing in the operational environment to deduce the hidden relations among them by this 
dependency and correlation. Using each of them in special situations can provide special 
gains. The statistics existing in databases can help with making and creating each of them. The 
importance of subject is shown by numbers and probabilities which demonstrate themselves 
as the weight in tree and graph and creates the probability based weighted tree and graph. 
In the probability based decision tree, the operation starts from the root and in each step a level 
is added to the tree and this job is kept on till it reaches to the point that the tree and the 
number of levels seem sufficient. In this tree, each level relates to an attribute and according to 

id3 C1 C2 C3 C4 

R3 

… id1 A1 A2 A3 A4 

R1 

… id2 B1 B2 B3 B4 

R2 

… 

id4 D1 D2 D3 D4 

R4 

… id5 E1 E2 E3 E4 

R5 

… 

 

various statistics the attribute has in the database, the related weight of each edge and branch 
is produced. 
For example, if the supposed attribute and component is gender, it means that the gender is 
mentioned as an effective parameter and element; therefore the statistics related to it is 
gathered according to dominant values. As the values of this attribute are precise and 
significant, then its statistics are resulted easily. Figure bellow demonstrates the subject clearer. 
 

 
 
 
 

Fig. 2. A tree branches in which “A” is the attribute “gender” and each branch are its values 
 
In this tree branch “A” is considered as gender and each branch as each value. In the branch A-
B1 the weight related to the first value and in the branch A-B2 the weight related to the second 
value is taken into consideration. Imagine B1 as the attribute “male” and B2 as the attribute 
“female”. If the branch A-B1 is supposed as 40% and the branch A-B2 is supposed as 60% then 
the tree will be formed as the figure bellow: 
 

 
 
 
 
 
 

Fig. 3. A tree branches in which the attributes are given values 
 
Now, the whole set is clustered to the two sets of “male” and “female”. This operation would 
be starting point of other component and statistics selection and producing the next weight 
which operates in intricacy manner. 
As an instance, the product type that can be dominant values such as LCD, CRT, Plasma and 
other types for a TV company, because of considering 4 values for the product type then 4 
branches are mentioned and each of them will be evaluated in “male” and “female” sets. The 
forth value and the statistics and probability related to that consists other products than LCD, 
CRT and Plasma. In the figure bellow the intricacy of clustering operation is demonstrated 
clearly. 
 

 
 
 
 

 
Fig. 4. Clustering attributes 

Male 40% Female 60% 

    CRT 45% 

  LCD 

  Plasma 
20% 

  Other 

CRT 

     LCD 35% 

  Plasma 
30% 

  Other 

 B1  B2 

 A 

Male Female 

40% 60% 

Root 



New	Trends	in	Technologies	36

 

In better words, while computing the purchase statistics of CRT and LCD for “male”, this 
statistics doesn’t relate to the whole database and the set. It is observed under the subset of 
“male.” As the first component which was related to gender, had 2 values then both CRT 
statistics and LCD statistics will be computed twice and will continue like this. 
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Fig. 5. A tree branches in which the attributes are given values 
 
As it is illustrated in figure 4, the whole sum of the probabilities for children of a parent after 
computation will be 1 or 100%. The important point that should be paid attention is that 
weight and importance of each branch relates to the previous branch and the statistics of 
each branch is analyzed locally not globally. In other words, allocating 45% to CRT doesn’t 
convey that generally the use value of CRT is 45%; this statistics is locally computed for 
“male”. 
Of course it will be explained that the local effect is itself a defect for probability based 
decision tree because in pattern production and dependency declaration among the 
attributes, the rate of 30% for “female” won’t have any affect on the last pattern. On the 
other hand, because of considering various values for an attribute, this variety will increase 
the degree of each node at each step and it helps making the subject to become more local 
and the produced pattern to become weaker. 
The other point that is important in a tree production and ignoring it, is effective in 
weakening the pattern is correct selection of attributes, with considering their priority. The 
attribute selected as the root will have more effect on in the final weight of the pattern 
because of clustering in the first steps. Therefore if it is recognized that instead of using 
product type at the second layer of the decision tree, producer country should be used, 
certainly different effect will be noticed in pattern production. 
It is why the attribute importance should be observed. For this job, database should be 
checked and its design should be considered. The major effective attributes are recognized 
according to our observation from database and are set from root to leaf sequentially 
according to their priority. 

 
7. Giving Priority to the Effective Attributes 
  

The target or impressible attribute is chosen while database design. Revenue, sale rate or 
visit amount can be supposed as an example for this attribute. This attribute is also an 
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attribute or a component in database; then according to the supposed direction among the 
database relations and according to the number of relations between them, a degree is 
computed for each attribute. In fact this degree and priority will illustrate the attribute 
position among the effective attributes. So, the attribute which has high priority will be 
nearer in tree production to the root and its efficiency amount will be much more. 

 
7.1 The Important Points in Computing the Attribute Priority 
Suppose that the impressible attribute is “A1” and A1 depends to the relation “R1”. Then A1 
and R1 are considered as a base for computing the priority. The attribute indeed loses its 
importance how much it goes farther than R1 in database. Hop in database is computed 
according to the relations and the links among them. 
 

 
 
 

Fig. 6. Relations 
 
As it is shown in the figure above, each “R” is considered as a major subject and “A” is 
considered as an attribute of “R”. 
The other point which is important in computing the attribute priority is dependency or 
becoming dependant. When two relations like R1 and R2 have linked to each other, usually 
one of the two cases may happen: either R1 is related to R2 or R2 is related to R1. In this 
relation, too, the roles of parent and child exist and usually the relation of 1 to n is noticed. 
Among these two relations, one or some attributes have key role and one would give its 
main key to the other to make relation. The one which gives its main key to the other key 
plays the role of parent and the one which accepts the key plays the role of child. Now 
suppose R1 is parent and R2 is child. Then R1 will be more important and more effective than 
R2 and as it is shown in the figure a directed edge is drawn from R1 towards R2.  
 

 
 
 

Fig. 7. The relation between R1 and R2 
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attribute priority of R1 and R2. On the other hand the amount of being far or near to the 
target relation or the relation which has impressible attributes, is another cause at the 
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“male.” As the first component which was related to gender, had 2 values then both CRT 
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attribute or a component in database; then according to the supposed direction among the 
database relations and according to the number of relations between them, a degree is 
computed for each attribute. In fact this degree and priority will illustrate the attribute 
position among the effective attributes. So, the attribute which has high priority will be 
nearer in tree production to the root and its efficiency amount will be much more. 
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In better words, while computing the purchase statistics of CRT and LCD for “male”, this 
statistics doesn’t relate to the whole database and the set. It is observed under the subset of 
“male.” As the first component which was related to gender, had 2 values then both CRT 
statistics and LCD statistics will be computed twice and will continue like this. 
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attribute or a component in database; then according to the supposed direction among the 
database relations and according to the number of relations between them, a degree is 
computed for each attribute. In fact this degree and priority will illustrate the attribute 
position among the effective attributes. So, the attribute which has high priority will be 
nearer in tree production to the root and its efficiency amount will be much more. 

 
7.1 The Important Points in Computing the Attribute Priority 
Suppose that the impressible attribute is “A1” and A1 depends to the relation “R1”. Then A1 
and R1 are considered as a base for computing the priority. The attribute indeed loses its 
importance how much it goes farther than R1 in database. Hop in database is computed 
according to the relations and the links among them. 
 

 
 
 

Fig. 6. Relations 
 
As it is shown in the figure above, each “R” is considered as a major subject and “A” is 
considered as an attribute of “R”. 
The other point which is important in computing the attribute priority is dependency or 
becoming dependant. When two relations like R1 and R2 have linked to each other, usually 
one of the two cases may happen: either R1 is related to R2 or R2 is related to R1. In this 
relation, too, the roles of parent and child exist and usually the relation of 1 to n is noticed. 
Among these two relations, one or some attributes have key role and one would give its 
main key to the other to make relation. The one which gives its main key to the other key 
plays the role of parent and the one which accepts the key plays the role of child. Now 
suppose R1 is parent and R2 is child. Then R1 will be more important and more effective than 
R2 and as it is shown in the figure a directed edge is drawn from R1 towards R2.  
 

 
 
 

Fig. 7. The relation between R1 and R2 
 
For this cause the relation which has high external degree, will be more important than the 
relation which has high internal degree. This subject is also important in computing 
attribute priority of R1 and R2. On the other hand the amount of being far or near to the 
target relation or the relation which has impressible attributes, is another cause at the 
priority value of an attribute. 
  

H(Ai) = C1(DIRAi) + C2(DORAi) + C3(HRAi) (1) 
  
At the formula above, DI is internal degree, DO is external degree and H is number of hops 
to the target relation from which the priority of Ai is computed. C1, C2, C3 are constants that 

R1 

     A1 

R2 

 

R3 

 … 

R1 

     A1 

R2 

 

A	Novel	Theory	in	Risk-Management	by	Numerical	Pattern	Analysis	in	Data-Mining 37
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statistics doesn’t relate to the whole database and the set. It is observed under the subset of 
“male.” As the first component which was related to gender, had 2 values then both CRT 
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attribute or a component in database; then according to the supposed direction among the 
database relations and according to the number of relations between them, a degree is 
computed for each attribute. In fact this degree and priority will illustrate the attribute 
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nearer in tree production to the root and its efficiency amount will be much more. 
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and R1 are considered as a base for computing the priority. The attribute indeed loses its 
importance how much it goes farther than R1 in database. Hop in database is computed 
according to the relations and the links among them. 
 

 
 
 

Fig. 6. Relations 
 
As it is shown in the figure above, each “R” is considered as a major subject and “A” is 
considered as an attribute of “R”. 
The other point which is important in computing the attribute priority is dependency or 
becoming dependant. When two relations like R1 and R2 have linked to each other, usually 
one of the two cases may happen: either R1 is related to R2 or R2 is related to R1. In this 
relation, too, the roles of parent and child exist and usually the relation of 1 to n is noticed. 
Among these two relations, one or some attributes have key role and one would give its 
main key to the other to make relation. The one which gives its main key to the other key 
plays the role of parent and the one which accepts the key plays the role of child. Now 
suppose R1 is parent and R2 is child. Then R1 will be more important and more effective than 
R2 and as it is shown in the figure a directed edge is drawn from R1 towards R2.  
 

 
 
 

Fig. 7. The relation between R1 and R2 
 
For this cause the relation which has high external degree, will be more important than the 
relation which has high internal degree. This subject is also important in computing 
attribute priority of R1 and R2. On the other hand the amount of being far or near to the 
target relation or the relation which has impressible attributes, is another cause at the 
priority value of an attribute. 
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R1 

     A1 

R2 

 

R3 

 … 

R1 

     A1 

R2 

 



New	Trends	in	Technologies	38

 

show the importance of internal degree, external degree and hops. Obviously hop has an 
important role in every case and the external degree is much important and effective than 
the internal degree. Selection of numbers and constants are also important. 

 
7.2 Evaluating the Probability-based Decision Tree 
Although creating tree and documenting statistics and probability are both simple and 
reliable and in most cases helps us with reaching to our final end which is correct pattern, 
but the more important matter that should be paid attention, is effective attributes selection 
and giving priority to them. Priority is simply recognized by internal degree, external 
degree and hop though clustering is not a fact that could be ignored or maintained easily 
because nature of tree is based on local clustering. 

 
7.3 Computing the importance and priority  
The formula below is used in computing the value of a node in which, Pr is the priority 
computed by the formula; c1 and c2 are two constants; di and do are respectively input and 
output degree; h is the hop number or the distance from the vertex A which is the root. 
While computing h the direction of edges is not considered. 
 

Pr = c1 * do + di + c2(n-h) 
n = hmax+1 

(2) 
(3) 

 
The result of computing the priorities produces a list which includes the members of R and 
some that are not members. In that list A is the head and other members are tails. There, 
fields may be put together with the relations. Non of the fields from the intermediate 
relations are selected this time, but while designing tree from the existing data in the data-
base and extracting operation, some fields of them might be chosen. 
Figure 3 shows a sample of designed tree through the graph and relations. It is supposed in 
the figure that dominant amount in R3 gained by statistics is the attribute c2 which is called 
the license. 

 
8. Probability-based Decision Graph 
 

The main points that are mentioned in design and producing of probability based decision 
tree, are important cases. In order to reach to a reliable model and eliminating intricacy local 
clustering, decision graph can be used instead of decision tree. All of the points which were 
used in designing decision tree from the graph related to the database and in giving priority 
to the attributes are used here either without changing graph to tree. 

 
8.1 Producing Probability-based Decision Graph 
The effective attributes that can have influence on the impressible attributes are chosen. 
Each attribute is supposed as a node in the graph. Various edges are drawn from each node 
as external to the related attributes at database. Each edge will have 2 values and this 
ordered pair will consist of (the related probability and statistics, value). 
 

 

 
 
 
 
 

Fig. 8. Relations between two attributes 
 
As it is shown in the figure above, “gender” is selected fromthe customer relation and 
“product type” is selected from the product relation. As it is supposed that the customer 
relates to the product type, then if the gender is a member of customer relation and the 
product type is a member of product, then the direction of the edge in the decision graph 
will be from gender to product type. This adaptation of database designed model with 
decision model will have an important role in its correctness. 

 
8.2 The Advantages of Probability-based Decision Graph 
The major two advantages that can be listed are: 
- Adaptation of designed model with decision model, 
- No effect of number of different values in clustering localization. 
One thing that had influence on the pattern and decision tree and weakened them, was 
variety of values for an attribute. This point was so efficient in the amount of localization 
and shrinking of the final clusters, which that impressibility is solved by this appraoch. 

 
9. Producing Pattern and its Concepts 
 

A pattern is a set of attributes and the values related to each other which can cover a concept 
together. On the other hand, these attributes and the related to each other values show the 
amount of effectiveness. Every pattern consists of two parts: head and tail. 
Head is that target or impressible attribute which can be supposed as different instances 
such as revenue rate, sale rate, satisfactory rate, relation rate and so on. The important thing 
is that usually one attribute is supposed for this instance. For considering both revenue rate 
and sale rate, as an example, then an independent and different pattern will be introduced 
for each of them. At the tail part, a set of effective attributes exists along with the related 
probabilities. Therefore the pattern can be illustrated as a matrix. 
 
 

Impressible Attribute Effective Attribute 1 … Effective Attribute n 
Related Weight Related Weight  Related Weight 

Fig. 9. Head and tail of a pattern 
 
In the figure above, n effectivve attributes are shown on one impressible attribute. It is 
illustrated symbolistic like the figure bellow. 
 

AH At1 At2 … Atn 
PP P1 P2  Pn 

Fig. 10. Head and tail of a pattern in symbolic form 
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Gender Product Type 

Head Tail 
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show the importance of internal degree, external degree and hops. Obviously hop has an 
important role in every case and the external degree is much important and effective than 
the internal degree. Selection of numbers and constants are also important. 

 
7.2 Evaluating the Probability-based Decision Tree 
Although creating tree and documenting statistics and probability are both simple and 
reliable and in most cases helps us with reaching to our final end which is correct pattern, 
but the more important matter that should be paid attention, is effective attributes selection 
and giving priority to them. Priority is simply recognized by internal degree, external 
degree and hop though clustering is not a fact that could be ignored or maintained easily 
because nature of tree is based on local clustering. 

 
7.3 Computing the importance and priority  
The formula below is used in computing the value of a node in which, Pr is the priority 
computed by the formula; c1 and c2 are two constants; di and do are respectively input and 
output degree; h is the hop number or the distance from the vertex A which is the root. 
While computing h the direction of edges is not considered. 
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The result of computing the priorities produces a list which includes the members of R and 
some that are not members. In that list A is the head and other members are tails. There, 
fields may be put together with the relations. Non of the fields from the intermediate 
relations are selected this time, but while designing tree from the existing data in the data-
base and extracting operation, some fields of them might be chosen. 
Figure 3 shows a sample of designed tree through the graph and relations. It is supposed in 
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important role in every case and the external degree is much important and effective than 
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 In the figure above, PP is that probability of the pattern or the final weight which relates to 
the attribute AH. This probability is computed from the multiplication of effective attribute 
probability.  
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The number Pp is between 0 and 1 that how much it gets closer to 1, shows that the pattern is 
strong and useful and how much it gets closer to 0 shows its weakness. Obviously how 
much the number of n or that effective attributes is more, this number gets closer to 0 and 
how much there are efficiency attribute which its value is less than average of probabilities 
of n attributes then the effect will be negative or weakening. If this probability is greater 
than average of probabilities of n attributes then the effect will be positive or strengthening 
the final weight of the pattern. Meanwhile, how much the number of attributes is lower it is 
a sign of pattern weakness. 

 
9.1 Pattern Production in Probability-based Decision Tree 
We start from the root of the tree and consider all the paths ending to leaves. Every path that 
has greater value in the final state, that path is accepted as a pattern. The considerable point 
is that how much the optimum path or dominant pattern is selected or in other words the 
path with greater numbers is selected it shows the correctness choosing the attributes closer 
to the root. The figure bellow gives an example. 
 

 
 
 
 
 
 
 
 

Fig. 11. The attributes closer to the root in a decision tree 
 
In the final pattern, if “female” selected as an effective attribute with the weight of 60% then 
the attribute selection of gender has been done correctly; otherwise the priority, position and 
the statistics relater to that attribute should be checked and observed precisely. 

 
9.2 Pattern Production in Probability-based Decision Graph 
In the decision graph, at first we suppose the graph is connected because the database 
model is connected. By an algorithm such as Kruskal, Prim, Sollin or every Dijkstra 
algorithm this graph is changed to spanning tree. The tree itself will be the result. In that 
tree every edge, consisting the related value and probability, is selected as a member of the 
tail part. 
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Fig. 12. An edge as a member of the tail part 
 

Revenue Female … 
? 60%  

Fig. 13. A sample pattern 
 
The pattern produced by the graph has many advantages; for instance it is not local or in 
intricacy manner and the produced pattern is universal. The efficiency amount of a value on 
the other value is eliminated. Then the output of both tree and graph is an array. They have 
no difference in their structure and have equivalent aspect. Each can be proposed at its 
special position and situation as an important production method. If the attributes and the 
efficiency are on each other, decision tree would be the best choice. If the attributes 
independency rate is high in comparison with each other, then decision graph would be the 
best choice. 

 
10. Pattern Evaluation and Risk Management 
 

10.1 Getting Concepts from Patterns 
Pattern evaluation gives new concepts from patterns. While producing a pattern, the 
probabilities in its inside helps us to be able to recognize the attributes and subjects related 
to our target. The reason is that the supposed target in impressible attribute and the 
instances that have influence on it exist in its tail part and their rates are illustrated as 
numbers. Now, these numbers can be changed into other format or shape and normalize to 
get proper explanations of them. Pattern production is done in proper periods. 
The produced patterns are revised to re-observe the system by that numbers. This is done to 
explain the data changes and change paths. The policies, protocols, solutions and approach 
are changed in a way to reach to that target. For this job a general target is introduced and 
also some sub targets if required. Therefore the final decision pattern is produced like the 
figure bellow. 
 

Target Sub-target 1  Sub-target 2 … Sub-target m 
     

Fig. 14. Targets in the pattern 
 
Therefore a new independent pattern is introduced for each target as the figure bellow. 
 

Target 1 Attribute 1  Attribute 2 … 
    

Fig. 15. Independent pattern for each target 
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 In the figure above, PP is that probability of the pattern or the final weight which relates to 
the attribute AH. This probability is computed from the multiplication of effective attribute 
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the attribute AH. This probability is computed from the multiplication of effective attribute 
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the other value is eliminated. Then the output of both tree and graph is an array. They have 
no difference in their structure and have equivalent aspect. Each can be proposed at its 
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efficiency are on each other, decision tree would be the best choice. If the attributes 
independency rate is high in comparison with each other, then decision graph would be the 
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numbers. Now, these numbers can be changed into other format or shape and normalize to 
get proper explanations of them. Pattern production is done in proper periods. 
The produced patterns are revised to re-observe the system by that numbers. This is done to 
explain the data changes and change paths. The policies, protocols, solutions and approach 
are changed in a way to reach to that target. For this job a general target is introduced and 
also some sub targets if required. Therefore the final decision pattern is produced like the 
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 In the figure above, PP is that probability of the pattern or the final weight which relates to 
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By this way all sub-targets introduce special and effective attributes for themselves. After 
introducing the final pattern and the sub-pattern, it is the time to be able to lead and guide 
them in a way to reach to the target. Target is reaching to an ideal number or probability. 
Then for each pattern, either target or non-target a matrix is supposed. 
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Fig. 16. Target matrix 
 
Now, in various periods and usually after some changes in the system, continually start to 
produce pattern. This operation should be done and deduced ceaselessly. As an example, a 
change in the product color may improve the sub-target and consequently have good reflex 
on the target. In that case, the number of new target will be greater than the number of 
previous target. In other case the system may change warrantee rate instead of color and see 
that this change weakens or strengthens a sub-target.  

 
10.2 Matrix Analysis 
In this part the pattern is analyzed through a matrix. Suppose p is the number of patterns 
and k is the number of distinct attributes in the pattern. We have: 
 

 
 
 
 
 
 

Fig. 17. A sample matrix 
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the least repetition in the pattern. Therefore it can be concluded that some of the greatest Ni 
and Si can be deleted. It means that the Mpk matrix can be reduced and recreated by the 
existing attributes. This job is done over and over till the growth interval of the Ni and Si 
becomes limited. When the maximum value of Ni is 3 then it means that there is 3 unrelated 
attributes. When the maximum value of Si is 3 then it means that there is an attribute which 
cannot be found in 3 patterns and the patterns are independent from it. 
Resistance in a matrix is the confirmation in a pattern and come to a resistant conclusion in 
patterns. After reach in a resistant state in the matrix, it can be supposed that the numbers 
loose their value and importance and the average of numbers in the columns can be used as 
the coefficient of that attribute in the major pattern. The pattern will be produced through 
the matrix and all the attributes will be used in that process with the average of values in the 
pattern. The numerical analysis on the pattern will represent the resistance of the final 
pattern and its fluctuation will be at the least amount because of using the average value. 
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10.3 Targets and Sub-targets 
Having targets and sub-targets helps to notice the effect of changes in policies, rules, 
approaches and etc easily. If the process of these changes and the curve of general changes 
of target attribute be taken under consideration, after a short time the system will simply 
access to a knowledge that helps to notice the effect of different instances in its pattern. 
These changes should be lead in a way that generally and in one trade off among the 
parameters, the final estimate and resultant will be the considered target of system. Such 
guidance is called risk management. If the system operates in a way that it never comes 
down from special values, the system targets are gained. So risk management should be 
accompanied with a diagram for the targets. The figure bellow gives example. 
 

 
 
 
 
 
 
 

Fig. 18. Target variation 
 
It is possible that the improvement in a sub-target does not always improve the target and 
some times lowering of a sub-target may cause an ideal improvement in other sub-targets 
which finally ends in the improvement of the target. Figure bellow demonstrates a sample. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 19. Target variation 
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approaches and etc easily. If the process of these changes and the curve of general changes 
of target attribute be taken under consideration, after a short time the system will simply 
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These changes should be lead in a way that generally and in one trade off among the 
parameters, the final estimate and resultant will be the considered target of system. Such 
guidance is called risk management. If the system operates in a way that it never comes 
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10.3 Targets and Sub-targets 
Having targets and sub-targets helps to notice the effect of changes in policies, rules, 
approaches and etc easily. If the process of these changes and the curve of general changes 
of target attribute be taken under consideration, after a short time the system will simply 
access to a knowledge that helps to notice the effect of different instances in its pattern. 
These changes should be lead in a way that generally and in one trade off among the 
parameters, the final estimate and resultant will be the considered target of system. Such 
guidance is called risk management. If the system operates in a way that it never comes 
down from special values, the system targets are gained. So risk management should be 
accompanied with a diagram for the targets. The figure bellow gives example. 
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sub-target may affect other sub-targets in the positive direction so much and finally improve 
the target. Now if these variations and their effect sources become recognized, certainly the 
system management will be done simply and ideally. By such management the system can 
improve the parameter and factor which likes to grow even it causes lowering or becoming 
negative in other parameters. 

 
11. Conclusion 
 

There are so many problems for great systems by the huge amount of data in data-bases. 
Data-mining by using patterns from data-bases can solve the problem very much, as 
describe in the first section. So many kinds of patterns are suggested, designed and used in 
systems that we have introduced some in section 2. The new pattern designing suggested in 
this paper, is done using probability and decision trees. It is valid, novel, useful and very 
understandable because of giving mathematical information. The relationship between the 
relations (tables) is done according to system analysis and the designing and gathering of 
data is based on that analysis. Various analysis give various designing. As described in 
section 3 it can be used in risk management operations and guide great systems to increase 
their profitable attributes and reduce the harmful ones. In section 4 the way to use these 
patterns in risk management is explained and some important points are mentioned. 

 
11.1 Future Research 
The method we presented in this paper sets the stage ready for two interesting topics of 
research: 
Knowledge production along with the risk management by probability based patterns in 
data-mining. 
A New Approach: 
A method can be suggested, in which using patterns in risk management can lead us to 
change the direction of job from data-mining to the knowledge bases in expert systems. In 
this case the control of mankind managers on the system will be given to the programmed 
machines and the rate of errors surely come down. 
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sub-target may affect other sub-targets in the positive direction so much and finally improve 
the target. Now if these variations and their effect sources become recognized, certainly the 
system management will be done simply and ideally. By such management the system can 
improve the parameter and factor which likes to grow even it causes lowering or becoming 
negative in other parameters. 

 
11. Conclusion 
 

There are so many problems for great systems by the huge amount of data in data-bases. 
Data-mining by using patterns from data-bases can solve the problem very much, as 
describe in the first section. So many kinds of patterns are suggested, designed and used in 
systems that we have introduced some in section 2. The new pattern designing suggested in 
this paper, is done using probability and decision trees. It is valid, novel, useful and very 
understandable because of giving mathematical information. The relationship between the 
relations (tables) is done according to system analysis and the designing and gathering of 
data is based on that analysis. Various analysis give various designing. As described in 
section 3 it can be used in risk management operations and guide great systems to increase 
their profitable attributes and reduce the harmful ones. In section 4 the way to use these 
patterns in risk management is explained and some important points are mentioned. 

 
11.1 Future Research 
The method we presented in this paper sets the stage ready for two interesting topics of 
research: 
Knowledge production along with the risk management by probability based patterns in 
data-mining. 
A New Approach: 
A method can be suggested, in which using patterns in risk management can lead us to 
change the direction of job from data-mining to the knowledge bases in expert systems. In 
this case the control of mankind managers on the system will be given to the programmed 
machines and the rate of errors surely come down. 
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1. Introduction 
 

The real implementation of individualized therapy and gene therapy of diseases, which are 
most often multi-gene disorders, is an important goal of modern personalized medicine, but 
needs a solid rational foundation. The deluge of complex, high-dimensional biomedical data 
is continuously increasing; however, our modeling capacity is much smaller and increasing 
only slowly - particularly in fields using high-throughput techniques such as genomics, 
transcriptomics, proteomics, and pharmacogenomics. Knowing which genes are expressed, 
when, where, and to what extent is important for understanding organisms, as well as for 
controlling genes through adequate drugs and dosage regimens development. The 
regulation of gene expression is achieved through complex regulatory systems—gene 
regulatory networks (GRNs) - which are networks of interactions among DNA, RNA, 
proteins, and small molecules. 
Let us remark that not only a key ingredient but a whole dimension is missing from this 
view. A large variety of external molecular species interfere with gene networks, but we will 
focus only on drugs, drug discovery being one of the important routes to personalized 
medicine. A more general concept of drug gene regulatory networks (DGRN), or simply 
drug gene networks (DGN), first introduced in (Floares, 2007b), is presented together with 
some mathematically definitions.  
Besides the high-throughput experimental approaches, allowing to simultaneously monitor 
thousands of genes or other molecular species, mathematical modeling is essential for 
understanding and controlling gene networks by drugs or gene replacements. Various 
formalisms, such as Bayesian networks, Boolean networks, differential equation models, 
qualitative differential equations, stochastic equations, and rule-based systems, have been 
used (see (Jong, 2002); (Gardner & Faith, 2005); (Bansal, 2007) for reviews).  
The ordinary differential equations (ODE) approach tries to elucidate a deeper understanding 
of the exact nature of the regulatory circuits and their regulation mechanisms. In a 
pharmacogenomic context, it allows the design of controls that are optimal, individualized 
drug dosage regimens (Floares, 2005); (Floares, 2006). Unfortunately, this is also the most 
difficult, tedious, expensive, and time-consuming approach. The models are high-dimensional 
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systems of nonlinear-coupled stiff ODEs. The number of parameters is extremely large, and 
many of them have unknown values. Although in principle one can find the best set of 
parameter values by sampling the whole parameter space, many degenerate solutions may be 
expected. These are due to the correlations between parameters, and to the fact that biological 
systems have built-in regulation mechanisms that make them robust to changes in many of 
their parameter values. These facts suggest that it is the network structure rather than the 
precise value of the parameters that confers stability to the system. 
There is a need for algorithms to automatically infer such models from high-throughput 
time-series data, and artificial intelligence is better suited than conventional modeling. We 
proposed a series of reverse engineering algorithms for drug gene networks (Floares, 2007b), 
based on artificial intelligence methods - neural networks (NN) for identification and 
control, and linear genetic programming (GP) (M. Brameier & W. Banzhaf, 2007) for 
symbolic regression. The algorithms take as inputs high-throughput (e.g., microarray) time-
series data and automatically infer an accurate ordinary differential equations model, 
revealing the networks structure and parameter and giving insights into the molecular 
mechanisms involved.  
RODES algorithms, from reversing ordinary differential equations systems, decouple the 
systems of differential equations, reducing the problem to that of revere engineering 
individual algebraic equations. Using GP involve evaluating the fitness of hundreds of 
models (computer programs) every generation, in the simulated evolution.  Our approach 
drastically reduces the complexity of the problem and the execution time, because for 
evaluating the fitness function is not necessary to integrate the ODE system. In addition, the 
possibility of incorporating common domain knowledge in RODES reduces the structure 
search space and further speeds up the algorithms. 
Other studies, proposing GRN reverse-engineering algorithms based on evolutionary 
computation, require integration of the ODE systems hundreds or thousands of times for 
each generation ((Sakamoto & Iba, 2001); (Kikuchi et al., 2003); (Noman & Iba, 2005); (Cho et 
al., 2006)).  Similar methods have been proposed in the past, but most of them require a 
predefined model structure, however, and are limited to parameter estimation. For example, 
the S-system model refers to a particular type of ODE system in which the component 
processes are power-law functions (Savageau, 1976) (Voit, 2000). Despite the elegance and 
computational simplicity of the S-system model, this formalism has its limitations for 
biochemical networks (e.g., (Beard, 2004)). 
Usually, due to various experimental constraints, essential information is missing from data, 
and even the most powerful artificial intelligence techniques are not creating information, 
but just extracting it from data. Missing information from data is an important data mining 
and artificial intelligence problem, by no means restricted to the problem investigated here. 
To our knowledge, the problem of missing information from data, in the form of variables 
or features missing, does not have adequate technical solutions in the data mining and 
computational intelligence literature. In the present context, not all variables or time-series 
are simultaneously measured, as it is required to reconstruct the drug gene networks, as 
systems of ordinary differential equations. RODES algorithms can reveal if some 
information from the input set is either missing or not related to the output. This is possible 
because the genetic programming version of RODES (GP RODES) requires the temporal 
series of all variables of the system to infer an accurate mechanistic model. It also means that 
it does not discover false input–output relations. 

One of the unique features of RODES is its ability to deal with the common but challenging 
situations of information as variables missing from data. Thinking in a systemic way one 
can conjecture that, due to the interactions in these networks, information must be implicitly 
present in the data. Therefore we used some ideas and techniques from control theory, 
mainly feedback linearization. To automate the algorithm the neural networks counterpart 
of the conventional feedback linearization (Garces, 2003) was used. Applied to drug gene 
networks the neural networks version of RODES algorithm (NN RODES) enable and 
automate the  reconstruction of the time-series of the transcription factors, microRNAs, or 
drug related compounds which are usually missing in microarray experiments.  
The tricky solution consists of transforming the modeling problem in a tracking control 
problem. The measured mRNA temporal series become the desired or reference trajectories. 
The problem is to find the control(s) such that the plant output - the solution of the mRNA 
ODE - tracks the desired trajectory with an acceptable accuracy level. These controls are the 
missing variables of the (D)GRNs that are identified in this way. To the best of our 
knowledge, this are the first realistic reverse-engineering algorithm, based on linear GP and 
NN FBL, for large gene networks including pharmacogenomic variables and interactions, 
capable to deal with missing information as variables from data. 

 
2. Methods 
 

2.1 (D)GRN Fundamental ODE Patterns and Building Blocks 
The rate at which the concentration of a protein changes inside a cell depends mainly on the 
following: 

1. the rate at which its mRNA is produced and degraded; 
2. the rates at which the mRNA molecules are translated; 
3. the rate at which the protein itself degrades. 

Because these are (bio)chemical reactions the corresponding rates are described by 
(bio)chemical kinetic equations. There are two main frameworks for modeling and 
simulations (bio)chemical reactions, a deterministic and a stochastic one.  
The deterministic modeling is based on the construction of a set of rate equations to describe the 
biochemical reactions. These rate equations are non-linear ordinary differential equations with 
concentrations of chemical species as variables. Deterministic simulation produces 
concentrations by integrating the ODEs. The stochastic modeling involves the formation of a set 
of chemical master equations with probabilities as variables (van Kampen, 1992) [17]. Stochastic 
simulation produces counts of molecules of the chemical species as realizations of random 
variables drawn from the probability distribution described by the chemical master equations. 
Which framework is appropriate for a given biological system depends on the investigated 
biological phenomena, and is influenced by the simplifying assumptions of the analysis 
(Wolkenhauer et al., 2004). The present report is focused on the deterministic approach.  
Usually, these rates have the same mathematical form as the pharmacokinetic (PK) blocks 
describing the drug movement into, within, and out of the body: 

1. Zero order: dX/dt = k, where k is a zero-order rate constant and X is the 
concentration of the drug; 

2. First order: dX/dt = k · X, where k is a first-order rate constant and X is as above; and 
3. Michaelis–Menten: dX/dt = Vm · X/(Km + X), where Vm is a maximum rate, Km is 

the Michaelis constant, and X is as above. 
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drug related compounds which are usually missing in microarray experiments.  
The tricky solution consists of transforming the modeling problem in a tracking control 
problem. The measured mRNA temporal series become the desired or reference trajectories. 
The problem is to find the control(s) such that the plant output - the solution of the mRNA 
ODE - tracks the desired trajectory with an acceptable accuracy level. These controls are the 
missing variables of the (D)GRNs that are identified in this way. To the best of our 
knowledge, this are the first realistic reverse-engineering algorithm, based on linear GP and 
NN FBL, for large gene networks including pharmacogenomic variables and interactions, 
capable to deal with missing information as variables from data. 
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systems of nonlinear-coupled stiff ODEs. The number of parameters is extremely large, and 
many of them have unknown values. Although in principle one can find the best set of 
parameter values by sampling the whole parameter space, many degenerate solutions may be 
expected. These are due to the correlations between parameters, and to the fact that biological 
systems have built-in regulation mechanisms that make them robust to changes in many of 
their parameter values. These facts suggest that it is the network structure rather than the 
precise value of the parameters that confers stability to the system. 
There is a need for algorithms to automatically infer such models from high-throughput 
time-series data, and artificial intelligence is better suited than conventional modeling. We 
proposed a series of reverse engineering algorithms for drug gene networks (Floares, 2007b), 
based on artificial intelligence methods - neural networks (NN) for identification and 
control, and linear genetic programming (GP) (M. Brameier & W. Banzhaf, 2007) for 
symbolic regression. The algorithms take as inputs high-throughput (e.g., microarray) time-
series data and automatically infer an accurate ordinary differential equations model, 
revealing the networks structure and parameter and giving insights into the molecular 
mechanisms involved.  
RODES algorithms, from reversing ordinary differential equations systems, decouple the 
systems of differential equations, reducing the problem to that of revere engineering 
individual algebraic equations. Using GP involve evaluating the fitness of hundreds of 
models (computer programs) every generation, in the simulated evolution.  Our approach 
drastically reduces the complexity of the problem and the execution time, because for 
evaluating the fitness function is not necessary to integrate the ODE system. In addition, the 
possibility of incorporating common domain knowledge in RODES reduces the structure 
search space and further speeds up the algorithms. 
Other studies, proposing GRN reverse-engineering algorithms based on evolutionary 
computation, require integration of the ODE systems hundreds or thousands of times for 
each generation ((Sakamoto & Iba, 2001); (Kikuchi et al., 2003); (Noman & Iba, 2005); (Cho et 
al., 2006)).  Similar methods have been proposed in the past, but most of them require a 
predefined model structure, however, and are limited to parameter estimation. For example, 
the S-system model refers to a particular type of ODE system in which the component 
processes are power-law functions (Savageau, 1976) (Voit, 2000). Despite the elegance and 
computational simplicity of the S-system model, this formalism has its limitations for 
biochemical networks (e.g., (Beard, 2004)). 
Usually, due to various experimental constraints, essential information is missing from data, 
and even the most powerful artificial intelligence techniques are not creating information, 
but just extracting it from data. Missing information from data is an important data mining 
and artificial intelligence problem, by no means restricted to the problem investigated here. 
To our knowledge, the problem of missing information from data, in the form of variables 
or features missing, does not have adequate technical solutions in the data mining and 
computational intelligence literature. In the present context, not all variables or time-series 
are simultaneously measured, as it is required to reconstruct the drug gene networks, as 
systems of ordinary differential equations. RODES algorithms can reveal if some 
information from the input set is either missing or not related to the output. This is possible 
because the genetic programming version of RODES (GP RODES) requires the temporal 
series of all variables of the system to infer an accurate mechanistic model. It also means that 
it does not discover false input–output relations. 

One of the unique features of RODES is its ability to deal with the common but challenging 
situations of information as variables missing from data. Thinking in a systemic way one 
can conjecture that, due to the interactions in these networks, information must be implicitly 
present in the data. Therefore we used some ideas and techniques from control theory, 
mainly feedback linearization. To automate the algorithm the neural networks counterpart 
of the conventional feedback linearization (Garces, 2003) was used. Applied to drug gene 
networks the neural networks version of RODES algorithm (NN RODES) enable and 
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ODE - tracks the desired trajectory with an acceptable accuracy level. These controls are the 
missing variables of the (D)GRNs that are identified in this way. To the best of our 
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Some of the rates of mRNA production, degradation, and translation are regulated by TFs 
and microRNAs (miRNA) respectively, in GRN.  
In a pharmacogenomic context, new regulatory interactions, or exogenous control factors 
represented by drugs, are added. We introduced the more general concept of drug gene 
regulatory networks or drug gene networks in (Floares, 2007b). If the regulation is restricted to 
transcription factors and microRNAs, the network is a GRN. If the regulation is exerted by 
transcription factors, microRNAs and by drugs or drugs related compounds, e.g., drug–receptor 
complexes, the network is a DGRN. Thus, GRN could be considered a subset of DGRN. 
The mathematical descriptions of the mechanisms of regulation, by TFs, microRNAs, and 
drug-related compounds, are the same. They have the form of the most common 
pharmacodynamic (PD) blocks, describing the relationship between drug doses or 
concentration and effects: 
1) Linear (stimulation [+] or inhibition [-]) model: E = E0 ± S · Ce 
2) Log-linear (stimulation [+] or inhibition [-]) model: E = E0 ± S · log (Ce) 
3) Ordinary (γ = 1) or sigmoid (γ > 1) Emax (stimulation [+] or inhibition [-]) model: 

       50/0 max e eE E E C C EC  

where E is the effect variable; E0 is the baseline effect; Emax is the maximum drug-induced 
effect, also called capacity; EC50 (sometimes IC50 [50% inhibitory concentration] is used instead 
of EC50 for inhibitory effect) are the plasma concentration at 50% of maximal effect, also called 
sensitivity; S is the slope of the line relating the effect to the concentration; Ce is the 
concentration to which the effect is related, and γ is the sigmoidicity factor (Hill exponent). 
GRN ODE systems models have one ODE for each mRNA, microRNA and protein, 
corresponding to transcription and translation, respectively. The protein can be a 
transcription factor too. DGRN ODE systems have some additional equations for the drug 
related compounds, which can act as transcription factors, e.g., a drug-receptor complex in 
the cellular nucleus. The corresponding ODE describes the translocation of the drug-
receptor complex from cytoplasm to nucleus and its degradation. The ODE systems for 
DGRN and GRN results from the following: 

1. summing up the pharmacokinetic blocks and 
2. multiplying the rate constants of the regulated processes by pharmacodynamic 

blocks. 
Usually, it is assumed that other processes, such as diffusion and transport, are fast with 
respect to transcription and translation and may thus be ignored.  
In words, the structure of these equations, for any molecular specie, is simple:  
Rate of Change =  
Production Rate x Production Regulation - Degradation Rate x Degradation Regulation 
Thus, the rates of change in a specific mRNA concentration (mRNA), and in the translated 
product concentration (e.g., a transcription factor, TF, in our case) are 
    

 sm s dm d
dmRNA k R k R mRNA

dt
      (1) 

 sTF sTF dTF dTF
dTF k mRNA R k R TF
dt

       (2) 

  
where ksm is the rate at which mRNA is produced and kdm is the mRNA degradation rate 
constant; kdTF is the TF degradation rate constant, and ksTF is the average TF translation rate 

constant. Rs and Rd are generic notations for different regulatory factors of mRNA synthesis and 
degradation, respectively. Usually, Rs represents TFs regulating mRNA synthesis and RsTF 

represents microRNAs regulating translation and probably drugs related compounds; Rd and 
RdTF could represent drug-related compounds, e.g., a drug–receptor complex. A regulatory factor 
Rs, d = 1 indicates no regulation, and an Rs, d having the form of one of the pharmacodynamic 
blocks indicates the action and the mechanism of action of a regulatory factor.  
Equation (1) is a simple description for both mRNA and miRNA rates and their regulation. 
Equation (2) is a simple description of translation rate and its regulation for any protein, 
including the special case of transcription factors, were the protein also regulates transcription. 
It is worth mentioning that, while many molecular species could act as transcription or 
translation regulators, embedding all these regulatory interactions in a single variable or 
function is just a highly accurate but first approximation, as our results will show. 
Equations (1) and (2) together with the above PK and PD blocks form a fundamental ODE 
patterns or building blocks of the (D)GRN models. This common domain knowledge, 
together with the information obtained via the data and knowledge mining approach, can 
be simply used to reduce the structure search space of the algorithm, and to identify the 
biochemical mechanisms involved, in the resultant model. As we will show bellow, the 
information concerning the direction, sign and mechanisms of such interactions can be at 
least partially extracted from data by RODES algorithms, in a data mining and network 
discovery from data approach. It possible and very useful to integrate the data mining 
approach using numbers, with a knowledge mining approach, extracting information from 
processed published literature databases, using dedicated systems biology software (e.g., 
IPA™ from Ingenuity, or GeneGo™ from GeneGo). 
Three cases, of increasing complexity, are possible for both equation (1) and equation (2), 
and for simplicity, they will be presented only for equation (1), and for mRNA: 

1. unregulated mRNA transcription and unregulated mRNA degradation, 
2. regulated mRNA transcription and unregulated mRNA degradation, and 
3. regulated mRNA transcription and regulated mRNA degradation. 

For unregulated transcription and degradation (Rs = 1, Rd = 1), all variables (mRNAs) are 
available and one can use GP RODES, the RODES algorithm based on Genetic Programming 
(see (Floares, 2008) for details) to automatically infer the corresponding ODE.  
For regulated transcription and missing information about the TFs or drug related 
compounds (variable missing), RODES was extended in (Floares, 2008), using neural 
networks and simulated data. The application of this NN RODES version to real 
experimental microarray data is a central theme of this contribution. Usually, while the 
equations’ structure is known – it should be a version of equation (1)), and the parameters’ 
values can be found in the literature or in public databases - only the temporal series of the 
mRNAs are available from microarray experiments, but not those of the TFs.  
It is important to emphasize that this is an important and difficult data mining or 
knowledge discovery in data problem. Remember that even the most sophisticate artificial 
(computational) intelligence methods are just extracting information from data and not 
producing information. Information could be missing from data in two major distinct ways: 

1.  some variables from data have missing values, or 
2.  some variables are missing from data.  

Both missing values and missing variables from data are encountered very frequently in 
practice. The first one is very easy to indentify just by carefully examining the data. The 
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Usually, it is assumed that other processes, such as diffusion and transport, are fast with 
respect to transcription and translation and may thus be ignored.  
In words, the structure of these equations, for any molecular specie, is simple:  
Rate of Change =  
Production Rate x Production Regulation - Degradation Rate x Degradation Regulation 
Thus, the rates of change in a specific mRNA concentration (mRNA), and in the translated 
product concentration (e.g., a transcription factor, TF, in our case) are 
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dt
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 sTF sTF dTF dTF
dTF k mRNA R k R TF
dt

       (2) 

  
where ksm is the rate at which mRNA is produced and kdm is the mRNA degradation rate 
constant; kdTF is the TF degradation rate constant, and ksTF is the average TF translation rate 

constant. Rs and Rd are generic notations for different regulatory factors of mRNA synthesis and 
degradation, respectively. Usually, Rs represents TFs regulating mRNA synthesis and RsTF 

represents microRNAs regulating translation and probably drugs related compounds; Rd and 
RdTF could represent drug-related compounds, e.g., a drug–receptor complex. A regulatory factor 
Rs, d = 1 indicates no regulation, and an Rs, d having the form of one of the pharmacodynamic 
blocks indicates the action and the mechanism of action of a regulatory factor.  
Equation (1) is a simple description for both mRNA and miRNA rates and their regulation. 
Equation (2) is a simple description of translation rate and its regulation for any protein, 
including the special case of transcription factors, were the protein also regulates transcription. 
It is worth mentioning that, while many molecular species could act as transcription or 
translation regulators, embedding all these regulatory interactions in a single variable or 
function is just a highly accurate but first approximation, as our results will show. 
Equations (1) and (2) together with the above PK and PD blocks form a fundamental ODE 
patterns or building blocks of the (D)GRN models. This common domain knowledge, 
together with the information obtained via the data and knowledge mining approach, can 
be simply used to reduce the structure search space of the algorithm, and to identify the 
biochemical mechanisms involved, in the resultant model. As we will show bellow, the 
information concerning the direction, sign and mechanisms of such interactions can be at 
least partially extracted from data by RODES algorithms, in a data mining and network 
discovery from data approach. It possible and very useful to integrate the data mining 
approach using numbers, with a knowledge mining approach, extracting information from 
processed published literature databases, using dedicated systems biology software (e.g., 
IPA™ from Ingenuity, or GeneGo™ from GeneGo). 
Three cases, of increasing complexity, are possible for both equation (1) and equation (2), 
and for simplicity, they will be presented only for equation (1), and for mRNA: 

1. unregulated mRNA transcription and unregulated mRNA degradation, 
2. regulated mRNA transcription and unregulated mRNA degradation, and 
3. regulated mRNA transcription and regulated mRNA degradation. 

For unregulated transcription and degradation (Rs = 1, Rd = 1), all variables (mRNAs) are 
available and one can use GP RODES, the RODES algorithm based on Genetic Programming 
(see (Floares, 2008) for details) to automatically infer the corresponding ODE.  
For regulated transcription and missing information about the TFs or drug related 
compounds (variable missing), RODES was extended in (Floares, 2008), using neural 
networks and simulated data. The application of this NN RODES version to real 
experimental microarray data is a central theme of this contribution. Usually, while the 
equations’ structure is known – it should be a version of equation (1)), and the parameters’ 
values can be found in the literature or in public databases - only the temporal series of the 
mRNAs are available from microarray experiments, but not those of the TFs.  
It is important to emphasize that this is an important and difficult data mining or 
knowledge discovery in data problem. Remember that even the most sophisticate artificial 
(computational) intelligence methods are just extracting information from data and not 
producing information. Information could be missing from data in two major distinct ways: 

1.  some variables from data have missing values, or 
2.  some variables are missing from data.  

Both missing values and missing variables from data are encountered very frequently in 
practice. The first one is very easy to indentify just by carefully examining the data. The 
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2. multiplying the rate constants of the regulated processes by pharmacodynamic 
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Usually, it is assumed that other processes, such as diffusion and transport, are fast with 
respect to transcription and translation and may thus be ignored.  
In words, the structure of these equations, for any molecular specie, is simple:  
Rate of Change =  
Production Rate x Production Regulation - Degradation Rate x Degradation Regulation 
Thus, the rates of change in a specific mRNA concentration (mRNA), and in the translated 
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where ksm is the rate at which mRNA is produced and kdm is the mRNA degradation rate 
constant; kdTF is the TF degradation rate constant, and ksTF is the average TF translation rate 

constant. Rs and Rd are generic notations for different regulatory factors of mRNA synthesis and 
degradation, respectively. Usually, Rs represents TFs regulating mRNA synthesis and RsTF 

represents microRNAs regulating translation and probably drugs related compounds; Rd and 
RdTF could represent drug-related compounds, e.g., a drug–receptor complex. A regulatory factor 
Rs, d = 1 indicates no regulation, and an Rs, d having the form of one of the pharmacodynamic 
blocks indicates the action and the mechanism of action of a regulatory factor.  
Equation (1) is a simple description for both mRNA and miRNA rates and their regulation. 
Equation (2) is a simple description of translation rate and its regulation for any protein, 
including the special case of transcription factors, were the protein also regulates transcription. 
It is worth mentioning that, while many molecular species could act as transcription or 
translation regulators, embedding all these regulatory interactions in a single variable or 
function is just a highly accurate but first approximation, as our results will show. 
Equations (1) and (2) together with the above PK and PD blocks form a fundamental ODE 
patterns or building blocks of the (D)GRN models. This common domain knowledge, 
together with the information obtained via the data and knowledge mining approach, can 
be simply used to reduce the structure search space of the algorithm, and to identify the 
biochemical mechanisms involved, in the resultant model. As we will show bellow, the 
information concerning the direction, sign and mechanisms of such interactions can be at 
least partially extracted from data by RODES algorithms, in a data mining and network 
discovery from data approach. It possible and very useful to integrate the data mining 
approach using numbers, with a knowledge mining approach, extracting information from 
processed published literature databases, using dedicated systems biology software (e.g., 
IPA™ from Ingenuity, or GeneGo™ from GeneGo). 
Three cases, of increasing complexity, are possible for both equation (1) and equation (2), 
and for simplicity, they will be presented only for equation (1), and for mRNA: 

1. unregulated mRNA transcription and unregulated mRNA degradation, 
2. regulated mRNA transcription and unregulated mRNA degradation, and 
3. regulated mRNA transcription and regulated mRNA degradation. 

For unregulated transcription and degradation (Rs = 1, Rd = 1), all variables (mRNAs) are 
available and one can use GP RODES, the RODES algorithm based on Genetic Programming 
(see (Floares, 2008) for details) to automatically infer the corresponding ODE.  
For regulated transcription and missing information about the TFs or drug related 
compounds (variable missing), RODES was extended in (Floares, 2008), using neural 
networks and simulated data. The application of this NN RODES version to real 
experimental microarray data is a central theme of this contribution. Usually, while the 
equations’ structure is known – it should be a version of equation (1)), and the parameters’ 
values can be found in the literature or in public databases - only the temporal series of the 
mRNAs are available from microarray experiments, but not those of the TFs.  
It is important to emphasize that this is an important and difficult data mining or 
knowledge discovery in data problem. Remember that even the most sophisticate artificial 
(computational) intelligence methods are just extracting information from data and not 
producing information. Information could be missing from data in two major distinct ways: 

1.  some variables from data have missing values, or 
2.  some variables are missing from data.  

Both missing values and missing variables from data are encountered very frequently in 
practice. The first one is very easy to indentify just by carefully examining the data. The 
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second one is not so evident, because in the most interesting data mining experiments one 
does not know exactly the number of relevant variables. Heuristically, missing variables 
manifests itself by a relatively low accuracy, which is very similar for different algorithms. 
Without entering into details, a typical situation could be for example a medical data mining 
problem -one has a dataset of say 150 patients, 10 input variables, and a binary diagnosis 
output variable, and (almost) no missing values; despite that, the prerequisites for a high 
accuracy are present, one only obtains say 80% accuracy. More than this, the accuracy is 
almost the same +/- 3% for all the algorithms tried - neural networks, support vector 
machines and decision trees - with the best settings for the algorithms. In addition, from the 
10 input variables, only 7 proved relevant for the diagnosis problem. In such a situation, it is 
clear that information is missing from data and this is related to variables missing. To our 
knowledge, this is the first time a solution based on artificial intelligence is proposed, for the 
important problem of information missing, in the form of variables missing from data. Our 
solution allows the reconstruction of missing variables, is accurate, and is by no means 
limited to the biomedical problems reported here. 

 
2.2 RODES Algorithm: No Missing Information, All variables measured 
The goal of the proposed algorithm for reverse engineering is threefold: 

1. to automatically identify the structure of accurate ODE systems models of GRN 
and DGRN, 

2. to automatically estimate their parameters, and  
3. to identify the biochemical and pharmacological mechanisms involved. 

The RODES algorithm starts from complex time-series data. The name of the algorithm is 
related to its results, not to the biological systems investigated. This is because we 
successfully applied it to various biological networks: the subthalamopallidal neural 
network of the basal ganglia (Floares, 2008) and the vascular networks of tumors (work in 
progress). The result is an ODE system, dX/dt = f(X).  
In the time-series data, at any given discrete time point, t, where t = 1, 2,...,T, dX/dt is equal 
to f(x) at the same time point t. Equivalently, for any individual ODE of the system, dXi=dt 
(at t) = fi(X) (at t), where i = 1, 2,..., n is the number of variables. Thus, each equations of the 
ODE system can be reconstructed one by one, via a simple data mining approach, as 
algebraic relations fi between the inputs X and output dXi/dt. The algorithm can be used for 
experimental or simulated data. For simulated data, the true structure of the (D)GRN 
models is known, and this allows a faithful evaluation of the predicted models. We therefore 
used simulated time-series data to illustrate our algorithm; the accuracy for experimental 
data is similar, as will be shown for the more difficult problem of missing information 
(variables) from data (see next section). The RODES version with no missing information 
from data is based on genetic programming, as a machine learning method, and consists of 
the following steps: 

1. Compute the time derivative of each variable, dXi=dt, at all discrete time points t: 
(a) differentiate each variable with respect to time for simulated data; 
(b) fit first a function to smooth the data, and then differentiate it, for noisy 

experimental data. 
2. Build input-output pairs, (Xi; dXi=dt), at the corresponding discrete time points t: 

(a) use all variables supposed to belong to the right hand side of the 
reconstructed ODE as inputs, 

(b) use the time derivative of one of the variables as output, if the GP 
implementation accepts many inputs but only one output, or  

(c) use the time derivatives of all the variables as output, if the GP 
implementation accepts many inputs and many outputs. 

3. Build training, validation (optional, to avoid overfitting), and testing sets from the 
input-output pairs. 

4. Initialize a population of randomly generated programs, coding mathematical 
models relating the inputs Xi to the output(s) dXi=dt. 

5. Perform a tournament contest: 
(a) Randomly select four programs and evaluate their fitness (mean squared 

error) - how well they map the input data Xi to the output data dXi=dt. 
(b) Select two programs as winners and the other two as losers. 
(c) Copy the two winner programs and transform them probabilistically by: 

i. exchanging parts of the winner programs with each other to 
create two new programs (crossover) and/or  

ii. randomly changing each tournament winner to create two new 
programs (mutation). 

(d) Replace the loser programs with the transformed winner programs. The 
winners of the tournament remain in the population unchanged. 

6. Repeat steps 5(a) - 5(d) until a program is developed that predicts the behavior 
sufficiently. 

7. Extract the ODE model from the resultant program or directly use it. 
Steps 1 - 3 reduce the problem of reversing a system of coupled ODEs, dX/dt = f(X), in that of 
reversing individual, decoupled, algebraic equations, dXi/dt = fi(X). Even though the output 
is in reality a time derivative, dXi=dt, the algorithm is simply searching for an algebraic 
equation relating the inputs to the output, at each discrete time point t. The corresponding 
relation is the predicted function,  îf X , for the right-hand side of each differential 
equation of the system. 
This approach drastically reduces the CPU time of the algorithm, by orders of magnitude, 
because in step 5(a) the fitness evaluation does not require the integration of the ODE 
system. More precisely, one can use a fitness function based on (e.g., (Spieth et al., 2006)):
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second one is not so evident, because in the most interesting data mining experiments one 
does not know exactly the number of relevant variables. Heuristically, missing variables 
manifests itself by a relatively low accuracy, which is very similar for different algorithms. 
Without entering into details, a typical situation could be for example a medical data mining 
problem -one has a dataset of say 150 patients, 10 input variables, and a binary diagnosis 
output variable, and (almost) no missing values; despite that, the prerequisites for a high 
accuracy are present, one only obtains say 80% accuracy. More than this, the accuracy is 
almost the same +/- 3% for all the algorithms tried - neural networks, support vector 
machines and decision trees - with the best settings for the algorithms. In addition, from the 
10 input variables, only 7 proved relevant for the diagnosis problem. In such a situation, it is 
clear that information is missing from data and this is related to variables missing. To our 
knowledge, this is the first time a solution based on artificial intelligence is proposed, for the 
important problem of information missing, in the form of variables missing from data. Our 
solution allows the reconstruction of missing variables, is accurate, and is by no means 
limited to the biomedical problems reported here. 

 
2.2 RODES Algorithm: No Missing Information, All variables measured 
The goal of the proposed algorithm for reverse engineering is threefold: 

1. to automatically identify the structure of accurate ODE systems models of GRN 
and DGRN, 

2. to automatically estimate their parameters, and  
3. to identify the biochemical and pharmacological mechanisms involved. 

The RODES algorithm starts from complex time-series data. The name of the algorithm is 
related to its results, not to the biological systems investigated. This is because we 
successfully applied it to various biological networks: the subthalamopallidal neural 
network of the basal ganglia (Floares, 2008) and the vascular networks of tumors (work in 
progress). The result is an ODE system, dX/dt = f(X).  
In the time-series data, at any given discrete time point, t, where t = 1, 2,...,T, dX/dt is equal 
to f(x) at the same time point t. Equivalently, for any individual ODE of the system, dXi=dt 
(at t) = fi(X) (at t), where i = 1, 2,..., n is the number of variables. Thus, each equations of the 
ODE system can be reconstructed one by one, via a simple data mining approach, as 
algebraic relations fi between the inputs X and output dXi/dt. The algorithm can be used for 
experimental or simulated data. For simulated data, the true structure of the (D)GRN 
models is known, and this allows a faithful evaluation of the predicted models. We therefore 
used simulated time-series data to illustrate our algorithm; the accuracy for experimental 
data is similar, as will be shown for the more difficult problem of missing information 
(variables) from data (see next section). The RODES version with no missing information 
from data is based on genetic programming, as a machine learning method, and consists of 
the following steps: 

1. Compute the time derivative of each variable, dXi=dt, at all discrete time points t: 
(a) differentiate each variable with respect to time for simulated data; 
(b) fit first a function to smooth the data, and then differentiate it, for noisy 

experimental data. 
2. Build input-output pairs, (Xi; dXi=dt), at the corresponding discrete time points t: 

(a) use all variables supposed to belong to the right hand side of the 
reconstructed ODE as inputs, 

(b) use the time derivative of one of the variables as output, if the GP 
implementation accepts many inputs but only one output, or  

(c) use the time derivatives of all the variables as output, if the GP 
implementation accepts many inputs and many outputs. 

3. Build training, validation (optional, to avoid overfitting), and testing sets from the 
input-output pairs. 

4. Initialize a population of randomly generated programs, coding mathematical 
models relating the inputs Xi to the output(s) dXi=dt. 

5. Perform a tournament contest: 
(a) Randomly select four programs and evaluate their fitness (mean squared 

error) - how well they map the input data Xi to the output data dXi=dt. 
(b) Select two programs as winners and the other two as losers. 
(c) Copy the two winner programs and transform them probabilistically by: 

i. exchanging parts of the winner programs with each other to 
create two new programs (crossover) and/or  

ii. randomly changing each tournament winner to create two new 
programs (mutation). 

(d) Replace the loser programs with the transformed winner programs. The 
winners of the tournament remain in the population unchanged. 

6. Repeat steps 5(a) - 5(d) until a program is developed that predicts the behavior 
sufficiently. 

7. Extract the ODE model from the resultant program or directly use it. 
Steps 1 - 3 reduce the problem of reversing a system of coupled ODEs, dX/dt = f(X), in that of 
reversing individual, decoupled, algebraic equations, dXi/dt = fi(X). Even though the output 
is in reality a time derivative, dXi=dt, the algorithm is simply searching for an algebraic 
equation relating the inputs to the output, at each discrete time point t. The corresponding 
relation is the predicted function,  îf X , for the right-hand side of each differential 
equation of the system. 
This approach drastically reduces the CPU time of the algorithm, by orders of magnitude, 
because in step 5(a) the fitness evaluation does not require the integration of the ODE 
system. More precisely, one can use a fitness function based on (e.g., (Spieth et al., 2006)):
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second one is not so evident, because in the most interesting data mining experiments one 
does not know exactly the number of relevant variables. Heuristically, missing variables 
manifests itself by a relatively low accuracy, which is very similar for different algorithms. 
Without entering into details, a typical situation could be for example a medical data mining 
problem -one has a dataset of say 150 patients, 10 input variables, and a binary diagnosis 
output variable, and (almost) no missing values; despite that, the prerequisites for a high 
accuracy are present, one only obtains say 80% accuracy. More than this, the accuracy is 
almost the same +/- 3% for all the algorithms tried - neural networks, support vector 
machines and decision trees - with the best settings for the algorithms. In addition, from the 
10 input variables, only 7 proved relevant for the diagnosis problem. In such a situation, it is 
clear that information is missing from data and this is related to variables missing. To our 
knowledge, this is the first time a solution based on artificial intelligence is proposed, for the 
important problem of information missing, in the form of variables missing from data. Our 
solution allows the reconstruction of missing variables, is accurate, and is by no means 
limited to the biomedical problems reported here. 

 
2.2 RODES Algorithm: No Missing Information, All variables measured 
The goal of the proposed algorithm for reverse engineering is threefold: 

1. to automatically identify the structure of accurate ODE systems models of GRN 
and DGRN, 

2. to automatically estimate their parameters, and  
3. to identify the biochemical and pharmacological mechanisms involved. 

The RODES algorithm starts from complex time-series data. The name of the algorithm is 
related to its results, not to the biological systems investigated. This is because we 
successfully applied it to various biological networks: the subthalamopallidal neural 
network of the basal ganglia (Floares, 2008) and the vascular networks of tumors (work in 
progress). The result is an ODE system, dX/dt = f(X).  
In the time-series data, at any given discrete time point, t, where t = 1, 2,...,T, dX/dt is equal 
to f(x) at the same time point t. Equivalently, for any individual ODE of the system, dXi=dt 
(at t) = fi(X) (at t), where i = 1, 2,..., n is the number of variables. Thus, each equations of the 
ODE system can be reconstructed one by one, via a simple data mining approach, as 
algebraic relations fi between the inputs X and output dXi/dt. The algorithm can be used for 
experimental or simulated data. For simulated data, the true structure of the (D)GRN 
models is known, and this allows a faithful evaluation of the predicted models. We therefore 
used simulated time-series data to illustrate our algorithm; the accuracy for experimental 
data is similar, as will be shown for the more difficult problem of missing information 
(variables) from data (see next section). The RODES version with no missing information 
from data is based on genetic programming, as a machine learning method, and consists of 
the following steps: 

1. Compute the time derivative of each variable, dXi=dt, at all discrete time points t: 
(a) differentiate each variable with respect to time for simulated data; 
(b) fit first a function to smooth the data, and then differentiate it, for noisy 

experimental data. 
2. Build input-output pairs, (Xi; dXi=dt), at the corresponding discrete time points t: 

(a) use all variables supposed to belong to the right hand side of the 
reconstructed ODE as inputs, 

(b) use the time derivative of one of the variables as output, if the GP 
implementation accepts many inputs but only one output, or  

(c) use the time derivatives of all the variables as output, if the GP 
implementation accepts many inputs and many outputs. 

3. Build training, validation (optional, to avoid overfitting), and testing sets from the 
input-output pairs. 

4. Initialize a population of randomly generated programs, coding mathematical 
models relating the inputs Xi to the output(s) dXi=dt. 

5. Perform a tournament contest: 
(a) Randomly select four programs and evaluate their fitness (mean squared 

error) - how well they map the input data Xi to the output data dXi=dt. 
(b) Select two programs as winners and the other two as losers. 
(c) Copy the two winner programs and transform them probabilistically by: 

i. exchanging parts of the winner programs with each other to 
create two new programs (crossover) and/or  

ii. randomly changing each tournament winner to create two new 
programs (mutation). 

(d) Replace the loser programs with the transformed winner programs. The 
winners of the tournament remain in the population unchanged. 

6. Repeat steps 5(a) - 5(d) until a program is developed that predicts the behavior 
sufficiently. 

7. Extract the ODE model from the resultant program or directly use it. 
Steps 1 - 3 reduce the problem of reversing a system of coupled ODEs, dX/dt = f(X), in that of 
reversing individual, decoupled, algebraic equations, dXi/dt = fi(X). Even though the output 
is in reality a time derivative, dXi=dt, the algorithm is simply searching for an algebraic 
equation relating the inputs to the output, at each discrete time point t. The corresponding 
relation is the predicted function,  îf X , for the right-hand side of each differential 
equation of the system. 
This approach drastically reduces the CPU time of the algorithm, by orders of magnitude, 
because in step 5(a) the fitness evaluation does not require the integration of the ODE 
system. More precisely, one can use a fitness function based on (e.g., (Spieth et al., 2006)):
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second one is not so evident, because in the most interesting data mining experiments one 
does not know exactly the number of relevant variables. Heuristically, missing variables 
manifests itself by a relatively low accuracy, which is very similar for different algorithms. 
Without entering into details, a typical situation could be for example a medical data mining 
problem -one has a dataset of say 150 patients, 10 input variables, and a binary diagnosis 
output variable, and (almost) no missing values; despite that, the prerequisites for a high 
accuracy are present, one only obtains say 80% accuracy. More than this, the accuracy is 
almost the same +/- 3% for all the algorithms tried - neural networks, support vector 
machines and decision trees - with the best settings for the algorithms. In addition, from the 
10 input variables, only 7 proved relevant for the diagnosis problem. In such a situation, it is 
clear that information is missing from data and this is related to variables missing. To our 
knowledge, this is the first time a solution based on artificial intelligence is proposed, for the 
important problem of information missing, in the form of variables missing from data. Our 
solution allows the reconstruction of missing variables, is accurate, and is by no means 
limited to the biomedical problems reported here. 

 
2.2 RODES Algorithm: No Missing Information, All variables measured 
The goal of the proposed algorithm for reverse engineering is threefold: 

1. to automatically identify the structure of accurate ODE systems models of GRN 
and DGRN, 

2. to automatically estimate their parameters, and  
3. to identify the biochemical and pharmacological mechanisms involved. 

The RODES algorithm starts from complex time-series data. The name of the algorithm is 
related to its results, not to the biological systems investigated. This is because we 
successfully applied it to various biological networks: the subthalamopallidal neural 
network of the basal ganglia (Floares, 2008) and the vascular networks of tumors (work in 
progress). The result is an ODE system, dX/dt = f(X).  
In the time-series data, at any given discrete time point, t, where t = 1, 2,...,T, dX/dt is equal 
to f(x) at the same time point t. Equivalently, for any individual ODE of the system, dXi=dt 
(at t) = fi(X) (at t), where i = 1, 2,..., n is the number of variables. Thus, each equations of the 
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algebraic relations fi between the inputs X and output dXi/dt. The algorithm can be used for 
experimental or simulated data. For simulated data, the true structure of the (D)GRN 
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input-output pairs. 
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error) - how well they map the input data Xi to the output data dXi=dt. 
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where j and T are as above, ˆ ( ) /idX t dt  is the time derivative at time point t of the variable Xi 
predicted by the program j, and dXi(t)/dt represents the time derivative at time t of the 
experimental or simulated variable Xi calculated in step 1 of the algorithm. 
While the time needed to integrate a system of ODE seems negligible, during fitness 
evaluation the integration has to be executed hundreds or thousands of times per 
generation. These, and the results of our previous studies (Floares, 2005), (Floares, 2006), 
(Floares, 2007b), suggest that RODES will scale up well, as required by modern high-
throughput biomedical techniques.  
We used a linear version of a steady-state genetic programming proposed by Banzhaf (see 
(Brameier & Banzhaf, 2007)) for a detailed introduction, and the literature cited there). In linear 
genetic programming the individuals are computer programs represented as a sequence of 
instructions from an imperative programming language or machine language. Nordin 
introduced the use of machine code in this context (cited in (Brameier & Banzhaf, 2007)). The 
major preparatory steps for GP consist of determining  

1. the set of terminals (see below), 
2. the set of functions (see below), 
3. the fitness measure (see equation (4)), 
4. the parameters for the run (see below), 
5. the method for designating a result, and 
6. the criterion for terminating a run. 

The function set, also called instruction set in linear GP, can be composed of standard 
arithmetic or programming operations, standard mathematical functions, logical functions, 
or domain-specific functions.  
We used the following Genetic Programming parameter setting: 

 Population size 500 
 Mutation frequency 95% 

o Block mutation rate 30% 
o Instruction mutation rate 30% 
o Instruction data mutation rate 40% 

 Crossover frequency 50% 
o Homologous crossover 95% 

 Program Size 80-128 
 Demes 

o Crossover between demes 0% 
o Number of demes 10 
o Migration rate 1% 

 Dynamic Subset Selection 
o Target subset size 50 
o Selection by age 50% 
o Selection by difficulty 50% 
o Stochastic selection 0% 
o Frequency (in generation equivalents) 1 

 Function set {+, -, *, /} 
 Terminal set 64 = j + k 

o Constants j 
o Inputs k 

Using simple and common domain knowledge, such as the set of mathematical functions 
that appear in the models, e.g., arithmetic functions but not trigonometric function, is 
enough for RODES to find the proper structure of the reconstructed equations, also greatly 
increasing execution speed. The terminals are variables and parameters. In microarray 
experiments, the number of mRNAs is usually of the order of 102 or 103 after filtering, but 
the number of the clusters of genes with similar temporal signatures is small. One needs 
only to discover this small number of prototype ODE structures.  
All the equations have one of these prototype structures, and the equations in the same 
cluster have the same structure but different parameter values. We still do not know which 
are the input variables for each mRNA ODE equation. From the fundamental ODE patterns 
of DGRN, we know that the equations for each mRNA (see equation (1)) contains a synthetic 
and a degradation term. 
The inputs variables for these mRNA equations are  

1. the mRNA concentration - in a degradation term proportional with mRNA 
concentration - for unregulated transcription and degradation, 

2. the concentration of a transcription factor (for GRN) and/or of a drug related 
compound (for DGRN) - in a PD block (Rs in eqn (1))multiplying a PK block (the 
constant mRNA synthesis) - for regulated transcription and unregulated 
degradation, and  

3. as above but also the concentration of a drug-related compound (for DGRN), 
contained in a PD block (Rd in eqn (1)) multiplying a PK block (the linear mRNA 
degradation) - for regulated transcription and regulated degradation. 

The RODES version described in this section requires all inputs to be available. This 
condition is certainly true for the first situation but is usually false for the second and the 
third. The next section will extend RODES to cope with the second situation. 
Because we know the structure of this ODE (see eqn (1)), this is also the route to automate 
the discovery of the biochemical and pharmacological molecular mechanisms involved. 
Analyzing the resultant equations, one can easily identify 

1. cellular processes such as syntheses and degradations and their mechanisms as PK 
blocks, 

2. the presence of regulation and  
(a) which are the regulated processes - their rate constants are multiplied by 

PD blocks, 
(b) which are the regulatory factors - transcription factors for GRN, drugs, or 

both for DGRN - the corresponding PD blocks can be functions of the TF 
concentrations or drug-related compound concentrations, respectively, 

3. the regulation mechanisms - by looking at the corresponding PD blocks and at the 
rate constants they are multiplying. 

There are situations in which the PK/PD mechanisms in the resultant mathematical model 
need to be clarified. When we have the product of two or more constants, in the symbolic 
form of the model, the algorithm will find only one numerical value. Using elementary 
domain knowledge, one can easily and clearly identify the PK/PD mechanisms (see 
(Floares, 2006) for details). 

 
 

Toward	Personalized	Therapy	Using	Artificial		
Intelligence	Tools	to	Understand	and	Control	Drug	Gene	Networks 55

where j and T are as above, ˆ ( ) /idX t dt  is the time derivative at time point t of the variable Xi 
predicted by the program j, and dXi(t)/dt represents the time derivative at time t of the 
experimental or simulated variable Xi calculated in step 1 of the algorithm. 
While the time needed to integrate a system of ODE seems negligible, during fitness 
evaluation the integration has to be executed hundreds or thousands of times per 
generation. These, and the results of our previous studies (Floares, 2005), (Floares, 2006), 
(Floares, 2007b), suggest that RODES will scale up well, as required by modern high-
throughput biomedical techniques.  
We used a linear version of a steady-state genetic programming proposed by Banzhaf (see 
(Brameier & Banzhaf, 2007)) for a detailed introduction, and the literature cited there). In linear 
genetic programming the individuals are computer programs represented as a sequence of 
instructions from an imperative programming language or machine language. Nordin 
introduced the use of machine code in this context (cited in (Brameier & Banzhaf, 2007)). The 
major preparatory steps for GP consist of determining  

1. the set of terminals (see below), 
2. the set of functions (see below), 
3. the fitness measure (see equation (4)), 
4. the parameters for the run (see below), 
5. the method for designating a result, and 
6. the criterion for terminating a run. 

The function set, also called instruction set in linear GP, can be composed of standard 
arithmetic or programming operations, standard mathematical functions, logical functions, 
or domain-specific functions.  
We used the following Genetic Programming parameter setting: 

 Population size 500 
 Mutation frequency 95% 

o Block mutation rate 30% 
o Instruction mutation rate 30% 
o Instruction data mutation rate 40% 

 Crossover frequency 50% 
o Homologous crossover 95% 

 Program Size 80-128 
 Demes 

o Crossover between demes 0% 
o Number of demes 10 
o Migration rate 1% 

 Dynamic Subset Selection 
o Target subset size 50 
o Selection by age 50% 
o Selection by difficulty 50% 
o Stochastic selection 0% 
o Frequency (in generation equivalents) 1 

 Function set {+, -, *, /} 
 Terminal set 64 = j + k 

o Constants j 
o Inputs k 

Using simple and common domain knowledge, such as the set of mathematical functions 
that appear in the models, e.g., arithmetic functions but not trigonometric function, is 
enough for RODES to find the proper structure of the reconstructed equations, also greatly 
increasing execution speed. The terminals are variables and parameters. In microarray 
experiments, the number of mRNAs is usually of the order of 102 or 103 after filtering, but 
the number of the clusters of genes with similar temporal signatures is small. One needs 
only to discover this small number of prototype ODE structures.  
All the equations have one of these prototype structures, and the equations in the same 
cluster have the same structure but different parameter values. We still do not know which 
are the input variables for each mRNA ODE equation. From the fundamental ODE patterns 
of DGRN, we know that the equations for each mRNA (see equation (1)) contains a synthetic 
and a degradation term. 
The inputs variables for these mRNA equations are  

1. the mRNA concentration - in a degradation term proportional with mRNA 
concentration - for unregulated transcription and degradation, 

2. the concentration of a transcription factor (for GRN) and/or of a drug related 
compound (for DGRN) - in a PD block (Rs in eqn (1))multiplying a PK block (the 
constant mRNA synthesis) - for regulated transcription and unregulated 
degradation, and  

3. as above but also the concentration of a drug-related compound (for DGRN), 
contained in a PD block (Rd in eqn (1)) multiplying a PK block (the linear mRNA 
degradation) - for regulated transcription and regulated degradation. 

The RODES version described in this section requires all inputs to be available. This 
condition is certainly true for the first situation but is usually false for the second and the 
third. The next section will extend RODES to cope with the second situation. 
Because we know the structure of this ODE (see eqn (1)), this is also the route to automate 
the discovery of the biochemical and pharmacological molecular mechanisms involved. 
Analyzing the resultant equations, one can easily identify 

1. cellular processes such as syntheses and degradations and their mechanisms as PK 
blocks, 

2. the presence of regulation and  
(a) which are the regulated processes - their rate constants are multiplied by 

PD blocks, 
(b) which are the regulatory factors - transcription factors for GRN, drugs, or 

both for DGRN - the corresponding PD blocks can be functions of the TF 
concentrations or drug-related compound concentrations, respectively, 

3. the regulation mechanisms - by looking at the corresponding PD blocks and at the 
rate constants they are multiplying. 

There are situations in which the PK/PD mechanisms in the resultant mathematical model 
need to be clarified. When we have the product of two or more constants, in the symbolic 
form of the model, the algorithm will find only one numerical value. Using elementary 
domain knowledge, one can easily and clearly identify the PK/PD mechanisms (see 
(Floares, 2006) for details). 
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where j and T are as above, ˆ ( ) /idX t dt  is the time derivative at time point t of the variable Xi 
predicted by the program j, and dXi(t)/dt represents the time derivative at time t of the 
experimental or simulated variable Xi calculated in step 1 of the algorithm. 
While the time needed to integrate a system of ODE seems negligible, during fitness 
evaluation the integration has to be executed hundreds or thousands of times per 
generation. These, and the results of our previous studies (Floares, 2005), (Floares, 2006), 
(Floares, 2007b), suggest that RODES will scale up well, as required by modern high-
throughput biomedical techniques.  
We used a linear version of a steady-state genetic programming proposed by Banzhaf (see 
(Brameier & Banzhaf, 2007)) for a detailed introduction, and the literature cited there). In linear 
genetic programming the individuals are computer programs represented as a sequence of 
instructions from an imperative programming language or machine language. Nordin 
introduced the use of machine code in this context (cited in (Brameier & Banzhaf, 2007)). The 
major preparatory steps for GP consist of determining  

1. the set of terminals (see below), 
2. the set of functions (see below), 
3. the fitness measure (see equation (4)), 
4. the parameters for the run (see below), 
5. the method for designating a result, and 
6. the criterion for terminating a run. 

The function set, also called instruction set in linear GP, can be composed of standard 
arithmetic or programming operations, standard mathematical functions, logical functions, 
or domain-specific functions.  
We used the following Genetic Programming parameter setting: 

 Population size 500 
 Mutation frequency 95% 

o Block mutation rate 30% 
o Instruction mutation rate 30% 
o Instruction data mutation rate 40% 

 Crossover frequency 50% 
o Homologous crossover 95% 

 Program Size 80-128 
 Demes 

o Crossover between demes 0% 
o Number of demes 10 
o Migration rate 1% 

 Dynamic Subset Selection 
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o Selection by age 50% 
o Selection by difficulty 50% 
o Stochastic selection 0% 
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Using simple and common domain knowledge, such as the set of mathematical functions 
that appear in the models, e.g., arithmetic functions but not trigonometric function, is 
enough for RODES to find the proper structure of the reconstructed equations, also greatly 
increasing execution speed. The terminals are variables and parameters. In microarray 
experiments, the number of mRNAs is usually of the order of 102 or 103 after filtering, but 
the number of the clusters of genes with similar temporal signatures is small. One needs 
only to discover this small number of prototype ODE structures.  
All the equations have one of these prototype structures, and the equations in the same 
cluster have the same structure but different parameter values. We still do not know which 
are the input variables for each mRNA ODE equation. From the fundamental ODE patterns 
of DGRN, we know that the equations for each mRNA (see equation (1)) contains a synthetic 
and a degradation term. 
The inputs variables for these mRNA equations are  

1. the mRNA concentration - in a degradation term proportional with mRNA 
concentration - for unregulated transcription and degradation, 

2. the concentration of a transcription factor (for GRN) and/or of a drug related 
compound (for DGRN) - in a PD block (Rs in eqn (1))multiplying a PK block (the 
constant mRNA synthesis) - for regulated transcription and unregulated 
degradation, and  

3. as above but also the concentration of a drug-related compound (for DGRN), 
contained in a PD block (Rd in eqn (1)) multiplying a PK block (the linear mRNA 
degradation) - for regulated transcription and regulated degradation. 

The RODES version described in this section requires all inputs to be available. This 
condition is certainly true for the first situation but is usually false for the second and the 
third. The next section will extend RODES to cope with the second situation. 
Because we know the structure of this ODE (see eqn (1)), this is also the route to automate 
the discovery of the biochemical and pharmacological molecular mechanisms involved. 
Analyzing the resultant equations, one can easily identify 

1. cellular processes such as syntheses and degradations and their mechanisms as PK 
blocks, 

2. the presence of regulation and  
(a) which are the regulated processes - their rate constants are multiplied by 

PD blocks, 
(b) which are the regulatory factors - transcription factors for GRN, drugs, or 

both for DGRN - the corresponding PD blocks can be functions of the TF 
concentrations or drug-related compound concentrations, respectively, 

3. the regulation mechanisms - by looking at the corresponding PD blocks and at the 
rate constants they are multiplying. 

There are situations in which the PK/PD mechanisms in the resultant mathematical model 
need to be clarified. When we have the product of two or more constants, in the symbolic 
form of the model, the algorithm will find only one numerical value. Using elementary 
domain knowledge, one can easily and clearly identify the PK/PD mechanisms (see 
(Floares, 2006) for details). 
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where j and T are as above, ˆ ( ) /idX t dt  is the time derivative at time point t of the variable Xi 
predicted by the program j, and dXi(t)/dt represents the time derivative at time t of the 
experimental or simulated variable Xi calculated in step 1 of the algorithm. 
While the time needed to integrate a system of ODE seems negligible, during fitness 
evaluation the integration has to be executed hundreds or thousands of times per 
generation. These, and the results of our previous studies (Floares, 2005), (Floares, 2006), 
(Floares, 2007b), suggest that RODES will scale up well, as required by modern high-
throughput biomedical techniques.  
We used a linear version of a steady-state genetic programming proposed by Banzhaf (see 
(Brameier & Banzhaf, 2007)) for a detailed introduction, and the literature cited there). In linear 
genetic programming the individuals are computer programs represented as a sequence of 
instructions from an imperative programming language or machine language. Nordin 
introduced the use of machine code in this context (cited in (Brameier & Banzhaf, 2007)). The 
major preparatory steps for GP consist of determining  

1. the set of terminals (see below), 
2. the set of functions (see below), 
3. the fitness measure (see equation (4)), 
4. the parameters for the run (see below), 
5. the method for designating a result, and 
6. the criterion for terminating a run. 

The function set, also called instruction set in linear GP, can be composed of standard 
arithmetic or programming operations, standard mathematical functions, logical functions, 
or domain-specific functions.  
We used the following Genetic Programming parameter setting: 
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o Instruction data mutation rate 40% 

 Crossover frequency 50% 
o Homologous crossover 95% 

 Program Size 80-128 
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o Stochastic selection 0% 
o Frequency (in generation equivalents) 1 

 Function set {+, -, *, /} 
 Terminal set 64 = j + k 
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Using simple and common domain knowledge, such as the set of mathematical functions 
that appear in the models, e.g., arithmetic functions but not trigonometric function, is 
enough for RODES to find the proper structure of the reconstructed equations, also greatly 
increasing execution speed. The terminals are variables and parameters. In microarray 
experiments, the number of mRNAs is usually of the order of 102 or 103 after filtering, but 
the number of the clusters of genes with similar temporal signatures is small. One needs 
only to discover this small number of prototype ODE structures.  
All the equations have one of these prototype structures, and the equations in the same 
cluster have the same structure but different parameter values. We still do not know which 
are the input variables for each mRNA ODE equation. From the fundamental ODE patterns 
of DGRN, we know that the equations for each mRNA (see equation (1)) contains a synthetic 
and a degradation term. 
The inputs variables for these mRNA equations are  

1. the mRNA concentration - in a degradation term proportional with mRNA 
concentration - for unregulated transcription and degradation, 

2. the concentration of a transcription factor (for GRN) and/or of a drug related 
compound (for DGRN) - in a PD block (Rs in eqn (1))multiplying a PK block (the 
constant mRNA synthesis) - for regulated transcription and unregulated 
degradation, and  

3. as above but also the concentration of a drug-related compound (for DGRN), 
contained in a PD block (Rd in eqn (1)) multiplying a PK block (the linear mRNA 
degradation) - for regulated transcription and regulated degradation. 

The RODES version described in this section requires all inputs to be available. This 
condition is certainly true for the first situation but is usually false for the second and the 
third. The next section will extend RODES to cope with the second situation. 
Because we know the structure of this ODE (see eqn (1)), this is also the route to automate 
the discovery of the biochemical and pharmacological molecular mechanisms involved. 
Analyzing the resultant equations, one can easily identify 

1. cellular processes such as syntheses and degradations and their mechanisms as PK 
blocks, 

2. the presence of regulation and  
(a) which are the regulated processes - their rate constants are multiplied by 

PD blocks, 
(b) which are the regulatory factors - transcription factors for GRN, drugs, or 

both for DGRN - the corresponding PD blocks can be functions of the TF 
concentrations or drug-related compound concentrations, respectively, 

3. the regulation mechanisms - by looking at the corresponding PD blocks and at the 
rate constants they are multiplying. 

There are situations in which the PK/PD mechanisms in the resultant mathematical model 
need to be clarified. When we have the product of two or more constants, in the symbolic 
form of the model, the algorithm will find only one numerical value. Using elementary 
domain knowledge, one can easily and clearly identify the PK/PD mechanisms (see 
(Floares, 2006) for details). 
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2.3 NN RODES - Neural Network Feedback Linearization  
for Missing Variable Identification 
We focused only on the genes which expression is affected by the synthetic glucorticoid 
methylprednisolone treatment, the goal being to reverse engineer this drug gene regulatory 
network. The genes response to glucorticoid treatment can be classified into three categories: 

1) genes stimulated by methylprednisolone, 
2) genes inhibited by methylprednisolone, 
3) genes with biphasic behavior - stimulation followed by inhibition or inverse. 

While these three categories can be discriminated even by simple visual inspection of the 
temporal series of the microarray data, this approach does not entail objective criteria for 
selection of probes for further consideration. To screen for the probe sets objectively, the 
entire dataset was filtered with various filters (Almon, et al., 2007). We selected only the 
genes belonging to the first two aforementioned categories, stimulated and inhibited. For 
the categories of stimulated/inhibited genes, we tested two mechanisms - linear 
stimulation/inhibition and ordinary and sigmoid Emax stimulation/inhibition (see the 
pharmacodynamic blocks in section 2.1). 
From the point of view of our theory of drug gene regulatory networks, we investigated the 
case of regulated mRNA transcription and unregulated mRNA degradation (see equation 
(1)), where the missing variable is either the temporal series of the regulatory transcription 
factor (in GRN and DGRN) or those of the drug–receptor complex (in DGRN). 
This requires the neural networks feedback linearization version of RODES (NN RODES) 
which can cope with missing information. NN RODES was first introduced in (Floares, 
2008) and applied to simulated data in order to test it on equations with known structure 
and parameters. The tricky solution we proposed in (Floares, 2008) consists in transforming 
the modeling problem in a tracking control problem: 

1. The measured mRNA temporal series becomes the desired or reference trajectory. 
2. The ODE with known structure (see equation (1)) and missing variable(s) becomes 

the plant to be controlled. 
3. The missing variables become the control inputs; they are PD blocks incorporated 

in the position of the regulatory factor Rs of the transcription in equation (1). 
The problem is to find the control(s) such that the plant output - the solution of the mRNA 
ODE - tracks the desired trajectory with an acceptable accuracy, while all the states and the 
control remain bounded in a physiological range. 
It is tempting to speculate that this might be similar to the problem faced by the real living 
systems during evolution. This idea is corroborated by the fact that regulation appears to 
evolve on a faster time scale than the coding regions of the genes. For example, related 
animals, such as mice and humans, have similar genes, but the transcription regulation of 
these genes is quite different. 
Also, an approach like this could offer a rational foundation for gene therapy, based on 
understanding and controlling (D)GRN, which are complex networks of interactions, 
instead of the pedestrian prevailing approach based on a ”one gene - one disease” rule. 
Feedback linearization can be considered one of the most important nonlinear control 
design strategies developed in the last few decades (Garces et al., 2003). This approach 
algebraically transforms a nonlinear dynamic system into a linear dynamic system, by using 
a static-state feedback and a nonlinear coordinate transformation, based on differential 
geometric analysis of the system. 

Because our goal is to automate the modeling process, we intended to use a computational 
intelligence version of feedback linearization. The massive parallelism, natural fault 
tolerance, and implicit programming of neural networks suggest that they may be good 
candidates. We successfully applied neural network feedback linearization, based on 
multilayer perceptrons (MLPs), to complex pharmacogenomic systems to find adequate 
drug dosage regimens (Floares, 2005); (Floares, 2006). 
Owing to the reformulation of the modeling problem as a control problem, a NN FBL 
approach seems adequate and feasible. We used the NARMA-L2 version of input–output 
feedback linearization (Narendra, cited in (Garces et al., 2003); see also the literature cited in 
(Garces, et al., 2003), in which the output becomes a linear function of a new control input. 
Fortunately, the prerequisites of the approach, represented by the equations’ structure and 
parameters, are usually known. In the particular situation investigated here the following 
domain knowledge and features of the experimental design are taking into account: 

1. The equations structure - there is a strong theoretical foundations for building 
kinetic equations like equations (1) and (2). 

2. The equations parameter - for the control untreated subjects there is no drug 
regulation (R) in equation 1, supposed at steady state; at time t = 0 the 
concentration of mRNA is mRNA0 = 1, because all expression profiles are 
normalized to that of the control subjects, and thus ksm and kdm are easily estimated. 

3. The regulation and its mechanisms  
a. with the proper filters only genes regulated by the drug are supposed to 

be selected, 
b. filters can discriminate between three category of regulation: stimulation, 

inhibition, or both, 
c. the number of possible regulation mechanisms is small and their 

equations are known (see section 2.1). 
The control input is the unknown regulator: a pharmacodynamic block (see section 2.1) 
containing the TF concentration in GRN, a drug-related compound, or both in DGRN. In this 
approach a neural network model of the ”plant” is first identified, even if, as in our situation, the 
mathematical model of the ”plant” is known. The mathematical model of the ”plant” is simply 
the equation 1, where only the mRNA synthesis is regulated, and the degradation is not: 
 

     · · .sm s dm
dmRNA k R k mRNA

dt
   (5) 

 

As we previously stated, the values of ksm and kdm are usually known. For example, for the 
ornithine decarboxylase gene we have ksm = kdm = 0.30. It is known from the experiments that 
the drug stimulates this gene, but we do not know exactly the mechanism and the 
corresponding formula for Rs. One can try a linear stimulation mechanism, followed by an 
Emax one if the first failed, these being the most common mechanisms in the order of 
increasing complexity. Thus, the Rs for these two simulation experiments are:  
 

 0 · ( )sR E S DR N   (6) 
and  
  0 50( ) / ( )sR E DR N EC DR N    (7) 
 

respectively; the so called basal effect of the drug, E0 = 1, and DR(N) is the drug-receptor 
complex in the nucleus, the control input which we are trying to find. 
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2.3 NN RODES - Neural Network Feedback Linearization  
for Missing Variable Identification 
We focused only on the genes which expression is affected by the synthetic glucorticoid 
methylprednisolone treatment, the goal being to reverse engineer this drug gene regulatory 
network. The genes response to glucorticoid treatment can be classified into three categories: 

1) genes stimulated by methylprednisolone, 
2) genes inhibited by methylprednisolone, 
3) genes with biphasic behavior - stimulation followed by inhibition or inverse. 

While these three categories can be discriminated even by simple visual inspection of the 
temporal series of the microarray data, this approach does not entail objective criteria for 
selection of probes for further consideration. To screen for the probe sets objectively, the 
entire dataset was filtered with various filters (Almon, et al., 2007). We selected only the 
genes belonging to the first two aforementioned categories, stimulated and inhibited. For 
the categories of stimulated/inhibited genes, we tested two mechanisms - linear 
stimulation/inhibition and ordinary and sigmoid Emax stimulation/inhibition (see the 
pharmacodynamic blocks in section 2.1). 
From the point of view of our theory of drug gene regulatory networks, we investigated the 
case of regulated mRNA transcription and unregulated mRNA degradation (see equation 
(1)), where the missing variable is either the temporal series of the regulatory transcription 
factor (in GRN and DGRN) or those of the drug–receptor complex (in DGRN). 
This requires the neural networks feedback linearization version of RODES (NN RODES) 
which can cope with missing information. NN RODES was first introduced in (Floares, 
2008) and applied to simulated data in order to test it on equations with known structure 
and parameters. The tricky solution we proposed in (Floares, 2008) consists in transforming 
the modeling problem in a tracking control problem: 

1. The measured mRNA temporal series becomes the desired or reference trajectory. 
2. The ODE with known structure (see equation (1)) and missing variable(s) becomes 

the plant to be controlled. 
3. The missing variables become the control inputs; they are PD blocks incorporated 

in the position of the regulatory factor Rs of the transcription in equation (1). 
The problem is to find the control(s) such that the plant output - the solution of the mRNA 
ODE - tracks the desired trajectory with an acceptable accuracy, while all the states and the 
control remain bounded in a physiological range. 
It is tempting to speculate that this might be similar to the problem faced by the real living 
systems during evolution. This idea is corroborated by the fact that regulation appears to 
evolve on a faster time scale than the coding regions of the genes. For example, related 
animals, such as mice and humans, have similar genes, but the transcription regulation of 
these genes is quite different. 
Also, an approach like this could offer a rational foundation for gene therapy, based on 
understanding and controlling (D)GRN, which are complex networks of interactions, 
instead of the pedestrian prevailing approach based on a ”one gene - one disease” rule. 
Feedback linearization can be considered one of the most important nonlinear control 
design strategies developed in the last few decades (Garces et al., 2003). This approach 
algebraically transforms a nonlinear dynamic system into a linear dynamic system, by using 
a static-state feedback and a nonlinear coordinate transformation, based on differential 
geometric analysis of the system. 

Because our goal is to automate the modeling process, we intended to use a computational 
intelligence version of feedback linearization. The massive parallelism, natural fault 
tolerance, and implicit programming of neural networks suggest that they may be good 
candidates. We successfully applied neural network feedback linearization, based on 
multilayer perceptrons (MLPs), to complex pharmacogenomic systems to find adequate 
drug dosage regimens (Floares, 2005); (Floares, 2006). 
Owing to the reformulation of the modeling problem as a control problem, a NN FBL 
approach seems adequate and feasible. We used the NARMA-L2 version of input–output 
feedback linearization (Narendra, cited in (Garces et al., 2003); see also the literature cited in 
(Garces, et al., 2003), in which the output becomes a linear function of a new control input. 
Fortunately, the prerequisites of the approach, represented by the equations’ structure and 
parameters, are usually known. In the particular situation investigated here the following 
domain knowledge and features of the experimental design are taking into account: 

1. The equations structure - there is a strong theoretical foundations for building 
kinetic equations like equations (1) and (2). 

2. The equations parameter - for the control untreated subjects there is no drug 
regulation (R) in equation 1, supposed at steady state; at time t = 0 the 
concentration of mRNA is mRNA0 = 1, because all expression profiles are 
normalized to that of the control subjects, and thus ksm and kdm are easily estimated. 

3. The regulation and its mechanisms  
a. with the proper filters only genes regulated by the drug are supposed to 

be selected, 
b. filters can discriminate between three category of regulation: stimulation, 

inhibition, or both, 
c. the number of possible regulation mechanisms is small and their 

equations are known (see section 2.1). 
The control input is the unknown regulator: a pharmacodynamic block (see section 2.1) 
containing the TF concentration in GRN, a drug-related compound, or both in DGRN. In this 
approach a neural network model of the ”plant” is first identified, even if, as in our situation, the 
mathematical model of the ”plant” is known. The mathematical model of the ”plant” is simply 
the equation 1, where only the mRNA synthesis is regulated, and the degradation is not: 
 

     · · .sm s dm
dmRNA k R k mRNA

dt
   (5) 

 

As we previously stated, the values of ksm and kdm are usually known. For example, for the 
ornithine decarboxylase gene we have ksm = kdm = 0.30. It is known from the experiments that 
the drug stimulates this gene, but we do not know exactly the mechanism and the 
corresponding formula for Rs. One can try a linear stimulation mechanism, followed by an 
Emax one if the first failed, these being the most common mechanisms in the order of 
increasing complexity. Thus, the Rs for these two simulation experiments are:  
 

 0 · ( )sR E S DR N   (6) 
and  
  0 50( ) / ( )sR E DR N EC DR N    (7) 
 

respectively; the so called basal effect of the drug, E0 = 1, and DR(N) is the drug-receptor 
complex in the nucleus, the control input which we are trying to find. 
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2.3 NN RODES - Neural Network Feedback Linearization  
for Missing Variable Identification 
We focused only on the genes which expression is affected by the synthetic glucorticoid 
methylprednisolone treatment, the goal being to reverse engineer this drug gene regulatory 
network. The genes response to glucorticoid treatment can be classified into three categories: 

1) genes stimulated by methylprednisolone, 
2) genes inhibited by methylprednisolone, 
3) genes with biphasic behavior - stimulation followed by inhibition or inverse. 

While these three categories can be discriminated even by simple visual inspection of the 
temporal series of the microarray data, this approach does not entail objective criteria for 
selection of probes for further consideration. To screen for the probe sets objectively, the 
entire dataset was filtered with various filters (Almon, et al., 2007). We selected only the 
genes belonging to the first two aforementioned categories, stimulated and inhibited. For 
the categories of stimulated/inhibited genes, we tested two mechanisms - linear 
stimulation/inhibition and ordinary and sigmoid Emax stimulation/inhibition (see the 
pharmacodynamic blocks in section 2.1). 
From the point of view of our theory of drug gene regulatory networks, we investigated the 
case of regulated mRNA transcription and unregulated mRNA degradation (see equation 
(1)), where the missing variable is either the temporal series of the regulatory transcription 
factor (in GRN and DGRN) or those of the drug–receptor complex (in DGRN). 
This requires the neural networks feedback linearization version of RODES (NN RODES) 
which can cope with missing information. NN RODES was first introduced in (Floares, 
2008) and applied to simulated data in order to test it on equations with known structure 
and parameters. The tricky solution we proposed in (Floares, 2008) consists in transforming 
the modeling problem in a tracking control problem: 

1. The measured mRNA temporal series becomes the desired or reference trajectory. 
2. The ODE with known structure (see equation (1)) and missing variable(s) becomes 

the plant to be controlled. 
3. The missing variables become the control inputs; they are PD blocks incorporated 

in the position of the regulatory factor Rs of the transcription in equation (1). 
The problem is to find the control(s) such that the plant output - the solution of the mRNA 
ODE - tracks the desired trajectory with an acceptable accuracy, while all the states and the 
control remain bounded in a physiological range. 
It is tempting to speculate that this might be similar to the problem faced by the real living 
systems during evolution. This idea is corroborated by the fact that regulation appears to 
evolve on a faster time scale than the coding regions of the genes. For example, related 
animals, such as mice and humans, have similar genes, but the transcription regulation of 
these genes is quite different. 
Also, an approach like this could offer a rational foundation for gene therapy, based on 
understanding and controlling (D)GRN, which are complex networks of interactions, 
instead of the pedestrian prevailing approach based on a ”one gene - one disease” rule. 
Feedback linearization can be considered one of the most important nonlinear control 
design strategies developed in the last few decades (Garces et al., 2003). This approach 
algebraically transforms a nonlinear dynamic system into a linear dynamic system, by using 
a static-state feedback and a nonlinear coordinate transformation, based on differential 
geometric analysis of the system. 

Because our goal is to automate the modeling process, we intended to use a computational 
intelligence version of feedback linearization. The massive parallelism, natural fault 
tolerance, and implicit programming of neural networks suggest that they may be good 
candidates. We successfully applied neural network feedback linearization, based on 
multilayer perceptrons (MLPs), to complex pharmacogenomic systems to find adequate 
drug dosage regimens (Floares, 2005); (Floares, 2006). 
Owing to the reformulation of the modeling problem as a control problem, a NN FBL 
approach seems adequate and feasible. We used the NARMA-L2 version of input–output 
feedback linearization (Narendra, cited in (Garces et al., 2003); see also the literature cited in 
(Garces, et al., 2003), in which the output becomes a linear function of a new control input. 
Fortunately, the prerequisites of the approach, represented by the equations’ structure and 
parameters, are usually known. In the particular situation investigated here the following 
domain knowledge and features of the experimental design are taking into account: 

1. The equations structure - there is a strong theoretical foundations for building 
kinetic equations like equations (1) and (2). 

2. The equations parameter - for the control untreated subjects there is no drug 
regulation (R) in equation 1, supposed at steady state; at time t = 0 the 
concentration of mRNA is mRNA0 = 1, because all expression profiles are 
normalized to that of the control subjects, and thus ksm and kdm are easily estimated. 

3. The regulation and its mechanisms  
a. with the proper filters only genes regulated by the drug are supposed to 

be selected, 
b. filters can discriminate between three category of regulation: stimulation, 

inhibition, or both, 
c. the number of possible regulation mechanisms is small and their 

equations are known (see section 2.1). 
The control input is the unknown regulator: a pharmacodynamic block (see section 2.1) 
containing the TF concentration in GRN, a drug-related compound, or both in DGRN. In this 
approach a neural network model of the ”plant” is first identified, even if, as in our situation, the 
mathematical model of the ”plant” is known. The mathematical model of the ”plant” is simply 
the equation 1, where only the mRNA synthesis is regulated, and the degradation is not: 
 

     · · .sm s dm
dmRNA k R k mRNA

dt
   (5) 

 

As we previously stated, the values of ksm and kdm are usually known. For example, for the 
ornithine decarboxylase gene we have ksm = kdm = 0.30. It is known from the experiments that 
the drug stimulates this gene, but we do not know exactly the mechanism and the 
corresponding formula for Rs. One can try a linear stimulation mechanism, followed by an 
Emax one if the first failed, these being the most common mechanisms in the order of 
increasing complexity. Thus, the Rs for these two simulation experiments are:  
 

 0 · ( )sR E S DR N   (6) 
and  
  0 50( ) / ( )sR E DR N EC DR N    (7) 
 

respectively; the so called basal effect of the drug, E0 = 1, and DR(N) is the drug-receptor 
complex in the nucleus, the control input which we are trying to find. 

Toward	Personalized	Therapy	Using	Artificial		
Intelligence	Tools	to	Understand	and	Control	Drug	Gene	Networks 57

2.3 NN RODES - Neural Network Feedback Linearization  
for Missing Variable Identification 
We focused only on the genes which expression is affected by the synthetic glucorticoid 
methylprednisolone treatment, the goal being to reverse engineer this drug gene regulatory 
network. The genes response to glucorticoid treatment can be classified into three categories: 

1) genes stimulated by methylprednisolone, 
2) genes inhibited by methylprednisolone, 
3) genes with biphasic behavior - stimulation followed by inhibition or inverse. 

While these three categories can be discriminated even by simple visual inspection of the 
temporal series of the microarray data, this approach does not entail objective criteria for 
selection of probes for further consideration. To screen for the probe sets objectively, the 
entire dataset was filtered with various filters (Almon, et al., 2007). We selected only the 
genes belonging to the first two aforementioned categories, stimulated and inhibited. For 
the categories of stimulated/inhibited genes, we tested two mechanisms - linear 
stimulation/inhibition and ordinary and sigmoid Emax stimulation/inhibition (see the 
pharmacodynamic blocks in section 2.1). 
From the point of view of our theory of drug gene regulatory networks, we investigated the 
case of regulated mRNA transcription and unregulated mRNA degradation (see equation 
(1)), where the missing variable is either the temporal series of the regulatory transcription 
factor (in GRN and DGRN) or those of the drug–receptor complex (in DGRN). 
This requires the neural networks feedback linearization version of RODES (NN RODES) 
which can cope with missing information. NN RODES was first introduced in (Floares, 
2008) and applied to simulated data in order to test it on equations with known structure 
and parameters. The tricky solution we proposed in (Floares, 2008) consists in transforming 
the modeling problem in a tracking control problem: 

1. The measured mRNA temporal series becomes the desired or reference trajectory. 
2. The ODE with known structure (see equation (1)) and missing variable(s) becomes 

the plant to be controlled. 
3. The missing variables become the control inputs; they are PD blocks incorporated 

in the position of the regulatory factor Rs of the transcription in equation (1). 
The problem is to find the control(s) such that the plant output - the solution of the mRNA 
ODE - tracks the desired trajectory with an acceptable accuracy, while all the states and the 
control remain bounded in a physiological range. 
It is tempting to speculate that this might be similar to the problem faced by the real living 
systems during evolution. This idea is corroborated by the fact that regulation appears to 
evolve on a faster time scale than the coding regions of the genes. For example, related 
animals, such as mice and humans, have similar genes, but the transcription regulation of 
these genes is quite different. 
Also, an approach like this could offer a rational foundation for gene therapy, based on 
understanding and controlling (D)GRN, which are complex networks of interactions, 
instead of the pedestrian prevailing approach based on a ”one gene - one disease” rule. 
Feedback linearization can be considered one of the most important nonlinear control 
design strategies developed in the last few decades (Garces et al., 2003). This approach 
algebraically transforms a nonlinear dynamic system into a linear dynamic system, by using 
a static-state feedback and a nonlinear coordinate transformation, based on differential 
geometric analysis of the system. 

Because our goal is to automate the modeling process, we intended to use a computational 
intelligence version of feedback linearization. The massive parallelism, natural fault 
tolerance, and implicit programming of neural networks suggest that they may be good 
candidates. We successfully applied neural network feedback linearization, based on 
multilayer perceptrons (MLPs), to complex pharmacogenomic systems to find adequate 
drug dosage regimens (Floares, 2005); (Floares, 2006). 
Owing to the reformulation of the modeling problem as a control problem, a NN FBL 
approach seems adequate and feasible. We used the NARMA-L2 version of input–output 
feedback linearization (Narendra, cited in (Garces et al., 2003); see also the literature cited in 
(Garces, et al., 2003), in which the output becomes a linear function of a new control input. 
Fortunately, the prerequisites of the approach, represented by the equations’ structure and 
parameters, are usually known. In the particular situation investigated here the following 
domain knowledge and features of the experimental design are taking into account: 

1. The equations structure - there is a strong theoretical foundations for building 
kinetic equations like equations (1) and (2). 

2. The equations parameter - for the control untreated subjects there is no drug 
regulation (R) in equation 1, supposed at steady state; at time t = 0 the 
concentration of mRNA is mRNA0 = 1, because all expression profiles are 
normalized to that of the control subjects, and thus ksm and kdm are easily estimated. 

3. The regulation and its mechanisms  
a. with the proper filters only genes regulated by the drug are supposed to 

be selected, 
b. filters can discriminate between three category of regulation: stimulation, 

inhibition, or both, 
c. the number of possible regulation mechanisms is small and their 

equations are known (see section 2.1). 
The control input is the unknown regulator: a pharmacodynamic block (see section 2.1) 
containing the TF concentration in GRN, a drug-related compound, or both in DGRN. In this 
approach a neural network model of the ”plant” is first identified, even if, as in our situation, the 
mathematical model of the ”plant” is known. The mathematical model of the ”plant” is simply 
the equation 1, where only the mRNA synthesis is regulated, and the degradation is not: 
 

     · · .sm s dm
dmRNA k R k mRNA

dt
   (5) 

 

As we previously stated, the values of ksm and kdm are usually known. For example, for the 
ornithine decarboxylase gene we have ksm = kdm = 0.30. It is known from the experiments that 
the drug stimulates this gene, but we do not know exactly the mechanism and the 
corresponding formula for Rs. One can try a linear stimulation mechanism, followed by an 
Emax one if the first failed, these being the most common mechanisms in the order of 
increasing complexity. Thus, the Rs for these two simulation experiments are:  
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and  
  0 50( ) / ( )sR E DR N EC DR N    (7) 
 

respectively; the so called basal effect of the drug, E0 = 1, and DR(N) is the drug-receptor 
complex in the nucleus, the control input which we are trying to find. 
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A random input control, between zero and the estimated maximal value, is injected into the 
model at random intervals. The NN model structure is the standard nonlinear 
autoregressive moving average (NARMA) model, adapted to the feedback linearization of 
affine systems - the controller input is not contained in the nonlinearity. 
We want the system output represented by the mRNA to track a reference trajectory. This 
reference trajectory could be related to the measured level of genes expression, as it will be 
shown bellow, or to a therapeutic objective in a gene therapy context, for example. In the last 
situation, the idea is that we can in a similar way constrain the genes expression, via the drug 
inputs to follow some desired or normal trajectories, when they are pathologically perturbed. 
We need the time-series data of the mRNA of the investigated genes. Usually, the 
expression levels in microarray experiments are measured at a couple of specific time 
points, on a small number of subjects for each time point (see (Almon et al., 2005); (Almon et 
al. 2007) for the particular datasets used in this investigation). 
In order to apply the approach previously described, we first calculated the mean expression 
level for each time point, and then interpolated using a cubic spline interpolant. Because taking 
the derivative of noisy data can increase the noise, the result of the interpolation is 
differentiated instead, with respect to time. The number of hidden layers is one for all neural 
networks. The number of neurons in the hidden layer, of the two MLPs, is between 5 and 9, 
depending on the complexity of the problem and the results of the simulation experiments. 
The activation functions are tangent hyperbolic for the hidden layer and linear in the output 
layer for all NNs. The parameters and their values are the following: 

 Network Architecture 
o Number of hidden layers 1 
o Size of hidden layer 5-9 
o Sampling time 0.01 
o Number of delayed plant inputs 3 
o Number of delayed plant outputs 2 

 Training Data 
o Training samples 4320 
o Minimum plant input 0 
o Maximum plant input maximum DR(N) 
o Minimum time interval value 0.1 
o Minimum time interval value 1 
o Minimum plant output 0 
o Maximum plant output maximum mRNA 
o Training epochs 150 

We investigate the prediction errors by cross-validation on a test set. We used Bayesian 
regularization (MacKay, 1992), a training function that updates the weight and bias values 
according to Levenberg–Marquardt optimization. It minimizes a combination of squared 
errors and weights and then determines the correct combination to produce a network that 
generalizes well. We start with different random initial conditions to avoid ending in “bad” 
local minima. In NN FBL the controller is simply a rearrangement of the neural network 
plant model. The time-series of the missing variables are identified as the control inputs, and 
the complete equation is thus reconstructed. 
 
 

Three important problems can be approached by the proposed methods: 
1) finding the unknown transcription factor profile in a drug-gene regulatory 

network, using the measured mRNA profile as a reference trajectory; 
2) finding the unknown drug-receptor complex profile in a drug-gene regulatory 

network, using again the measured mRNA profile as a reference trajectory; and 
3) finding the optimal/individualized drug–receptor complex profile, corresponding 

to the optimal drug dosage regimen, capable of constraining the mRNA profile to 
track a desired therapeutic objective, in a pharmacogenomic context. 

Because of the mechanistic and mathematical similarities between transcription regulation 
by TFs and by drug–receptor complexes, the example is illustrative for both situations. 

 
3. Results 
 

Most often, the temporal series of the TF or of the drug-receptor complex is not known for 
regulated genes. This is also true for the temporal series of the mRNA of the TF in proteomics 
experiments, when one wants to reconstruct the TF ODE (see eqn (2)). In these situations, 
RODES clearly indicates that information is missing from the input set (see (Floares, 2008)), 
and one has to use the extension based on neural network feedback linearization. 
For illustration we tested the NN RODES algorithm on reconstructing equation (3) for two genes: 
the ornithine decarboxylase gene and the α-2Macroglobulin gene. The parameters for the two 
genes are: ksm = kdm = 0.30 for ornithine decarboxylase, and ksm = kdm = 0.038 for α-2Macroglobulin. 
There are three temporal series in equation 3: 

1) one for the mRNA - obtained by fitting the mean expression level at each time point 
of the experiment, using a cubic spline interpolant (see Fig. 1) 

2) one for the dmRNA/dt - obtained by differentiating with respect to time the result of 
the interpolation (see Fig. 1 ) 

3) one for the regulator - the drug-receptor complex in the cellular nucleus, DR(N), 
which we are trying to reconstruct with the aid of NN FBL. 

 

 
Fig. 1. Ornithine decarboxylase mRNA - processed mRNA experimental data fitted with a 
cubic spline interpolant and the 1st derivative with respect to time (explanation in text). 
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A random input control, between zero and the estimated maximal value, is injected into the 
model at random intervals. The NN model structure is the standard nonlinear 
autoregressive moving average (NARMA) model, adapted to the feedback linearization of 
affine systems - the controller input is not contained in the nonlinearity. 
We want the system output represented by the mRNA to track a reference trajectory. This 
reference trajectory could be related to the measured level of genes expression, as it will be 
shown bellow, or to a therapeutic objective in a gene therapy context, for example. In the last 
situation, the idea is that we can in a similar way constrain the genes expression, via the drug 
inputs to follow some desired or normal trajectories, when they are pathologically perturbed. 
We need the time-series data of the mRNA of the investigated genes. Usually, the 
expression levels in microarray experiments are measured at a couple of specific time 
points, on a small number of subjects for each time point (see (Almon et al., 2005); (Almon et 
al. 2007) for the particular datasets used in this investigation). 
In order to apply the approach previously described, we first calculated the mean expression 
level for each time point, and then interpolated using a cubic spline interpolant. Because taking 
the derivative of noisy data can increase the noise, the result of the interpolation is 
differentiated instead, with respect to time. The number of hidden layers is one for all neural 
networks. The number of neurons in the hidden layer, of the two MLPs, is between 5 and 9, 
depending on the complexity of the problem and the results of the simulation experiments. 
The activation functions are tangent hyperbolic for the hidden layer and linear in the output 
layer for all NNs. The parameters and their values are the following: 

 Network Architecture 
o Number of hidden layers 1 
o Size of hidden layer 5-9 
o Sampling time 0.01 
o Number of delayed plant inputs 3 
o Number of delayed plant outputs 2 

 Training Data 
o Training samples 4320 
o Minimum plant input 0 
o Maximum plant input maximum DR(N) 
o Minimum time interval value 0.1 
o Minimum time interval value 1 
o Minimum plant output 0 
o Maximum plant output maximum mRNA 
o Training epochs 150 

We investigate the prediction errors by cross-validation on a test set. We used Bayesian 
regularization (MacKay, 1992), a training function that updates the weight and bias values 
according to Levenberg–Marquardt optimization. It minimizes a combination of squared 
errors and weights and then determines the correct combination to produce a network that 
generalizes well. We start with different random initial conditions to avoid ending in “bad” 
local minima. In NN FBL the controller is simply a rearrangement of the neural network 
plant model. The time-series of the missing variables are identified as the control inputs, and 
the complete equation is thus reconstructed. 
 
 

Three important problems can be approached by the proposed methods: 
1) finding the unknown transcription factor profile in a drug-gene regulatory 

network, using the measured mRNA profile as a reference trajectory; 
2) finding the unknown drug-receptor complex profile in a drug-gene regulatory 

network, using again the measured mRNA profile as a reference trajectory; and 
3) finding the optimal/individualized drug–receptor complex profile, corresponding 

to the optimal drug dosage regimen, capable of constraining the mRNA profile to 
track a desired therapeutic objective, in a pharmacogenomic context. 

Because of the mechanistic and mathematical similarities between transcription regulation 
by TFs and by drug–receptor complexes, the example is illustrative for both situations. 

 
3. Results 
 

Most often, the temporal series of the TF or of the drug-receptor complex is not known for 
regulated genes. This is also true for the temporal series of the mRNA of the TF in proteomics 
experiments, when one wants to reconstruct the TF ODE (see eqn (2)). In these situations, 
RODES clearly indicates that information is missing from the input set (see (Floares, 2008)), 
and one has to use the extension based on neural network feedback linearization. 
For illustration we tested the NN RODES algorithm on reconstructing equation (3) for two genes: 
the ornithine decarboxylase gene and the α-2Macroglobulin gene. The parameters for the two 
genes are: ksm = kdm = 0.30 for ornithine decarboxylase, and ksm = kdm = 0.038 for α-2Macroglobulin. 
There are three temporal series in equation 3: 

1) one for the mRNA - obtained by fitting the mean expression level at each time point 
of the experiment, using a cubic spline interpolant (see Fig. 1) 

2) one for the dmRNA/dt - obtained by differentiating with respect to time the result of 
the interpolation (see Fig. 1 ) 

3) one for the regulator - the drug-receptor complex in the cellular nucleus, DR(N), 
which we are trying to reconstruct with the aid of NN FBL. 

 

 
Fig. 1. Ornithine decarboxylase mRNA - processed mRNA experimental data fitted with a 
cubic spline interpolant and the 1st derivative with respect to time (explanation in text). 
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A random input control, between zero and the estimated maximal value, is injected into the 
model at random intervals. The NN model structure is the standard nonlinear 
autoregressive moving average (NARMA) model, adapted to the feedback linearization of 
affine systems - the controller input is not contained in the nonlinearity. 
We want the system output represented by the mRNA to track a reference trajectory. This 
reference trajectory could be related to the measured level of genes expression, as it will be 
shown bellow, or to a therapeutic objective in a gene therapy context, for example. In the last 
situation, the idea is that we can in a similar way constrain the genes expression, via the drug 
inputs to follow some desired or normal trajectories, when they are pathologically perturbed. 
We need the time-series data of the mRNA of the investigated genes. Usually, the 
expression levels in microarray experiments are measured at a couple of specific time 
points, on a small number of subjects for each time point (see (Almon et al., 2005); (Almon et 
al. 2007) for the particular datasets used in this investigation). 
In order to apply the approach previously described, we first calculated the mean expression 
level for each time point, and then interpolated using a cubic spline interpolant. Because taking 
the derivative of noisy data can increase the noise, the result of the interpolation is 
differentiated instead, with respect to time. The number of hidden layers is one for all neural 
networks. The number of neurons in the hidden layer, of the two MLPs, is between 5 and 9, 
depending on the complexity of the problem and the results of the simulation experiments. 
The activation functions are tangent hyperbolic for the hidden layer and linear in the output 
layer for all NNs. The parameters and their values are the following: 

 Network Architecture 
o Number of hidden layers 1 
o Size of hidden layer 5-9 
o Sampling time 0.01 
o Number of delayed plant inputs 3 
o Number of delayed plant outputs 2 

 Training Data 
o Training samples 4320 
o Minimum plant input 0 
o Maximum plant input maximum DR(N) 
o Minimum time interval value 0.1 
o Minimum time interval value 1 
o Minimum plant output 0 
o Maximum plant output maximum mRNA 
o Training epochs 150 

We investigate the prediction errors by cross-validation on a test set. We used Bayesian 
regularization (MacKay, 1992), a training function that updates the weight and bias values 
according to Levenberg–Marquardt optimization. It minimizes a combination of squared 
errors and weights and then determines the correct combination to produce a network that 
generalizes well. We start with different random initial conditions to avoid ending in “bad” 
local minima. In NN FBL the controller is simply a rearrangement of the neural network 
plant model. The time-series of the missing variables are identified as the control inputs, and 
the complete equation is thus reconstructed. 
 
 

Three important problems can be approached by the proposed methods: 
1) finding the unknown transcription factor profile in a drug-gene regulatory 

network, using the measured mRNA profile as a reference trajectory; 
2) finding the unknown drug-receptor complex profile in a drug-gene regulatory 

network, using again the measured mRNA profile as a reference trajectory; and 
3) finding the optimal/individualized drug–receptor complex profile, corresponding 

to the optimal drug dosage regimen, capable of constraining the mRNA profile to 
track a desired therapeutic objective, in a pharmacogenomic context. 

Because of the mechanistic and mathematical similarities between transcription regulation 
by TFs and by drug–receptor complexes, the example is illustrative for both situations. 

 
3. Results 
 

Most often, the temporal series of the TF or of the drug-receptor complex is not known for 
regulated genes. This is also true for the temporal series of the mRNA of the TF in proteomics 
experiments, when one wants to reconstruct the TF ODE (see eqn (2)). In these situations, 
RODES clearly indicates that information is missing from the input set (see (Floares, 2008)), 
and one has to use the extension based on neural network feedback linearization. 
For illustration we tested the NN RODES algorithm on reconstructing equation (3) for two genes: 
the ornithine decarboxylase gene and the α-2Macroglobulin gene. The parameters for the two 
genes are: ksm = kdm = 0.30 for ornithine decarboxylase, and ksm = kdm = 0.038 for α-2Macroglobulin. 
There are three temporal series in equation 3: 

1) one for the mRNA - obtained by fitting the mean expression level at each time point 
of the experiment, using a cubic spline interpolant (see Fig. 1) 

2) one for the dmRNA/dt - obtained by differentiating with respect to time the result of 
the interpolation (see Fig. 1 ) 

3) one for the regulator - the drug-receptor complex in the cellular nucleus, DR(N), 
which we are trying to reconstruct with the aid of NN FBL. 

 

 
Fig. 1. Ornithine decarboxylase mRNA - processed mRNA experimental data fitted with a 
cubic spline interpolant and the 1st derivative with respect to time (explanation in text). 
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The settings of the neural networks feedback linearization experiments are presented at the 
end of section 3, above.  
In our previous studies (see (Floares, 2008)) the performance of the identification step of NN 
FBL was very good, but also somehow expected because the data were simulated. Here, 
with real microarray time-series data the performance were very high too, and the order of 
magnitude of the error is 10−3 - 10−4 for both genes (see Fig. 2 and Fig. 3).  
 

 
Fig. 2. Neural networks feedback linearization model identification for ornithine 
decarboxylase mRNA; the NN model have an almost identical output for the same input as 
the plant (mathematical model), the order of magnitude of the error is 10−3 (un-scaled data; 
explanation in text). 

 
Fig. 3. Neural networks feedback linearization model identification for α2-Macroglobulin 
mRNA; the NN model have an almost identical output for the same input as the plant 
(mathematical model), the order of magnitude of the error is 10−4 (scaled data; explanation 
in text). 
 
Also, the performance of the identification of the drug-receptor complex concentration 
profile in the nucleus, DR(N), is very good for both genes; the results are shown just for 
ornithine decarboxylase, those for the α2-macroglobulin being similar (see Fig. 4). 
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Fig. 4. Neural networks feedback linearization control for ornithine decarboxylase mRNA; 
the missing temporal-series of drug-receptor complex in the nucleus, DR(N), are 
reconstructed such as to constraint the mRNA output of the model to follow the measured 
mRNA (processed). The accuracy of the control is very good (explanation in text).
 
Thus, NN RODES using neural networks feedback linearization is able to reconstruct with 
high accuracy a system of ordinary differential equations, modeling (drug) gene regulatory 
networks, in the very difficult but common situation of having only the time-series of the 
gene expression levels, while the time-series of the regulators - transcription factors and 
drug related compounds - are missing. 
Because of the very low tracking error, the reference trajectory, which is the measured 
mRNA profile (after the processing previously described) the mRNA output of the 
controlled system cannot be distinguished. 
 
4. Conclusion 
 

ODE systems are one of the most sophisticated approaches to modeling gene regulatory 
networks and drug gene regulatory networks, the superset of GRN we have recently 
proposed; it is also one of the most difficult. This contribution showed the applications of 
RODES, our algorithm for reverse-engineering gene networks, based on linear genetic 
programming and neural networks control by feedback linearization method, to real 
microarray time-series data (NN RODES), and simulated data (GP RODES). 

Common to both neural networks and genetic programming component is the proposed 
method for decoupling the ordinary differential equations system. This allows reversing the 
ordinary differential equations of the system one by one. The neural networks component 
enables RODES to deal with the very difficult but common situation in which only the 
microarray time-series data are available, but the regulators time-series, transcription factors 
and drug related compounds, are missing. 
Here we focused on the case of regulated mRNA transcription and unregulated mRNA 
degradation, when either the temporal series of the regulatory transcription factor (in GRN) 
or those of the drug–receptor complex (in DGRN) are missing. The tricky solution consists 
of transforming the modeling problem in a tracking control problem. The measured mRNA 
temporal series becomes the desired, or reference, trajectory. The problem is to find the 
control(s) such that the plant output - the solution of the mRNA ODE - tracks the desired 
trajectory with an acceptable level of accuracy. These control inputs are the missing 
variables that can be identified in this way, thus completing the automatic reconstruction of 
the ODE equation. To the best of our knowledge, RODES is the only reverse-engineering 
algorithm based on neural network feedback linearization, that has been applied to reverse 
engineer gene networks, as a highly accurate system of ordinary differential equations, in 
the very difficult but common situation of missing information from data, as missing 
variables - having only the time-series of the gene expression levels, but not the time-series 
of transcription factors and drug related compounds. In addition, the algorithm is by no 
means restricted to the biomedical field, automating the ODE modeling of complex time 
series, even when information is missing from data in the form of variable missing, in any 
scientific and technical field. 
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1. Introduction 
 

Lead is a well known non-biodegradable toxic metal in the environment and now, it has 
become a global health issue (1-5). More than 15 million children in developing countries are 
suffering permanent neurological damage due to Pb poisoning (6). Lead toxicity in children 
causes serious health hazards i.e. permanent brain damage, causing learning disabilities, 
hearing loss, and behavioural abnormalities and  in adults causes hypertension, blood 
pressure problems, heart disease, etc. (7-9). The elevated levels of Pb in blood of children 
(200 µg l-1) and dogs (250 µg l-1 ) of Indian megacities were reported (10-11). Sources of Pb 
pollution in India may be divided into two major categories: industrial and domestic. The 
industrial Pb exposures are mainly due to the particulates generated by coal burning and 
roasting of minerals i.e. iron pyrite, dolomite, alumina, etc. The domestic Pb exposures come 
mainly from cooking by use of the solid fuels (i.e. coal, biomass, agricultural waste, etc.), 
paints, ceramic glazes, cosmetic and folk remedies, drinking water, food, etc. The most of  
minerals and coal in Indian subcontinent are reserved in the central states i.e. Chhattisgarh, 
Jharkhand,  Madhya Pradesh, Orissa, etc. Raipur city is capital of Chhattisgarh state  and the 
environment (soil, rain, etc.) of this region is found to be contaminated with Pb and other 
heavy metals at elevated levels (12-13). The aim of this work is to highlight the lead levels in 
the various environmental compartments (i.e. air, rain, runoff water, surface soil, sludge and 
plants of the central India) and to discuss its sources, exposures and toxicities.  

 
2. Method and Materials 
 

2.1 Study area 
The lead contamination levels  were investigated in the environment of five cities: Raipur, 
Bhilai, Kaudikasa, Mandla and Korba, Figure 1. Their geography and environment are 
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minerals and coal in Indian subcontinent are reserved in the central states i.e. Chhattisgarh, 
Jharkhand,  Madhya Pradesh, Orissa, etc. Raipur city is capital of Chhattisgarh state  and the 
environment (soil, rain, etc.) of this region is found to be contaminated with Pb and other 
heavy metals at elevated levels (12-13). The aim of this work is to highlight the lead levels in 
the various environmental compartments (i.e. air, rain, runoff water, surface soil, sludge and 
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2. Method and Materials 
 

2.1 Study area 
The lead contamination levels  were investigated in the environment of five cities: Raipur, 
Bhilai, Kaudikasa, Mandla and Korba, Figure 1. Their geography and environment are 
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shown in Table 1. The population of   Raipur city is ≈ 2.0 million, and being exposed to high 
levels of air pollution due to rapid industrialization and urbanization. Raipur city and its 
neighbourhood are now becoming an important regional commercial and industrial 
destination for the coal, power, steel and aluminium industries. Raipur is the biggest iron 
markets in the country. Bhilai is the second-largest city in Chhattisgarh  state, and it is 
located 20 km away in the north-western part  of Raipur. The town is famous for running of 
one of the largest World Steel Plant. Korba  is another city famous for power supply and 
located in the NE direction ≈ 150 km away from Raipur. The Kaudikasa is a remote area, 
situated in Rajnandgaon district, Chhattisgarh and severely suffering with geogenic arsenic 
toxicity problem (14). The Mandla town  is situated in a loop of the Narmada river in the 
Madhya Pradesh state and severely affected  with the flourosis problem (15). 

 
2.2 Collection and analysis  
The respirable aerosol particles, fine and coarse particulate matter (PM2.5 and PM10) were 
collected at residential site (i.e. Dagania) of Raipur city during period, June, 2005 – May, 
2006 to know Pb- 
 

 
Fig. 1. Representation of sampling sites in India 

City Location Population 
million 

Type Remark 

Raipur 21°24’N & 
81°63’E 

2 Urban & 
Industrial 

Several steel, ferro-alloy 
and cement plants are 
running 

Bhilai 21° 13′ N & 
81° 25′ E 

0.5 Industrial The Asia biggest steel plant 
is in the operation 

Korba 22° 21′ N & 
82° 40′ E 

0.5 Industrial Thermal power plants of 
capacity, 40000 MW Yr-1 
are in operation 

Koudikasa  0.01 Rural Suffering with geogenic 
arsenic problem 

Mandala 22°60’ N & 
80°38’E 

0.1 Semi-
urban 

Suffering with severe 
fluorosis problem 

Table 1. Geography and environment of sampling sites 
 
contamination in the air. The Partisol Model 2300 sequential speciation air sampler (Thermo 
Scientific, USA) was used for collection of the PM10 and PM2.5 over the teflon PTVC filter 
(Whatmann, 47-mm diameter). The sampler was installed at the roof of the building, 10-m 
above from the ground level. The weighted filters were housed in the sampler and run for 
duration of 24-hrs duration from 6.00 am -  6.00 am. The loaded filters were dismounted, 
brought to laboratory, transferred into the desicator, and finally weighted to record the 
particulate contents. Each loaded filter was kept in a petri dish, and dispatched to 
(Department of Physics, National Institute Nuclear Physics, Florence) Italy for the analysis 
of the total lead content by technique i.e. proton induced X-ray emission spectroscopy 
(PIXE). 
The rain water samples were collected by using automatic collector in year 2008. Whereas, 
the runoff water samples were collected manually. The pH and conductivity values were 
measured immediately. The rain water sample was transferred into 50-ml plastic bottle and 
acidified with few drops of ultra pure nitric acid.  
The surface  soil, sludge and plant samples  were collected in dry season  from three 
industrial city i.e. Raipur, Bhilai, Korba, Mandla and Koudikasa. The sample was dried, 
crushed,  sieved out (< 0.5 mm) and digested in the microwave digestion system “MARS 5 
with the aqua regia.  
A VARIAN “SpectrAA 220Z” model graphite furnace atomic absorption spectrometer (GF-
AAS) equipped with a longitudinal Zeeman Effect background corrector and THGA tube, 
auto sampler  and automatic data processor was used for analysis of Pb at wavelength and 
slit width of 283.3 and 0.5 nm, respectively. The drying, ashing and atomization was carried 
out at 110-130, 975 and 2400 oC, respectively. The reference materials were used for the 
quality control. 

 
3. Results and Discussion 
 

3.1 Raw material 
Two natural resourced raw materials such as iron pyrite and coal are widely used for 
production of steel and generation of energy, respectively. They were found to be 
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City Location Population 
million 

Type Remark 

Raipur 21°24’N & 
81°63’E 

2 Urban & 
Industrial 

Several steel, ferro-alloy 
and cement plants are 
running 

Bhilai 21° 13′ N & 
81° 25′ E 

0.5 Industrial The Asia biggest steel plant 
is in the operation 

Korba 22° 21′ N & 
82° 40′ E 

0.5 Industrial Thermal power plants of 
capacity, 40000 MW Yr-1 
are in operation 

Koudikasa  0.01 Rural Suffering with geogenic 
arsenic problem 

Mandala 22°60’ N & 
80°38’E 
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Suffering with severe 
fluorosis problem 

Table 1. Geography and environment of sampling sites 
 
contamination in the air. The Partisol Model 2300 sequential speciation air sampler (Thermo 
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contaminated with the toxic metals at the trace levels. The estimated Pb levels  in the iron 
pyrite and coal were > 10 and >30 mg kg-1, respectively. The combustion of 10 MT each of 
pyrite and coal may emit > 400 T Pb in the air.  

 
3.2 Air 
Lead in the air is emitted as aerosol predominately by burning of solid fuel (i.e. coal and 
biomass) and roasting of pyrite minerals in this region. The annual concentration of PM10 
and PM2.5 in the air (n = 44)  was ranged from 37 -501 and 27 – 293 µg m-3  with arithmetic 
mean value of 209 ±38 and 95 ±18  µg m-3, respectively (16). The Pb concentration associated 
with  the PM2.5 and PM10 are summarized in Table 2. 
 

PM Range A. Mean G. Mean Median STD, ± 
PM2.5 13 - 5234 730 230 258 1092 
PM10 21 - 5582 909 287 294 1251 

Table 2. Concentration of Pb in air associated to PM, Raipur city, ng m-3 

 
The highest concentration of the PM10Pb and PM2.5Pb in the air was seen in the month of 
January and December of a year, respectively mainly due to the lowest wind speed, Figure 
2. Meteorologically, the whole hydrological year was classified into four seasons: rainy (July 
- September), autumn (October - December), winter (January - March) and summer (April - 
June). The concentration of Pb in the rainy season was remarkably decreased, may be due to 
removal with the rain, Figure 3. The PM10Pb (r2 = 0.40) and PM2.5Pb (r2 = 0.17) concentration 
have poor correlation with the PM concentration, showing dissimilarity in their origin. 
While the PM10Pb and PM2.5Pb have good correlation value (r2 = 0.91), indicating similarity 
in their origin in the both fractions, Figure 4.  
The annual concentration of Pb in the PM10 and  PM2.5 was ranged from 0.01 – 1.52 and 0.01 
– 2.56% with mean value of 0.34 and 0.66%, respectively. The highest and lowest 
concentration of Pb in the PM was seen in the autumn and rainy season, respectively, Table 3.  
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concentration of Pb in the air was decreased when the value of RF, T, H, VP and WS was 
increased. A reverse trend was observed in the case of sunshine. The WD of the air also 
influenced the concentration of Pb in the air, and found to be increased remarkably due to 
coming of industrial effluents from north to east directions. In industrial site, the 
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Fig. 5. Meteorology of Raipur city 
 
Pb concentration in the air was tremendously increased (> 2-folds) due to the anthropogenic 
emissions, Figure 6. 
 The annual mean ratio of [PM2.5Pb]/[PM10Pb] was found to be 0.80, indicating the 
accumulation of 80%  Pb in the aerodynamic mode. The Pb concentration in the air has good 
correlation with the elements i.e. S (r2 = 0. 71), Cl (r2 = 0. 80), Mn (r2 = 0. 82)   and Zn (r2 = 
0.78) in the fine fraction. The enrichment factor of Pb (concentration ratio of the aerosol to 
the soil of the element to the reference crustal element such as Al)  in the PM2.5 mode was 
166, and  can be considered as an element of the anthropogenic origin. Lead concentration in 
the ambient air of Raipur city during  the dry season was found to be much more higher 
than other part of the country (17-18).  
 

Fig. 6. Spatial distribution of Pb in PM during Feb.,2006   

 
3.3 Rain and runoff water 
The atmospheric and geospheric pollutants were washed out with precipitates (i.e. rain, fog, 
snow, etc.) and runoff water, respectively. The Pb contents in  rain of three industrial cities 
i.e. Raipur, Bhilai and Korba were ranged from  28 – 849 µg l-1 with mean value of 291±130 
µg l-1, respectively (19). The highest Pb level was detected in the samples of Korba city due 
to higher coal burning, Figure 7. Similarly, Pb-content in the runoff water was ranged from 
131 - 3157 μg l-1 with mean value of 659±232 µg l-1, respectively. Almost similar spatial 
variation of Pb-content in the runoff water was observed, Figure 7. The Pb content in the 

rain of this region was found to be much higher than reported for other regions of the World 
(20-24). 
 

 
Fig. 7. Spatial distribution of Pb in rain and runoff water 

 
3.4 Soil and sludge 
The Pb content in the surface soil of remote, urban and industrial cities (i.e. Kaudikasa, 
Mandla,  Raipur, Bhilai and Korba) is summarized in Table 5. The highest Pb content in the 
surface soil of coal burning site, Korba city (over area ≈ 5000 km2) was observed, may be due 
to huge coal utilization (25). Similarly, high Pb- content in the soil and sludge of other 
industrial city: Bhilai and Raipur was measured (26). The presence of high Pb and other 
heavy metal contents  in the Mandla city was reported (27). The most of soils were found to 
be associated with high heavy metal (i.e. Mn, Fe, Cu, Zn and As) contents, Table 5. Among 
them, Fe showed the highest fraction (1-16%) followed by Mn (3030 – 12820 mg kg-1). The 
higher content of As was observed in the soil of  sites i.e. Korba, Mandla and Kaudikasa. The 
origin of As in Mandla and Kaudikasa was expected due to geogenic contamination unlikely 
to Korba city. The Pb contents in the soil and sludge of this region was found to be higher 
than reported in other parts of the World (28-31). 
 

Location Metal, mg kg-1 
Pb As Hg Fe, % Mn Cu Ni Zn 

Raipur 
(n=5) 

276 15 0.1 16 12820 566 60 348 

Bhilai 
(n=3) 

545 13 4.3 2.7 1440 1240 110 61 

Korba (n=9) 1930 45 1.4 21 3400 218 42 230 
Mandala 
(n=3) 

390 53 4.8 1.0 1830 740 670 150 

Kaudikasa 
(n=10) 

25 71    49   

Bhilai 
(n=8) 

115 17 1.1 16 3030 49 28 240 

Table 5. Lead and other heavy metals in surface soil and sludge 
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Fig. 6. Spatial distribution of Pb in PM during Feb.,2006   
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rain of this region was found to be much higher than reported for other regions of the World 
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Fig. 7. Spatial distribution of Pb in rain and runoff water 

 
3.4 Soil and sludge 
The Pb content in the surface soil of remote, urban and industrial cities (i.e. Kaudikasa, 
Mandla,  Raipur, Bhilai and Korba) is summarized in Table 5. The highest Pb content in the 
surface soil of coal burning site, Korba city (over area ≈ 5000 km2) was observed, may be due 
to huge coal utilization (25). Similarly, high Pb- content in the soil and sludge of other 
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higher content of As was observed in the soil of  sites i.e. Korba, Mandla and Kaudikasa. The 
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Location Metal, mg kg-1 
Pb As Hg Fe, % Mn Cu Ni Zn 

Raipur 
(n=5) 

276 15 0.1 16 12820 566 60 348 

Bhilai 
(n=3) 

545 13 4.3 2.7 1440 1240 110 61 

Korba (n=9) 1930 45 1.4 21 3400 218 42 230 
Mandala 
(n=3) 

390 53 4.8 1.0 1830 740 670 150 

Kaudikasa 
(n=10) 

25 71    49   

Bhilai 
(n=8) 

115 17 1.1 16 3030 49 28 240 

Table 5. Lead and other heavy metals in surface soil and sludge 
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4. Accumulation of Pb  
 

The accumulation of Pb in the food grain, vegetables, spices, medicinal and wild species 
were investigated (26-27, 32-33). The Pb-content  in 10 different rice (grown in 10 different 
fields) was ranged  from   0.21 - 1.51 mg kg-1 with mean value of 0.64 mg kg-1, Figure 8. The 
Pb-content in the respective husk was ranged from 0.56 - 6.28 mg kg-1 with mean value of 
1.5 mg kg-1. Among 10 rice tested, the high yield variety rice, IR-64 was found to be as good 
phytoextractant for Pb. The Pb-content in the leafy vegetables, medicinal, spices and wild 
plants was ranged from 4.6 – 54.3 mg kg-1, Figure 9. Among them, Methi was found to be as 
good phytoextractant. The various parts of medicinal plant: sweet Basil (Ocimum basilicum), 
commonly used in medicine and for culinary purposes in India were tested for Pb-
contamination, and found to be ranged from 11.7 – 18.5 mg kg-1. Among them, the basil leaf 
showed the highest Pb levels, Figure 10. The Pb levels in the  wild plants i.e. parthenium 
hysterophorus (PH), datura alba (DA) and lantana camara (LC) grown everywhere in India 
were ranged from 0.3 – 5.0 mg kg-1, Figure 11. Among them, the poisonous plant i.e. datura 
alba was observed to be as good phytoremediating  agent for Pb to remove from the 
contaminated soil. The Pb contents in the plants  of this region were found to be 
comparable to the Pb values reported in other parts of the World (34-42). 

 
5. Lead toxicity 
 

The permissible limits for Pb in the air, drinking water, soil and food reported are 0.10 – 0.30 
µg m-³, 5 µg l-1, 300 µg kg-1 and 1.1 mg kg-1, respectively (43-46). The ambient air of the 
central India in the winter season was contaminated with the Pb at level of ≈1 µg m-³, being 
several folds higher than the permissible limit. The rain and runoff water of the industrial 
cities of central India are contaminated with several folds higher Pb than permissible limit of 
5 µg l-1. The medicinal plants, species and  leafy vegetables grown in the contaminated soil 
were found to be loaded with Pb beyond permissible limit of 1.1 mg kg-1. The humans and 
other animals in the industrial cities of the central India are exposed with Pb and other 
heavy metals via air, water, soil and food. 
 

Fig. 8. Accumulation of Pb in various  rice 

 
Fig. 9. Accumulation of Pb in spices and leaves 
 

Fig. 10. Accumulation of Pb in Basil plant parts  
 

 
Fig. 11. Accumulation of Pb in the wild plant  parts 

 
6. Conclusion 
 

The Pb-contamination  of the central India is expected due to both geogenic and 
anthropogenic pollution. The coal burning is assumed as a major anthropogenic inventory 
for the Pb contamination in the environment. The various environmental compartments i.e. 
air, rain, runoff water, surface soil and sludge of the Industrial cities are contaminated with 
the Pb and other heavy metals at elevated levels. The leafy and medicinal plants 
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phytoextract Pb and other heavy metals significantly, and expected one of the major entry 
path way route in human and other animals. 
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phytoextract Pb and other heavy metals significantly, and expected one of the major entry 
path way route in human and other animals. 
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Abstract 
We numerically study  the three-dimensional magnetohydrodynamics (MHD) stability of 
oscillatory natural convection flow in a rectangular cavity, with  free top surface, filled with 
a liquid metal,   having an aspect ratio equal to A=L/H=5, and subjected to a transversal  
temperature gradient and a uniform  magnetic field oriented in  x and z directions. The 
finite volume method was used in order to solve the equations of continuity, momentum, 
energy, and potential. The stability diagram obtained in this study highlights the 
dependence of the critical value of the Grashof number Grcrit , with the increase of  the 
Hartmann number Ha for two orientations of the magnetic field. This study confirms the 
possibility of stabilization of a liquid metal flow in natural convection by application of a   
magnetic field and shows that the flow stability is more important when the direction of 
magnetic field is longitudinal than when the direction is transversal.   
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1. Introduction 
 

Natural convection of a conducting fluid of electricity contained in a  cavity represents  an 
adequate research subject, because of its presence in many industrial processes, especially 
during the process of crystal growth (Tagawa and  Ozoe, 1997). The widespread use of this 
process in electronic and optical applications had, for consequence, an extended research 
towards the comprehension and the control of the natural convection in these systems.  
With the application of an external magnetic field, it is possible to act on the flows without 
any physical contact, and thus to remove the fluctuations to control heat and mass transfers, 
in order to improve the quality of the crystal. For this purpose, the damping magnetic to 
control the flow induced by a temperature variation was used in several industrials 
applications [1]-[8]. Tagawa and Ozoe [1] numerically studied three-dimensional natural 
convection of a liquid metal in a cubic enclosure, under the action of a magnetic field 
applied, according to the three main directions. Benhadid and Henry [2] studied the effect 
of a magnetic field on the flow of liquid metal in a parallelepiped cavity, using a spectral 
numerical method. Bessaih et al. [3] numerically examined the effect of the electric 
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dependence of the critical value of the Grashof number Grcrit , with the increase of  the 
Hartmann number Ha for two orientations of the magnetic field. This study confirms the 
possibility of stabilization of a liquid metal flow in natural convection by application of a   
magnetic field and shows that the flow stability is more important when the direction of 
magnetic field is longitudinal than when the direction is transversal.   
Keywords 
Natural convection, Magnetic field, Oscillatory, Cavity, Liquid metal.  

 
1. Introduction 
 

Natural convection of a conducting fluid of electricity contained in a  cavity represents  an 
adequate research subject, because of its presence in many industrial processes, especially 
during the process of crystal growth (Tagawa and  Ozoe, 1997). The widespread use of this 
process in electronic and optical applications had, for consequence, an extended research 
towards the comprehension and the control of the natural convection in these systems.  
With the application of an external magnetic field, it is possible to act on the flows without 
any physical contact, and thus to remove the fluctuations to control heat and mass transfers, 
in order to improve the quality of the crystal. For this purpose, the damping magnetic to 
control the flow induced by a temperature variation was used in several industrials 
applications [1]-[8]. Tagawa and Ozoe [1] numerically studied three-dimensional natural 
convection of a liquid metal in a cubic enclosure, under the action of a magnetic field 
applied, according to the three main directions. Benhadid and Henry [2] studied the effect 
of a magnetic field on the flow of liquid metal in a parallelepiped cavity, using a spectral 
numerical method. Bessaih et al. [3] numerically examined the effect of the electric 
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conductivity of the walls and the direction of the magnetic field on the flow of Gallium. 
Their results show a considerable reduction in the intensity of the convection when the 
magnetic field increases. Juel and al. [4] had the results of a numerical and experimental 
study of the effect of the application of a magnetic field in the direction perpendicular to the 
convective flow of Gallium. Aleksandrova and Molokov [5] considered three-dimensional 
convection in a rectangular cavity subjected to a horizontal temperature gradient and a 
magnetic field, by an asymptotic model. The effectiveness of the application of the magnetic 
field depends considerably on the aspect ratio and the value of the Hartmann number. Hof 
and al. [6] presented an experimental study of the effect of the magnetic field on the natural 
convection stability in a rectangular cavity of square section, filled with a liquid metal. 
These authors founded that the vertical direction of the magnetic field is most effective for 
the suppression of oscillations. This is in good agreement with the work of Gelfgat and Bar-
Yoseph [7]. 
In the present work, we present a three-dimensional numerical study on the critical value of 
the Grashof number Grcrit , and the magnitude and orientation of a uniform magnetic field. 
Here, the geometry is the same considered by Xu et al. [8], which is filled with the liquid 
Gallium.  

 
2. Geometry and mathematical model 
 

The geometry of the flow field analysed in this study is illustrated in Figure 1. A liquid 
metal with a density  , a kinematics viscosity   and an electrical conductivity , fills a 
rectangular cavity of dimensions WHL  , having an aspect ratio A=L/H=5, and 
submitted to a uniform magnetic field 0B . The magnetic field is applied separately in x-, and 
z- directions. The left wall is kept at a local hot temperature Th, and the right wall is 
maintained at a local cold temperature Tc   (Th > Tc). The upper surface of the cavity is free 
and the other walls are adiabatic. The fluid contained in the rectangular cavity is the 
Gallium whose Prandtl number equal to 0.02. 
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The Biot number in equation (6d) is given by Bi=hL/k, where h is a heat transfer coefficient to 
the surroundings at the cold wall temperature, and k is the thermal conductivity of the fluid.  

 
3. Numerical Method 
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Fig. 2. Variation of the dimensional vertical velocity v  vs. x for three grids. 
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Fig. 2. Variation of the dimensional vertical velocity v  vs. x for three grids. 
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Fig. 3. Validation of the code with experimental measurements (Xu et al., 2006), for A=5. (a) 
Without magnetic field, (b) with magnetic field. 
 
B. Flow fields  
Figure4 (a) and Figure 4(b) show the velocity field of flows in the rectangular cavity for both 
orientations of the magnetic field. We can see that the fluid moves from the hot wall (at x=0) 
towards the cold wall (at x=W). As the fluid moves away from the hot wall, the magnitude 
of velocity increases until the fluid approaches the cold wall. In this region, the magnitude 
of the velocity is reduced. Both figures show a single rotating cell. At the top of the cavity, 
the fluid flow circulates from the hot wall towards the cold wall. 
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C. Oscillatory solution with magnetic field  
In this section, we determine the physical instabilities within the flow from natural 
convection of a low Prandtl number fluid (Pr =0.02), contained in a rectangular cavity of an 
aspect ratio A= 5. This flow is subjected to a magnetic field oriented in x-, and z- directions. 
Then, the determination of physical instabilities is reduced to the determination of the 
critical value of the Grashof number Grcrit characterizing the subjacent flow, starting from 
which flow becomes oscillatory. It is noted that, the results obtained at given Grashof 
number were successively used for computation at the following Gr number.  
From point of view of the dynamic systems, when a system re-enters in instability it 
presents to the beginning an oscillatory or periodic character, then because of the bifurcation 
phenomenon, this system will become quasi-periodic, and finally it re-enters in chaos (or 
turbulence). The Grashof numbers characterizing the periodic flows are the critical numbers: 
transition from steady (Figure 5) to time-dependent flow (Figure 6(a-d)). 
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The oscillatory aspect (periodic) of the temporal evolutions of three dimensionless 
components velocity  u (Figure 6(a)) and v (Figure 6 (b)) and w (Figure 6 (c)) and 
dimensionless  temperature T (Figure 6 (d))   for Ha=7.5, recorded with a probe, indicates 
that oscillatory instabilities start and the flow bifurcates  towards an unstable regime. By 
comparing the amplitudes of oscillations, we can notice that these amplitudes present 
different magnitudes, according to the points from recordings. This oscillatory behavior of 
the various parameters translates the existence of a continuous change of the flow structures 
(with periodicity). Also, we can notice clearly that the amplitudes of oscillations of the 
temperature (Figure 6 (d)) are smaller than those of u (Figure 6 (a)), v (Figure 6 (b)) and w 
(Figure 6 (c)). This can be interpreted by the domination of the conductive heat transfer 
mode in this type of   low Prandtl number fluids flow. Also, we can notice on these figures, 
that the value of Grcrit when the field is transverse is lower than that when the field is 
longitudinal. The amplitudes of oscillations are larger when the field is transverse.  
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Fig. 6. Time evolutions  vs. two orientations of the magnetic field (Bx and Bz) Ha=5:  (a) 
dimensionless velocity u, (b) dimensionless velocity v,  (c) dimensionless velocity w,   (d) 
dimensionless temperature T 
 
D. Stability diagram  
In absence of the magnetic field (Ha=0), the oscillatory mode begins at the critical value of 
the Grashof number Grcrit = 6107.7  . The flow stability appears when the direction of the 
magnetic field is longitudinal than when the direction of the magnetic field is transverse 
(Figure 7). The increase of with the Hartmann number Ha is clearly seen if the magnetic 
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(Figure 7). The increase of with the Hartmann number Ha is clearly seen if the magnetic 
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field is longitudinal. In the case when the magnetic field is transverse, a reduction is noticed 
at   Ha = 5, and beyond this value, the variation of Grcrit increases with Ha. 
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5. Conclusions 
 

A three-dimensional numerical study of a low Prandtl number fluid flow inside a 
rectangular cavity, which is subjected to a uniform magnetic field, has been carried out. The 
geometry considered here is related to crystal growth by a horizontal Bridgman 
configuration. The finite-volume method was used to discretize the mathematical model.  
In the absence of a magnetic field, the results obtained show that the flow is steady for Gr 
=7.6 x 106 < Grcrit , and becomes oscillatory for the critical value of the Grashof number,  
Grcrit =7.7 x 106. The application of a magnetic field causes a change of the flow and thermal 
fields, and consequently stabilizes the convective flow. The flow stability appears when the 
direction of the magnetic field is longitudinal than when the direction of the magnetic field 
is transverse. The dependences of the critical value of the Grashof number with the 
Hartmann number for two orientations of the magnetic field was recapitulated in the 
stability diagram. Finally, the results obtained in this study will allow the research workers 
and industrialists to know the oscillatory modes in the presence of a magnetic field, in order 
to improve quality of the crystal. 
 
 
 
 
 
 
 

 

 

Symbol Quantity Unity 
A apect ratio = L/H  
B


 dimensioless magnetic flux density 
vector 

 

0
B  uiform  magnetic  flux density T 

Bi Biot number = hL/k  
g


 acceleration due to gravity m/s2 
Gr Grashof number   23  LTTg ch    

B
e


 unitary vector of the direction of B


 
 

H height of the cavity M 
Ha Hartmann number LB

0
   

H heat transfer  coefficient W /m2.K 
j


 electric current density  A/m2 

K thermal conductivity of the fluid  W/m.K 
Lr length of the cavity M 
P dimensionless pressure  

Pr Prandtl number    
T dimensionless temperature  
T* temperature K 


T  ambient temperature K 

t dimensionless time     

V


 dimensionless velocity vector                  
u, v, w   dimensionless velocities in x-, y-, and 

z- directions, respectively 
 

W width of the cavity m 
x, y, z dimensionless transversal, vertical and 

longitudinal coordinates, respectively 
 

α thermal diffusivity of the fluid m2/s 
β thermal expansion coefficient of   the 

fluid 
K-1 

  dynamic  viscosity Pa.s 
  kinematic viscosity of the fluid m2/s 
ρ density of the fluid kg/m3 
σ electric conductivity Ω-1.m-1 
  electric potential V 

Table 1. Nomenclature 
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1. Introduction  
 

This chapter aims to give the reader an overview of the application of semiconductor 
photocatalysis, as well as of the Fenton process, as new technologies employed for the 
decontamination of chlorinated organic compounds in liquid waste. 
Advanced oxidation processes (AOPs) constitute an effective technology for the treatment of 
wastewaters containing non-easily removable organic compounds and among these AOPs 
photocatalysis in particular is the most promising. Therefore, in this chapter the theoretical 
aspects of semiconductor photocatalysis will be discussed, followed by a review on the 
applications. Since the most commonly used semiconductor photocatalyst is TiO2, efforts on 
the modification of TiO2 in order to improve the catalyst’s efficiency will also be presented. 
Finally, the high efficiency Fenton process that it is being increasingly used in the treatment 
of contaminated water, will be presented, along with applications in the decontamination of 
synthetic wastewaters.  

 
2. General 
 

As it is generally known, water constitutes the elementary ingredient of life on our planet. 
Despite its great importance, until a few decades ago it was treated by mankind as an 
abundant and cheap raw material, which will never run scarce. During the last years, 
however, we all realize that our philosophy towards water has changed dramatically. Water 
is at present considered as a valuable good that becomes easily polluted and disperses into 
all layers of the biosphere, while, on the other hand, it is difficult to decontaminate. Human 
activity has led to a huge production of liquid waste, which aggravates particularly the 
urban and industrial areas.  
The pollution induced to water due to the increased production of liquid waste in 
combination with the increased consumption as the planet’s population increases in great 
numbers, lead mankind to take action in two basic directions: (a) cleaning polluted water 
found on the surface as well as underground in order to make it potable, and (b) to the 
decontamination of liquid waste containing ingredients toxic to the ecosystem. 
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Particularly, chlorinated organic compounds constitute a group of contaminants with a 
complex diversity of biologic effects that has been designated as priority pollutants. The 
domestic use and industrial activity generate high amounts of residual wastewater 
containing chlorinated organic compounds, whose direct disposal to natural channels 
causes a considerable effect in the environment. Therefore, the need arises to develop 
processes for the purification of water.  
Advanced oxidation processes (AOPs) constitute a promising technology for the treatment 
of wastewaters containing non-easily removable organic compounds and are at present 
considered to have great potential in degrading chlorinated organic compounds.  
Hydrogen peroxide is a strong oxidant (standard potential 1.80 and 0.87 V at pH 0 and 14 
respectively) and its application in the treatment of various inorganic and organic pollutants 
is well established. Numerous applications of H2O2 in the removal of pollutants from 
wastewater, such as sulphites, hypochlorites, nitrites, cyanides, and chlorine are known 
(Venkatadri and Peeters, 1993). 
Oxidation by H2O2 alone is not effective for high concentrations of certain refractory 
contaminants such as highly chlorinated aromatic compounds and inorganic compounds 
(e.g. cyanides), because of low rates of reaction at reasonable H2O2 concentrations. 
Transition metal salts (e.g. iron salts), ozone and UV-light can activate H2O2 to form 
hydroxyl radicals which are strong oxidants: 
 

 Ozone and hydrogen peroxide 
  22223 HOOOHOHO  (1) 

 Iron salts and hydrogen peroxide 
  OHOHFeOHFe 3

22
2  (2) 

 UV-light and hydrogen peroxide 
 OHUVOH 2][22  (3) 

  
AOPs make use of different reacting systems, including photochemical degradation 
processes (UV/O3, UV/H2O2), photocatalysis (TiO2/UV, photo-Fenton reagent), and 
chemical oxidation processes (O3, O3/H2O2, H2O2/Fe2+). The light driven AOPs involve the 
production of hydroxyl radicals, which react almost non-selectively with the organic 
pollutants at very high rates. Chemical treatment of wastewaters by AOPs can result in the 
complete mineralization of the pollutants to carbon dioxide, water, inorganic compounds or, 
at least, in their transformation to harmless end products.  

 
3. The Fenton Process 
 

The oxidation processes utilizing activation of H2O2 by iron salts is reffered to as Fenton’s 
reagent. Fenton’s reagent was discovered about 100 years ago, but its application as an 
oxidizing process for destroying toxic organics was not applied until the late 1960s (Huang 
et. al, 1993). Fenton reaction wastewater treatment processes are known to be very effective 
in the removal of many hazardous organic pollutants from water. The main advantage is the 
complete destruction of contaminants to harmless compounds, e.g. CO2, water and 
inorganic salts. The Fenton reaction causes the dissociation of the oxidant and the formation  

  

 

of highly reactive hydroxyl radicals that attack and destroy the organic pollutants. 
The Fenton process, in one or other of its various forms, is being increasingly used in the 
treatment of contaminated water and soil. The conventional “dark” Fenton process involves 
the use of one or more oxidizing agents [usually hydrogen peroxide and /or oxygen] and a 
catalyst (a metal salt or oxide, usually iron), while the photo-Fenton (or photo-assisted 
Fenton) process also involves irradiation with sunlight or an artificial light source, which 
increases the rate of contaminant degradation by stimulating the reduction of Fe(III) to 
Fe(II). The reactions produce a range of free radicals, which can react with most organic 
compounds. Reactions involving the highly reactive hydroxyl radical (●OH) (or “hydroxyl 
radical-like” species) are the most important, and are characteristic of all advanced 
oxidation processes. 
Fenton-type processes can be divided into two categories: homogeneous processes 
(Fe(II)/H2O2/dark, Fe(III)/H2O2/dark, Fe(II)/H2O2/light, Fe(III)-ligand/H2O2/light, Fe(III)-
ligand/ light) and heterogeneous processes (Fe(III)oxide/H2O2/dark, supported iron 
catalysts, electrochemical Fenton processes). 
Fenton’s reagent is a mixture of H2O2 and ferrous iron, which generates hydroxyl radicals 
according to the reaction (Kitis et al.,1999; Yoon et al., 2001; Lu et al., 2001) 
 

  OHOHFeOHFe 3
22

2  (4) 

  
The ferrous iron (Fe2+) initiates and catalyses the decomposition of H2O2, resulting in the 
generation of hydroxyl radicals. The generation of the radicals involves a complex reaction 
sequence in an aqueous solution 
 

  OHOHFeOHFe 3
22

2  (chain initiation)  (5) 

  
K5=70 M-1s-1  (Rigg et al., 1954) 
 

  OHFeFeOH 32  (chain termination)  (6) 

  
K6=3.2 M-1s-1  (Buxton and Greenstock, 1988) 
Moreover, the newly formed ferric ions may catalyse hydrogen peroxide, causing it to be 
decomposed into water and oxygen. Ferrous ions and radicals are also formed in the 
reactions. The reactions are as shown in Eqs. (3)–(7). 
 

  HOOHFeOHFe 2
22

3    (7) 

 
K7=0.001-0.01  M-1s-1  (Walling and Goosen, 1973) 
 

  2
2

2 FeHOOOHFe    (8) 

  
The reaction of hydrogen peroxide with ferric ions is referred to as a Fenton-like reaction 
[reactions (7) and (8)] (Walling and Goosen, 1973; De Laat and Gallard, 1999). 
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processes (UV/O3, UV/H2O2), photocatalysis (TiO2/UV, photo-Fenton reagent), and 
chemical oxidation processes (O3, O3/H2O2, H2O2/Fe2+). The light driven AOPs involve the 
production of hydroxyl radicals, which react almost non-selectively with the organic 
pollutants at very high rates. Chemical treatment of wastewaters by AOPs can result in the 
complete mineralization of the pollutants to carbon dioxide, water, inorganic compounds or, 
at least, in their transformation to harmless end products.  

 
3. The Fenton Process 
 

The oxidation processes utilizing activation of H2O2 by iron salts is reffered to as Fenton’s 
reagent. Fenton’s reagent was discovered about 100 years ago, but its application as an 
oxidizing process for destroying toxic organics was not applied until the late 1960s (Huang 
et. al, 1993). Fenton reaction wastewater treatment processes are known to be very effective 
in the removal of many hazardous organic pollutants from water. The main advantage is the 
complete destruction of contaminants to harmless compounds, e.g. CO2, water and 
inorganic salts. The Fenton reaction causes the dissociation of the oxidant and the formation  

  

 

of highly reactive hydroxyl radicals that attack and destroy the organic pollutants. 
The Fenton process, in one or other of its various forms, is being increasingly used in the 
treatment of contaminated water and soil. The conventional “dark” Fenton process involves 
the use of one or more oxidizing agents [usually hydrogen peroxide and /or oxygen] and a 
catalyst (a metal salt or oxide, usually iron), while the photo-Fenton (or photo-assisted 
Fenton) process also involves irradiation with sunlight or an artificial light source, which 
increases the rate of contaminant degradation by stimulating the reduction of Fe(III) to 
Fe(II). The reactions produce a range of free radicals, which can react with most organic 
compounds. Reactions involving the highly reactive hydroxyl radical (●OH) (or “hydroxyl 
radical-like” species) are the most important, and are characteristic of all advanced 
oxidation processes. 
Fenton-type processes can be divided into two categories: homogeneous processes 
(Fe(II)/H2O2/dark, Fe(III)/H2O2/dark, Fe(II)/H2O2/light, Fe(III)-ligand/H2O2/light, Fe(III)-
ligand/ light) and heterogeneous processes (Fe(III)oxide/H2O2/dark, supported iron 
catalysts, electrochemical Fenton processes). 
Fenton’s reagent is a mixture of H2O2 and ferrous iron, which generates hydroxyl radicals 
according to the reaction (Kitis et al.,1999; Yoon et al., 2001; Lu et al., 2001) 
 

  OHOHFeOHFe 3
22

2  (4) 

  
The ferrous iron (Fe2+) initiates and catalyses the decomposition of H2O2, resulting in the 
generation of hydroxyl radicals. The generation of the radicals involves a complex reaction 
sequence in an aqueous solution 
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2  (chain initiation)  (5) 

  
K5=70 M-1s-1  (Rigg et al., 1954) 
 

  OHFeFeOH 32  (chain termination)  (6) 

  
K6=3.2 M-1s-1  (Buxton and Greenstock, 1988) 
Moreover, the newly formed ferric ions may catalyse hydrogen peroxide, causing it to be 
decomposed into water and oxygen. Ferrous ions and radicals are also formed in the 
reactions. The reactions are as shown in Eqs. (3)–(7). 
 

  HOOHFeOHFe 2
22
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K7=0.001-0.01  M-1s-1  (Walling and Goosen, 1973) 
 

  2
2
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The reaction of hydrogen peroxide with ferric ions is referred to as a Fenton-like reaction 
[reactions (7) and (8)] (Walling and Goosen, 1973; De Laat and Gallard, 1999). 
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K11=3.3x106  M-1s-1  (Buxton and Greenstock, 1988) 
 
As seen in reaction (11), H2O2 can act as an OH• scavenger as well as an initiator [reaction 
(7)]. 
Hydroxyl radicals can oxidise organics (RH) by abstraction of protons producing organic 
radicals (R•), which are highly reactive and can be further oxidised (Walling and Kato, 1971; 
Venkatadri and Peters, 1993; Lin and Lo, 1997) 
 

  ROHOHRH 2 further oxidation   (12) 

 
If the concentrations of reactants are not limiting, the organics can be completely detoxified 
by full conversion to CO2, water and in the case of substituted organics, inorganic salts if the 
treatment is continued. 
Walling, 1975, simplified the overall Fenton chemistry by accounting for the dissociation  of 
water 

OHFeHOHFe 2
3

22
2 2222      (13) 

  
This equation suggests that the presence of H+ is required in the decomposition of H2O2, 
indicating the need for an acid environment to produce the maximum amount of hydroxyl 
radicals. Previous Fenton studies have shown that acidic pH levels near 3 are usually 
optimum for Fenton oxidations (Hickey et al., 1995). In the presence of organic substrates 
(RH), excess ferrous ion, and at low pH, hydroxyl radicals can add to the aromatic or 
heterocyclic rings (as well as to the unsaturated bonds of alkenes or alkynes) 
They can also abstract a hydrogen atom, initiating a radical chain oxidation (Walling, 1975; 
Lipczynska-Kochany et al., 1995) 
 

  ROHOHRH 2  (chain propagation)  (14) 

  OHROHOHR 22  (15) 

  ROOOR 2  (16) 

 
The organic free radicals produced in reaction (14) may then be oxidised by Fe3+, reduced by  

  

 

Fe2+, or dimerised according to the following reactions (Tang and Tassos, 1997)  
 

  23 FeRFeR  (oxidation) (17) 

  32 FeRFeR  (reduction) (18) 

RRR 2  (dimerization) (19) 

 
The sequence of reactions (1), (2), (10) and (13) constitute the present accepted scheme for 
the Fenton’s reagent chain. 
The ferrous ions generated in the above redox reactions (8) and (9) react with hydroxide ions 
to form ferric hydroxo complexes according to (Walling and Kato, 1971, Lin and Lo, 1997) 
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Within pH 3 and 7, the above complexes become 
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which accounts for the coagulation capability of Fenton’s reagent. Dissolved suspended 
solids are captured and precipitated. It should be noted that large amounts of small flocs are 
consistently observed in the Fenton oxidation step. Those flocs take a very long time, 
sometimes overnight, to settle out. Chemical coagulation using polymer is therefore 
necessary. Fenton’s reagent is known to have different treatment functions, as mentioned 
earlier, depending on the H2O2/FeSO4 ratio. When the amount of Fe2+ employed exceeds 
that of H2O2, the treatment tends to have the effect of chemical coagulation. When the two 
amounts are reversed, the treatment tends to have the effect of chemical oxidation. 
Reaction (13) competes with both the chain termination reaction [reaction (2)] and with the 
propagation reaction (10) of Fenton chemistry. This competition for hydroxyl radical 
between Fe2+, RH and Fe3+ leads to the non-productive decomposition of hydrogen peroxide 
and limits the yield of hydroxylated (oxidised) organic compounds. Therefore, the 
stoichiometric relationship between Fe2+, RH and Fe3+ has to be established to maximize the 
efficiency of the degradation process. 

 
3.1 Applications of the Fenton Process 
Fenton’s reagent can be employed to treat a variety of industrial wastes containing a range 
of organic compounds like phenols, formaldehyde, pesticides, wood preservatives, plastic 
additives, and rubber chemicals [Barbeni et al., 1987; Gau and Chang, 1996; Lipczynska-
Kochany and Bolton, 1992; Lipczynska-Kochany, 1991, 1994; Lipczynska-Kochany et al., 
1995; Miller et al., 1996; Murphy et al., 1989; Pignatello, 1992; Pera-Titus et al., 2004; 
Poulopoulos et al., 2008] resulting to a reduction of toxicity, an improvement of 
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which accounts for the coagulation capability of Fenton’s reagent. Dissolved suspended 
solids are captured and precipitated. It should be noted that large amounts of small flocs are 
consistently observed in the Fenton oxidation step. Those flocs take a very long time, 
sometimes overnight, to settle out. Chemical coagulation using polymer is therefore 
necessary. Fenton’s reagent is known to have different treatment functions, as mentioned 
earlier, depending on the H2O2/FeSO4 ratio. When the amount of Fe2+ employed exceeds 
that of H2O2, the treatment tends to have the effect of chemical coagulation. When the two 
amounts are reversed, the treatment tends to have the effect of chemical oxidation. 
Reaction (13) competes with both the chain termination reaction [reaction (2)] and with the 
propagation reaction (10) of Fenton chemistry. This competition for hydroxyl radical 
between Fe2+, RH and Fe3+ leads to the non-productive decomposition of hydrogen peroxide 
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stoichiometric relationship between Fe2+, RH and Fe3+ has to be established to maximize the 
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biodegradability, and odor and color removal. In Table 1 is given a list of compounds 
degraded by the Fenton and photo-Fenton processes as well as the reaction conditions and 
the value of the pseudo-first order kinetic rate constant . 
 

Fenton’s Reagent 
Compound Initial 

Concentration 
(mM) 

[H2O2]0 
(mM) 

[Fe2+]0 (mM) 
 

K (min-1) 
 

Reference 

2-CP 0.50  5.00 0.20 1.67 Tang and Huang, 1996 
2-CP 0.39 2.20 0.008 1.92x10-2 Lu, 1999 
3-CP 0.80 4.00 0.020 - Shul’pin et al., 1997 
4-CP 0.50 4.00 0.040 0.320 Linsebigler et al., 1995 
4-CP 0.80 4.00 0.020 - Shul’pin et al., 1997 
4-CP 2.00 6.00 0.30 1.55 Kwon et al., 1999 
4-CP 0.30 7.50 0.10 1.88 Benítez et al., 2000 
4-CP 10.00 30.00 0.005 - Yoon et al., 2000 
4-CP 0.30 0.50 0.010 0.007 Benítez et al., 2001 
4-CP 2.27 8.20 0.054 0.007 Chamarro et al., 2001 
2,4-DCP 0.50 5.07.500 0.20 0.995 Tang and Huang, 1996 
2,4-DCP 0.30 4.00 0.010 0.0007 Benítez et al., 2001 
2,4,5-TCP 0.80 5.00 0.020 - Shul’pin et al., 1997 
2,4,6-TCP 0.50 5.90 0.20 0.15 Tang and Huang, 1996 
2,4,6-TCP 0.30 0.50 0.010 0.0005 Benítez et al., 2001 
PCP 0.80 4.00 0.020 - Shul’pin et al., 1997 
Photo-Fenton’s Reagent 
Compound Initial 

Concentration 
(mM) 

[H2O2]0  
(mM) 

[Fe2+]0 (mM) K (min-1) Reference 

4-CP 0.30 0.50 0.010 0.642 Benítez et al., 2001 
4-CP 10.00 30.00 0.005 - Yoon et al., 2000 
4-CP 0.80 4.00 0.020 - Shul’pin et al., 1997 
4-CP 0.30 0.50 0.010 0.642 Benítez et al., 2000 
4-CP 1.00 10.00 0.25 1.25 Bauer et al., 1999 
2,4-DCP 0.80 4.00 0.020 - Shul’pin et al., 1997 
2,4-DCP 0.30 0.50 0.010 0.088 Benítez et al., 2000 
2,4-DCP 0.30 0.50 0.010 0.088 Benítez et al., 2001 
2,4,5-TCP 0.80 4.00 0.020 - Shul’pin et al., 1997 
2,4,6-TCP 0.30 0.50 0.010 0.078 Benítez et al., 2000 
2,4,6-TCP 0.30 0.50 0.010 0.078 Benítez et al., 2001 
2,3,4,6-TTCP 0.30 0.50 0.010 0.058 Benítez et al., 2000 
2,3,4,6-TTCP 0.30 0.50 0.010 0.058 Benítez et al., 2001 
PCP 0.80 4.00 0.020 - Shul’pin et al., 1997 

Table 1. Pseudo-first order kinetic rate constants and under different initial experimental 
conditions for 2-chlorophenol (2-CP), 3-chlorophenol (3-CP), 4-chlorophenol (4-CP), 2,4-
dichlorophenol (2,4-DCP), 2,4,5-trichlorophenol (2,4,5-TCP), 2,4,6-trichlorophenol (2,4,6-
TCP), 2,3,4,6-tetrachlorophenol (2,3,4,6-TTCP), pentachlorophenol (PCP). 

 
 

  

 

4. Heterogeneous semiconductor photocatalysis 
 

The most important among the Advanced Oxidation Processes is heterogeneous 
photocatalytic oxidation, often referred to as photocatalysis. This method deals with the 
oxidation mostly of organic molecules, with the use of a solid catalyst, which is activated by 
the incidence of radiation of an appropriate wavelength. It can take place both in the 
aqueous phase as well as in the gas phase. In the past years it is gaining considerable 
interest in comparison to homogeneous catalysis due to disadvantages of the latter. The 
most important are the separation process of the products that may be implicated, and that 
in most cases is economically and/or technically impracticable, as well as the inappropriate, 
from an environmental point of view, use of some homogeneous catalysts, such as metal 
salts. These disadvantages have given a boost to the development of heterogeneous catalytic 
processes, despite the fact that controlling such a process is difficult, since it comprises of 
five stages: 
1. the transfer of the reactants from the liquid phase on to the catalytic surface,  
2. the adsorption of at least one of the reactants, 
3. the reaction in the adsorbed phase, 
4. the desorption of the products,  
5. the transfer of the products away from the diphasic area.  
The photocatalytic reaction takes place in the adsorbed phase (stage 3). The difference from 
classic catalysis is that instead of the thermal activation of the catalyst, we have a photonic 
activation from the incident radiation. 
In photocatalytic reactions in the aqueous media the most commonly used process is the 
photocatalytic degradation of organic pollutants in the presence of a semiconducting solid 
catalyst (mostly TiO2).  

 
4.1 The Photocatalytic mechanism 
The last decade has seen the emergence of a major new initiative in the area of water and 
wastewater treatment, namely semiconductor photocatalysis. In semiconductor 
photocatalysis, the light-absorbing species is a semiconducting material. The electronic 
structure of most semiconductor materials comprises a highest occupied band full of 
electrons called the valence band (VB), and a lowest unoccupied called the conductance 
band (CB). These bands are separated by a region that is largely devoid of energy levels, and 
the difference in energy between two bands is called the bandgap energy, Ebg. Ultra-
bandgap illumination of such semiconductor materials produces electron-hole pairs, h+ e -, 
which can either recombine to liberate heat, or make their separate ways to the surface of the 
semiconductor material, where they have the possibility of reacting with surface absorbed 
species.  
The major processes that occur on a semiconductor photocatalyst particle upon ultra-
bandgap excitation in an aqueous solution containing dissolved oxygen and an oxidizable 
pollutant are: (a) electron-hole recombination in the bulk, (b) electron-hole recombination at 
the surface, (c) direct or indirect (through trap sites) reduction of oxygen, or oxidizing 
intermediates by the photogenerated electron at the surface of the semiconductor and (d) 
direct or indirect (through trap sites) oxidation of the pollutant, or an oxidized intermediate 
by the photogenerated hole at the surface of the semiconductor, leading eventually to the 
mineralization of the pollutant.  
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degraded by the Fenton and photo-Fenton processes as well as the reaction conditions and 
the value of the pseudo-first order kinetic rate constant . 
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conditions for 2-chlorophenol (2-CP), 3-chlorophenol (3-CP), 4-chlorophenol (4-CP), 2,4-
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oxidation mostly of organic molecules, with the use of a solid catalyst, which is activated by 
the incidence of radiation of an appropriate wavelength. It can take place both in the 
aqueous phase as well as in the gas phase. In the past years it is gaining considerable 
interest in comparison to homogeneous catalysis due to disadvantages of the latter. The 
most important are the separation process of the products that may be implicated, and that 
in most cases is economically and/or technically impracticable, as well as the inappropriate, 
from an environmental point of view, use of some homogeneous catalysts, such as metal 
salts. These disadvantages have given a boost to the development of heterogeneous catalytic 
processes, despite the fact that controlling such a process is difficult, since it comprises of 
five stages: 
1. the transfer of the reactants from the liquid phase on to the catalytic surface,  
2. the adsorption of at least one of the reactants, 
3. the reaction in the adsorbed phase, 
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The photocatalytic reaction takes place in the adsorbed phase (stage 3). The difference from 
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activation from the incident radiation. 
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electrons called the valence band (VB), and a lowest unoccupied called the conductance 
band (CB). These bands are separated by a region that is largely devoid of energy levels, and 
the difference in energy between two bands is called the bandgap energy, Ebg. Ultra-
bandgap illumination of such semiconductor materials produces electron-hole pairs, h+ e -, 
which can either recombine to liberate heat, or make their separate ways to the surface of the 
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biodegradability, and odor and color removal. In Table 1 is given a list of compounds 
degraded by the Fenton and photo-Fenton processes as well as the reaction conditions and 
the value of the pseudo-first order kinetic rate constant . 
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2-CP 0.39 2.20 0.008 1.92x10-2 Lu, 1999 
3-CP 0.80 4.00 0.020 - Shul’pin et al., 1997 
4-CP 0.50 4.00 0.040 0.320 Linsebigler et al., 1995 
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2,4,6-TCP 0.50 5.90 0.20 0.15 Tang and Huang, 1996 
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Table 1. Pseudo-first order kinetic rate constants and under different initial experimental 
conditions for 2-chlorophenol (2-CP), 3-chlorophenol (3-CP), 4-chlorophenol (4-CP), 2,4-
dichlorophenol (2,4-DCP), 2,4,5-trichlorophenol (2,4,5-TCP), 2,4,6-trichlorophenol (2,4,6-
TCP), 2,3,4,6-tetrachlorophenol (2,3,4,6-TTCP), pentachlorophenol (PCP). 

 
 

  

 

4. Heterogeneous semiconductor photocatalysis 
 

The most important among the Advanced Oxidation Processes is heterogeneous 
photocatalytic oxidation, often referred to as photocatalysis. This method deals with the 
oxidation mostly of organic molecules, with the use of a solid catalyst, which is activated by 
the incidence of radiation of an appropriate wavelength. It can take place both in the 
aqueous phase as well as in the gas phase. In the past years it is gaining considerable 
interest in comparison to homogeneous catalysis due to disadvantages of the latter. The 
most important are the separation process of the products that may be implicated, and that 
in most cases is economically and/or technically impracticable, as well as the inappropriate, 
from an environmental point of view, use of some homogeneous catalysts, such as metal 
salts. These disadvantages have given a boost to the development of heterogeneous catalytic 
processes, despite the fact that controlling such a process is difficult, since it comprises of 
five stages: 
1. the transfer of the reactants from the liquid phase on to the catalytic surface,  
2. the adsorption of at least one of the reactants, 
3. the reaction in the adsorbed phase, 
4. the desorption of the products,  
5. the transfer of the products away from the diphasic area.  
The photocatalytic reaction takes place in the adsorbed phase (stage 3). The difference from 
classic catalysis is that instead of the thermal activation of the catalyst, we have a photonic 
activation from the incident radiation. 
In photocatalytic reactions in the aqueous media the most commonly used process is the 
photocatalytic degradation of organic pollutants in the presence of a semiconducting solid 
catalyst (mostly TiO2).  

 
4.1 The Photocatalytic mechanism 
The last decade has seen the emergence of a major new initiative in the area of water and 
wastewater treatment, namely semiconductor photocatalysis. In semiconductor 
photocatalysis, the light-absorbing species is a semiconducting material. The electronic 
structure of most semiconductor materials comprises a highest occupied band full of 
electrons called the valence band (VB), and a lowest unoccupied called the conductance 
band (CB). These bands are separated by a region that is largely devoid of energy levels, and 
the difference in energy between two bands is called the bandgap energy, Ebg. Ultra-
bandgap illumination of such semiconductor materials produces electron-hole pairs, h+ e -, 
which can either recombine to liberate heat, or make their separate ways to the surface of the 
semiconductor material, where they have the possibility of reacting with surface absorbed 
species.  
The major processes that occur on a semiconductor photocatalyst particle upon ultra-
bandgap excitation in an aqueous solution containing dissolved oxygen and an oxidizable 
pollutant are: (a) electron-hole recombination in the bulk, (b) electron-hole recombination at 
the surface, (c) direct or indirect (through trap sites) reduction of oxygen, or oxidizing 
intermediates by the photogenerated electron at the surface of the semiconductor and (d) 
direct or indirect (through trap sites) oxidation of the pollutant, or an oxidized intermediate 
by the photogenerated hole at the surface of the semiconductor, leading eventually to the 
mineralization of the pollutant.  
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the incidence of radiation of an appropriate wavelength. It can take place both in the 
aqueous phase as well as in the gas phase. In the past years it is gaining considerable 
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most important are the separation process of the products that may be implicated, and that 
in most cases is economically and/or technically impracticable, as well as the inappropriate, 
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processes, despite the fact that controlling such a process is difficult, since it comprises of 
five stages: 
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2. the adsorption of at least one of the reactants, 
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activation from the incident radiation. 
In photocatalytic reactions in the aqueous media the most commonly used process is the 
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catalyst (mostly TiO2).  
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photocatalysis, the light-absorbing species is a semiconducting material. The electronic 
structure of most semiconductor materials comprises a highest occupied band full of 
electrons called the valence band (VB), and a lowest unoccupied called the conductance 
band (CB). These bands are separated by a region that is largely devoid of energy levels, and 
the difference in energy between two bands is called the bandgap energy, Ebg. Ultra-
bandgap illumination of such semiconductor materials produces electron-hole pairs, h+ e -, 
which can either recombine to liberate heat, or make their separate ways to the surface of the 
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Fig. 1. Photocatalysis on a semiconductor 
 
Ideally, a semiconductor photocatalyst for the purification of water should be chemically and 
biologically inert, photocatalytically active, easy to produce and use, and activated by sunlight. 
TiO2 is currently considered as the most promising photocatalyst because of its reasonable 
photocatalytic activity, relatively low cost, and high stability toward photocorrosion (Peternel 
at al., 2007; Serpone et al., 2005; Chen and Dionysiou, 2007; Dionysiou et al., 2006). However, 
recent research questions the absence of toxicity of TiO2 indicating that nanosize TiO2 could 
pose a risk to biological targets that are sensitive to oxidative stress damage [dcp19]. However, 
the very positive features of TiO2 as a semiconductor photocatalyst far outweigh the 
limitations of its spectral profile and thus, it has become the semiconducting material for 
research in the field of semiconductor photocatalysis for water purification.  
It must be noted that the process of electron transport (or equally for holes) is more effective, if 
the electron acceptors (or donors) are adsorbed on the particle surface. Their transport rate 
depends upon the relative positions of the conduction and valence bands, as well as upon the 
redox potential of the adsorbed species.  
The efficiency of a photocatalytic process is measured by quantum yield, which is the ratio of 
the stimulation incidents per absorbed photon. In the heterogeneous processes, however, there 
is a difficulty in measuring the exact amount of the absorbed radiation, because a part of it is 
scattered by the semiconductor’s surface. Therefore, it is assumed that all the incident 
radiation is absorbed and an apparent quantum yield is calculated instead.  
An alternative definition for the efficiency (based on the reaction kinetics) is that the efficiency 
is equal to the ratio of the photocatalytic reaction rate (mols-1) to the absorbed radiation flux 
(photons s-1). In order to calculate the process quantum yield, all possible interaction 
phenomena between electrons and holes must be taken into account. Therefore the quantum 
yield is defined as: 
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where kMΦ and kEP the charge transfer rate (electrons or holes) and the recombination rate 
respectively. It is obvious that if it were not for charge recombination, the quantum yield of the 
process would be equal to unity. In this case, the transfer rate would depend solely upon 
electron and hole diffusion to the surface. This is however an ideal case, because in fact 

  

 

recombination takes place and the electron and hole concentration on the surface of the 
semiconductor is not uniform. In order to reduce the electron-hole recombination rate and to 
increase the efficiency of the photocatalytic process, researchers are trying to modify the 
semiconductor surface with various ways, such as metal addition, in combination with other 
semiconductors and so on.  
Finally, it should be noted that the knowledge of the parameter Φ is very important mainly for 
three reasons:  

a) it provides the capability of comparing the efficiency of different catalysts for a given 
reaction 

b) it provides an estimation means of the relative applicability of different reactions 
c) it calculates the energy efficiency of a process as well as the relative cost. 

 
4.2 Mechanism of the photocatalytic degradation of different organic pollutants  
in the presence of semiconductors 
The reaction describing the process for the implementation of semiconductor photocatalysis on 
the degradation of organic pollutants is given by the following equation: 
 

Organic pollutant + O2  
 gEhTiO ,2 CO2 + H2O + inorganic matter 

 

(20) 

 
One of the major products of this reaction is carbon dioxide, as the result of the oxidation of 
organic compounds. Organic compounds contain inorganic atoms and so during their 
oxidation inorganic compounds are produced.  
Studying the mechanism implied in this reaction, the most important steps of the process 
are given in Table 2.  
 

Initial steps of the photocatalytic process process Indicative Time 
Charge carrier generation (electrons-holes) 

  ehhTiO 2  

fs (very fast) 

Charge carrier trapping 
  OHTiOHTih IVIV  

OHTiOHTie IIIIV   
 

IIIIV TiTie   

 
10ns (fast) 
100ps (surface trapping- dynamic 
equilibrium) 
10ns (bulk trapping- irreversible) 

Charge carrier recombination 
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OHTiOHTih IVIII   
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10ns (fast) 

Charge transfer to the interfacial region 
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 22 OOHTiOOHTi IVIII  
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ms (very slow) 

P: organic pollutant, P*: oxidized organic pollutant  
Table 2. Initial steps of the photocatalytic process 
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pose a risk to biological targets that are sensitive to oxidative stress damage [dcp19]. However, 
the very positive features of TiO2 as a semiconductor photocatalyst far outweigh the 
limitations of its spectral profile and thus, it has become the semiconducting material for 
research in the field of semiconductor photocatalysis for water purification.  
It must be noted that the process of electron transport (or equally for holes) is more effective, if 
the electron acceptors (or donors) are adsorbed on the particle surface. Their transport rate 
depends upon the relative positions of the conduction and valence bands, as well as upon the 
redox potential of the adsorbed species.  
The efficiency of a photocatalytic process is measured by quantum yield, which is the ratio of 
the stimulation incidents per absorbed photon. In the heterogeneous processes, however, there 
is a difficulty in measuring the exact amount of the absorbed radiation, because a part of it is 
scattered by the semiconductor’s surface. Therefore, it is assumed that all the incident 
radiation is absorbed and an apparent quantum yield is calculated instead.  
An alternative definition for the efficiency (based on the reaction kinetics) is that the efficiency 
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(photons s-1). In order to calculate the process quantum yield, all possible interaction 
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where kMΦ and kEP the charge transfer rate (electrons or holes) and the recombination rate 
respectively. It is obvious that if it were not for charge recombination, the quantum yield of the 
process would be equal to unity. In this case, the transfer rate would depend solely upon 
electron and hole diffusion to the surface. This is however an ideal case, because in fact 
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semiconductor is not uniform. In order to reduce the electron-hole recombination rate and to 
increase the efficiency of the photocatalytic process, researchers are trying to modify the 
semiconductor surface with various ways, such as metal addition, in combination with other 
semiconductors and so on.  
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a) it provides the capability of comparing the efficiency of different catalysts for a given 
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The reaction describing the process for the implementation of semiconductor photocatalysis on 
the degradation of organic pollutants is given by the following equation: 
 

Organic pollutant + O2  
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One of the major products of this reaction is carbon dioxide, as the result of the oxidation of 
organic compounds. Organic compounds contain inorganic atoms and so during their 
oxidation inorganic compounds are produced.  
Studying the mechanism implied in this reaction, the most important steps of the process 
are given in Table 2.  
 

Initial steps of the photocatalytic process process Indicative Time 
Charge carrier generation (electrons-holes) 
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fs (very fast) 

Charge carrier trapping 
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P: organic pollutant, P*: oxidized organic pollutant  
Table 2. Initial steps of the photocatalytic process 
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limitations of its spectral profile and thus, it has become the semiconducting material for 
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It must be noted that the process of electron transport (or equally for holes) is more effective, if 
the electron acceptors (or donors) are adsorbed on the particle surface. Their transport rate 
depends upon the relative positions of the conduction and valence bands, as well as upon the 
redox potential of the adsorbed species.  
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is a difficulty in measuring the exact amount of the absorbed radiation, because a part of it is 
scattered by the semiconductor’s surface. Therefore, it is assumed that all the incident 
radiation is absorbed and an apparent quantum yield is calculated instead.  
An alternative definition for the efficiency (based on the reaction kinetics) is that the efficiency 
is equal to the ratio of the photocatalytic reaction rate (mols-1) to the absorbed radiation flux 
(photons s-1). In order to calculate the process quantum yield, all possible interaction 
phenomena between electrons and holes must be taken into account. Therefore the quantum 
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where kMΦ and kEP the charge transfer rate (electrons or holes) and the recombination rate 
respectively. It is obvious that if it were not for charge recombination, the quantum yield of the 
process would be equal to unity. In this case, the transfer rate would depend solely upon 
electron and hole diffusion to the surface. This is however an ideal case, because in fact 

  

 

recombination takes place and the electron and hole concentration on the surface of the 
semiconductor is not uniform. In order to reduce the electron-hole recombination rate and to 
increase the efficiency of the photocatalytic process, researchers are trying to modify the 
semiconductor surface with various ways, such as metal addition, in combination with other 
semiconductors and so on.  
Finally, it should be noted that the knowledge of the parameter Φ is very important mainly for 
three reasons:  

a) it provides the capability of comparing the efficiency of different catalysts for a given 
reaction 

b) it provides an estimation means of the relative applicability of different reactions 
c) it calculates the energy efficiency of a process as well as the relative cost. 

 
4.2 Mechanism of the photocatalytic degradation of different organic pollutants  
in the presence of semiconductors 
The reaction describing the process for the implementation of semiconductor photocatalysis on 
the degradation of organic pollutants is given by the following equation: 
 

Organic pollutant + O2  
 gEhTiO ,2 CO2 + H2O + inorganic matter 

 

(20) 

 
One of the major products of this reaction is carbon dioxide, as the result of the oxidation of 
organic compounds. Organic compounds contain inorganic atoms and so during their 
oxidation inorganic compounds are produced.  
Studying the mechanism implied in this reaction, the most important steps of the process 
are given in Table 2.  
 

Initial steps of the photocatalytic process process Indicative Time 
Charge carrier generation (electrons-holes) 

  ehhTiO 2  

fs (very fast) 

Charge carrier trapping 
  OHTiOHTih IVIV  

OHTiOHTie IIIIV   
 

IIIIV TiTie   

 
10ns (fast) 
100ps (surface trapping- dynamic 
equilibrium) 
10ns (bulk trapping- irreversible) 

Charge carrier recombination 

OHTiOHTie IVIV    

OHTiOHTih IVIII   
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10ns (fast) 

Charge transfer to the interfacial region 

  POHTiPOHTie IVIV  
 22 OOHTiOOHTi IVIII  

 
100ns (slow) 
ms (very slow) 

P: organic pollutant, P*: oxidized organic pollutant  
Table 2. Initial steps of the photocatalytic process 
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where kMΦ and kEP the charge transfer rate (electrons or holes) and the recombination rate 
respectively. It is obvious that if it were not for charge recombination, the quantum yield of the 
process would be equal to unity. In this case, the transfer rate would depend solely upon 
electron and hole diffusion to the surface. This is however an ideal case, because in fact 

  

 

recombination takes place and the electron and hole concentration on the surface of the 
semiconductor is not uniform. In order to reduce the electron-hole recombination rate and to 
increase the efficiency of the photocatalytic process, researchers are trying to modify the 
semiconductor surface with various ways, such as metal addition, in combination with other 
semiconductors and so on.  
Finally, it should be noted that the knowledge of the parameter Φ is very important mainly for 
three reasons:  

a) it provides the capability of comparing the efficiency of different catalysts for a given 
reaction 

b) it provides an estimation means of the relative applicability of different reactions 
c) it calculates the energy efficiency of a process as well as the relative cost. 

 
4.2 Mechanism of the photocatalytic degradation of different organic pollutants  
in the presence of semiconductors 
The reaction describing the process for the implementation of semiconductor photocatalysis on 
the degradation of organic pollutants is given by the following equation: 
 

Organic pollutant + O2  
 gEhTiO ,2 CO2 + H2O + inorganic matter 

 

(20) 

 
One of the major products of this reaction is carbon dioxide, as the result of the oxidation of 
organic compounds. Organic compounds contain inorganic atoms and so during their 
oxidation inorganic compounds are produced.  
Studying the mechanism implied in this reaction, the most important steps of the process 
are given in Table 2.  
 

Initial steps of the photocatalytic process process Indicative Time 
Charge carrier generation (electrons-holes) 

  ehhTiO 2  

fs (very fast) 

Charge carrier trapping 
  OHTiOHTih IVIV  
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100ps (surface trapping- dynamic 
equilibrium) 
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P: organic pollutant, P*: oxidized organic pollutant  
Table 2. Initial steps of the photocatalytic process 
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At this point, it should be mentioned that the exact mechanism of the process, as well as the 
role of each component in the reaction course, still remains a research field. For example, the 
role of oxygen has not been yet clearly defined. It is possible that among the different 
chemical species arising from oxygen reduction, some of them play an important role in the 
organic compound oxidation. Hydrogen peroxide has also been proven to be very effective 
and as a result it is used in many processes as a strong oxidant. Most researchers converge 
to the fact that the organic substance does not undergo direct oxidation by the produced 
holes, but the oxidation takes place through a hydroxyl radical on the surface, such as 

OHTiIV . Some researchers suggest the direct oxidation of the organic radical by the 
produced hole, before the latter is trapped in the bulk or on the surface of the 
semiconductor. 
Photocatalytic processes employing TiO2 can be divided into two categories:  
(a) Semiconductor photocatalysis using TiO2 powder dispersions. The use of such slurries 
obviously requires a subsequent separation step involving either filtration, centrifugation or 
coagulation/flocculation which instantly compromises the system’s economical viability. 
However, slurry reactor photocatalytic systems are usually very efficient in terms of 
photons (relative to thin film reactors) and easy to make and maintain.  
(b) Photocatalytic reactors utilizing a fixed bed of a semiconductor material. These systems 
are usually less photo-efficient for pollutant destruction, due to an intrinsic low surface area 
to volume ratio; in addition, such systems are difficult to make, can be difficult to maintain 
(if passivation of the photocatalyst occurs) and are costly to replace. However, the major 
advantage of such fixed-film photoreactors is that no subsequent separation step is required. 
However, the application of TiO2 for photocatalytic oxidation of organic molecules is limited 
by both high charge carrier recombination rates and, usually, the need for ultraviolet 
excitation. 

 
4.3 Applications using TiO2 powder dispersions 
TiO2 photocatalysis is now considered an increasingly attractive approach for the 
degradation of organic compounds. To increase the activity of TiO2 and to extend the 
wavelength range response of TiO2 to the visible region, different methods have been 
developed for the modification of TiO2 nanoparticles. These methods include the 
modification through noble metals in order to enable TiO2 nanoparticles to be active in the 
energy range of visible light and to enhance the photocatalytic activity. However, TiO2 
modification with noble metals as a practical remediation technology is restricted because 
noble metals are expensive. In contrast, modification of TiO2 with transition metals provides 
a successful and cost effective alternative, also leading successfully to the complete 
degradation of organic compounds. In Table 3 are summarized the results of several studies 
employing TiO2 particles modified with noble and transition metals. 
 

Type of catalyst Reaction Conditions and degradation 
efficiency for organic dyes 

Reference 

1 wt. % Ag-TiO2 Under UVC (254 nm) irradiation 
100mL of 19 mg L-1 MV, 95% in 4 min (pH 7) 
100mL of 19 mg L-1 GRL, 88% in 5 min (pH 11) 
100mL of 100 mg L-1 FMR, 90% in 30 min (pH 
3.5) 

Sökmen  et al., 
2001 

  

 

1 at. % Ag-TiO2 Under 300-450 nm irradiation 
60mL of 5x10-5 M AO7, 100% in 45 min, 60mL of   
5x10-5 M tartrazine, 89% in 20 min, 60mL of 
4x10-5 M 3-nitrobenzenesulfonic acid, 100% in 
2.5 h 

Kambala et al., 
2003 

1 wt. % Ag-TiO2 Under UVC (254 nm) irradiation 
100mL of 20 mg L-1 SG-GC, 97% in 8 min (pH 3.5) 
and 95% in 10 min (pH 7) 

Özkan et al., 
2004 

2 at.% Ag0-TiO2 nanosol Under visible light irradiation  
50mL of 1x10-5 M RB, 90% in 4 h 

Sung-Suh et al., 
2004 

0.05 wt. % Ag-TiO2 Under UVA (365 nm) irradiation 
500mL of 20 mg L-1 X-3B, 98% in 60 min (pH 4) 

Qi et al., 2005 

Ag-AgBr-TiO2 Under visible light irradiation, 
60mL of 50 mg L-1 of the dyes: 88% for ARB, 
92% for K-2G, 32% for X-GRL, 98% for X-3B in 1 
h 

Hu et al., 2006 

1 at. % Ag+-TiO2 Under UVA (365 nm) irradiation, 60 mL of 
mixed CV (5x10-5 M) and MR (7.5x10-5 M), >99% 
degraded (>86% mineralized) in 1.5 h) 

Gupta et al., 
2006 

Ag-TiO2 nanotube, 
     Au-TiO2 nanotube 

Under UVA (360 nm) irradiation, 3 mL of 
2.5x10-5 M AO7, 80% with Ag-TiO2 and 67% 
with Au-TiO2 in 1 h  

Paramasivam et 
al., 2008 

Ag (2 wt. %)- In2O3 

       (1.9 wt. %)- TiO2 
Under UVB (313 nm) irradiation, 90 mL of 25 
mg L-1 RB, 100% decolorized in 45 min (100% 
mineralized in 105 min)  

Yang et al., 2008 

0.5 at.% Au-TiO2,  
     0.5 at.% Au3+-TiO2 

Under visible light irradiation (400-800 nm), 
165mL of 12 mg L-1 MB, 100% with 0.5 at.% 
Au3+-TiO2, and 96% with o.5 at.% Au-TiO2 in 1 h  

Li and Li, 2001 

2 wt.% Pt-S6+-TiO2 Under 340-420 nm irradiation, 15 mL of 1x10-4 
M AO7, 97% in 30 min 

Kryukova et al., 
2007 

PtCl42--TiO2, PtCl62--TiO2, 
[Pt3(CO)6]62--TiO2 

Under UV-vis irradiation, 1x10-4 M RB, 100% 
with [Pt3(CO)6]62 modified P25 TiO2 in 15 min, 
100% with PtCl62- modified TiO2 (sol-gel 
synthesized) in 20 min.  
Under visible irradiation (>450 nm), 1x10-4 M 
RB, 90% with PtCl42- modified P25 TiO2 in 2 h, 
100% with [Pt3(CO)6]62 modified TiO2 (sol-gel 
synthesized) in 70 min 

Kowalska et al., 
2008 

Fe3+ - TiO2, Fe2+- TiO2 Under UV irradiation, 60mL of 100 mg L-1 XRG, 
60% with 0.09 at.% Fe2+- TiO2, and 70% with 0.09 
at.% Fe3+- TiO2 in 1 h; 
Under visible light irradiation, 60mL of 100 mg 
L-1 XRG, 25% with 0.09 at.% Fe2+- TiO2, and 41% 
with 0.09 at.% Fe3+- TiO2 in 7 h 

Zhu et al., 2004 

Fe3+ - TiO2 Under visible light (>420 nm) irradiation, 15 mL 
of 1x10-7 M SRB, 60% in 90 min 

Kumbhar and 
Chumanov, 
2005 

0.1 wt.% Fe- TiO2 Under UV irradiation (365 nm), 500mL of 20 mg 
L-1 X-3B, 97% in 60 min (pH 4)  

Qi et al., 2005 

0.15 at.% Fe3+ - TiO2 Under visible light (>380 nm) irradiation, 60 mL 
of 100 mg L-1 XRG, 82% in 7h 

Zhu et al., 2006 
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Zhu et al., 2004 

Fe3+ - TiO2 Under visible light (>420 nm) irradiation, 15 mL 
of 1x10-7 M SRB, 60% in 90 min 

Kumbhar and 
Chumanov, 
2005 

0.1 wt.% Fe- TiO2 Under UV irradiation (365 nm), 500mL of 20 mg 
L-1 X-3B, 97% in 60 min (pH 4)  

Qi et al., 2005 

0.15 at.% Fe3+ - TiO2 Under visible light (>380 nm) irradiation, 60 mL 
of 100 mg L-1 XRG, 82% in 7h 

Zhu et al., 2006 
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At this point, it should be mentioned that the exact mechanism of the process, as well as the 
role of each component in the reaction course, still remains a research field. For example, the 
role of oxygen has not been yet clearly defined. It is possible that among the different 
chemical species arising from oxygen reduction, some of them play an important role in the 
organic compound oxidation. Hydrogen peroxide has also been proven to be very effective 
and as a result it is used in many processes as a strong oxidant. Most researchers converge 
to the fact that the organic substance does not undergo direct oxidation by the produced 
holes, but the oxidation takes place through a hydroxyl radical on the surface, such as 

OHTiIV . Some researchers suggest the direct oxidation of the organic radical by the 
produced hole, before the latter is trapped in the bulk or on the surface of the 
semiconductor. 
Photocatalytic processes employing TiO2 can be divided into two categories:  
(a) Semiconductor photocatalysis using TiO2 powder dispersions. The use of such slurries 
obviously requires a subsequent separation step involving either filtration, centrifugation or 
coagulation/flocculation which instantly compromises the system’s economical viability. 
However, slurry reactor photocatalytic systems are usually very efficient in terms of 
photons (relative to thin film reactors) and easy to make and maintain.  
(b) Photocatalytic reactors utilizing a fixed bed of a semiconductor material. These systems 
are usually less photo-efficient for pollutant destruction, due to an intrinsic low surface area 
to volume ratio; in addition, such systems are difficult to make, can be difficult to maintain 
(if passivation of the photocatalyst occurs) and are costly to replace. However, the major 
advantage of such fixed-film photoreactors is that no subsequent separation step is required. 
However, the application of TiO2 for photocatalytic oxidation of organic molecules is limited 
by both high charge carrier recombination rates and, usually, the need for ultraviolet 
excitation. 

 
4.3 Applications using TiO2 powder dispersions 
TiO2 photocatalysis is now considered an increasingly attractive approach for the 
degradation of organic compounds. To increase the activity of TiO2 and to extend the 
wavelength range response of TiO2 to the visible region, different methods have been 
developed for the modification of TiO2 nanoparticles. These methods include the 
modification through noble metals in order to enable TiO2 nanoparticles to be active in the 
energy range of visible light and to enhance the photocatalytic activity. However, TiO2 
modification with noble metals as a practical remediation technology is restricted because 
noble metals are expensive. In contrast, modification of TiO2 with transition metals provides 
a successful and cost effective alternative, also leading successfully to the complete 
degradation of organic compounds. In Table 3 are summarized the results of several studies 
employing TiO2 particles modified with noble and transition metals. 
 

Type of catalyst Reaction Conditions and degradation 
efficiency for organic dyes 

Reference 

1 wt. % Ag-TiO2 Under UVC (254 nm) irradiation 
100mL of 19 mg L-1 MV, 95% in 4 min (pH 7) 
100mL of 19 mg L-1 GRL, 88% in 5 min (pH 11) 
100mL of 100 mg L-1 FMR, 90% in 30 min (pH 
3.5) 

Sökmen  et al., 
2001 

  

 

1 at. % Ag-TiO2 Under 300-450 nm irradiation 
60mL of 5x10-5 M AO7, 100% in 45 min, 60mL of   
5x10-5 M tartrazine, 89% in 20 min, 60mL of 
4x10-5 M 3-nitrobenzenesulfonic acid, 100% in 
2.5 h 

Kambala et al., 
2003 

1 wt. % Ag-TiO2 Under UVC (254 nm) irradiation 
100mL of 20 mg L-1 SG-GC, 97% in 8 min (pH 3.5) 
and 95% in 10 min (pH 7) 

Özkan et al., 
2004 

2 at.% Ag0-TiO2 nanosol Under visible light irradiation  
50mL of 1x10-5 M RB, 90% in 4 h 

Sung-Suh et al., 
2004 

0.05 wt. % Ag-TiO2 Under UVA (365 nm) irradiation 
500mL of 20 mg L-1 X-3B, 98% in 60 min (pH 4) 

Qi et al., 2005 

Ag-AgBr-TiO2 Under visible light irradiation, 
60mL of 50 mg L-1 of the dyes: 88% for ARB, 
92% for K-2G, 32% for X-GRL, 98% for X-3B in 1 
h 

Hu et al., 2006 

1 at. % Ag+-TiO2 Under UVA (365 nm) irradiation, 60 mL of 
mixed CV (5x10-5 M) and MR (7.5x10-5 M), >99% 
degraded (>86% mineralized) in 1.5 h) 

Gupta et al., 
2006 

Ag-TiO2 nanotube, 
     Au-TiO2 nanotube 

Under UVA (360 nm) irradiation, 3 mL of 
2.5x10-5 M AO7, 80% with Ag-TiO2 and 67% 
with Au-TiO2 in 1 h  

Paramasivam et 
al., 2008 

Ag (2 wt. %)- In2O3 

       (1.9 wt. %)- TiO2 
Under UVB (313 nm) irradiation, 90 mL of 25 
mg L-1 RB, 100% decolorized in 45 min (100% 
mineralized in 105 min)  

Yang et al., 2008 

0.5 at.% Au-TiO2,  
     0.5 at.% Au3+-TiO2 

Under visible light irradiation (400-800 nm), 
165mL of 12 mg L-1 MB, 100% with 0.5 at.% 
Au3+-TiO2, and 96% with o.5 at.% Au-TiO2 in 1 h  

Li and Li, 2001 

2 wt.% Pt-S6+-TiO2 Under 340-420 nm irradiation, 15 mL of 1x10-4 
M AO7, 97% in 30 min 

Kryukova et al., 
2007 

PtCl42--TiO2, PtCl62--TiO2, 
[Pt3(CO)6]62--TiO2 

Under UV-vis irradiation, 1x10-4 M RB, 100% 
with [Pt3(CO)6]62 modified P25 TiO2 in 15 min, 
100% with PtCl62- modified TiO2 (sol-gel 
synthesized) in 20 min.  
Under visible irradiation (>450 nm), 1x10-4 M 
RB, 90% with PtCl42- modified P25 TiO2 in 2 h, 
100% with [Pt3(CO)6]62 modified TiO2 (sol-gel 
synthesized) in 70 min 

Kowalska et al., 
2008 

Fe3+ - TiO2, Fe2+- TiO2 Under UV irradiation, 60mL of 100 mg L-1 XRG, 
60% with 0.09 at.% Fe2+- TiO2, and 70% with 0.09 
at.% Fe3+- TiO2 in 1 h; 
Under visible light irradiation, 60mL of 100 mg 
L-1 XRG, 25% with 0.09 at.% Fe2+- TiO2, and 41% 
with 0.09 at.% Fe3+- TiO2 in 7 h 

Zhu et al., 2004 

Fe3+ - TiO2 Under visible light (>420 nm) irradiation, 15 mL 
of 1x10-7 M SRB, 60% in 90 min 

Kumbhar and 
Chumanov, 
2005 

0.1 wt.% Fe- TiO2 Under UV irradiation (365 nm), 500mL of 20 mg 
L-1 X-3B, 97% in 60 min (pH 4)  

Qi et al., 2005 

0.15 at.% Fe3+ - TiO2 Under visible light (>380 nm) irradiation, 60 mL 
of 100 mg L-1 XRG, 82% in 7h 

Zhu et al., 2006 
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N- 0.5at.% Fe3+ - TiO2 Under visible light (>420 nm) irradiation, 50 mL 
of 20 mg L-1 RB, 100% in 4 h 

Cong et al., 2007 

Fe(OH)3- TiO2, Cu(OH)2- 
TiO2 

Under UV irradiation, half-time of 250 mL of 10 
mg L-1 MO at pH 6 was decreased from 332 min 
for unmodified TiO2 to 63 min for Fe(OH)3- TiO2 
and 65 min for Cu(OH)2- TiO2, respectively (pH 
3-7) 

Wang et al., 
2008 

1 at.% Cu-TiO2  Under UV irradiation (254 nm), 400 mL of 2x10-4 
M AO7, 100% (99%) mineralized in 150 min 

Wong et al., 
2005 

Cu+-, Cu2+- TiO2 nanotubes Under UV irradiation, 100 mL of 3 mg L-1 RB, 
97.5% in 50 min 

Li et al., 2008 

Titamium-niobium mixed 
oxide 

Under UV irradiation, 25 mL of 14.24 mg L-1 BG, 
100% in 18 min (pH 2.1) 

Saupe et al., 
2005 

1 mol% V-TiO2 Under UV-vis irradiation, 450 mL of 19 mg L-

1MB, 75% in 4 h 
Bettinelli et al., 
2007 

0.1 at.% Zn-TiO2 Under UV irradiation, 700 mL of 20 mg L-1 MO, 
100% in 30 min 

Chen et al., 2008 

Sr-TiO2, (SrTiO3-TiO2) Under UV irradiation (325 nm), 100 mL of 40 
mg L-1 RBB, 95% in 3 h 

Lv et al., 2008 

3 mol% Bi3+-TiO2 Under UV irradiation, 25 mL of 20 mg L-1 MO, 
94.4% in 90 min 

Yu et sl., 2008 

Bi-\S-TiO2 Under visible light (>410 nm), 100 mL of 20 mg 
L-1 IC, 100% in 40 min 

Wang et al., 
2008 

Table 3. TiO2 particles modified with noble and transition metals. 

 
4.4 Applications using TiO2 thin films 
In the case of TiO2 powder slurries, the major problems are: the need for separation or 
filtration steps, the problematic use in continuous flow systems and the particles 
aggregation, especially at high concentrations. To overcome these drawbacks, investigations 
on TiO2 photocatalysis have been oriented towards the photocatalyst immobilization in the 
form of a thin film in recent years. However, the overall photocatalytic performance of TiO2 
thin films decrease in comparison with corresponding slurry solution. The photocatalytic 
process is a surface and not a volume or mass phenomenon. Easy access to illuminating 
light and organic compound is essential for successful photocatalytic degradation. In the 
case of the film this only corresponds to its external surface which is much lower than the 
TiO2 powder surface area. A proficient solution to enhance the photocatalytic reaction rate is 
the modification of TiO2 thin films with noble metals, transition metals and non-metals. 
Such modifications aim to hinder the photo-generated electron-hole pair recombination and 
accelerate the photoexcitation and formation of oxidizing species. In Table 4 are listed 
indicatively a number of researches along with the results on the photocatalytic degradation 
of organic compounds using TiO2 thin films modified with noble and transition metals. 
 
 
 
 
 
 
 

  

 

Type of catalyst Reaction conditions and degradation 
efficiency 

reference 

Ag+-TiO2 thin film Under UV irradiation (350 nm), 5 mL of 
1.9x10-5 M MO, 90% in 2 h (initial pH 9.2) 

Arabatzis et al., 
2003 

 
Au-TiO2 thin film 

 
Under UV irradiation (350 nm), 4 mL of 
2.056x10-5 M MO, 100% in 2.5 h  

 
Arabatzis et al., 
2003b 

Pt-TiO2 thin film Under visible light illumination, 30 mL of 
10 mg L-1 MO, 97% in 2 h  

Zhang et al., 2006 

Fe3+-TiO2 thin film Under UV irradiation (365 nm), 25 mL of 
1.53x10-3 M MO, degradation rate 9.3x10-4 
min-1 

Yu et al., 2006 

Sn4+-TiO2 thin film Under UV irradiation, 2 mg L-1 RB, 80% in 
160 min 

Zheng et al., 2002 

N-TiO2 thin film Under visible light illumination, 47.2% and 
46.4% degradation of 30 mL of 20 mg L-1 
MB and MO solutions was achieved 

Zhao et al., 2008 

1 wt.% Ag/0.5 wt.% InVO4-
TiO2 thin film 

Under visible light irradiation (>400 nm), 
30 mL of 10 mg L-1 MO, 45% in 15 h  

Ge et al., 2006 

CdO/ZnO-TiO2 thin film  Under visible light irradiation, 500 mL of 
100 mg L-1 textile blue azo dye, 100% in 2 h  
(pH 3) 

Suárez-Parra et al., 
2003 

Table 4. TiO2 thin films modified with noble and transition metals 

 
5 Future Research 
 

Titanium dioxide photocatalysts are widely employed in the photocatalytic technologies for  
the removal of organic compounds removal from water. However, in this promising 
research area, the following problems need to be addressed in order to achieve further 
progress: (a) the loss of TiO2 nanoparticle surface area throughout the growth of TiO2 
nanocrystallites during high temperature calcination process and serious aggregation of 
prepared nanoparticles when dispersed in aqueous solution, (b) the efficiency of recycled 
TiO2 photocatalysts is reduced after several cycles of use, (c) Development of pilot scale 
treatment systems in order to provide useful information for further large-scale application 
especially for huge amount of real wastewater purification needs to be fully explored. It is 
worthwhile to indicate that no universal TiO2 photocatalytic system is available for a 
complete treatment encompassing the essential features such as high mineralization 
efficiency for wastewaters, easy retrieval from treated solution and visible light photo-active. 
The degradation of organic compounds using the Fenton process is strongly dependent on 
the concentration of hydrogen peroxide, the reaction temperature, the pH and the Fe2+-
concentration in the oxidative treatment. Drawbacks associated with the use of Fenton 
oxidation are the safety hazards associated with using H2O2 and the need to firstly reduce 
the pH, followed by a subsequent neutralisation. Even though these techniques can provide 
the conversion of contaminants to less harmful compounds, usually oxygenated organic 
products and low molecular acids, they are limited to treat waters which contain low 
concentrations of organic or inorganic scavenging material. 
Even though titanium dioxide photocatalysts and Fenton’s reagent are promising 
techniques for water and wastewater treatment, showing high efficiencies, they actually 
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Bi-\S-TiO2 Under visible light (>410 nm), 100 mL of 20 mg 
L-1 IC, 100% in 40 min 

Wang et al., 
2008 

Table 3. TiO2 particles modified with noble and transition metals. 

 
4.4 Applications using TiO2 thin films 
In the case of TiO2 powder slurries, the major problems are: the need for separation or 
filtration steps, the problematic use in continuous flow systems and the particles 
aggregation, especially at high concentrations. To overcome these drawbacks, investigations 
on TiO2 photocatalysis have been oriented towards the photocatalyst immobilization in the 
form of a thin film in recent years. However, the overall photocatalytic performance of TiO2 
thin films decrease in comparison with corresponding slurry solution. The photocatalytic 
process is a surface and not a volume or mass phenomenon. Easy access to illuminating 
light and organic compound is essential for successful photocatalytic degradation. In the 
case of the film this only corresponds to its external surface which is much lower than the 
TiO2 powder surface area. A proficient solution to enhance the photocatalytic reaction rate is 
the modification of TiO2 thin films with noble metals, transition metals and non-metals. 
Such modifications aim to hinder the photo-generated electron-hole pair recombination and 
accelerate the photoexcitation and formation of oxidizing species. In Table 4 are listed 
indicatively a number of researches along with the results on the photocatalytic degradation 
of organic compounds using TiO2 thin films modified with noble and transition metals. 
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Under UV irradiation (350 nm), 4 mL of 
2.056x10-5 M MO, 100% in 2.5 h  

 
Arabatzis et al., 
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Pt-TiO2 thin film Under visible light illumination, 30 mL of 
10 mg L-1 MO, 97% in 2 h  

Zhang et al., 2006 

Fe3+-TiO2 thin film Under UV irradiation (365 nm), 25 mL of 
1.53x10-3 M MO, degradation rate 9.3x10-4 
min-1 

Yu et al., 2006 

Sn4+-TiO2 thin film Under UV irradiation, 2 mg L-1 RB, 80% in 
160 min 

Zheng et al., 2002 

N-TiO2 thin film Under visible light illumination, 47.2% and 
46.4% degradation of 30 mL of 20 mg L-1 
MB and MO solutions was achieved 

Zhao et al., 2008 

1 wt.% Ag/0.5 wt.% InVO4-
TiO2 thin film 

Under visible light irradiation (>400 nm), 
30 mL of 10 mg L-1 MO, 45% in 15 h  

Ge et al., 2006 

CdO/ZnO-TiO2 thin film  Under visible light irradiation, 500 mL of 
100 mg L-1 textile blue azo dye, 100% in 2 h  
(pH 3) 

Suárez-Parra et al., 
2003 

Table 4. TiO2 thin films modified with noble and transition metals 

 
5 Future Research 
 

Titanium dioxide photocatalysts are widely employed in the photocatalytic technologies for  
the removal of organic compounds removal from water. However, in this promising 
research area, the following problems need to be addressed in order to achieve further 
progress: (a) the loss of TiO2 nanoparticle surface area throughout the growth of TiO2 
nanocrystallites during high temperature calcination process and serious aggregation of 
prepared nanoparticles when dispersed in aqueous solution, (b) the efficiency of recycled 
TiO2 photocatalysts is reduced after several cycles of use, (c) Development of pilot scale 
treatment systems in order to provide useful information for further large-scale application 
especially for huge amount of real wastewater purification needs to be fully explored. It is 
worthwhile to indicate that no universal TiO2 photocatalytic system is available for a 
complete treatment encompassing the essential features such as high mineralization 
efficiency for wastewaters, easy retrieval from treated solution and visible light photo-active. 
The degradation of organic compounds using the Fenton process is strongly dependent on 
the concentration of hydrogen peroxide, the reaction temperature, the pH and the Fe2+-
concentration in the oxidative treatment. Drawbacks associated with the use of Fenton 
oxidation are the safety hazards associated with using H2O2 and the need to firstly reduce 
the pH, followed by a subsequent neutralisation. Even though these techniques can provide 
the conversion of contaminants to less harmful compounds, usually oxygenated organic 
products and low molecular acids, they are limited to treat waters which contain low 
concentrations of organic or inorganic scavenging material. 
Even though titanium dioxide photocatalysts and Fenton’s reagent are promising 
techniques for water and wastewater treatment, showing high efficiencies, they actually 
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work at high cost, and appear to be suitable for Chemical Oxygen Demand contents lower 
than 5 g L-1, since higher COD contents would require the consumption of too large 
amounts of reactants. In order to make these processes economically viable without 
reducing their efficiency, the scientific interest is currently directed to the combination of an 
Advanced Oxidation Process as a preliminary treatment, followed by an inexpensive 
biological process. 

 
6 Conclusions 
 

Fenton reaction wastewater treatment processes are known to be very effective in the 
removal of many hazardous organic pollutants from water and have been also reported to 
achieve the degradation of organic compounds in a short period of time. In this chapter we 
reviewed briefly the various reactions which constitute the overall kinetic scheme and we 
presented some applications proving the efficiency of this process in the degradation of 
chlorinated organic compounds.  
On the other hand, titanium dioxide has long been used to remediate organic substances 
present in wastewater and significant effort has been directed towards the modification of 
this semiconductor material. In this chapter, we have summarized the theoretical aspects of 
titanium dioxide heterogeneous photocatalysis as well as some applications demonstrating 
the use of TiO2 and modified TiO2 photocatalysts for the degradation of organic compounds, 
and especially aiming at high efficiency, activity in visible range of the solar spectrum and 
effective reuse of the catalyst.  
The applications presented in this chapter confirm the efficiency of TiO2 photocatalytic 
oxidation and of the Fenton process in water purification in laboratory scale, and it is 
apparent that the need to develop pilot scale treatment systems and to apply these 
techniques in cost effective purification processes stipulates continued indepth research. 
Thus extensive possibilities exist in this promising area of research, which need to be given 
full attention and outcome of such exploration should benefit commercial sector both in 
terms of ecology and economy. 
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work at high cost, and appear to be suitable for Chemical Oxygen Demand contents lower 
than 5 g L-1, since higher COD contents would require the consumption of too large 
amounts of reactants. In order to make these processes economically viable without 
reducing their efficiency, the scientific interest is currently directed to the combination of an 
Advanced Oxidation Process as a preliminary treatment, followed by an inexpensive 
biological process. 

 
6 Conclusions 
 

Fenton reaction wastewater treatment processes are known to be very effective in the 
removal of many hazardous organic pollutants from water and have been also reported to 
achieve the degradation of organic compounds in a short period of time. In this chapter we 
reviewed briefly the various reactions which constitute the overall kinetic scheme and we 
presented some applications proving the efficiency of this process in the degradation of 
chlorinated organic compounds.  
On the other hand, titanium dioxide has long been used to remediate organic substances 
present in wastewater and significant effort has been directed towards the modification of 
this semiconductor material. In this chapter, we have summarized the theoretical aspects of 
titanium dioxide heterogeneous photocatalysis as well as some applications demonstrating 
the use of TiO2 and modified TiO2 photocatalysts for the degradation of organic compounds, 
and especially aiming at high efficiency, activity in visible range of the solar spectrum and 
effective reuse of the catalyst.  
The applications presented in this chapter confirm the efficiency of TiO2 photocatalytic 
oxidation and of the Fenton process in water purification in laboratory scale, and it is 
apparent that the need to develop pilot scale treatment systems and to apply these 
techniques in cost effective purification processes stipulates continued indepth research. 
Thus extensive possibilities exist in this promising area of research, which need to be given 
full attention and outcome of such exploration should benefit commercial sector both in 
terms of ecology and economy. 
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1. Introduction 
 

This chapter is dedicated to large scale electrical energy production from Solar energy. The 
scale considered here is that comparable with the output of conventional Thermal and Nuclear 
power plants, i.e. of the order of 50-1000 MW. The technology involved in such applications is 
generally significantly different than that encountered in low temperature, low capacity 
systems, such as domestic solar water heaters and charging of small appliance batteries.  
It is an established fact that fossil fuels are not replaceable and are being depleted at an 
alarming rate; moreover their direct burning produces atmospheric pollutants and CO2 
which contribute to global warming. Nuclear energy may be a short term replacement for 
fossil fuels, however, nuclear fuel sources are also limited and problems with long term, safe 
and economic disposal of nuclear waste have not yet been solved. Thus many studies have 
indicated that solar energy is expected to be the prime source of energy fifty years from 
now. As early as 2025, it is projected that 10.7 % of total electrical energy production in the 
US would come from Solar energy sources alone, and that figure would rise to 69% by 2050, 
(Pernick and Wilder,2008); this is substantial energy capacity, considering that the US is the 
largest energy consumer in the world. The future forecast is that the cost of electricity 
generation from fuels such as coal, oil, natural gas, and even Nuclear energy will continue to 
rise, while solar technologies’ cost will continue to decline. Already, solar power can 
compete in regions with high electricity rates and with favourable incentives. Most countries 
of the developed world and many of the developing ones, are currently promoting the use 
of renewable energy by introducing incentives and legislation; these policies are expected to 
accelerate the wide spread of renewable energy sources in the near future.  
Solar energy is one of the most abundant sources of renewable energy. The incident solar 
energy on the Earth’s surface is several orders of magnitude above current energy 
consumption. However the problem is the relatively low energy concentration, which is not 
an issue with low temperature applications such as solar water heaters, but poses a 
challenge to large scale or high temperature applications.  
The present chapter will start by reviewing the technologies currently available or proposed 
for large scale solar energy generation; these can be broadly divided into concentrating and 
non-concentrating technologies. It will start by reviewing the former type then focus on a 
new application of the latter type, namely the solar updraft tower, for which the author 
believes there is a bright future in desert environments. 

7



New	Trends	in	Technologies108 New	Developments	in	Large	Scale	Solar	Energy	Conversion 109

New	Developments	in	Large	Scale	Solar	Energy	Conversion

Amr	Serag-Eldin

X 
 

New Developments in Large Scale  
Solar Energy Conversion 

 
Amr Serag-Eldin 

American University in Cairo 
Egypt 

 
1. Introduction 
 

This chapter is dedicated to large scale electrical energy production from Solar energy. The 
scale considered here is that comparable with the output of conventional Thermal and Nuclear 
power plants, i.e. of the order of 50-1000 MW. The technology involved in such applications is 
generally significantly different than that encountered in low temperature, low capacity 
systems, such as domestic solar water heaters and charging of small appliance batteries.  
It is an established fact that fossil fuels are not replaceable and are being depleted at an 
alarming rate; moreover their direct burning produces atmospheric pollutants and CO2 
which contribute to global warming. Nuclear energy may be a short term replacement for 
fossil fuels, however, nuclear fuel sources are also limited and problems with long term, safe 
and economic disposal of nuclear waste have not yet been solved. Thus many studies have 
indicated that solar energy is expected to be the prime source of energy fifty years from 
now. As early as 2025, it is projected that 10.7 % of total electrical energy production in the 
US would come from Solar energy sources alone, and that figure would rise to 69% by 2050, 
(Pernick and Wilder,2008); this is substantial energy capacity, considering that the US is the 
largest energy consumer in the world. The future forecast is that the cost of electricity 
generation from fuels such as coal, oil, natural gas, and even Nuclear energy will continue to 
rise, while solar technologies’ cost will continue to decline. Already, solar power can 
compete in regions with high electricity rates and with favourable incentives. Most countries 
of the developed world and many of the developing ones, are currently promoting the use 
of renewable energy by introducing incentives and legislation; these policies are expected to 
accelerate the wide spread of renewable energy sources in the near future.  
Solar energy is one of the most abundant sources of renewable energy. The incident solar 
energy on the Earth’s surface is several orders of magnitude above current energy 
consumption. However the problem is the relatively low energy concentration, which is not 
an issue with low temperature applications such as solar water heaters, but poses a 
challenge to large scale or high temperature applications.  
The present chapter will start by reviewing the technologies currently available or proposed 
for large scale solar energy generation; these can be broadly divided into concentrating and 
non-concentrating technologies. It will start by reviewing the former type then focus on a 
new application of the latter type, namely the solar updraft tower, for which the author 
believes there is a bright future in desert environments. 

7



New	Trends	in	Technologies	110

 

2. Concentrating Solar Power Systems 
 

Concentrating solar power (CSP) systems first concentrate the sun’s energy using reflective 
devices, then the resulting concentrated heat energy is transformed to a heat transfer 
medium, which is employed to power a conventional turbine to produce electricity. 
Concentrating systems make use of the direct radiation component only, and cannot benefit 
from the diffuse component of solar radiation. There are three main types of CSP systems: 
the parabolic trough system, the Heliostat solar tower system and the solar dish system. The 
first of these is a line concentrating system, whereas the latter two are point concentrating 
ones. Each type is now presented in turn. 

 
2.1 Parabolic Troughs 
Trough technology, is the simplest of the three concentration technologies and currently the 
most widely spread and developed(La Porta,2005). An example of such a system is the 
EuroTrough parabolic trough collector ( Michael et al. , 2002). It basically consists of rows of 
cylindrical parabolic mirrors which collect solar radiation and focus it on a line, along which 
lies an absorber tube. A carrier fluid then flows within the tube receiving the heat and 
delivering it to the remainder of the cycle. A schematic of a solar electric generating system 
(SEGS) employing synthetic oil as heat transfer medium is displayed in Figure 1. The 
diagram also reveals a secondary oil heater cycle to operate the plant when solar radiation is 
inadequate, e.g. night time. Many existing SEGS plants display this dual mode feature. 
 

 
Fig. 1. Layout of a typical SEGS power plant, employing oil, (SOLEL, 2007) 

 

The Californian company LUZ has built the largest solar energy generating system to date, 
boasting nine plants totalling 354 MW on a pure commercial basis, in the Mojave Desert, 
California. A picture of the parabolic trough collectors employed in this plant is displayed in 
Figure 2.  
 

 
Fig. 2. SEGS plant in Mojave Desert, California , Solel(2007) 
 
The collectors of the Parabolic trough plants use a computerized single-axis solar tracking 
system, that tracks the sun from sunrise to sunset(Solel,2007). Typical collector mirrors are 
formed of a glass layer covered on the back by a silver layer which is protected against 
oxidation by suitable resins; a  30 year operational lifetime is envisaged. The reflectivity of 
the mirrors is around 94% and their concentration ratios are typically 82 times to yield 
operation temperatures of about 400 0C. The absorbing tube is usually made of steel and 
covered by a highly selective metallic oxide-ceramic layer displaying an absorptivity of 
approximately 97%. To reduce losses, the absorbing tube is covered by a vacuum glass tube 
with a transmissivity of  approximately 95%. Synthetic oil is a common working fluid (heat 
transfer medium); although some recent projects have used water for direct steam 
generation in order to reduce cost and improve operating performance, albeit introducing 
problems of controlling the two phase flow in horizontal tubes. A solar collector assembly 
based on the EuorTrough  design, operating year round at a site with a 2300 kWh/m2 
annual direct radiation displayed a performance of 60% annual thermal collection efficiency, 
i.e. produced 1300 kWh thermal energy per year. 
A modification of the parabolic trough system is the Fresnel trough system in which parabolic 
troughs are replaced by segmented mirrors operating according to the principle of Fresnel, Fig .3. 
The Belgium company Solarmundo operates a 2500 m2 prototype in Liège, Belgium. The mirrors 
have a typical width of 0.5 m and are either perfectly flat or display a very small curvature 
achieved by mechanical bending. The collector comprises 48 rows of mirrors, resulting in a 
collector width of 24 m. On top of the absorber tube is a second stage cavity reflector designed to 
re-direct some of the reflected rays to the top of the absorber tube, thus enlarging the target for 
the Fresnel mirrors, and producing a more uniform heating of the tube over its cross-section. It 
also serves to reduce heat losses from the selectively coated absorber tube. 
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Fig. 3. Fresnel collector principle  (Häberle et al,2002) 
 

 
Fig. 4. Fresnel mirrors, absorber tube and secondary reflector(Häberle et al(2002). 

 

Figure 4 shows a picture of such a system with the secondary reflector and absorber tube 
glowing brightly at the top of the frame, and the planar mirrors appearing at the bottom of 
the frame. 
Compared to trough collectors, Fresnel collectors are slightly less efficient however the 
planar mirrors are much cheaper to manufacture and maintain, the tracking system is 
simpler and wind loads are considerably reduced. These advantages are expected to lead to 
a 50% reduction in cost over a comparable parabolic trough system(la Porta,2005). 
Moreover, auxiliary benefits of this system have been suggested, among which are the use 
of the reflectors to act as a cover(roof)  for large open car parks and exhibitions, and for a 
controlled greenhouse making use of the diffuse light and the  light reflected from the back 
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The heliostat field is composed of many single mirror facets, which are fixed on a steel 
structure and directed towards a focal point at the top of the tower, with the aid of a central 
processor. Each mirror has two degrees of freedom, rotating over both a horizontal and 
vertical axis, to closely track the sun’s motion. Some new heliostats are manufactured from 
thin metallic membranes or plastic foils, which are tightened on a metallic frame and shaped 
into parabolic concave form, thus improving the accuracy of projection on the focal point. 
They are also cheaper to manufacture than conventional glass mirror heliostats but are less 
resistant to wind and sand erosion and more difficult to clean and maintain. 
Compared to parabolic troughs, central tower systems are less efficient in using ground 
space, since a larger surface area is required to avoid single heliostats shadowing each other. 
The shape of the heliostat array is dictated by the receiver type; for example a symmetric, 
field covering the full  3600 would be  employed with an external receiver covering the entire 
periphery of the tower, while only a segment of this circle would be employed for a plain 
surface receiver, Figure 5 . Four different types of receivers at the top of the tower have been 
tested so far; they are: 
i) Cavity receiver  

this is a chamber tube receiver in which the  heat transfer medium flows into the 
chamber inner walls, inside tubes which are bent into spirals and connected in parallel. 
The opening has a little surface which can be closed when direct solar radiation is 
poor. They are suitable for temperatures up to 6000C. 

ii) external receiver 
this is made of external heat transfer panels composed of many heat transfer tubes. A 
major problem is the freezing of the heat transfer medium( e.g. molten salts or sodium) 
when solar heating drops. Evacuation of tubes under such conditions becomes a 
necessity. 

iii) volumetric receiver 
this type is used for higher temperatures. Concentrated solar radiation is incident on a 
volumetric absorber material consisting of steel wire or porous ceramics, displaying a 
large surface contact area for heat exchange. In open volumetric receivers, ambient air is 
sucked in by a blower and penetrates the radiated absorber material; the receiver 
operating essentially at atmospheric pressure. Alternatively, closed air receivers are 
pressurized up to 15 bars; this made possible by closing the aperture with a fused 
quartz window. The absorber is composed of several layers of porous material, which 
are heated by the oncoming radiation. Wire meshing of high-temperature resistant 
metal wire is used up to temperatures of 800 0C, while high-porosity ceramic foams are 
used at higher temperatures. Due to the penetration of radiation waves, a highly 
uniform internal temperature distribution is achieved.  

iv) direct-absorption receiver 
here heat transfer is carried out by thin fluid films or by little particles which stream in 
an air-flow. These receivers are still in the experimental stages, but should be able to 
achieve peak temperatures of 20000C and heat densities of 2000 kW/m2 ( La Porta,2005). 

Heat transfer mediums which are commonly employed include water/steam, salt metals, 
liquid sodium and air; whereas a mixture of solid particles and gas for direct radiation 
absorption is  currently undergoing investigation.  
Among new developments of the solar power tower is the introduction of beam-down 
optics in the Weizman Institute in Israel. In this a 70 m2 hyperboloidal reflector is installed 

 

up the tower with its upper focus coinciding with the heliostat field’s target point. The 
reflector redirects the solar radiation from the heliostat field towards the lower focus of the 
hyperboloid, located near ground. Secondary concentrating non-imaging devices and 
receivers are installed below the lower focal point; magnification of the sun image by the 
hyperboloidal mirror is compensated by the ground secondary concentrator with a 
considerable net gain in concentration. Moreover, the placement of receivers and power 
block on the ground simplifies operation and reduces cost. Recent developments in non-
imaging optics have yielded concentrations unheard off before, reaching 84,000 x ambient 
intensity of sunlight! Other developments include high-performance air receivers and solar-
to-gas turbine interface (Solarpaces,2001). 

 
2.3 Solar  Dish Concentrators 
As the name implies, the collector in this case is a parabolic shaped dish which concentrates 
the solar radiation on a receiver at its focal point. Two systems may be identified: 
i) Dish-Stirling systems: a Stirling motor coupled to a generator is placed at the receiver 

end. In such systems the mirror, receiver, and motor-generator unit are rigidly 
connected and track the sun as one unit, Figure 6 .  

ii) Dish-farm systems: Here a water/steam media flows through many dish-collectors 
collecting heat as it flows. The generated steam is then employed in a separate 
conventional Rankine cycle to generate electricity.  

 

 
Fig. 6. A Dish – Stirling system,  (Schiel, W. And Geyer,M. ,2007) 
 
Dish-Stirling systems are relatively small power generation sets of typical capacities 5 -50 
kW per unit; they are ideal for stand alone or other decentralized applications. However 
they may be connected in clusters with a capacity of 10 MW to meet moderate scale grid-
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generation demands. The solar radiation is absorbed by the receiver heat exchanger to heat 
the working fluid(helium or hydrogen) of the Stirling engine to temperatures of about 6500C  
(Schelich Bergermann und Partner,2002). The engine is connected to a generator to produce 
electricity. The concentrator is mounted on a two-axis tracking system which tracks the sun 
continuously with the aid of servo-motors. The signal to the motor comes from either an 
instantaneous sun tracking sensor or from computer software which predicts the sun 
position. 
The Sterling engine is ideally suited for the Dish-parabolic system. Not only does it follow 
the most efficient thermodynamic cycle, but it also employs an external heat source which 
allows it to operate with a hybrid heat receiver. Thus with an additionally installed burner, 
the heat source could be either the solar radiation or any other combustible fuel (e.g. bio-gas 
or natural gas) thus extending operation to cloudy periods and night time hours. Coupled 
with a digester producing bio-gas, the hybrid operated system could produce continuous 
electric output from renewable and environmentally friendly sources.  
Since there is no internal combustion, combustion roar(noise) is absent and the “potential 
life-cycle of a Stirling engine is extraordinary high” (Schelich Bergermann und 
Partner,2002). Research is currently ongoing(Abdel-Rahman and Serag-Eldin,2008) to 
replace the Stirling engine with a corresponding Thermo-acoustic engine (Swift,2002) which 
features much of the advantages of the Stirling engine in addition to  possessing  no moving 
parts.  

 
3. Solar Updraft Tower Plants 
 

Solar updraft towers are non-concentrating solar energy plants designed for very large scale 
energy conversion, of the order of 200 MW; the larger the better. Because of lack of solar 
radiation concentration, the working fluid temperature rise within the plant is among the 
lowest in all large scale energy applications, and their conversion Carnot efficiencies are 
consequently very low. However, they compensate for their lower efficiencies with 
relatively low construction costs per kWh of electricity generated. Moreover, they possess 
several advantages which make them ideally suited for desert environments. 
The original name for Solar Updraft towers was  Solar Chimney Power plants; however due 
to the connotation with polluting chimneys, the name quickly fell out of favor and was 
replaced with the current one. As the original name signifies, the heart of the solar plant is a 
tall chimney stack, which is surrounded by a large conical collector, Figure  7 . Pressure 
staged wind turbine-generator unit(s) extract the energy in the chimney draft to produce 
electrical power; their loation indicated by W.T. in Figure  7 .  
 

 
Fig. 7. Sketch of a Solar Updraft tower (Solar Chimney) 

 

3.1 Concept  
Solar updraft tower power plants are renewable energy devices which generate electrical 
power from solar energy after first converting it into wind (kinetic) energy. They comprise 
three main components, a central tall chimney stack (tower), a surrounding solar radiation 
collector, and turbine unit(s). 
The collector comprises an elevated glass ceiling, covering a large area of ground acting as 
an absorber. The ground may also be partially covered with water tubes or shallow 
containers to improve its thermal storage properties. Solar radiation penetrates the collector 
ceiling to raise the temperature of the collector floor(ground), by virtue of the well known 
“green-house effect”. The latter warms the air flowing immediately above it; and the hot air 
being lighter than the surrounding atmospheric air, rises up the chimney stack driven by 
buoyancy forces. This upward chimney draft is used to drive pressure-staged wind turbines. 
It also creates a partial vacuum at the bottom of the stack, which continuously sucks in fresh 
atmospheric air from the outer edges of the collector, and overcomes the internal flow 
resistance as the air flows inwards towards the stack, Figure  8. 
 

 
Fig. 8. Theory of operation of Solar Updraft tower 
 
The Solar collector and stack cross-section are usually perfectly circular; thus the flow within 
the solar collector and chimney may generally be assumed to be axially symmetric. Indeed, 
if only conceptual design is required, the flow variations in the cross stream direction may 
be neglected and quasi-one dimensional models may be employed, e.g. Padki and 
Sherif(1999), Von Backstrom and Gannon(2000) and Pasumarthi and Sherif(1997). More 
detailed CFD models employing turbulence modeling and considering flow and property 
variations in all directions (Serag-Eldin,M.A. 2004a,b,2005a)  are required for detailed 
geometric design and accurate performance calculations. 

 
3.2 History and Current Status 
In 1931, Hanns Gunther presented one of the earliest descriptions of a solar chimney power 
plant. As early as 1975, Robert Lucie applied for patents on a solar chimney electric power 
generator(Wikipedia,2007), yet to date there is not yet a single full scale commercial 
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generation demands. The solar radiation is absorbed by the receiver heat exchanger to heat 
the working fluid(helium or hydrogen) of the Stirling engine to temperatures of about 6500C  
(Schelich Bergermann und Partner,2002). The engine is connected to a generator to produce 
electricity. The concentrator is mounted on a two-axis tracking system which tracks the sun 
continuously with the aid of servo-motors. The signal to the motor comes from either an 
instantaneous sun tracking sensor or from computer software which predicts the sun 
position. 
The Sterling engine is ideally suited for the Dish-parabolic system. Not only does it follow 
the most efficient thermodynamic cycle, but it also employs an external heat source which 
allows it to operate with a hybrid heat receiver. Thus with an additionally installed burner, 
the heat source could be either the solar radiation or any other combustible fuel (e.g. bio-gas 
or natural gas) thus extending operation to cloudy periods and night time hours. Coupled 
with a digester producing bio-gas, the hybrid operated system could produce continuous 
electric output from renewable and environmentally friendly sources.  
Since there is no internal combustion, combustion roar(noise) is absent and the “potential 
life-cycle of a Stirling engine is extraordinary high” (Schelich Bergermann und 
Partner,2002). Research is currently ongoing(Abdel-Rahman and Serag-Eldin,2008) to 
replace the Stirling engine with a corresponding Thermo-acoustic engine (Swift,2002) which 
features much of the advantages of the Stirling engine in addition to  possessing  no moving 
parts.  

 
3. Solar Updraft Tower Plants 
 

Solar updraft towers are non-concentrating solar energy plants designed for very large scale 
energy conversion, of the order of 200 MW; the larger the better. Because of lack of solar 
radiation concentration, the working fluid temperature rise within the plant is among the 
lowest in all large scale energy applications, and their conversion Carnot efficiencies are 
consequently very low. However, they compensate for their lower efficiencies with 
relatively low construction costs per kWh of electricity generated. Moreover, they possess 
several advantages which make them ideally suited for desert environments. 
The original name for Solar Updraft towers was  Solar Chimney Power plants; however due 
to the connotation with polluting chimneys, the name quickly fell out of favor and was 
replaced with the current one. As the original name signifies, the heart of the solar plant is a 
tall chimney stack, which is surrounded by a large conical collector, Figure  7 . Pressure 
staged wind turbine-generator unit(s) extract the energy in the chimney draft to produce 
electrical power; their loation indicated by W.T. in Figure  7 .  
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3.1 Concept  
Solar updraft tower power plants are renewable energy devices which generate electrical 
power from solar energy after first converting it into wind (kinetic) energy. They comprise 
three main components, a central tall chimney stack (tower), a surrounding solar radiation 
collector, and turbine unit(s). 
The collector comprises an elevated glass ceiling, covering a large area of ground acting as 
an absorber. The ground may also be partially covered with water tubes or shallow 
containers to improve its thermal storage properties. Solar radiation penetrates the collector 
ceiling to raise the temperature of the collector floor(ground), by virtue of the well known 
“green-house effect”. The latter warms the air flowing immediately above it; and the hot air 
being lighter than the surrounding atmospheric air, rises up the chimney stack driven by 
buoyancy forces. This upward chimney draft is used to drive pressure-staged wind turbines. 
It also creates a partial vacuum at the bottom of the stack, which continuously sucks in fresh 
atmospheric air from the outer edges of the collector, and overcomes the internal flow 
resistance as the air flows inwards towards the stack, Figure  8. 
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In the late 1970’s and early 1980’s Professor Jorg Schlaich and his team at Schlaich 
Bergermann und Partner of Stuttgart, Germany developed a detailed proposal for a solar 
updraft tower, eventually gaining funding from the German Federal Ministry of Research 
and Technology to build an experimental pilot plant in Manzanares, Spain., Figure 9. The 
tower was 195 m tall and 10 m in diameter, with a collection area of 46000 m2 ( approx. 244 
m diameter) producing a maximum output of 50 kW. The mean roof height was 1.85 m, and 
it possessed a single 4-blade axial turbine with a blade tip speed ratio of 10. The typical air 
temperature rise over ambient was 17 K. The majority of the collector was covered with 
plastic membranes(40000 m2) and the rest covered with glass(6000 m2). Vertical wind 
velocity in the stack reached a maximum of 12 m/s during turbine operations 
(Schlaich,2005). 
 

Fig. 9. Picture of the 50 kW Solar Chimney plant at Manzanares, Spain. 
 
The plant was highly instrumented with more than 180 sensors to record system behavior 
every second. It operated from 1982–1989, almost continuously with an availability 
exceeding 95%, until it was finally decommissioned due to structural problems. Plastic 
membrane covers were found cheaper than glass covers; however comparison between 
glass and plastic membrane endurance showed that glass resisted heavy storms for many 
years without harm and proved to be self-cleaning with occasional rains; whereas plastic 
membranes got brittle with time and tended to tear. 
In 2000, the Australian company EnviroMission Ltd was founded, and became the 
exclusive holder of the Australian license to Solar Tower Technology (Thomas and 

 

Davey,2004). The following year it unveiled a plan to build 200 MW solar updraft tower 
plants at a cost of approximately $700 million/plant, the first plant to commence 
construction in 2006, at Burronga Station, in the Riverland area of New South Wales. The 
stack height would be 1000 m tall and 120 m in diameter, whereas the collector diameter 
would be about 7000 m . Additional thermal storage would cover 25% of the total 
collector area and the plant was expected to operate 24 hrs. a day, at or close to nominal 
output in summer; albeit at significantly reduced output in winter. A total of 32 x 6.25 
MW pressure-staged horizontal-axis turbines, symmetrically distributed on the ground 
close to the stack inlet would provide the necessary power. For large solar chimneys the 
air temperature in the collector is expected to be about 35 K, and the updraft velocity 
around 15 m/s. 
However some time in 2006 the project was downscaled from 200 MWs to 50 MW 
(McLaren, 2006), because of the withdrawal of contractor and re-direction of some of the 
Australian government’s funding. The reduced output plant should feature a 480 m tall 
tower of 78 m diameter, encircled by a 3300 m diameter collector. The height of collector 
at inlet will be 2.4 m and it will gradually slope up to 15 m at the tower’s base. 
Unfortunately, the future of this project itself is still vague; the recent EnviroMission 
website states that “EnviroMission is now set to spearhead development and promotion 
of the Australian Solar Tower concept into markets outside Australia” and that 
“conditions in the USA support development ahead of Australia at this time”. 
Outside Australia several countries have also shown interest in building Solar updraft 
towers at some stage or other. Among these is Sri-Lanka’s 200 MW 
project(Gluckman,2002), a 3x 200 MW project in the USA (Donovan,2004), the 200 MW 
plant in Rajasthan, India(2002) and a 200 MW plant in China (Woody,2006 ). A Spanish 
proposal for a 40 MW plant in Ciudad Real is also under consideration. In mid 2008 the 
Namibian government approved a proposal for the construction of a 400 MW solar 
chimney called the 'Greentower'. The tower is planned to be 1.5 km tall and 280 m in 
diameter, and the base will consist of a 37 km2 greenhouse in which cash crops can be 
grown(Cloete,2008). It is difficult to know precisely the exact status of any of these 
projects right now, or how they will fare in the future; for up to date information it is 
recommended to visit the project’s website, if it still exists!  

 
3.3 Collector and Thermal Storage  
The collector is basically a large green house. The cover is made from a transparent 
material such as glass which has high transmissivity for short wave solar radiation, and 
low transmissivity for reflected and emitted long wave radiation from the ground and 
surroundings. The net balance heats the ground of the collector, raising its temperature 
above that of the surroundings. The ground then warms the flowing air above it by forced 
convection. The collector uses all solar radiation, both direct and indirect; this is crucial 
for tropical countries where the sky is frequently overcast. The collector converts up to 
70% of its irradiated solar energy into heat, a typical annual average being 50% 
(Schlaich,1995). 
Solar radiation varies sharply throughout the day; however it is commonly assumed that 
the ground temperature does not vary appreciably due to its large thermal capacity. 
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The plant was highly instrumented with more than 180 sensors to record system behavior 
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3.3 Collector and Thermal Storage  
The collector is basically a large green house. The cover is made from a transparent 
material such as glass which has high transmissivity for short wave solar radiation, and 
low transmissivity for reflected and emitted long wave radiation from the ground and 
surroundings. The net balance heats the ground of the collector, raising its temperature 
above that of the surroundings. The ground then warms the flowing air above it by forced 
convection. The collector uses all solar radiation, both direct and indirect; this is crucial 
for tropical countries where the sky is frequently overcast. The collector converts up to 
70% of its irradiated solar energy into heat, a typical annual average being 50% 
(Schlaich,1995). 
Solar radiation varies sharply throughout the day; however it is commonly assumed that 
the ground temperature does not vary appreciably due to its large thermal capacity. 
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Moreover since air temperature rise is the main factor affecting plant performance, and 
not ground temperature, the effect of cooler ground temperatures during night time on 
plant performance is partially offset by cooler external air temperatures. In desert 
environments, the difference between peak air daytime temperature and lowest night 
time temperature often exceeds 20 K.  
Although the typical soil material forming the ground of the collector has high thermal 
capacity, its thermal diffusivity is low (it’s also a good insulator) and thus the thermal 
penetration length during the day time hours is limited. Thus relatively large fluctuations 
in ground temperature would occur over the 24 hours, affecting uniformity of plant 
performance. Hence additional thermal storage is required in the form of shallow water 
cushions or tubes, which typically cover about 25% of the area of the collector foot print 
with an average depth of 5-20 cms. Although the thermal diffusivity of water is also low, 
its fluidity allows heat diffusion by natural convection which is orders of magnitude 
larger than molecular diffusion, thus increasing the effective thermal penetration depth. 
In the Manzanares test facility no additional thermal storage was added, and it was found 
that the output of the plant did vary appreciably throughout the day, confirming the need 
for additional thermal storage with high effective diffusivity.  
The collector cover is inclined upwards with a small slope as it approaches the chimney 
stack. This slope is required in order to maintain a relatively constant flow velocity within 
the collector as the radius, and therefore flow area, decreases; as well as to change the 
flow direction smoothly as it enters the stack. The height of the collector cover at inlet 
should be sufficiently high to allow easy access of personal and maintenance equipment, 
and to produce low air flow velocities underneath collector cover so as to reduce flow 
losses. However, it should not be too high as this would increase construction costs, as 
well as negatively affect plant performance in presence of strong external atmospheric 
winds(Serag-Eldin,2004b). A height of 2.4 m is usually specified.  
The results of the Manzanares test facility indicated that currently the preferred cover 
material is glass; however future material developments may lead to a superior and 
cheaper plastic membrane. 
Close to the chimney stack, the temperature difference across the collector cover may 
exceed 30 K so that double glazing may be justified there, but not elsewhere. Near the 
inlet boundaries of the collector the air temperatures are favorable for plant growth, and 
this area may be exploited for growing or drying crop with negligible effect on 
performance, particularly since it is also the region with the minimum flow velocities. 
Indeed in Manzanares considerable wild plants were found to sprout underneath the 
collector cover, enjoying the green house effect.  

 
3.4 Stack 
The chimney stack is the plant’s thermal engine. It is a pressure tube with low friction 
losses because of its very low surface/volume ratio. The efficiency of the Solar Chimney 
plant, is directly proportional to the height of the stack(Gannon and Backstrom,2000); thus 
the taller the stack the more efficient the cycle.  
The chimney for the Manzanares test facility was constructed from sheet metal for 
economy purposes; however, full scale plants are expected to employ reinforced concrete 
structures and are expected to be around 1000 m tall. The life span of a reinforced concrete 
tower in a dry climate is at least 100 years. All the structural technology is already 

 

available and tested in cooling towers and in building towers such as the 600 m tall 
television tower in Toronto, Canada. Alternatively, guy tubes, their skin made of 
corrugated metal sheet, cable-net with cladding or membranes are also possible. 
The chimney is likely to be the most expensive component of the solar plant, and hence it 
is important to try to cut its cost down. Among ideas to reduce chimney cost is one that 
proposes a “Floating Chimney” (Papageorgiou,2004). Floating solar chimneys are lighter 
than air structures that can be as tall as 1.5 – 3 km. The wall sub pressure, acting on the 
main body cylinder of the chimney is handled by the supporting rings made of 
aluminum, or air inflated pressure tubes. The lifting force comes from a set of toridal 
tubes filled with lighter than air gas, such as He or NH3. Similar ideas have been 
proposed by others, e.g. use of vacuumized toroidal rings instead of gaz filled ones 
(Hamza Associates, 2008). However, questions pose themselves regarding the reliability 
and life time of such structures, as well as the increased resistance to internal flow when 
the stack walls are deformed by strong shear winds.  
In an attempt to cut chimney stack costs considerably, it was proposed (Serag-eldin,2007) 
to search for special sites where favorably oriented steep mountains or cliffs may be found 
close to valleys, and thus the chimney stack would be replaced by a duct running up the 
mountain/cliff. Figure 10 displays such a geometry for a hypothetical case where the 
mountain on the right is inclined at 450 to a horizontal valley; the  turbine(s) were 
distributed in a horizontal section at the bottle-neck displaying (W.T.). CFD simulation 
was employed to design the collector and updraft duct for this case as well as to predict 
plant performance. Notice the diverging duct cross-section in Figure 10 ; this recovers 
most of the kinetic energy head, thus raising cycle efficiencies. Also notice the shape of the 
collector which was developed to yield a smooth uniform velocity entry at the turbine. 
The latter is confirmed from Figure 11 which displays the velocity vectors in a horizontal 
section below the collector cover.  

 
Fig. 10. Exploiting the height of a neighboring steep mountain(Serag-eldin,2007) 
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Fig. 11. Velocity vectors in one half of the collector(Serag-eldin,2007) 

 
3.5 Turbine 
The turbine(s) produce the mechanical output of the plant. They are pressure staged ones, 
considerably different than conventional wind-turbines, and more akin to Kaplan turbines 
employed in hydraulic power stations. Schematically, only a single turbine is always 
displayed, which is located a short distance up the chimney stack. This is probably for 
historical reasons, since it was the case for the 50 kW Manzanares plant, because it had 
relatively low output. However, because of the large dimensions of a full scale 100 – 200 
MW plant, it is not possible nor practical to have a single axial turbine of such large 
diameter (of the order of 100 m).  
Thus full scale plants are expected to adopt one of two configurations: 
i) several small vertical axis turbines covering the cross-section of the stack and at a small 

vertical distance from its base. They would however be independently supported on 
the ground to avoid structural loads on the stack and vibration problems. Figure 12 
displays such an arrangement. 

ii) a ground level array of  horizontal axis turbines positioned at equal spacing, along a 
circle of diameter slightly larger than stack’s diameter, as sketched in Figure 13   

 

 

 
Fig. 12. The  6 vertical axes turbines on a C.S. plane near base of stack( Schlaich, 1995) 
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Fig. 11. Velocity vectors in one half of the collector(Serag-eldin,2007) 
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Fig. 13. Arrangement of 36 horizontal axes turbines on the ground( Schlaich, 1995) 
 
The output of each turbine is proportional to product of the volumetric-flow-rate passing 
through it and the pressure drop across it. Therefore to maximize the output this quantity 
needs to be maximized. This may be achieved for an installed turbine by regulating the inlet 
guide vane angles, simultaneously with propeller pitch angle. The exact output of the 
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the collector and stack.  
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chimney plant. For example, selecting a turbine with a lower specific-speed results in 
turbine characteristics with higher head across the turbine for a given flow rate. When this 
turbine is installed in a given solar plant installation, it will reduce the induced air flow rate 
because less head will be available to overcome system losses. However, since the power 
output from the turbine is proportional to the product of the head across the turbine times 
the volumetric flow rate, the net product may be either greater or lower than that of a higher 
specific-speed turbine, i.e. one displaying lower head across the system for a given flow rate.  
Moreover, as the induced air flow rate through the system is decreased, the absorber 
temperature and air temperature will rise for a given solar intensity. The latter affects 
system heat losses and pressure head across the stack; both of which will affect the 
performance of the plant. Thus to obtain the maximum performance from a given solar 
chimney plant (maximum power output) it is necessary to select the optimum turbine 
characteristic for a given solar plant characteristics and operating conditions. 
As a rule of thumb, the output is maximized if the pressure drop across the turbine is 
approximately two thirds the total pressure differential available; however for accurate 
estimates it is necessary to solve the flow equations within the collector and stack coupled 
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system. The results of such a study(Serag-Eldin, 2005b) is presented in Figure 14 which 
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Fig. 14. Effect of turbine characteristic on performance of plant(Serag-Eldin, 2005b). 
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Fig. 14. Effect of turbine characteristic on performance of plant(Serag-Eldin, 2005b). 
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Some researchers have proposed replacing the array of wind turbines with a circular track 
carrying carriages supporting individual vertical aerofoil blades of uniform cross-section, 
spanning the entire height of the collector. The cascade of aerofoil blades rotate as one unit 
around the chimney center line, producing the plant useful work(Valentine,2008). 
Independently, others (Menoufy and Serag-eldin,2009) have been designing a somewhat 
similar wind turbine system with the aerofoil blades replaced by cylinders rotating about 
their axis. The lift force in this case is derived by the Magnus effect, and can be easily 
controlled by regulating the cylinder rotational speed. Their system is expected to be much 
cheaper and easier to build and maintain than conventional propeller turbines. 
Turbines inserted in Solar Updraft towers are not subject to gusts, high turbulence, highly 
fluctuating and non-uniform winds such as wind turbines, nor cavitations such as hydraulic 
turbines; hence their life span is expected to be longer than both. 

 
3.6 Shape and Size effect, Cost 
A CFD computation of a typical solar updraft tower plant (Serag-Eldin,2005a) was 
conducted to investigate the effect of different geometric ratios on plant  
performance(Output), velocity in the stack, Vstack, and stack exit temperature, Tstack. The  
results showed minor influence of the geometric ratios, with the exception of the ratio of 
stack-height to collector-radius, Hstack/Rcollector, Figure 15 . It was found that the output 
of the plant increased almost linearly with stack height, all other parameters remaining the 
same. Increase of stack height also increased Vstack and reduced Tstack. 
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Fig. 15. Effect of stack height on plant performance(Serag-Eldin,2005a) 

 

Investigation of effect of plant size on the Output, Vstack and Tstack was then conducted, 
retaining same geometric ratios throughout, but increasing the individual dimensions to 
scale. The results are displayed in Figure 16 with the collector outer radius dimension 
representing the plant size. It was revealed that the increase in power output with size was 
at a rate slightly faster than the cube of the size. No wonder economically viable plants need 
to be of large capacity! 
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Fig. 16. Effect of Plant size on performance(Serag-Eldin,2005a) 
 
The optimum geometric ratios of a solar updraft tower at a particular site will also depend 
largely on the relative cost of construction of the collector and chimney stack at this site. 
This cost may vary appreciably from one site to another; however, just as a global, rough 
guide, recommended dimensions are presented in Table 1. 
 

Capacity MW 5 30 100 200 
Tower height m 550 750 1000 1000 
Tower diameter m 45 70 110 120 
Collector diameter m 1250 2900 4300 7000 
Electricity outputA GWh/a 14 99 320 680 
A at a site with annual global solar radiation of 2300 kWh/(m2a) 

Table 1. Typical dimensions and electricity output, Schlaich(2005) 
 
In absence of a track record, estimates of electricity generation costs from this technology 
vary widely; e.g. Schlaich et al(2005) estimate a cost of 7 – 21 € per kWh, while others 
(Zaslavsky,2006) believe it would be no cheaper than 25-36 cents per kWh. The following 
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Table is thus useful mainly for comparing relative component costs and trends, and should 
be accepted with reservation: 
 

Capacity MW 5 30 100 200 
Tower cost  ( in million €) 19 49 156 170 
Collector costA ( in million €) 10 48 107 261 
Turbine cost ( in million €) 8 32 75 133 
Engineering, tests, misc. ( in million €) 5 16 40 42 
total ( in million €) 42 145 378 606 
Annuity on investment (million €/a) 2.7 10.2 27.1 43.7 
Annual operation & maintenance cost (million €/a) 0.2 0.6 1.7 2.8 
Levelized elelectricity cost (LEC)B (€/kWh) 0.21 0.11 0.09 0.07 
A cost for unskilled labor assumed 5 €/h; B at an interest rate of 6 % and 30 yrs depreciation  

Table 2. Investment cost and LEC, Schlaich et al (2005). 
 
Table 2  reveals the rapid drop in LEC as plant size increases. It also reveals that the major 
cost is the tower cost, the only exception being for the 200 MW plant, since it employs the 
same tower height as the 100 MW plant but a much larger collector area. It is noticed that 
the source assumed a rate of 5 €/h for unskilled labor; however for many developing 
countries the cost is substantially lower, whereas the cost of constructing the tower and 
importing and installing the turbines may be higher, thus shifting the cost distribution. 

 
3.7 Strength and Weakness   
Solar updraft towers possess the following strengths: 
(a) make use of both direct and indirect solar radiation 
(b) possess a large built in thermal storage in the form of the ground underneath the 
collector. Extending this with a thin layer of scattered water tubes or cushions enhances the 
ability of the plant to operate at almost constant output 24/7. Thus standalone operation is 
possible for remote areas not connected to a central electrical grid. 
(c) do not need any cooling water to operate 
(d) their simplicity makes them particularly reliable and hard wearing, and not prone to 
sudden shut down 
(e) most of the plant is  built on the desert site itself employing local labor; thus providing 
job opportunities in under-developed countries. 
(f) requires very few personal to operate 
(g) maintenance cost is minimal and should endure the harsh desert environment better 
than most other technologies. 
However, solar updraft towers suffer the following weaknesses: 
(a) very low efficiency means it requires a large area of land for collectors 
(b) frequent desert storms coupled with long dry spells may  reduce efficiency of collectors. 
(c) plant may suffer from effect of exceptionally strong external winds, both at ground level 
and above(Serag-Eldin, 2004b). 
(d) tall slender stack is particularly vulnerable to Seismic actions; hence conventional rigid 
stacks may not be suitable for regions displaying strong seismic activity. 
(e) very tall towers may impose construction challenges. 

 

4. Comparison between the solar technologies 
 

The upper limit for the conversion-efficiency of solar-energy into mechanical-energy by all 
the solar-power-systems, is restricted by Carnot’s efficiency, ηc , defined by  
 

ηc= 1 – Tsink/Tsource 
 

where Tsource and Tsink refer to the heat source and sink temperatures, respectively. Carnot’s 
efficiency is only a theoretical maximum. In practice, attainable efficiencies are always 
considerably less due to system losses and irreversibility effects; however Carnot’s efficiency 
serves to indicate the maximum potential of each system and to give an indication of the 
relative true efficiencies of real systems. In our applications the heat source temperature is 
the maximum temperature in the cycle, which is the temperature at the receiver end of CSP 
systems, and the temperature at the exit from the collector and inlet to stack in the solar 
updraft tower system. The heat sink temperature is invariably the atmospheric temperature. 
Therefore it is clear that systems which produce highest concentration of solar energy, and 
therefore highest heat source temperatures, are the most efficient in converting solar energy 
into mechanical energy, and vice versa. Table 3 summarizes the typical source temperatures, 
concentration ratios, C, tracking system type and ηc , for each of the systems presented 
earlier. The concentration ratio is defined as the ratio between the optically active surface of 
the collector and the irradiated absorber’s surface. 

 
Technology Tsource (oC) C Tracking ηc 

Solar updraft tower 20-80 1 - 17% 
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Dish concentrators 500-1200 800-8000 Two-axis 80% 

Table 3. Typical Source temperatures, concentration ratios and ηc  for solar systems 
 
It is apparent that the solar updraft tower has the least conversion efficiency because it does 
not provide any concentration what-so-ever; however it is also the simplest system because 
it does not need any tracking system. The Heliostat and Dish concentrator systems have the 
highest Carnot efficiencies, but are also the most complicated since they require to track the 
sun continuously in two planes(2-axis tracking). Fresnel and trough systems require 
tracking in only one direction and hence both their complication levels and efficiencies lie 
between the other two categories. 
However, since solar energy is free and abundant, efficiency should not be used as the basis 
for selecting a system. Its impact should be confined to its role in reducing the total cost of 
solar energy conversion. Thus a less efficient but cheaper system may be the logical choice if 
its total cost of production of 1 kWh of electricity is lower. The cost of kWh is usually the 
prime criterion for selection of a system, but other important criteria include environmental 
impact, sustainability, reliability, durability, ease of maintenance, social returns, creation of 
local job opportunities, technology transfer, national energy strategy, and whatever other 
benefits or costs to the society that may result from the particular technology selected. 
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Table is thus useful mainly for comparing relative component costs and trends, and should 
be accepted with reservation: 
 

Capacity MW 5 30 100 200 
Tower cost  ( in million €) 19 49 156 170 
Collector costA ( in million €) 10 48 107 261 
Turbine cost ( in million €) 8 32 75 133 
Engineering, tests, misc. ( in million €) 5 16 40 42 
total ( in million €) 42 145 378 606 
Annuity on investment (million €/a) 2.7 10.2 27.1 43.7 
Annual operation & maintenance cost (million €/a) 0.2 0.6 1.7 2.8 
Levelized elelectricity cost (LEC)B (€/kWh) 0.21 0.11 0.09 0.07 
A cost for unskilled labor assumed 5 €/h; B at an interest rate of 6 % and 30 yrs depreciation  

Table 2. Investment cost and LEC, Schlaich et al (2005). 
 
Table 2  reveals the rapid drop in LEC as plant size increases. It also reveals that the major 
cost is the tower cost, the only exception being for the 200 MW plant, since it employs the 
same tower height as the 100 MW plant but a much larger collector area. It is noticed that 
the source assumed a rate of 5 €/h for unskilled labor; however for many developing 
countries the cost is substantially lower, whereas the cost of constructing the tower and 
importing and installing the turbines may be higher, thus shifting the cost distribution. 

 
3.7 Strength and Weakness   
Solar updraft towers possess the following strengths: 
(a) make use of both direct and indirect solar radiation 
(b) possess a large built in thermal storage in the form of the ground underneath the 
collector. Extending this with a thin layer of scattered water tubes or cushions enhances the 
ability of the plant to operate at almost constant output 24/7. Thus standalone operation is 
possible for remote areas not connected to a central electrical grid. 
(c) do not need any cooling water to operate 
(d) their simplicity makes them particularly reliable and hard wearing, and not prone to 
sudden shut down 
(e) most of the plant is  built on the desert site itself employing local labor; thus providing 
job opportunities in under-developed countries. 
(f) requires very few personal to operate 
(g) maintenance cost is minimal and should endure the harsh desert environment better 
than most other technologies. 
However, solar updraft towers suffer the following weaknesses: 
(a) very low efficiency means it requires a large area of land for collectors 
(b) frequent desert storms coupled with long dry spells may  reduce efficiency of collectors. 
(c) plant may suffer from effect of exceptionally strong external winds, both at ground level 
and above(Serag-Eldin, 2004b). 
(d) tall slender stack is particularly vulnerable to Seismic actions; hence conventional rigid 
stacks may not be suitable for regions displaying strong seismic activity. 
(e) very tall towers may impose construction challenges. 
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The upper limit for the conversion-efficiency of solar-energy into mechanical-energy by all 
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relative true efficiencies of real systems. In our applications the heat source temperature is 
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systems, and the temperature at the exit from the collector and inlet to stack in the solar 
updraft tower system. The heat sink temperature is invariably the atmospheric temperature. 
Therefore it is clear that systems which produce highest concentration of solar energy, and 
therefore highest heat source temperatures, are the most efficient in converting solar energy 
into mechanical energy, and vice versa. Table 3 summarizes the typical source temperatures, 
concentration ratios, C, tracking system type and ηc , for each of the systems presented 
earlier. The concentration ratio is defined as the ratio between the optically active surface of 
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It is apparent that the solar updraft tower has the least conversion efficiency because it does 
not provide any concentration what-so-ever; however it is also the simplest system because 
it does not need any tracking system. The Heliostat and Dish concentrator systems have the 
highest Carnot efficiencies, but are also the most complicated since they require to track the 
sun continuously in two planes(2-axis tracking). Fresnel and trough systems require 
tracking in only one direction and hence both their complication levels and efficiencies lie 
between the other two categories. 
However, since solar energy is free and abundant, efficiency should not be used as the basis 
for selecting a system. Its impact should be confined to its role in reducing the total cost of 
solar energy conversion. Thus a less efficient but cheaper system may be the logical choice if 
its total cost of production of 1 kWh of electricity is lower. The cost of kWh is usually the 
prime criterion for selection of a system, but other important criteria include environmental 
impact, sustainability, reliability, durability, ease of maintenance, social returns, creation of 
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However, since solar energy is free and abundant, efficiency should not be used as the basis 
for selecting a system. Its impact should be confined to its role in reducing the total cost of 
solar energy conversion. Thus a less efficient but cheaper system may be the logical choice if 
its total cost of production of 1 kWh of electricity is lower. The cost of kWh is usually the 
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local job opportunities, technology transfer, national energy strategy, and whatever other 
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5. Summary and Conclusion 
 

The review serves to demonstrate that solar energy technologies in the power sector are 
developing rapidly in several fronts, all of which strive to reduce the cost of energy 
conversion. This, together with economy of scale when solar energy technologies have 
spread widely, should pave the way for solar energy plants to gradually replace 
conventional and nuclear plants whose technologies have already matured so that further 
improvements are limited, and whose total construction and running costs are escalating. 
One major difference between conventional and renewable energy technologies in general 
and solar in particular, is that the latter are very site specific, whereas the former are not. 
Thus a desert site may be ideal for a particular type of solar energy technology and totally 
unsuitable for another. Also the degree of sophistication required to operate and maintain 
some types of solar technologies is much higher than others, and some technologies are only 
suited to very large scale applications while others are not; some have built in thermal 
storage while others require external storage; some are more suitable for standalone mode 
than others. For each solar energy application we have several options, but it makes a very 
big difference to the success of the project that the most appropriate technology is the one 
selected for the given site and environment. 
Currently parabolic trough-collectors are the most commonly used and are already cost 
effective in many parts of the world; the Fresnel mirror adaptation may further cut their 
conversion costs. However it is the Heliostat towers that are attracting most attention with 
their promise to yield very high concentrations with the beam-down optics, and ground 
steam generation.  
The solar updraft tower is, at least on paper, a very viable candidate for the desert 
environment. However it is severely handicapped by the need to start big(minimum 200 
MB), costing at least $700 million to be viable. Several projects have started but have either 
slowed down or stalled. A new project approved in Namibia in mid 2008 to build the largest 
ever contemplated solar updraft tower (400 MB) will hopefully see the light of day. If this 
project is implemented and succeeds, the solar updraft tower may turn out to be the black 
horse for desert environments. Furthermore, for certain favorable sites, the stack cost may be 
reduced considerably by following one of the suggestions presented here, so that the plant 
may be viable for plant sizes as small as  50-100 MB. 
Finally, when comparing between Solar and conventional energy for electricity generation, 
it is prudent not to base the decision based on the cost of the kWh produced alone, but to 
include other important factors such as environmental impact, sustainability, reliability and 
social benefits. 
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5. Summary and Conclusion 
 

The review serves to demonstrate that solar energy technologies in the power sector are 
developing rapidly in several fronts, all of which strive to reduce the cost of energy 
conversion. This, together with economy of scale when solar energy technologies have 
spread widely, should pave the way for solar energy plants to gradually replace 
conventional and nuclear plants whose technologies have already matured so that further 
improvements are limited, and whose total construction and running costs are escalating. 
One major difference between conventional and renewable energy technologies in general 
and solar in particular, is that the latter are very site specific, whereas the former are not. 
Thus a desert site may be ideal for a particular type of solar energy technology and totally 
unsuitable for another. Also the degree of sophistication required to operate and maintain 
some types of solar technologies is much higher than others, and some technologies are only 
suited to very large scale applications while others are not; some have built in thermal 
storage while others require external storage; some are more suitable for standalone mode 
than others. For each solar energy application we have several options, but it makes a very 
big difference to the success of the project that the most appropriate technology is the one 
selected for the given site and environment. 
Currently parabolic trough-collectors are the most commonly used and are already cost 
effective in many parts of the world; the Fresnel mirror adaptation may further cut their 
conversion costs. However it is the Heliostat towers that are attracting most attention with 
their promise to yield very high concentrations with the beam-down optics, and ground 
steam generation.  
The solar updraft tower is, at least on paper, a very viable candidate for the desert 
environment. However it is severely handicapped by the need to start big(minimum 200 
MB), costing at least $700 million to be viable. Several projects have started but have either 
slowed down or stalled. A new project approved in Namibia in mid 2008 to build the largest 
ever contemplated solar updraft tower (400 MB) will hopefully see the light of day. If this 
project is implemented and succeeds, the solar updraft tower may turn out to be the black 
horse for desert environments. Furthermore, for certain favorable sites, the stack cost may be 
reduced considerably by following one of the suggestions presented here, so that the plant 
may be viable for plant sizes as small as  50-100 MB. 
Finally, when comparing between Solar and conventional energy for electricity generation, 
it is prudent not to base the decision based on the cost of the kWh produced alone, but to 
include other important factors such as environmental impact, sustainability, reliability and 
social benefits. 
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Abstract 
The aim of this article is to develop a numerical and experimental performance evaluation 
procedure to investigate the parameters affecting the flow conditions in a Short Duration 
High Speed Transient Flow Test Facility. For the numerical formulation, a two-dimensional 
time-accurate time-marching Navier-Stokes solver for shock wave applications was 
developed based on the dimensions of the test facility available at Universiti Tenaga 
Nasional (UNITEN) in Malaysia. The solver uses second-order accurate cell-vertex finite-
volume spatial discretization and fourth order Runge-Kutta temporal integration scheme. 
The facility has been designed so that it can be used as a free piston compressor, shock tube, 
shock tunnel and gun tunnel interchangeably. It is expected that this facility will allow 
various researches to be done in the field of high speed (supersonic and hypersonic) fluid 
flows. The maximum Mach number obtainable depends on various operation conditions 
such as diaphragm pressure ratio, driver/driven gas combination and initial temperature 
ratio of the driver/driven gases. It was shown that a Mach number of 4 can be achieved if 
Helium is used as the driver gas and CO2 is used as the driven gas with diaphragm pressure 
ratio of about 75. Two sets of experiments have been conducted; the first one using shock 
tube arrangement while in the second set the facility is used as a free piston compressor 
arrangement (shock tube with free piston). The experimental investigations involved 
pressure measurements using high precision pressure transducers and temperature 
measurements using an in-house made fast response thermocouple. The measurements 
yield the pressure and temperature histories, which were subsequently used to calculate the 
shock wave strength and the surface temperature change during the facility operation. In all 
cases, the analytical and experimental results were compared with the numerical results and 
good agreements were obtained. The results show that the facility performance in terms of 
shock speed, shock strength and the flow Mach number is highly affected by the diaphragm 
pressure ratio, gas combination and existence of piston.  
Key words: shock tunnel, shock tube, shock wave, Computational Fluid Dynamics (CFD).  
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flows. The maximum Mach number obtainable depends on various operation conditions 
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ratio of the driver/driven gases. It was shown that a Mach number of 4 can be achieved if 
Helium is used as the driver gas and CO2 is used as the driven gas with diaphragm pressure 
ratio of about 75. Two sets of experiments have been conducted; the first one using shock 
tube arrangement while in the second set the facility is used as a free piston compressor 
arrangement (shock tube with free piston). The experimental investigations involved 
pressure measurements using high precision pressure transducers and temperature 
measurements using an in-house made fast response thermocouple. The measurements 
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cases, the analytical and experimental results were compared with the numerical results and 
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1. Introduction 
 

In the study of high speed flow (supersonic and hypersonic) related to aerodynamics of 
aerospace vehicles, concepts such as heat transfer, non equilibrium flow, ionization, 
dissociation and other high temperature effects are very important. These effects are very 
difficult to model theoretically or computationally. It is also impossible to measure the flow 
conditions which are encountered by the aerospace vehicles during the actual flight; 
therefore high speed transient flow test facility is an important component in the design 
process of aeronautics equipment.  
The problem of providing a source of air at a sufficiently high temperature and pressure, 
similar to those encounters by aerospace vehicle to act as the working fluid of wind tunnel 
has been approached in a variety of ways. Because of the high capital cost and also high 
operating cost associated with continuous high speed wind tunnels, most of the high speed 
flow test facilities, especially those of high temperature, are short duration blow down type. 
For example Hotshot tunnels, Plasma arc tunnels and light gas gun [1]. Furthermore, in high 
speed fluid flow problems, achieving a high Mach number is less important than achieving 
the correct flow enthalpy (temperature). This is because the high temperatures which 
developed around the stagnation region have a profound effect on the gas dynamics and 
aerodynamics [2]. Continuous facilities cannot provide high enthalpy flows due to design 
problems associated with heat transfer especially in nozzle and reservoir regions. Transient 
high speed flow test facilities are very attractive due to their ability to provide high enthalpy 
flows [3]. 
Short duration high speed transient flow test facility is a device that can be used to generate 
gas flows or gas conditions that are difficult to achieve in other test devices. By its nature, 
these facilities produce these conditions for a very short duration. The maximum achievable 
stagnation temperature or enthalpy in a short duration facility is an inverse function of flow 
duration. For example, expansion tubes can provide stagnation enthalpy in the order of 100 
MJ/kg but only for tens of microseconds [4]. The useful flow duration in shock tunnels is 
longer (in the order of milliseconds) but the maximum stagnation enthalpy decreases to 
around 20 MJ/kg. Hotshot facilities that produce useful flows for around 100 ms have a 
maximum stagnation enthalpy of around 4 MJ/kg. Blow down tunnels are near continuous 
facilities that can provide long flow durations (measured in tens of minutes) but the 
maximum stagnation enthalpy is generally somewhat less than 4 MJ/kg [3]. 
In this article, a new short duration high speed transient flow test facility which has been 
developed in Universiti Tenaga Nasional – Malaysia is described. The test facility can be 
operated in four different modes, shock tube, free-piston compressor, shock tunnel and gun 
tunnel. All utilize the same basic facility and offer alternative modes of operation for the 
same apparatus. They differ in such away that, in shock tube and shock tunnel, the driver 
gas is employed to operate a shock tube containing the test gas, whilst in the free-piston 
compressor the free piston is used to directly compress the test gas in the driven section. The 
free piston in the gun tunnel compresses the test gas before ejecting it through a high speed 
flow nozzle. 
The developed facility is the first of its kind in Malaysia. In other part of the world, there are 
currently existing facilities which can reach these high temperatures, but they are limited 
and rare. Free piston hypersonic shock tunnels have been constructed at California Institute 
of Technology (Caltech) in the United States and the German Aerospace Center (DLR 
Deutsches Zentrum fur Luft-und Raumfahrt) in Germany, but most of these high 

temperature ground facilities were very costly to build and expensive to operate and 
maintain [5].  
The main reason for development of the test facility is to enable aerodynamics study related 
to high speed flow. Apart from that, such high speed transient flow test facility is 
fundamentally important for the development of advanced instrumentation for high speed 
flow, for example, fiber optic pressure sensors and fast response thermocouples and 
investigation of flow and heat transfer in high speed low pressure turbine. 
Although similar facilities have been built in a few parts of the world [5], there have been no 
open literatures available that describe the design procedures and important parameters 
that need to be considered when building such facilities. Hence, in the present work, a 
systematic approach has been developed in designing such facilities. 
Historically, a large number of methods have been used to improve the performance of 
shock tubes and shock tunnels [6]. One method is to fill the driver section with a light gas 
such as helium. Another is to increase the temperature of the driver gas by use of a heater. 
In both of these methods, the improved performance is achieved by a higher speed of sound 
than if cold air is used. In the first case, the speed of sound in helium is higher than air 
because of its lower molecular weight. In the latter, the speed of sound is increased by 
raising the gas temperature. The higher sound speed results in a lower driver-to-driven tube 
pressure ratio P4/P1 required to generate a given incident shock Mach number in the driven 
tube, or a higher incident shock Mach number for the same value of diaphragm pressure 
ratio P4/P1. 
Although both of the above mentioned approaches are well established, there are a number 
of disadvantages associated with them. Both require high pressure pumps and extensive 
plumbing. Helium is expensive and large amounts must be used to pressurize the driver 
tube. Helium’s higher specific heat ratio also reduces the advantages somewhat. If the driver 
tube is to be heated, the tube must be designed to withstand high pressure under high 
temperatures, adding to the construction costs. The heater also adds to the cost and it must 
be designed to heat uniformly because hot spots in the driver can cause unpredictable and 
dangerous driver tube failure. Thermal fatigue may, in fact, limit the useful life of the tube.  
For quite sometime, the free-piston driving technique, first proposed by Stalker [7], has been 
used to achieve some of the highest enthalpies, culminating in the X3 at the University of 
Queensland, Brisbane, Australia [8], the HEG in G¨ottingen, Germany [9] and the largest 
known facility, the HIEST in Kakuda, Japan [10]. The free-piston technique involves 
compressing the driver gas by a heavy piston accelerated to nearly sonic speed. The piston 
compresses the gas ahead of it to achieve high values of temperature and pressure. The 
operation of a free-piston shock tunnel, however, appears to be complicated, as a massive 
piston has to be accelerated rapidly and then must be stopped in a controlled manner. 
Many methods of producing strong shock waves have been and are still being analyzed and 
tried experimentally.  

 
2. Objectives and Methodology 
 

The main objective of this study is to design and develop a short duration high speed 
transient flow test facility and investigate the parameters that influence the performance of 
the facility. The performance of this test facility is described by the maximum Mach number 
that can be generated and the quality of flows that it can produce. The Mach number 
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1. Introduction 
 

In the study of high speed flow (supersonic and hypersonic) related to aerodynamics of 
aerospace vehicles, concepts such as heat transfer, non equilibrium flow, ionization, 
dissociation and other high temperature effects are very important. These effects are very 
difficult to model theoretically or computationally. It is also impossible to measure the flow 
conditions which are encountered by the aerospace vehicles during the actual flight; 
therefore high speed transient flow test facility is an important component in the design 
process of aeronautics equipment.  
The problem of providing a source of air at a sufficiently high temperature and pressure, 
similar to those encounters by aerospace vehicle to act as the working fluid of wind tunnel 
has been approached in a variety of ways. Because of the high capital cost and also high 
operating cost associated with continuous high speed wind tunnels, most of the high speed 
flow test facilities, especially those of high temperature, are short duration blow down type. 
For example Hotshot tunnels, Plasma arc tunnels and light gas gun [1]. Furthermore, in high 
speed fluid flow problems, achieving a high Mach number is less important than achieving 
the correct flow enthalpy (temperature). This is because the high temperatures which 
developed around the stagnation region have a profound effect on the gas dynamics and 
aerodynamics [2]. Continuous facilities cannot provide high enthalpy flows due to design 
problems associated with heat transfer especially in nozzle and reservoir regions. Transient 
high speed flow test facilities are very attractive due to their ability to provide high enthalpy 
flows [3]. 
Short duration high speed transient flow test facility is a device that can be used to generate 
gas flows or gas conditions that are difficult to achieve in other test devices. By its nature, 
these facilities produce these conditions for a very short duration. The maximum achievable 
stagnation temperature or enthalpy in a short duration facility is an inverse function of flow 
duration. For example, expansion tubes can provide stagnation enthalpy in the order of 100 
MJ/kg but only for tens of microseconds [4]. The useful flow duration in shock tunnels is 
longer (in the order of milliseconds) but the maximum stagnation enthalpy decreases to 
around 20 MJ/kg. Hotshot facilities that produce useful flows for around 100 ms have a 
maximum stagnation enthalpy of around 4 MJ/kg. Blow down tunnels are near continuous 
facilities that can provide long flow durations (measured in tens of minutes) but the 
maximum stagnation enthalpy is generally somewhat less than 4 MJ/kg [3]. 
In this article, a new short duration high speed transient flow test facility which has been 
developed in Universiti Tenaga Nasional – Malaysia is described. The test facility can be 
operated in four different modes, shock tube, free-piston compressor, shock tunnel and gun 
tunnel. All utilize the same basic facility and offer alternative modes of operation for the 
same apparatus. They differ in such away that, in shock tube and shock tunnel, the driver 
gas is employed to operate a shock tube containing the test gas, whilst in the free-piston 
compressor the free piston is used to directly compress the test gas in the driven section. The 
free piston in the gun tunnel compresses the test gas before ejecting it through a high speed 
flow nozzle. 
The developed facility is the first of its kind in Malaysia. In other part of the world, there are 
currently existing facilities which can reach these high temperatures, but they are limited 
and rare. Free piston hypersonic shock tunnels have been constructed at California Institute 
of Technology (Caltech) in the United States and the German Aerospace Center (DLR 
Deutsches Zentrum fur Luft-und Raumfahrt) in Germany, but most of these high 
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than if cold air is used. In the first case, the speed of sound in helium is higher than air 
because of its lower molecular weight. In the latter, the speed of sound is increased by 
raising the gas temperature. The higher sound speed results in a lower driver-to-driven tube 
pressure ratio P4/P1 required to generate a given incident shock Mach number in the driven 
tube, or a higher incident shock Mach number for the same value of diaphragm pressure 
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Although both of the above mentioned approaches are well established, there are a number 
of disadvantages associated with them. Both require high pressure pumps and extensive 
plumbing. Helium is expensive and large amounts must be used to pressurize the driver 
tube. Helium’s higher specific heat ratio also reduces the advantages somewhat. If the driver 
tube is to be heated, the tube must be designed to withstand high pressure under high 
temperatures, adding to the construction costs. The heater also adds to the cost and it must 
be designed to heat uniformly because hot spots in the driver can cause unpredictable and 
dangerous driver tube failure. Thermal fatigue may, in fact, limit the useful life of the tube.  
For quite sometime, the free-piston driving technique, first proposed by Stalker [7], has been 
used to achieve some of the highest enthalpies, culminating in the X3 at the University of 
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known facility, the HIEST in Kakuda, Japan [10]. The free-piston technique involves 
compressing the driver gas by a heavy piston accelerated to nearly sonic speed. The piston 
compresses the gas ahead of it to achieve high values of temperature and pressure. The 
operation of a free-piston shock tunnel, however, appears to be complicated, as a massive 
piston has to be accelerated rapidly and then must be stopped in a controlled manner. 
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aerospace vehicles, concepts such as heat transfer, non equilibrium flow, ionization, 
dissociation and other high temperature effects are very important. These effects are very 
difficult to model theoretically or computationally. It is also impossible to measure the flow 
conditions which are encountered by the aerospace vehicles during the actual flight; 
therefore high speed transient flow test facility is an important component in the design 
process of aeronautics equipment.  
The problem of providing a source of air at a sufficiently high temperature and pressure, 
similar to those encounters by aerospace vehicle to act as the working fluid of wind tunnel 
has been approached in a variety of ways. Because of the high capital cost and also high 
operating cost associated with continuous high speed wind tunnels, most of the high speed 
flow test facilities, especially those of high temperature, are short duration blow down type. 
For example Hotshot tunnels, Plasma arc tunnels and light gas gun [1]. Furthermore, in high 
speed fluid flow problems, achieving a high Mach number is less important than achieving 
the correct flow enthalpy (temperature). This is because the high temperatures which 
developed around the stagnation region have a profound effect on the gas dynamics and 
aerodynamics [2]. Continuous facilities cannot provide high enthalpy flows due to design 
problems associated with heat transfer especially in nozzle and reservoir regions. Transient 
high speed flow test facilities are very attractive due to their ability to provide high enthalpy 
flows [3]. 
Short duration high speed transient flow test facility is a device that can be used to generate 
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these facilities produce these conditions for a very short duration. The maximum achievable 
stagnation temperature or enthalpy in a short duration facility is an inverse function of flow 
duration. For example, expansion tubes can provide stagnation enthalpy in the order of 100 
MJ/kg but only for tens of microseconds [4]. The useful flow duration in shock tunnels is 
longer (in the order of milliseconds) but the maximum stagnation enthalpy decreases to 
around 20 MJ/kg. Hotshot facilities that produce useful flows for around 100 ms have a 
maximum stagnation enthalpy of around 4 MJ/kg. Blow down tunnels are near continuous 
facilities that can provide long flow durations (measured in tens of minutes) but the 
maximum stagnation enthalpy is generally somewhat less than 4 MJ/kg [3]. 
In this article, a new short duration high speed transient flow test facility which has been 
developed in Universiti Tenaga Nasional – Malaysia is described. The test facility can be 
operated in four different modes, shock tube, free-piston compressor, shock tunnel and gun 
tunnel. All utilize the same basic facility and offer alternative modes of operation for the 
same apparatus. They differ in such away that, in shock tube and shock tunnel, the driver 
gas is employed to operate a shock tube containing the test gas, whilst in the free-piston 
compressor the free piston is used to directly compress the test gas in the driven section. The 
free piston in the gun tunnel compresses the test gas before ejecting it through a high speed 
flow nozzle. 
The developed facility is the first of its kind in Malaysia. In other part of the world, there are 
currently existing facilities which can reach these high temperatures, but they are limited 
and rare. Free piston hypersonic shock tunnels have been constructed at California Institute 
of Technology (Caltech) in the United States and the German Aerospace Center (DLR 
Deutsches Zentrum fur Luft-und Raumfahrt) in Germany, but most of these high 

temperature ground facilities were very costly to build and expensive to operate and 
maintain [5].  
The main reason for development of the test facility is to enable aerodynamics study related 
to high speed flow. Apart from that, such high speed transient flow test facility is 
fundamentally important for the development of advanced instrumentation for high speed 
flow, for example, fiber optic pressure sensors and fast response thermocouples and 
investigation of flow and heat transfer in high speed low pressure turbine. 
Although similar facilities have been built in a few parts of the world [5], there have been no 
open literatures available that describe the design procedures and important parameters 
that need to be considered when building such facilities. Hence, in the present work, a 
systematic approach has been developed in designing such facilities. 
Historically, a large number of methods have been used to improve the performance of 
shock tubes and shock tunnels [6]. One method is to fill the driver section with a light gas 
such as helium. Another is to increase the temperature of the driver gas by use of a heater. 
In both of these methods, the improved performance is achieved by a higher speed of sound 
than if cold air is used. In the first case, the speed of sound in helium is higher than air 
because of its lower molecular weight. In the latter, the speed of sound is increased by 
raising the gas temperature. The higher sound speed results in a lower driver-to-driven tube 
pressure ratio P4/P1 required to generate a given incident shock Mach number in the driven 
tube, or a higher incident shock Mach number for the same value of diaphragm pressure 
ratio P4/P1. 
Although both of the above mentioned approaches are well established, there are a number 
of disadvantages associated with them. Both require high pressure pumps and extensive 
plumbing. Helium is expensive and large amounts must be used to pressurize the driver 
tube. Helium’s higher specific heat ratio also reduces the advantages somewhat. If the driver 
tube is to be heated, the tube must be designed to withstand high pressure under high 
temperatures, adding to the construction costs. The heater also adds to the cost and it must 
be designed to heat uniformly because hot spots in the driver can cause unpredictable and 
dangerous driver tube failure. Thermal fatigue may, in fact, limit the useful life of the tube.  
For quite sometime, the free-piston driving technique, first proposed by Stalker [7], has been 
used to achieve some of the highest enthalpies, culminating in the X3 at the University of 
Queensland, Brisbane, Australia [8], the HEG in G¨ottingen, Germany [9] and the largest 
known facility, the HIEST in Kakuda, Japan [10]. The free-piston technique involves 
compressing the driver gas by a heavy piston accelerated to nearly sonic speed. The piston 
compresses the gas ahead of it to achieve high values of temperature and pressure. The 
operation of a free-piston shock tunnel, however, appears to be complicated, as a massive 
piston has to be accelerated rapidly and then must be stopped in a controlled manner. 
Many methods of producing strong shock waves have been and are still being analyzed and 
tried experimentally.  

 
2. Objectives and Methodology 
 

The main objective of this study is to design and develop a short duration high speed 
transient flow test facility and investigate the parameters that influence the performance of 
the facility. The performance of this test facility is described by the maximum Mach number 
that can be generated and the quality of flows that it can produce. The Mach number 
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difficult to model theoretically or computationally. It is also impossible to measure the flow 
conditions which are encountered by the aerospace vehicles during the actual flight; 
therefore high speed transient flow test facility is an important component in the design 
process of aeronautics equipment.  
The problem of providing a source of air at a sufficiently high temperature and pressure, 
similar to those encounters by aerospace vehicle to act as the working fluid of wind tunnel 
has been approached in a variety of ways. Because of the high capital cost and also high 
operating cost associated with continuous high speed wind tunnels, most of the high speed 
flow test facilities, especially those of high temperature, are short duration blow down type. 
For example Hotshot tunnels, Plasma arc tunnels and light gas gun [1]. Furthermore, in high 
speed fluid flow problems, achieving a high Mach number is less important than achieving 
the correct flow enthalpy (temperature). This is because the high temperatures which 
developed around the stagnation region have a profound effect on the gas dynamics and 
aerodynamics [2]. Continuous facilities cannot provide high enthalpy flows due to design 
problems associated with heat transfer especially in nozzle and reservoir regions. Transient 
high speed flow test facilities are very attractive due to their ability to provide high enthalpy 
flows [3]. 
Short duration high speed transient flow test facility is a device that can be used to generate 
gas flows or gas conditions that are difficult to achieve in other test devices. By its nature, 
these facilities produce these conditions for a very short duration. The maximum achievable 
stagnation temperature or enthalpy in a short duration facility is an inverse function of flow 
duration. For example, expansion tubes can provide stagnation enthalpy in the order of 100 
MJ/kg but only for tens of microseconds [4]. The useful flow duration in shock tunnels is 
longer (in the order of milliseconds) but the maximum stagnation enthalpy decreases to 
around 20 MJ/kg. Hotshot facilities that produce useful flows for around 100 ms have a 
maximum stagnation enthalpy of around 4 MJ/kg. Blow down tunnels are near continuous 
facilities that can provide long flow durations (measured in tens of minutes) but the 
maximum stagnation enthalpy is generally somewhat less than 4 MJ/kg [3]. 
In this article, a new short duration high speed transient flow test facility which has been 
developed in Universiti Tenaga Nasional – Malaysia is described. The test facility can be 
operated in four different modes, shock tube, free-piston compressor, shock tunnel and gun 
tunnel. All utilize the same basic facility and offer alternative modes of operation for the 
same apparatus. They differ in such away that, in shock tube and shock tunnel, the driver 
gas is employed to operate a shock tube containing the test gas, whilst in the free-piston 
compressor the free piston is used to directly compress the test gas in the driven section. The 
free piston in the gun tunnel compresses the test gas before ejecting it through a high speed 
flow nozzle. 
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that need to be considered when building such facilities. Hence, in the present work, a 
systematic approach has been developed in designing such facilities. 
Historically, a large number of methods have been used to improve the performance of 
shock tubes and shock tunnels [6]. One method is to fill the driver section with a light gas 
such as helium. Another is to increase the temperature of the driver gas by use of a heater. 
In both of these methods, the improved performance is achieved by a higher speed of sound 
than if cold air is used. In the first case, the speed of sound in helium is higher than air 
because of its lower molecular weight. In the latter, the speed of sound is increased by 
raising the gas temperature. The higher sound speed results in a lower driver-to-driven tube 
pressure ratio P4/P1 required to generate a given incident shock Mach number in the driven 
tube, or a higher incident shock Mach number for the same value of diaphragm pressure 
ratio P4/P1. 
Although both of the above mentioned approaches are well established, there are a number 
of disadvantages associated with them. Both require high pressure pumps and extensive 
plumbing. Helium is expensive and large amounts must be used to pressurize the driver 
tube. Helium’s higher specific heat ratio also reduces the advantages somewhat. If the driver 
tube is to be heated, the tube must be designed to withstand high pressure under high 
temperatures, adding to the construction costs. The heater also adds to the cost and it must 
be designed to heat uniformly because hot spots in the driver can cause unpredictable and 
dangerous driver tube failure. Thermal fatigue may, in fact, limit the useful life of the tube.  
For quite sometime, the free-piston driving technique, first proposed by Stalker [7], has been 
used to achieve some of the highest enthalpies, culminating in the X3 at the University of 
Queensland, Brisbane, Australia [8], the HEG in G¨ottingen, Germany [9] and the largest 
known facility, the HIEST in Kakuda, Japan [10]. The free-piston technique involves 
compressing the driver gas by a heavy piston accelerated to nearly sonic speed. The piston 
compresses the gas ahead of it to achieve high values of temperature and pressure. The 
operation of a free-piston shock tunnel, however, appears to be complicated, as a massive 
piston has to be accelerated rapidly and then must be stopped in a controlled manner. 
Many methods of producing strong shock waves have been and are still being analyzed and 
tried experimentally.  
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depends on the maximum temperature and pressure achievable. The facility is aimed to 
produce a targeted Mach number of 4.0. Different values of Mach number can be obtained 
by changing the diaphragm pressure ratio, different driver/driven gas combinations and by 
rising the driver gas temperature or in another word, increasing driver/driven gas 
temperature ratio T4/T1.  
A theoretical model has been developed to determine the shock strength (P2/P1) and Mach 
number values as a function of diaphragm pressure ratio (P4/P1) and working fluids. Based 
on the theoretical model, the design procedure was developed. In order to verify the design, 
experimental measurements were performed which proved that the targeted Mach number 
can be achieved by using the prescribed pressure ratio and gas combinations determined by 
the design procedure. 
In order to investigate the detail flow process inside the shock tube, which will influence its 
performance, a new two dimensional time accurate Navier-Stokes solver for shock tube 
applications was developed. The solver uses second order accurate cell-vertex finite volume 
spatial discretization and fourth order accurate Runge-Kutta temporal integration with Air-
Air as working fluids. The solver is validated against experimental measurements in the 
developed high speed flow test facility. Further investigations were made on the flow 
process inside the shock tube by using the solver. The shock wave motion, reflection and 
interaction with the boundary layers were investigated and their influence on the 
performance of the shock tube was determined. 
An in-house made surface junction fast response thermocouple was used to measure the 
surface temperature change profile during the facility operation. In order to evaluate the 
heat flux from the surface temperature change history, a MATLAB numerical transient heat 
transfer model was developed. Extensive experimental measurements were performed at 
different pressure ratios in order to investigate the performance of the facility. Pressure 
transient inside the tube were captured at two different locations using fast response 
transducers.  
The last part of the work concerns with further experimental investigation of the 
performance of the facility using different gas combinations (dissimilar gases). The gas 
combinations used are He-Air and He-CO2. The experimental results were compared with 
the theoretical predictions. The discrepancies were discussed based on the factors 
determined in the previous part. 

 
3. Overview of UNITEN’s Test Facility 
 

There are three important limitations that govern the selection of the shock tube dimensions; 
cost, available space, and manufacturing process. Taking into consideration all these 
parameters, the decision was made to choose the dimensions of the test facility as described 
below. The detail components of the facility are described briefly and shown in Figure 1. 
More details about the facility are available in [11]. 
1. Driver section:- A high-pressure section (driver) which will contain the high pressure 

driver gas, which can be either Air, Helium, Hydrogen or other light gases. 
2. Discharge valve:- To discharge the driver section after each run.  
Pressure gauge:- To read the pressure inside the driver section, which is also provided with 
a static pressure transducer to record the exact value of the driver pressure P4 at which the 
diaphragm ruptures.  

 
Fig. 1. Schematic of UNITEN’s test facility 
 
3. Vacuum pump:- When the driver gas is not Air (e.g. Helium or Hydrogen) then the 

driver section should be evacuated and refilled with the required driver gas. 
4. The primary diaphragm:- This is a thin aluminum membrane to isolate the low-

pressure test gas from the high-pressure driver gas until the compression process is 
initiated.  

5. Piston compression section:- A piston is placed in the (driven tube) adjacent to the 
primary diaphragm so that when the diaphragm ruptures, the piston is propelled 
through the driven tube, compressing the gas ahead of it. This piston is used in the 
free-piston compressor and gun tunnel tests.  

6. Discharge valve:- To discharge the driven section after each run. 
7. Vacuum gauge:- To set the pressure inside the driven section to values less than 

atmospheric value (vacuum). 
8. Driven section:- A shock tube section (smooth bore), to be filled with the required test 

gas (Air, nitrogen or carbon dioxide). 
9. Driven section extension:- The last half meter of the driven section on which the 

pressure transducers and thermocouples are mounted. 
10. The secondary diaphragm:- A light plastic diaphragm to separate the low pressure 

test gas inside the driven section from the test section and dump tank which are 
initially at a vacuum prior to the run. 

11. Test section:- This section will expand the high temperature test gas through a nozzle 
to the correct high enthalpy conditions needed to simulate hypersonic flow. A range 
of Mach numbers is available by changing the diameter of the throat insert. 

12. Vacuum vessel (dump tank):- To be evacuated to about 0.1 mm Hg pressure before 
running. Prior to a run, the driven section, test section and dump tank are to be 
evacuated to a low-pressure value.  

 
4. Numerical Formulation of Flow Process 
 

In this section, a two dimensional time accurate Navier-Stokes solver for shock tube 
applications is described briefly. The solver has been programmed based on the dimensions 
and configuration of the test facility. The developed solver uses second order accurate cell-
vertex finite volume spatial discretization and fourth order accurate Runge-Kutta temporal 
integration and it is designed to simulate the flow process for similar driver/driven gases 
(e.g. Air-Air as working fluids). The solver is validated against analytical solution and 
experimental measurements in the high speed flow test facility. In the next section, further 
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combinations used are He-Air and He-CO2. The experimental results were compared with 
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1. Driver section:- A high-pressure section (driver) which will contain the high pressure 

driver gas, which can be either Air, Helium, Hydrogen or other light gases. 
2. Discharge valve:- To discharge the driver section after each run.  
Pressure gauge:- To read the pressure inside the driver section, which is also provided with 
a static pressure transducer to record the exact value of the driver pressure P4 at which the 
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3. Vacuum pump:- When the driver gas is not Air (e.g. Helium or Hydrogen) then the 

driver section should be evacuated and refilled with the required driver gas. 
4. The primary diaphragm:- This is a thin aluminum membrane to isolate the low-

pressure test gas from the high-pressure driver gas until the compression process is 
initiated.  

5. Piston compression section:- A piston is placed in the (driven tube) adjacent to the 
primary diaphragm so that when the diaphragm ruptures, the piston is propelled 
through the driven tube, compressing the gas ahead of it. This piston is used in the 
free-piston compressor and gun tunnel tests.  

6. Discharge valve:- To discharge the driven section after each run. 
7. Vacuum gauge:- To set the pressure inside the driven section to values less than 

atmospheric value (vacuum). 
8. Driven section:- A shock tube section (smooth bore), to be filled with the required test 
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9. Driven section extension:- The last half meter of the driven section on which the 

pressure transducers and thermocouples are mounted. 
10. The secondary diaphragm:- A light plastic diaphragm to separate the low pressure 

test gas inside the driven section from the test section and dump tank which are 
initially at a vacuum prior to the run. 

11. Test section:- This section will expand the high temperature test gas through a nozzle 
to the correct high enthalpy conditions needed to simulate hypersonic flow. A range 
of Mach numbers is available by changing the diameter of the throat insert. 

12. Vacuum vessel (dump tank):- To be evacuated to about 0.1 mm Hg pressure before 
running. Prior to a run, the driven section, test section and dump tank are to be 
evacuated to a low-pressure value.  
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In this section, a two dimensional time accurate Navier-Stokes solver for shock tube 
applications is described briefly. The solver has been programmed based on the dimensions 
and configuration of the test facility. The developed solver uses second order accurate cell-
vertex finite volume spatial discretization and fourth order accurate Runge-Kutta temporal 
integration and it is designed to simulate the flow process for similar driver/driven gases 
(e.g. Air-Air as working fluids). The solver is validated against analytical solution and 
experimental measurements in the high speed flow test facility. In the next section, further 
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depends on the maximum temperature and pressure achievable. The facility is aimed to 
produce a targeted Mach number of 4.0. Different values of Mach number can be obtained 
by changing the diaphragm pressure ratio, different driver/driven gas combinations and by 
rising the driver gas temperature or in another word, increasing driver/driven gas 
temperature ratio T4/T1.  
A theoretical model has been developed to determine the shock strength (P2/P1) and Mach 
number values as a function of diaphragm pressure ratio (P4/P1) and working fluids. Based 
on the theoretical model, the design procedure was developed. In order to verify the design, 
experimental measurements were performed which proved that the targeted Mach number 
can be achieved by using the prescribed pressure ratio and gas combinations determined by 
the design procedure. 
In order to investigate the detail flow process inside the shock tube, which will influence its 
performance, a new two dimensional time accurate Navier-Stokes solver for shock tube 
applications was developed. The solver uses second order accurate cell-vertex finite volume 
spatial discretization and fourth order accurate Runge-Kutta temporal integration with Air-
Air as working fluids. The solver is validated against experimental measurements in the 
developed high speed flow test facility. Further investigations were made on the flow 
process inside the shock tube by using the solver. The shock wave motion, reflection and 
interaction with the boundary layers were investigated and their influence on the 
performance of the shock tube was determined. 
An in-house made surface junction fast response thermocouple was used to measure the 
surface temperature change profile during the facility operation. In order to evaluate the 
heat flux from the surface temperature change history, a MATLAB numerical transient heat 
transfer model was developed. Extensive experimental measurements were performed at 
different pressure ratios in order to investigate the performance of the facility. Pressure 
transient inside the tube were captured at two different locations using fast response 
transducers.  
The last part of the work concerns with further experimental investigation of the 
performance of the facility using different gas combinations (dissimilar gases). The gas 
combinations used are He-Air and He-CO2. The experimental results were compared with 
the theoretical predictions. The discrepancies were discussed based on the factors 
determined in the previous part. 

 
3. Overview of UNITEN’s Test Facility 
 

There are three important limitations that govern the selection of the shock tube dimensions; 
cost, available space, and manufacturing process. Taking into consideration all these 
parameters, the decision was made to choose the dimensions of the test facility as described 
below. The detail components of the facility are described briefly and shown in Figure 1. 
More details about the facility are available in [11]. 
1. Driver section:- A high-pressure section (driver) which will contain the high pressure 

driver gas, which can be either Air, Helium, Hydrogen or other light gases. 
2. Discharge valve:- To discharge the driver section after each run.  
Pressure gauge:- To read the pressure inside the driver section, which is also provided with 
a static pressure transducer to record the exact value of the driver pressure P4 at which the 
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test gas inside the driven section from the test section and dump tank which are 
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11. Test section:- This section will expand the high temperature test gas through a nozzle 
to the correct high enthalpy conditions needed to simulate hypersonic flow. A range 
of Mach numbers is available by changing the diameter of the throat insert. 

12. Vacuum vessel (dump tank):- To be evacuated to about 0.1 mm Hg pressure before 
running. Prior to a run, the driven section, test section and dump tank are to be 
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In this section, a two dimensional time accurate Navier-Stokes solver for shock tube 
applications is described briefly. The solver has been programmed based on the dimensions 
and configuration of the test facility. The developed solver uses second order accurate cell-
vertex finite volume spatial discretization and fourth order accurate Runge-Kutta temporal 
integration and it is designed to simulate the flow process for similar driver/driven gases 
(e.g. Air-Air as working fluids). The solver is validated against analytical solution and 
experimental measurements in the high speed flow test facility. In the next section, further 
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depends on the maximum temperature and pressure achievable. The facility is aimed to 
produce a targeted Mach number of 4.0. Different values of Mach number can be obtained 
by changing the diaphragm pressure ratio, different driver/driven gas combinations and by 
rising the driver gas temperature or in another word, increasing driver/driven gas 
temperature ratio T4/T1.  
A theoretical model has been developed to determine the shock strength (P2/P1) and Mach 
number values as a function of diaphragm pressure ratio (P4/P1) and working fluids. Based 
on the theoretical model, the design procedure was developed. In order to verify the design, 
experimental measurements were performed which proved that the targeted Mach number 
can be achieved by using the prescribed pressure ratio and gas combinations determined by 
the design procedure. 
In order to investigate the detail flow process inside the shock tube, which will influence its 
performance, a new two dimensional time accurate Navier-Stokes solver for shock tube 
applications was developed. The solver uses second order accurate cell-vertex finite volume 
spatial discretization and fourth order accurate Runge-Kutta temporal integration with Air-
Air as working fluids. The solver is validated against experimental measurements in the 
developed high speed flow test facility. Further investigations were made on the flow 
process inside the shock tube by using the solver. The shock wave motion, reflection and 
interaction with the boundary layers were investigated and their influence on the 
performance of the shock tube was determined. 
An in-house made surface junction fast response thermocouple was used to measure the 
surface temperature change profile during the facility operation. In order to evaluate the 
heat flux from the surface temperature change history, a MATLAB numerical transient heat 
transfer model was developed. Extensive experimental measurements were performed at 
different pressure ratios in order to investigate the performance of the facility. Pressure 
transient inside the tube were captured at two different locations using fast response 
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The last part of the work concerns with further experimental investigation of the 
performance of the facility using different gas combinations (dissimilar gases). The gas 
combinations used are He-Air and He-CO2. The experimental results were compared with 
the theoretical predictions. The discrepancies were discussed based on the factors 
determined in the previous part. 
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parameters, the decision was made to choose the dimensions of the test facility as described 
below. The detail components of the facility are described briefly and shown in Figure 1. 
More details about the facility are available in [11]. 
1. Driver section:- A high-pressure section (driver) which will contain the high pressure 

driver gas, which can be either Air, Helium, Hydrogen or other light gases. 
2. Discharge valve:- To discharge the driver section after each run.  
Pressure gauge:- To read the pressure inside the driver section, which is also provided with 
a static pressure transducer to record the exact value of the driver pressure P4 at which the 
diaphragm ruptures.  
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driver section should be evacuated and refilled with the required driver gas. 
4. The primary diaphragm:- This is a thin aluminum membrane to isolate the low-

pressure test gas from the high-pressure driver gas until the compression process is 
initiated.  

5. Piston compression section:- A piston is placed in the (driven tube) adjacent to the 
primary diaphragm so that when the diaphragm ruptures, the piston is propelled 
through the driven tube, compressing the gas ahead of it. This piston is used in the 
free-piston compressor and gun tunnel tests.  

6. Discharge valve:- To discharge the driven section after each run. 
7. Vacuum gauge:- To set the pressure inside the driven section to values less than 

atmospheric value (vacuum). 
8. Driven section:- A shock tube section (smooth bore), to be filled with the required test 

gas (Air, nitrogen or carbon dioxide). 
9. Driven section extension:- The last half meter of the driven section on which the 

pressure transducers and thermocouples are mounted. 
10. The secondary diaphragm:- A light plastic diaphragm to separate the low pressure 

test gas inside the driven section from the test section and dump tank which are 
initially at a vacuum prior to the run. 

11. Test section:- This section will expand the high temperature test gas through a nozzle 
to the correct high enthalpy conditions needed to simulate hypersonic flow. A range 
of Mach numbers is available by changing the diameter of the throat insert. 

12. Vacuum vessel (dump tank):- To be evacuated to about 0.1 mm Hg pressure before 
running. Prior to a run, the driven section, test section and dump tank are to be 
evacuated to a low-pressure value.  

 
4. Numerical Formulation of Flow Process 
 

In this section, a two dimensional time accurate Navier-Stokes solver for shock tube 
applications is described briefly. The solver has been programmed based on the dimensions 
and configuration of the test facility. The developed solver uses second order accurate cell-
vertex finite volume spatial discretization and fourth order accurate Runge-Kutta temporal 
integration and it is designed to simulate the flow process for similar driver/driven gases 
(e.g. Air-Air as working fluids). The solver is validated against analytical solution and 
experimental measurements in the high speed flow test facility. In the next section, further 
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investigations were made on the flow process inside the shock tube by using the solver. The 
shock wave motion, reflection and interaction with the boundary layers were investigated 
and their influence on the performance of the shock tube was determined. 
It is intended that this CFD solver can be a useful tool in the design process of the test 
facility. Experimental data which could be achieved from the facility can be verified using 
this developed numerical tool.  
The mathematical model and the fluid flow governing equations are described in ref [12]. 
This includes the Reynolds-Averaged Navier-Stokes Equations (RANS) and The Mixing 
Length Turbulence Model. The latter is added to the solver in order to include the viscous 
effects to the solution. Based on the facility dimensions, mesh generation procedure was 
performed to transform the flow domain into a finite number of grid points. Finally, using 
two verification approaches, the code was validated in terms of the ability to capture shocks, 
rarefaction waves and contact discontinuity and to produce the correct pressure, 
temperature, density and speed profiles, using two verification approaches. The first one 
was the validation against a standard analytical solution of the shock tube problem. The 
second was to compare the code solution with selected experimental measurements for a 
certain value of diaphragm pressure ratio. Further details about the solver can be found in 
[12]. 

 
5. Selected Case Studies 
 

In this section, in order to obtain greater understanding of the processes involved, CFD 
simulations were used for selected cases and the results were analyzed in details. In order to 
investigate the effect of various parameters on the performance of the facility, various 
experimental measurements were made. The parameters that were investigated were 
pressure ratio, gas combination and effect of piston. This section provides detail discussions 
of the results obtained. 

 
5.1 Inviscid Transient Flow in Shock Tube 
CFD solution for an inviscid simulation of a diaphragm pressure ratio P4/P1 of 10 has been 
chosen for a detail investigation. The simulation was conducted using the actual dimensions 
of the test facility shown in Figure 1. The pressure, temperature, density and Mach number 
of the flow were stored in two stations at the end of the driven section with an axial 
separation of 342 mm, as shown in Figure 2.  
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Fig. 2. The two stations at the end of the facility 

The pressure history for the above mentioned shot is depicted in Figure 3 from which one 
can follow the physics of the flow inside the shock tube. The first jump represents the shock 
wave, for which the pressure inside the driven section increases from 100 kPa to around 220 
kPa. As the shock wave proceeds to the end of the tube it will reflect and move in the 
opposite direction, increasing the pressure to about 450 kPa. The shock wave will then 
interact with the contact surface which is following the shock wave and due to this 
interaction between the shock wave and the contact surface the pressure will be increased 
until it reaches its peak pressure value of 530 kPa. 
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Fig. 3. Pressure history for inviscid flow (Air-Air, P4/P1=10)  
 
The shock wave speed can be determined from the CFD data obtained in this simulation. As 
the distance between the two stations is known (0.342 m) and the time of the shock to travel 
from station 1 to station 2 can be obtained from the pressure history graph (see Figure 4), the 
shock wave speed in this case was calculated to be 518 m/s. Comparing this value to the 
theoretical value for this pressure ratio, which is 558 m/s, the percentage difference was 
found to be around 7%. The difference is probably due to the two-dimensional effects which 
were not modeled by the theoretical solution. From experimental measurements the shock 
speed for the same pressure ratio was 450 m/s, which indicate percentage difference of 
about 13% from CFD results. 
 

A	Comprehensive	Performance	Evaluation		
of	a	Short	Duration	High	Speed	Transient	Flow	Test	Facility 139

investigations were made on the flow process inside the shock tube by using the solver. The 
shock wave motion, reflection and interaction with the boundary layers were investigated 
and their influence on the performance of the shock tube was determined. 
It is intended that this CFD solver can be a useful tool in the design process of the test 
facility. Experimental data which could be achieved from the facility can be verified using 
this developed numerical tool.  
The mathematical model and the fluid flow governing equations are described in ref [12]. 
This includes the Reynolds-Averaged Navier-Stokes Equations (RANS) and The Mixing 
Length Turbulence Model. The latter is added to the solver in order to include the viscous 
effects to the solution. Based on the facility dimensions, mesh generation procedure was 
performed to transform the flow domain into a finite number of grid points. Finally, using 
two verification approaches, the code was validated in terms of the ability to capture shocks, 
rarefaction waves and contact discontinuity and to produce the correct pressure, 
temperature, density and speed profiles, using two verification approaches. The first one 
was the validation against a standard analytical solution of the shock tube problem. The 
second was to compare the code solution with selected experimental measurements for a 
certain value of diaphragm pressure ratio. Further details about the solver can be found in 
[12]. 

 
5. Selected Case Studies 
 

In this section, in order to obtain greater understanding of the processes involved, CFD 
simulations were used for selected cases and the results were analyzed in details. In order to 
investigate the effect of various parameters on the performance of the facility, various 
experimental measurements were made. The parameters that were investigated were 
pressure ratio, gas combination and effect of piston. This section provides detail discussions 
of the results obtained. 
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chosen for a detail investigation. The simulation was conducted using the actual dimensions 
of the test facility shown in Figure 1. The pressure, temperature, density and Mach number 
of the flow were stored in two stations at the end of the driven section with an axial 
separation of 342 mm, as shown in Figure 2.  
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The pressure history for the above mentioned shot is depicted in Figure 3 from which one 
can follow the physics of the flow inside the shock tube. The first jump represents the shock 
wave, for which the pressure inside the driven section increases from 100 kPa to around 220 
kPa. As the shock wave proceeds to the end of the tube it will reflect and move in the 
opposite direction, increasing the pressure to about 450 kPa. The shock wave will then 
interact with the contact surface which is following the shock wave and due to this 
interaction between the shock wave and the contact surface the pressure will be increased 
until it reaches its peak pressure value of 530 kPa. 
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The shock wave speed can be determined from the CFD data obtained in this simulation. As 
the distance between the two stations is known (0.342 m) and the time of the shock to travel 
from station 1 to station 2 can be obtained from the pressure history graph (see Figure 4), the 
shock wave speed in this case was calculated to be 518 m/s. Comparing this value to the 
theoretical value for this pressure ratio, which is 558 m/s, the percentage difference was 
found to be around 7%. The difference is probably due to the two-dimensional effects which 
were not modeled by the theoretical solution. From experimental measurements the shock 
speed for the same pressure ratio was 450 m/s, which indicate percentage difference of 
about 13% from CFD results. 
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investigations were made on the flow process inside the shock tube by using the solver. The 
shock wave motion, reflection and interaction with the boundary layers were investigated 
and their influence on the performance of the shock tube was determined. 
It is intended that this CFD solver can be a useful tool in the design process of the test 
facility. Experimental data which could be achieved from the facility can be verified using 
this developed numerical tool.  
The mathematical model and the fluid flow governing equations are described in ref [12]. 
This includes the Reynolds-Averaged Navier-Stokes Equations (RANS) and The Mixing 
Length Turbulence Model. The latter is added to the solver in order to include the viscous 
effects to the solution. Based on the facility dimensions, mesh generation procedure was 
performed to transform the flow domain into a finite number of grid points. Finally, using 
two verification approaches, the code was validated in terms of the ability to capture shocks, 
rarefaction waves and contact discontinuity and to produce the correct pressure, 
temperature, density and speed profiles, using two verification approaches. The first one 
was the validation against a standard analytical solution of the shock tube problem. The 
second was to compare the code solution with selected experimental measurements for a 
certain value of diaphragm pressure ratio. Further details about the solver can be found in 
[12]. 

 
5. Selected Case Studies 
 

In this section, in order to obtain greater understanding of the processes involved, CFD 
simulations were used for selected cases and the results were analyzed in details. In order to 
investigate the effect of various parameters on the performance of the facility, various 
experimental measurements were made. The parameters that were investigated were 
pressure ratio, gas combination and effect of piston. This section provides detail discussions 
of the results obtained. 
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CFD solution for an inviscid simulation of a diaphragm pressure ratio P4/P1 of 10 has been 
chosen for a detail investigation. The simulation was conducted using the actual dimensions 
of the test facility shown in Figure 1. The pressure, temperature, density and Mach number 
of the flow were stored in two stations at the end of the driven section with an axial 
separation of 342 mm, as shown in Figure 2.  
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The pressure history for the above mentioned shot is depicted in Figure 3 from which one 
can follow the physics of the flow inside the shock tube. The first jump represents the shock 
wave, for which the pressure inside the driven section increases from 100 kPa to around 220 
kPa. As the shock wave proceeds to the end of the tube it will reflect and move in the 
opposite direction, increasing the pressure to about 450 kPa. The shock wave will then 
interact with the contact surface which is following the shock wave and due to this 
interaction between the shock wave and the contact surface the pressure will be increased 
until it reaches its peak pressure value of 530 kPa. 
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Fig. 3. Pressure history for inviscid flow (Air-Air, P4/P1=10)  
 
The shock wave speed can be determined from the CFD data obtained in this simulation. As 
the distance between the two stations is known (0.342 m) and the time of the shock to travel 
from station 1 to station 2 can be obtained from the pressure history graph (see Figure 4), the 
shock wave speed in this case was calculated to be 518 m/s. Comparing this value to the 
theoretical value for this pressure ratio, which is 558 m/s, the percentage difference was 
found to be around 7%. The difference is probably due to the two-dimensional effects which 
were not modeled by the theoretical solution. From experimental measurements the shock 
speed for the same pressure ratio was 450 m/s, which indicate percentage difference of 
about 13% from CFD results. 
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investigations were made on the flow process inside the shock tube by using the solver. The 
shock wave motion, reflection and interaction with the boundary layers were investigated 
and their influence on the performance of the shock tube was determined. 
It is intended that this CFD solver can be a useful tool in the design process of the test 
facility. Experimental data which could be achieved from the facility can be verified using 
this developed numerical tool.  
The mathematical model and the fluid flow governing equations are described in ref [12]. 
This includes the Reynolds-Averaged Navier-Stokes Equations (RANS) and The Mixing 
Length Turbulence Model. The latter is added to the solver in order to include the viscous 
effects to the solution. Based on the facility dimensions, mesh generation procedure was 
performed to transform the flow domain into a finite number of grid points. Finally, using 
two verification approaches, the code was validated in terms of the ability to capture shocks, 
rarefaction waves and contact discontinuity and to produce the correct pressure, 
temperature, density and speed profiles, using two verification approaches. The first one 
was the validation against a standard analytical solution of the shock tube problem. The 
second was to compare the code solution with selected experimental measurements for a 
certain value of diaphragm pressure ratio. Further details about the solver can be found in 
[12]. 

 
5. Selected Case Studies 
 

In this section, in order to obtain greater understanding of the processes involved, CFD 
simulations were used for selected cases and the results were analyzed in details. In order to 
investigate the effect of various parameters on the performance of the facility, various 
experimental measurements were made. The parameters that were investigated were 
pressure ratio, gas combination and effect of piston. This section provides detail discussions 
of the results obtained. 
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CFD solution for an inviscid simulation of a diaphragm pressure ratio P4/P1 of 10 has been 
chosen for a detail investigation. The simulation was conducted using the actual dimensions 
of the test facility shown in Figure 1. The pressure, temperature, density and Mach number 
of the flow were stored in two stations at the end of the driven section with an axial 
separation of 342 mm, as shown in Figure 2.  
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The pressure history for the above mentioned shot is depicted in Figure 3 from which one 
can follow the physics of the flow inside the shock tube. The first jump represents the shock 
wave, for which the pressure inside the driven section increases from 100 kPa to around 220 
kPa. As the shock wave proceeds to the end of the tube it will reflect and move in the 
opposite direction, increasing the pressure to about 450 kPa. The shock wave will then 
interact with the contact surface which is following the shock wave and due to this 
interaction between the shock wave and the contact surface the pressure will be increased 
until it reaches its peak pressure value of 530 kPa. 
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Fig. 3. Pressure history for inviscid flow (Air-Air, P4/P1=10)  
 
The shock wave speed can be determined from the CFD data obtained in this simulation. As 
the distance between the two stations is known (0.342 m) and the time of the shock to travel 
from station 1 to station 2 can be obtained from the pressure history graph (see Figure 4), the 
shock wave speed in this case was calculated to be 518 m/s. Comparing this value to the 
theoretical value for this pressure ratio, which is 558 m/s, the percentage difference was 
found to be around 7%. The difference is probably due to the two-dimensional effects which 
were not modeled by the theoretical solution. From experimental measurements the shock 
speed for the same pressure ratio was 450 m/s, which indicate percentage difference of 
about 13% from CFD results. 
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Fig. 4. Shock wave speed (inviscid flow) 
 
Using the same procedure, the reflected shock wave speed can be determined. As the wave 
reflects from the tube end and moves in the opposite direction (left direction), due to impact 
with the end wall the wave will lose some of its kinetic energy due to the collision with the 
end wall and consequently its speed decreases to about 342 m/s. 
The same trend can be noted when the temperature history is investigated, as shown in 
Figure 5. The first jump in the temperature profile represents the shock wave and the second 
jump is due to the reflected shock wave. The temperature is increased from the initial value 
300 K to about 380 K due to shock wave effect. When the shock reflects from the tube end, 
the temperature rises to 475 K and after interaction between reflected shock wave and the 
contact surface, the flow temperature becomes about 490 K. 
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Fig. 5. Temperature history inside the shock tube (inviscid flow) 

In order to have an overall view of what is happening inside the tube after diaphragm 
rupture, the x-t diagram for both pressure and density are depicted in Figures 6 and 7 
respectively. From these two figures, the inviscid flow process inside the tube can be fully 
described. After diaphragm ruptures a shock wave travels along the driven section followed 
by a contact surface compressing the test gas inside the driven section causing high pressure 
and temperature. At the same time a rarefaction waves travels in the opposite direction 
along the driver section, decreasing the driver pressure and temperature. Both shock and 
expansion waves will be reflected after getting to the end of the tube and the shock wave 
interacts with the contact surface. 
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Using the same procedure, the reflected shock wave speed can be determined. As the wave 
reflects from the tube end and moves in the opposite direction (left direction), due to impact 
with the end wall the wave will lose some of its kinetic energy due to the collision with the 
end wall and consequently its speed decreases to about 342 m/s. 
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Figure 5. The first jump in the temperature profile represents the shock wave and the second 
jump is due to the reflected shock wave. The temperature is increased from the initial value 
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It is interesting to note that after interaction with the reflected shock wave, the contact 
surface remains at about the same position, indicating achievement of the tailored condition. 
The presence of the bush is also seen to have prevented the rarefaction wave and the shock 
wave from passing to the other section. The rarefaction wave and the shock wave are 
reflected when they reach the bush. 
The contour plots of the pressure along the facility are shown in Figures 8 to 13. At time t = 
0, the driver pressure P4=100 kPa and pressure in the driven section P1 is 10 kPa. 
 

 
Fig. 8. Contour plot for pressure history at t = 0 
 
After diaphragm rupture, shock wave travels to the right through the driven section while 
the expansion wave travels to the left through the driver section. These two waves are 
captured after 0.005 sec and shown in Figure 9. 
 

 
Fig. 9. Shock and expansion waves at t = 0.005 sec 
 
The two waves continue their journey towards the tube ends, at time 0.0078 s the shock 
wave hits the driven section end on the right hand side while the expansion wave reaches 
the left hand side of the facility as shown in Figure 10. 
 

 
Fig. 10. Shock and expansion waves at the facility ends t = 0.0078 sec 

  
At time t = 0.0082 sec, both waves reflect from the end of the tube as shown in Figure 11. 

 
Fig. 11. Shock and Expansion waves’ reflection at t = 0.0082 sec 
 
The reflected shock wave now moves to the left towards the contact surface while the reflected 
expansion wave moves to the right towards the bush section as shown in Figure 12. 
 

 
Fig. 12. Reflected waves move towards the contact surface at t = 0.0134 sec 

 
The shock wave interacts with the contact surface and reflects again. This process continues 
until pressure balance along the whole facility as shown in Figure 13. 
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Fig. 13. Interaction between shock wave and contact surface 

 
5.1.1 Two-Dimensional Effects 
The presence of the bush has caused the flow in the facility to be two-dimensional and this 
requires two-dimensional CFD simulations. The contour plots of the velocity in x-direction 
along the facility at selected times are shown in Figure 14. As the shock wave reflects from 
the tube end it will move to the left and interact with the contact surface and the flow is no 
longer symmetry as shown in Figure 15. 
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a: Velocity contour before shock reflection (t = 0.0007 sec) 

 
b: Velocity contour before shock reflection (t = 0.001 sec) 

 
c: Velocity contour before shock reflection (t = 0.0015 sec) 

 
d: Velocity contour before shock reflection (t = 0.003 sec) 

 
Fig. 14. Velocity contour plots in x-direction at selected times 
 

 
Fig. 15. Velocity contour after shock reflection and interaction with contact surface (t = 
0.0125 sec) 
 
The velocity contours at t = 0.02 sec after diaphragm rupture are shown in Figure 16. It can 
be observed that the flow is highly two-dimensional especially in the region close to the 
bush in the driven section. It is interesting to note that after t = 0.0125 sec, the velocity in 
area close to the bush becomes asymmetric. The asymmetry becomes more and more 
obvious as time progress and creates a recirculating region, which extend to about 10 times 
the bush inner diameter along the x-axis. 
 

 

 
Fig. 16. Velocity contour after shock reflection and interaction with contact surface (t = 0.02 sec) 
 
To investigate further, the velocity profiles at different times at x = 279 mm from the 
diaphragm section are plotted in Figures 17 to 19. As shown in the figures, at time t = 0.001 
sec the profile is perfectly symmetrical. However, the velocity profile contains inflexion part, 
which according to Drazin and Reid [13] is unstable and susceptible to disturbances. The 
asymmetry becomes more apparent as the process continues. The upper half of the tube has 
mainly positive velocity whereas the bottom half has negative velocity. 
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Fig. 17. Velocity section profile after diaphragm rupture at x = 279 mm from diaphragm  
 
The formation of the recirculating region in this inviscid simulation is surprising especially 
considering that the tube is symmetrical [14]. However, it has been previously reported by 
Xu Fu et al. [15] that high speed flow tends to become unstable when shock wave interacts 
with contact discontinuity.  
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Fig. 18. Velocity profile after shock reflection at x = 279 mm from diaphragm section 
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Fig. 19. Velocity profile after shock interaction with contact surface at x = 279 mm from 
diaphragm section 
 
In order to get deeper understanding to what is happening inside the shock tube after 
diaphragm rupture; velocity, pressure, temperature and density profiles below tube axis 
(25% of the tube diameter), along the tube axis (50% of the tube diameter) and above tube 
axis (75% of the tube diameter) were depicted at different times. Figure 20 shows the results 
at t = 0.005 sec. At this time, the fluid velocity immediately jumps from zero to 500 m/s 

which is greater than speed of sound in air, consequently a shock wave is generated and 
starts to move to the right. The profiles at 25%, 50% and 75% of the tube diameter follow the 
same trend whereby pressure decreases from 1000 kPa to 800 kPa, the temperature increases 
from 300 to 400 K and the density drops from 11.5 kg/m3 to 9.8 kg/m3. Similar to the 
velocity profile, the pressure, temperature and density profiles at 25%, 50% and 75% of the 
tube diameter along the facility follow the same trend.  
It can be noted that there is a sudden change in the pressure, temperature and density 
curves in the diaphragm region. This is due to cross sectional area change where the 
diameter decreases from 50 mm to 30 mm which is the bush diameter. The bush is located 
adjacent to the thin aluminum diaphragm and it is used to facilitate the rupture process. 
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Fig. 18. Velocity profile after shock reflection at x = 279 mm from diaphragm section 
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Fig. 19. Velocity profile after shock interaction with contact surface at x = 279 mm from 
diaphragm section 
 
In order to get deeper understanding to what is happening inside the shock tube after 
diaphragm rupture; velocity, pressure, temperature and density profiles below tube axis 
(25% of the tube diameter), along the tube axis (50% of the tube diameter) and above tube 
axis (75% of the tube diameter) were depicted at different times. Figure 20 shows the results 
at t = 0.005 sec. At this time, the fluid velocity immediately jumps from zero to 500 m/s 

which is greater than speed of sound in air, consequently a shock wave is generated and 
starts to move to the right. The profiles at 25%, 50% and 75% of the tube diameter follow the 
same trend whereby pressure decreases from 1000 kPa to 800 kPa, the temperature increases 
from 300 to 400 K and the density drops from 11.5 kg/m3 to 9.8 kg/m3. Similar to the 
velocity profile, the pressure, temperature and density profiles at 25%, 50% and 75% of the 
tube diameter along the facility follow the same trend.  
It can be noted that there is a sudden change in the pressure, temperature and density 
curves in the diaphragm region. This is due to cross sectional area change where the 
diameter decreases from 50 mm to 30 mm which is the bush diameter. The bush is located 
adjacent to the thin aluminum diaphragm and it is used to facilitate the rupture process. 
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Fig. 19. Velocity profile after shock interaction with contact surface at x = 279 mm from 
diaphragm section 
 
In order to get deeper understanding to what is happening inside the shock tube after 
diaphragm rupture; velocity, pressure, temperature and density profiles below tube axis 
(25% of the tube diameter), along the tube axis (50% of the tube diameter) and above tube 
axis (75% of the tube diameter) were depicted at different times. Figure 20 shows the results 
at t = 0.005 sec. At this time, the fluid velocity immediately jumps from zero to 500 m/s 

which is greater than speed of sound in air, consequently a shock wave is generated and 
starts to move to the right. The profiles at 25%, 50% and 75% of the tube diameter follow the 
same trend whereby pressure decreases from 1000 kPa to 800 kPa, the temperature increases 
from 300 to 400 K and the density drops from 11.5 kg/m3 to 9.8 kg/m3. Similar to the 
velocity profile, the pressure, temperature and density profiles at 25%, 50% and 75% of the 
tube diameter along the facility follow the same trend.  
It can be noted that there is a sudden change in the pressure, temperature and density 
curves in the diaphragm region. This is due to cross sectional area change where the 
diameter decreases from 50 mm to 30 mm which is the bush diameter. The bush is located 
adjacent to the thin aluminum diaphragm and it is used to facilitate the rupture process. 
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Fig. 19. Velocity profile after shock interaction with contact surface at x = 279 mm from 
diaphragm section 
 
In order to get deeper understanding to what is happening inside the shock tube after 
diaphragm rupture; velocity, pressure, temperature and density profiles below tube axis 
(25% of the tube diameter), along the tube axis (50% of the tube diameter) and above tube 
axis (75% of the tube diameter) were depicted at different times. Figure 20 shows the results 
at t = 0.005 sec. At this time, the fluid velocity immediately jumps from zero to 500 m/s 

which is greater than speed of sound in air, consequently a shock wave is generated and 
starts to move to the right. The profiles at 25%, 50% and 75% of the tube diameter follow the 
same trend whereby pressure decreases from 1000 kPa to 800 kPa, the temperature increases 
from 300 to 400 K and the density drops from 11.5 kg/m3 to 9.8 kg/m3. Similar to the 
velocity profile, the pressure, temperature and density profiles at 25%, 50% and 75% of the 
tube diameter along the facility follow the same trend.  
It can be noted that there is a sudden change in the pressure, temperature and density 
curves in the diaphragm region. This is due to cross sectional area change where the 
diameter decreases from 50 mm to 30 mm which is the bush diameter. The bush is located 
adjacent to the thin aluminum diaphragm and it is used to facilitate the rupture process. 
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Figure 21 shows the flow profiles after shock reflection. From the velocity profiles at this 
time, it can be seen that the flow is still symmetry about the tube longitudinal axis, however, 
it can be noted that asymmetry has already started. Pressure, temperature and density along 
the driven section (except the bush section) are all increased due to the effect of the 
compression waves.  
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Fig. 21. Velocity, Pressure, Temperature and Density profiles at t = 0.0125 sec 

 
 
 

At t = 0.175 sec, the flow non-uniformity becomes clearer as shown in Figure 22. 
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Fig. 22. Velocity, Pressure, Temperature and Density profiles at t = 0.0175 sec 
 
As the reflected shock proceeds to the left, asymmetric flow becomes very clear as shown in 
Figure 23. The gas flows to the right in the upper side while it flows to the left in the bottom 
side of the tube, as can be seen from velocity profile shown in Figures 24. 
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Figure 21 shows the flow profiles after shock reflection. From the velocity profiles at this 
time, it can be seen that the flow is still symmetry about the tube longitudinal axis, however, 
it can be noted that asymmetry has already started. Pressure, temperature and density along 
the driven section (except the bush section) are all increased due to the effect of the 
compression waves.  
 

  Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.0125 sec

 

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.0125 sec

  Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

200

300

400

500 t = 0.0125 sec

 

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.0125 sec

   Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.0125 sec

 

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.0125 sec

 

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

150

200

250

300

350

400

450

500 t = 0.0125 sec

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.0125 sec

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.0125 sec

 

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.0125 sec

 

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

150

200

250

300

350

400

450

500 t = 0.0125 sec

 

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.0125 sec

 
                      a: 75%                                       b: 50%                                       c: 25% 
Fig. 21. Velocity, Pressure, Temperature and Density profiles at t = 0.0125 sec 

 
 
 

At t = 0.175 sec, the flow non-uniformity becomes clearer as shown in Figure 22. 
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Fig. 22. Velocity, Pressure, Temperature and Density profiles at t = 0.0175 sec 
 
As the reflected shock proceeds to the left, asymmetric flow becomes very clear as shown in 
Figure 23. The gas flows to the right in the upper side while it flows to the left in the bottom 
side of the tube, as can be seen from velocity profile shown in Figures 24. 
 



New	Trends	in	Technologies	148

Figure 21 shows the flow profiles after shock reflection. From the velocity profiles at this 
time, it can be seen that the flow is still symmetry about the tube longitudinal axis, however, 
it can be noted that asymmetry has already started. Pressure, temperature and density along 
the driven section (except the bush section) are all increased due to the effect of the 
compression waves.  
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Fig. 21. Velocity, Pressure, Temperature and Density profiles at t = 0.0125 sec 

 
 
 

At t = 0.175 sec, the flow non-uniformity becomes clearer as shown in Figure 22. 
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Fig. 22. Velocity, Pressure, Temperature and Density profiles at t = 0.0175 sec 
 
As the reflected shock proceeds to the left, asymmetric flow becomes very clear as shown in 
Figure 23. The gas flows to the right in the upper side while it flows to the left in the bottom 
side of the tube, as can be seen from velocity profile shown in Figures 24. 
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Figure 21 shows the flow profiles after shock reflection. From the velocity profiles at this 
time, it can be seen that the flow is still symmetry about the tube longitudinal axis, however, 
it can be noted that asymmetry has already started. Pressure, temperature and density along 
the driven section (except the bush section) are all increased due to the effect of the 
compression waves.  
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Fig. 21. Velocity, Pressure, Temperature and Density profiles at t = 0.0125 sec 

 
 
 

At t = 0.175 sec, the flow non-uniformity becomes clearer as shown in Figure 22. 
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Fig. 22. Velocity, Pressure, Temperature and Density profiles at t = 0.0175 sec 
 
As the reflected shock proceeds to the left, asymmetric flow becomes very clear as shown in 
Figure 23. The gas flows to the right in the upper side while it flows to the left in the bottom 
side of the tube, as can be seen from velocity profile shown in Figures 24. 
 



New	Trends	in	Technologies	150

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.02 sec

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.02 sec

 Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

200

300

400

500 t = 0.02 sec

 

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.02 sec

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.02 sec

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.02 sec

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

150

200

250

300

350

400

450

500 t = 0.02 sec

 

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.02 sec

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.02 sec

 

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.02 sec

 

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

150

200

250

300

350

400

450

500 t = 0.02 sec

 

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.02 sec

 
                       a: 75%                                      b: 50%                                      c: 25% 
Fig. 23. Velocity, Pressure, Temperature and Density profiles at t = 0.02 sec 
 

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.025 sec

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.025 sec

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

200

300

400

500 t = 0.025 sec

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.025 sec

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.025 sec

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.025 sec

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

150

200

250

300

350

400

450

500 t = 0.025 sec

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.025 sec

Distance [m]

Ve
lo

ci
ty

[m
/s

]

0 1 2 3 4 5 6

-300

-200

-100

0

100

200

300

400

500

600

t = 0.025 sec

 

Distance [m]

Pr
es

su
re

[P
a]

0 1 2 3 4 5 60.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

t = 0.025 sec

Distance [m]

Te
mp

er
at

ur
e

[K
]

0 1 2 3 4 5 6100

150

200

250

300

350

400

450

500 t = 0.025 sec

 

Distance [m]

De
ns

it
y

[k
g/

m3
]

0 1 2 3 4 5 61

2

3

4

5

6

7

8

9

10

11

12

t = 0.025 sec

 
                       a: 75%                                    b: 50%                                         c: 25% 
Fig. 24. Velocity, Pressure, Temperature and Density profiles at t = 0.025 sec 
 
After a series of frequent reflections the gas becomes more quiescent and moves towards a 
balance state as shown in Figure 25.  
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After a series of frequent reflections the gas becomes more quiescent and moves towards a 
balance state as shown in Figure 25.  
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After a series of frequent reflections the gas becomes more quiescent and moves towards a 
balance state as shown in Figure 25.  
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Fig. 24. Velocity, Pressure, Temperature and Density profiles at t = 0.025 sec 
 
After a series of frequent reflections the gas becomes more quiescent and moves towards a 
balance state as shown in Figure 25.  
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Fig. 25. Velocity, Pressure, Temperature and Density profiles at t = 0.03 sec 

 
5.2 Viscous Transient Flow in Shock Tube 
In order to investigate the effect of viscosity on the transient flow in shock tube and how it 
affects the performance of the facility, a viscous simulation has been conducted using the 
same boundary conditions as for the inviscid simulation presented in the previous section. 
The pressure history for the above mentioned shot is depicted in Figure 26. The Figure 
shows similar trend as for the inviscid flow. The first jump represents the pressure rise due 

to shock wave, for which the pressure inside the driven section increases from 100 kPa to 
around 220 kPa. The shock wave then reflects as it hits the end of the tube and moves in the 
opposite direction, subsequently rising the pressure to about 450 kPa.  
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Fig. 26. Pressure history for viscous flow (Air-Air, P4/P1=10) 
 
The shock wave will then interact with the contact surface (which is following the shock 
wave) and due to their interaction, the pressure will be increased until it reaches its peak 
pressure value, which is equal to around 530 kPa in this case. 
Using similar procedure as outlined previously, the shock wave speed in this case was 
calculated to be 456. Comparing to the inviscid value for the same pressure ratio obtained 
previously (518 m/s) the effect of viscosity becomes obvious. It can be deduced that 
viscosity decreases the shock wave speed to about 11% due to the boundary layer effects. 
From experimental measurements the shock speed for the same pressure ratio was 450 m/s, 
which indicated percentage difference of about 1.3% from the CFD result. 
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In order to investigate the effect of viscosity on the transient flow in shock tube and how it 
affects the performance of the facility, a viscous simulation has been conducted using the 
same boundary conditions as for the inviscid simulation presented in the previous section. 
The pressure history for the above mentioned shot is depicted in Figure 26. The Figure 
shows similar trend as for the inviscid flow. The first jump represents the pressure rise due 
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Fig. 26. Pressure history for viscous flow (Air-Air, P4/P1=10) 
 
The shock wave will then interact with the contact surface (which is following the shock 
wave) and due to their interaction, the pressure will be increased until it reaches its peak 
pressure value, which is equal to around 530 kPa in this case. 
Using similar procedure as outlined previously, the shock wave speed in this case was 
calculated to be 456. Comparing to the inviscid value for the same pressure ratio obtained 
previously (518 m/s) the effect of viscosity becomes obvious. It can be deduced that 
viscosity decreases the shock wave speed to about 11% due to the boundary layer effects. 
From experimental measurements the shock speed for the same pressure ratio was 450 m/s, 
which indicated percentage difference of about 1.3% from the CFD result. 
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Fig. 25. Velocity, Pressure, Temperature and Density profiles at t = 0.03 sec 

 
5.2 Viscous Transient Flow in Shock Tube 
In order to investigate the effect of viscosity on the transient flow in shock tube and how it 
affects the performance of the facility, a viscous simulation has been conducted using the 
same boundary conditions as for the inviscid simulation presented in the previous section. 
The pressure history for the above mentioned shot is depicted in Figure 26. The Figure 
shows similar trend as for the inviscid flow. The first jump represents the pressure rise due 

to shock wave, for which the pressure inside the driven section increases from 100 kPa to 
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Fig. 26. Pressure history for viscous flow (Air-Air, P4/P1=10) 
 
The shock wave will then interact with the contact surface (which is following the shock 
wave) and due to their interaction, the pressure will be increased until it reaches its peak 
pressure value, which is equal to around 530 kPa in this case. 
Using similar procedure as outlined previously, the shock wave speed in this case was 
calculated to be 456. Comparing to the inviscid value for the same pressure ratio obtained 
previously (518 m/s) the effect of viscosity becomes obvious. It can be deduced that 
viscosity decreases the shock wave speed to about 11% due to the boundary layer effects. 
From experimental measurements the shock speed for the same pressure ratio was 450 m/s, 
which indicated percentage difference of about 1.3% from the CFD result. 
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5.2 Viscous Transient Flow in Shock Tube 
In order to investigate the effect of viscosity on the transient flow in shock tube and how it 
affects the performance of the facility, a viscous simulation has been conducted using the 
same boundary conditions as for the inviscid simulation presented in the previous section. 
The pressure history for the above mentioned shot is depicted in Figure 26. The Figure 
shows similar trend as for the inviscid flow. The first jump represents the pressure rise due 

to shock wave, for which the pressure inside the driven section increases from 100 kPa to 
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Fig. 26. Pressure history for viscous flow (Air-Air, P4/P1=10) 
 
The shock wave will then interact with the contact surface (which is following the shock 
wave) and due to their interaction, the pressure will be increased until it reaches its peak 
pressure value, which is equal to around 530 kPa in this case. 
Using similar procedure as outlined previously, the shock wave speed in this case was 
calculated to be 456. Comparing to the inviscid value for the same pressure ratio obtained 
previously (518 m/s) the effect of viscosity becomes obvious. It can be deduced that 
viscosity decreases the shock wave speed to about 11% due to the boundary layer effects. 
From experimental measurements the shock speed for the same pressure ratio was 450 m/s, 
which indicated percentage difference of about 1.3% from the CFD result. 
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Fig. 27. Shock wave speed (viscous flow) 

  
After it hits the tube end, shock wave will be reflected and moves to the left with a slower 
wave speed of about 311 m/s. Comparing with respect to the reflected shock wave speed for 
inviscid flow which is 342 m/s, it is apparent that viscosity resists the fluid motion causing 
slower speed of the shock wave by 9.1%.  
Analyzing the temperature history for this simulation, it can be seen that the trend is quite 
similar to pressure history. The temperature results for this run have been displayed in 
Figure 28. The first jump represents the shock wave and the second jump is due to the 
reflected shock wave. The temperature is increased from the initial value of 300 K to about 
500 K. 
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Fig. 28. Temperature history inside the shock tube (viscous flow) 

Figure 29 and 30 show x-t diagram for pressure and density profiles respectively. It can be 
noted from Figure 30 that the intersection point between the reflected shock wave and the 
contact surface occurred at 5.35 m as compared to inviscid flow at 5.15 m (as shown in 
Figure 7); this indicates slower shock speed for the viscous flow and hence confirm the 
above calculation of shock speed.  
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Fig. 29. x-t diagram for pressure profile (viscous flow)  
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Fig. 30. x-t diagram for density profile (viscous flow)  
 
Figure 30 shows the so-called tailored interface, where no disturbance is reflected from the 
contact surface back towards the rear wall of the shock tube. The “tailored” contact surface 
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Fig. 27. Shock wave speed (viscous flow) 
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wave speed of about 311 m/s. Comparing with respect to the reflected shock wave speed for 
inviscid flow which is 342 m/s, it is apparent that viscosity resists the fluid motion causing 
slower speed of the shock wave by 9.1%.  
Analyzing the temperature history for this simulation, it can be seen that the trend is quite 
similar to pressure history. The temperature results for this run have been displayed in 
Figure 28. The first jump represents the shock wave and the second jump is due to the 
reflected shock wave. The temperature is increased from the initial value of 300 K to about 
500 K. 
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Fig. 28. Temperature history inside the shock tube (viscous flow) 

Figure 29 and 30 show x-t diagram for pressure and density profiles respectively. It can be 
noted from Figure 30 that the intersection point between the reflected shock wave and the 
contact surface occurred at 5.35 m as compared to inviscid flow at 5.15 m (as shown in 
Figure 7); this indicates slower shock speed for the viscous flow and hence confirm the 
above calculation of shock speed.  
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Fig. 29. x-t diagram for pressure profile (viscous flow)  
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Fig. 30. x-t diagram for density profile (viscous flow)  
 
Figure 30 shows the so-called tailored interface, where no disturbance is reflected from the 
contact surface back towards the rear wall of the shock tube. The “tailored” contact surface 
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noted from Figure 30 that the intersection point between the reflected shock wave and the 
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Fig. 30. x-t diagram for density profile (viscous flow)  
 
Figure 30 shows the so-called tailored interface, where no disturbance is reflected from the 
contact surface back towards the rear wall of the shock tube. The “tailored” contact surface 
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Figure 29 and 30 show x-t diagram for pressure and density profiles respectively. It can be 
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Fig. 30. x-t diagram for density profile (viscous flow)  
 
Figure 30 shows the so-called tailored interface, where no disturbance is reflected from the 
contact surface back towards the rear wall of the shock tube. The “tailored” contact surface 
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configuration offers a number of advantages when applied to the operations of shock tubes, 
it increases the testing-time and it improves the homogeneity of the working gas parameters 
(i.e. it decreases possible contamination effects in the test section caused by the driver gas). 
As shown in Figure 30, the maximum useful duration time that can be obtained when the 
prescribed pressure ratio P4/P1 =10 is about 10 ms, which is quite comparable to other 
facilities. 

 
5.2.1 Shock Wave - Boundary Layer Interaction 
Ideally, the reflection of a shock wave from the closed end of a shock tube provides, for 
laboratory study, a quantity of stationary gas at extremely high temperature. Because of the 
action of viscosity, however, the flow in the real case is not one-dimensional and a boundary 
layer grows in the fluid following the initial shock wave. In the flow following the initial 
shock wave, there is a boundary layer generated near the walls of the shock tube, across 
which the velocity of the flow decreases from that in the main stream to zero at the walls.  
Figure 31 shows the velocity profiles at x = 279 mm from the diaphragm after shock wave 
passes through it. It can be seen that the boundary layer thickness grows rapidly causing 
more blockage to the flow. It can be seen from Figure 31 that the shock wave speed remains 
constant as it moves towards the end of the tube. The shock wave speed reduces after 
reflection but it remains constant until it interacts with the contact surface. After that, there 
is evidence showing that the shock wave is attenuated and speed reduces. This is due to the 
effect of the boundary layer on the shock wave which cause additional blockage to the 
motion. The attenuation of shock wave due to interaction with boundary layer has been 
reported by McKenzie [15]. 
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Fig. 31. Velocity profile after diaphragm rupture (viscous flow) at x = 279 mm from the 
diaphragm section 

In section 5.1.1, it has been shown that the inviscid flow tend to be very unstable in the 
region close to the bush after shock wave interacts with contact surface and the recirculating 
flow has developed. In order to investigate the effect of viscosity to this performance, Figure 
32 to 34 shows the evolution of the velocity profiles for viscous flow case. It can be seen in 
Figure 34 that before the shock wave was reflected, after 0.0005 sec from diaphragm rupture, 
the boundary layer separation has occurred close to the tube wall and the separated region 
grows. 
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Fig. 32. Velocity profile at different times (viscous flow) at x = 279 mm from the diaphragm 
section 
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Fig. 33. Flow after shock reflection at x = 279 mm from the diaphragm section 
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Fig. 33. Flow after shock reflection at x = 279 mm from the diaphragm section 
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In section 5.1.1, it has been shown that the inviscid flow tend to be very unstable in the 
region close to the bush after shock wave interacts with contact surface and the recirculating 
flow has developed. In order to investigate the effect of viscosity to this performance, Figure 
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the boundary layer separation has occurred close to the tube wall and the separated region 
grows. 

Velocity [m/s]

Tu
be

Di
am

et
er

[m
]

0 100 200 300 4000

0.01

0.02

0.03

0.04

0.05

t=0.0011 sec
t=0.0054 sec
t=0.0076 sec

 
Fig. 32. Velocity profile at different times (viscous flow) at x = 279 mm from the diaphragm 
section 

Velocity [m/s]

Tu
be

Di
am

et
er

[m
]

-100 0 100 200 300 4000

0.01

0.02

0.03

0.04

0.05

t=0.0087 sec
t=0.0152 sec
t=0.0185 sec
t=0.0229 sec

 
Fig. 33. Flow after shock reflection at x = 279 mm from the diaphragm section 

A	Comprehensive	Performance	Evaluation		
of	a	Short	Duration	High	Speed	Transient	Flow	Test	Facility 157

configuration offers a number of advantages when applied to the operations of shock tubes, 
it increases the testing-time and it improves the homogeneity of the working gas parameters 
(i.e. it decreases possible contamination effects in the test section caused by the driver gas). 
As shown in Figure 30, the maximum useful duration time that can be obtained when the 
prescribed pressure ratio P4/P1 =10 is about 10 ms, which is quite comparable to other 
facilities. 

 
5.2.1 Shock Wave - Boundary Layer Interaction 
Ideally, the reflection of a shock wave from the closed end of a shock tube provides, for 
laboratory study, a quantity of stationary gas at extremely high temperature. Because of the 
action of viscosity, however, the flow in the real case is not one-dimensional and a boundary 
layer grows in the fluid following the initial shock wave. In the flow following the initial 
shock wave, there is a boundary layer generated near the walls of the shock tube, across 
which the velocity of the flow decreases from that in the main stream to zero at the walls.  
Figure 31 shows the velocity profiles at x = 279 mm from the diaphragm after shock wave 
passes through it. It can be seen that the boundary layer thickness grows rapidly causing 
more blockage to the flow. It can be seen from Figure 31 that the shock wave speed remains 
constant as it moves towards the end of the tube. The shock wave speed reduces after 
reflection but it remains constant until it interacts with the contact surface. After that, there 
is evidence showing that the shock wave is attenuated and speed reduces. This is due to the 
effect of the boundary layer on the shock wave which cause additional blockage to the 
motion. The attenuation of shock wave due to interaction with boundary layer has been 
reported by McKenzie [15]. 
 

Velocity [m/s]

Tu
be

Di
am

et
er

[m
]

0 100 2000

0.01

0.02

0.03

0.04

0.05

t=0.0005 sec
t=0.0006 sec
t=0.0008 sec

 
Fig. 31. Velocity profile after diaphragm rupture (viscous flow) at x = 279 mm from the 
diaphragm section 

In section 5.1.1, it has been shown that the inviscid flow tend to be very unstable in the 
region close to the bush after shock wave interacts with contact surface and the recirculating 
flow has developed. In order to investigate the effect of viscosity to this performance, Figure 
32 to 34 shows the evolution of the velocity profiles for viscous flow case. It can be seen in 
Figure 34 that before the shock wave was reflected, after 0.0005 sec from diaphragm rupture, 
the boundary layer separation has occurred close to the tube wall and the separated region 
grows. 
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Fig. 33. Flow after shock reflection at x = 279 mm from the diaphragm section 
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Fig. 34. Velocity profile after waves interaction at x = 279 mm from the diaphragm section 
 
After the shock wave reflection and subsequent interaction with the contact surface, the 
separated flow region evolves into a full re-circulating region rotating in the anticlockwise 
direction. Then the flow returns back to the small separated flow region close to the tube 
walls.  

 
5.3 The Effect of Diaphragm Pressure Ratio on the Facility Performance 
It has been reported by many researchers that increase in diaphragm pressure ratio, P4/P1 
will increase the peak pressure, temperature and shock wave speed. In the current work, 
experimental measurements have been performed for various pressure ratios varying from 
8 to 55. CFD simulations were also performed for selected cases. Figures 35 and 36 show the 
measured pressure for P4/P1 8.8, 15 and 20 at station (1) and station (2 respectively. For 
comparisons, the CFD results are also plotted. It can be observed that the agreement 
between measurement and CFD are remarkably good. 
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Fig. 35. Pressure history at station (1) for different pressure ratios (Air-Air) 
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Fig. 36. Pressure history at station (2) for different pressure ratios (Air-Air) 
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Fig. 34. Velocity profile after waves interaction at x = 279 mm from the diaphragm section 
 
After the shock wave reflection and subsequent interaction with the contact surface, the 
separated flow region evolves into a full re-circulating region rotating in the anticlockwise 
direction. Then the flow returns back to the small separated flow region close to the tube 
walls.  
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Fig. 36. Pressure history at station (2) for different pressure ratios (Air-Air) 
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Fig. 34. Velocity profile after waves interaction at x = 279 mm from the diaphragm section 
 
After the shock wave reflection and subsequent interaction with the contact surface, the 
separated flow region evolves into a full re-circulating region rotating in the anticlockwise 
direction. Then the flow returns back to the small separated flow region close to the tube 
walls.  
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Fig. 36. Pressure history at station (2) for different pressure ratios (Air-Air) 
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Fig. 34. Velocity profile after waves interaction at x = 279 mm from the diaphragm section 
 
After the shock wave reflection and subsequent interaction with the contact surface, the 
separated flow region evolves into a full re-circulating region rotating in the anticlockwise 
direction. Then the flow returns back to the small separated flow region close to the tube 
walls.  

 
5.3 The Effect of Diaphragm Pressure Ratio on the Facility Performance 
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experimental measurements have been performed for various pressure ratios varying from 
8 to 55. CFD simulations were also performed for selected cases. Figures 35 and 36 show the 
measured pressure for P4/P1 8.8, 15 and 20 at station (1) and station (2 respectively. For 
comparisons, the CFD results are also plotted. It can be observed that the agreement 
between measurement and CFD are remarkably good. 
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Fig. 36. Pressure history at station (2) for different pressure ratios (Air-Air) 
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Figures 35 and 36 show that as the pressure ratio increases, the pressure rise and the shock 
speed increases. The recorded initial rises are 280 kPa, 320 kPa and 420 kPa for pressure 
ratio 8.8, 15 and 20 respectively. After the shock reflection, the pressure rise further to 580 
kPa, 800 kPa and 1000 kPa for pressure ratio 8.8, 15 and 20 respectively. 
The corresponding temperature histories are shown in Figure 37. It can be seen that the 
temperature rise to 500 K, 575 K and 625 after the shock reflection for pressure ratios 8, 15 
and 20 respectively. This clearly indicates that the pressure ratio has the effect of rising the 
temperature and hence the enthalpy of the gas. 
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 Fig. 37. Temperature history for different pressure ratios (Air-Air) 
 
The measured shock strength (P2/P1) at different pressure ratios are plotted in Figure 38. 
Also plotted on the same graph are the theoretical and CFD predictions. It can be seen that, 
in generally, the measured pressure rise is about 16% lower than the theoretical values and 
closer to CFD predictions. This is due to the two-dimensional effect and viscous effects 
which are not modeled by the theoretical solution. However, the trend is very similar. As 
anticipated, the shock strength increases with increase in the pressure ratio. As pressure 
ratio is increased, the rate of increase of the shock strength decreases.  
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Fig. 38. Shock strength P2/P1 vs. diaphragm pressure ratio P4/P1 

 
Figures 39 and 40 show the measured, theoretical and CFD results for shock speed and 
shock Mach number respectively. The Mach number is calculated based on the speed of 
sound of the undisturbed gas. The measured and CFD data are generally lower than the 
theoretical data and the agreement between CFD and measured data is very good. For the 
highest allowable pressure ratio of 55, the maximum shock Mach number is 2.116 when Air 
was allocated in both the driver and driven sections. 
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Fig. 39. Shock speed vs. diaphragm pressure ratio P4/P1 
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Figures 35 and 36 show that as the pressure ratio increases, the pressure rise and the shock 
speed increases. The recorded initial rises are 280 kPa, 320 kPa and 420 kPa for pressure 
ratio 8.8, 15 and 20 respectively. After the shock reflection, the pressure rise further to 580 
kPa, 800 kPa and 1000 kPa for pressure ratio 8.8, 15 and 20 respectively. 
The corresponding temperature histories are shown in Figure 37. It can be seen that the 
temperature rise to 500 K, 575 K and 625 after the shock reflection for pressure ratios 8, 15 
and 20 respectively. This clearly indicates that the pressure ratio has the effect of rising the 
temperature and hence the enthalpy of the gas. 
 

Time [sec]

Tm
pe

ra
tu

re
[K

]

0 0.01 0.02 0.03
300

325

350

375

400

425

450

475

500

525

550

575

600

625

650

P4/P1=8
P4/P1=15
P4/P1=20

 
 Fig. 37. Temperature history for different pressure ratios (Air-Air) 
 
The measured shock strength (P2/P1) at different pressure ratios are plotted in Figure 38. 
Also plotted on the same graph are the theoretical and CFD predictions. It can be seen that, 
in generally, the measured pressure rise is about 16% lower than the theoretical values and 
closer to CFD predictions. This is due to the two-dimensional effect and viscous effects 
which are not modeled by the theoretical solution. However, the trend is very similar. As 
anticipated, the shock strength increases with increase in the pressure ratio. As pressure 
ratio is increased, the rate of increase of the shock strength decreases.  
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Fig. 38. Shock strength P2/P1 vs. diaphragm pressure ratio P4/P1 

 
Figures 39 and 40 show the measured, theoretical and CFD results for shock speed and 
shock Mach number respectively. The Mach number is calculated based on the speed of 
sound of the undisturbed gas. The measured and CFD data are generally lower than the 
theoretical data and the agreement between CFD and measured data is very good. For the 
highest allowable pressure ratio of 55, the maximum shock Mach number is 2.116 when Air 
was allocated in both the driver and driven sections. 
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Fig. 39. Shock speed vs. diaphragm pressure ratio P4/P1 
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Figures 35 and 36 show that as the pressure ratio increases, the pressure rise and the shock 
speed increases. The recorded initial rises are 280 kPa, 320 kPa and 420 kPa for pressure 
ratio 8.8, 15 and 20 respectively. After the shock reflection, the pressure rise further to 580 
kPa, 800 kPa and 1000 kPa for pressure ratio 8.8, 15 and 20 respectively. 
The corresponding temperature histories are shown in Figure 37. It can be seen that the 
temperature rise to 500 K, 575 K and 625 after the shock reflection for pressure ratios 8, 15 
and 20 respectively. This clearly indicates that the pressure ratio has the effect of rising the 
temperature and hence the enthalpy of the gas. 
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The measured shock strength (P2/P1) at different pressure ratios are plotted in Figure 38. 
Also plotted on the same graph are the theoretical and CFD predictions. It can be seen that, 
in generally, the measured pressure rise is about 16% lower than the theoretical values and 
closer to CFD predictions. This is due to the two-dimensional effect and viscous effects 
which are not modeled by the theoretical solution. However, the trend is very similar. As 
anticipated, the shock strength increases with increase in the pressure ratio. As pressure 
ratio is increased, the rate of increase of the shock strength decreases.  
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Fig. 38. Shock strength P2/P1 vs. diaphragm pressure ratio P4/P1 

 
Figures 39 and 40 show the measured, theoretical and CFD results for shock speed and 
shock Mach number respectively. The Mach number is calculated based on the speed of 
sound of the undisturbed gas. The measured and CFD data are generally lower than the 
theoretical data and the agreement between CFD and measured data is very good. For the 
highest allowable pressure ratio of 55, the maximum shock Mach number is 2.116 when Air 
was allocated in both the driver and driven sections. 
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Figures 35 and 36 show that as the pressure ratio increases, the pressure rise and the shock 
speed increases. The recorded initial rises are 280 kPa, 320 kPa and 420 kPa for pressure 
ratio 8.8, 15 and 20 respectively. After the shock reflection, the pressure rise further to 580 
kPa, 800 kPa and 1000 kPa for pressure ratio 8.8, 15 and 20 respectively. 
The corresponding temperature histories are shown in Figure 37. It can be seen that the 
temperature rise to 500 K, 575 K and 625 after the shock reflection for pressure ratios 8, 15 
and 20 respectively. This clearly indicates that the pressure ratio has the effect of rising the 
temperature and hence the enthalpy of the gas. 
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The measured shock strength (P2/P1) at different pressure ratios are plotted in Figure 38. 
Also plotted on the same graph are the theoretical and CFD predictions. It can be seen that, 
in generally, the measured pressure rise is about 16% lower than the theoretical values and 
closer to CFD predictions. This is due to the two-dimensional effect and viscous effects 
which are not modeled by the theoretical solution. However, the trend is very similar. As 
anticipated, the shock strength increases with increase in the pressure ratio. As pressure 
ratio is increased, the rate of increase of the shock strength decreases.  
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Fig. 38. Shock strength P2/P1 vs. diaphragm pressure ratio P4/P1 

 
Figures 39 and 40 show the measured, theoretical and CFD results for shock speed and 
shock Mach number respectively. The Mach number is calculated based on the speed of 
sound of the undisturbed gas. The measured and CFD data are generally lower than the 
theoretical data and the agreement between CFD and measured data is very good. For the 
highest allowable pressure ratio of 55, the maximum shock Mach number is 2.116 when Air 
was allocated in both the driver and driven sections. 
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Fig. 39. Shock speed vs. diaphragm pressure ratio P4/P1 
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Fig. 40. Shock Mach number vs. diaphragm pressure ratio P4/P1 
 
Figure 41 shows the measured peak pressure variation with pressure ratio. The peak 
pressure is defined as the maximum pressure achieved after shock reflection and 
subsequent interaction with contact surface, which further increases the pressure. It can be 
seen that the peak pressure rise increase when the pressure ratio is increased but at a slower 
rate. The maximum peak pressure produced was 2200 kPa. 
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Fig. 41. Peak pressure vs. diaphragm pressure ratio P4/P1 

5.4 The Effect of Gas Combination on the Facility Performance 
Theoretical analysis showed that in order to achieve higher shock strength and shock speed, 
a gas combination with higher ratio of γ4/γ1 should be used. This can be achieved by using 
lighter gas in the driver section and heavier gas in the driven section. In the present work, 
combinations of He, CO2 and Air were chosen. Other lighter gas such as Hydrogen was not 
used due to safety reason. 
Figure 42 shows the pressure history at station (1) for pressure ratios of approximately 8, 15 
and 20 respectively. The corresponding graphs at station (2) are plotted in Figures 43. 
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Fig. 40. Shock Mach number vs. diaphragm pressure ratio P4/P1 
 
Figure 41 shows the measured peak pressure variation with pressure ratio. The peak 
pressure is defined as the maximum pressure achieved after shock reflection and 
subsequent interaction with contact surface, which further increases the pressure. It can be 
seen that the peak pressure rise increase when the pressure ratio is increased but at a slower 
rate. The maximum peak pressure produced was 2200 kPa. 
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Fig. 41. Peak pressure vs. diaphragm pressure ratio P4/P1 

5.4 The Effect of Gas Combination on the Facility Performance 
Theoretical analysis showed that in order to achieve higher shock strength and shock speed, 
a gas combination with higher ratio of γ4/γ1 should be used. This can be achieved by using 
lighter gas in the driver section and heavier gas in the driven section. In the present work, 
combinations of He, CO2 and Air were chosen. Other lighter gas such as Hydrogen was not 
used due to safety reason. 
Figure 42 shows the pressure history at station (1) for pressure ratios of approximately 8, 15 
and 20 respectively. The corresponding graphs at station (2) are plotted in Figures 43. 
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Fig. 40. Shock Mach number vs. diaphragm pressure ratio P4/P1 
 
Figure 41 shows the measured peak pressure variation with pressure ratio. The peak 
pressure is defined as the maximum pressure achieved after shock reflection and 
subsequent interaction with contact surface, which further increases the pressure. It can be 
seen that the peak pressure rise increase when the pressure ratio is increased but at a slower 
rate. The maximum peak pressure produced was 2200 kPa. 
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Fig. 41. Peak pressure vs. diaphragm pressure ratio P4/P1 

5.4 The Effect of Gas Combination on the Facility Performance 
Theoretical analysis showed that in order to achieve higher shock strength and shock speed, 
a gas combination with higher ratio of γ4/γ1 should be used. This can be achieved by using 
lighter gas in the driver section and heavier gas in the driven section. In the present work, 
combinations of He, CO2 and Air were chosen. Other lighter gas such as Hydrogen was not 
used due to safety reason. 
Figure 42 shows the pressure history at station (1) for pressure ratios of approximately 8, 15 
and 20 respectively. The corresponding graphs at station (2) are plotted in Figures 43. 
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Fig. 40. Shock Mach number vs. diaphragm pressure ratio P4/P1 
 
Figure 41 shows the measured peak pressure variation with pressure ratio. The peak 
pressure is defined as the maximum pressure achieved after shock reflection and 
subsequent interaction with contact surface, which further increases the pressure. It can be 
seen that the peak pressure rise increase when the pressure ratio is increased but at a slower 
rate. The maximum peak pressure produced was 2200 kPa. 
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Fig. 41. Peak pressure vs. diaphragm pressure ratio P4/P1 

5.4 The Effect of Gas Combination on the Facility Performance 
Theoretical analysis showed that in order to achieve higher shock strength and shock speed, 
a gas combination with higher ratio of γ4/γ1 should be used. This can be achieved by using 
lighter gas in the driver section and heavier gas in the driven section. In the present work, 
combinations of He, CO2 and Air were chosen. Other lighter gas such as Hydrogen was not 
used due to safety reason. 
Figure 42 shows the pressure history at station (1) for pressure ratios of approximately 8, 15 
and 20 respectively. The corresponding graphs at station (2) are plotted in Figures 43. 
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Fig. 42. Pressure history for three different gas combinations measured at station (1) 
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Fig. 43. Pressure history for three different gas combinations measured at station (2) 
 
In general, it can be seen from Figures 42 and 43 that the He-Air gas combination provides 
the best results in terms of shock speed, shock strength and peak pressure. Comparing to 
Air-Air gas combination, He-CO2 gives better shock strength and peak pressure. The 
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recorded initial rises at station (1) for He-Air are 400 kPa, 450 kPa and 650 kPa for 8, 15 and 
20 pressure ratios respectively. After the shock reflection, the pressure rise further and peak 
pressure of 1500 kPa, 1800 kPa and 2400 kPa for pressure ratio 8, 15 and 20 respectively. 
The experimental measurements were performed for pressure ratios from 8 to 55. Figures 44 
and 45 show the measured shock speed and shock Mach number, respectively, for different 
gas combinations at various pressure ratios. Also plotted on the same graphs are the 
theoretical solutions. 
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Fig. 44. Shock speed vs. pressure ratio for different gases 
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Fig. 45. Shock Mach number vs. pressure ratio for different gases 

Similar to the Air-Air case, in general the measured data shows lower values compared to 
theoretical solution. However the trends are very similar. It can be seen that when γ4/γ1 is 
reduced the shock speed and Mach number increases. The maximum shock Mach number 
achieved was 3.69 when He-CO2 was used at pressure ratio of 55. The peak pressure values 
achieved at various pressure ratios and gas combinations are plotted in Figure 46. 
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Fig. 46. Peak pressure vs pressure ratio P4/P1 

 
5.5 The Effect of Piston on the Facility Performance 
Previous researchers have shown that the addition of very light piston immediately after the 
diaphragm will increase the peak pressure achieved. After diaphragm rupture, the piston 
velocity will rapidly approach the contact surface velocity of a conventional shock tube. 
Multiple reflections of the shock wave ahead of the piston between the end of the driven 
section and the piston will compress the gas non-isentropically and result in a higher peak 
pressure. 
 
Two experiments have been performed at pressure ratio P4/P1=13 for two gas combinations, 
Air-Air and He-Air. Figure 47 shows the pressure history at station (1) for Air-Air at 
pressure ratio P4/P1 = 13. The first pressure jump denoted by (1) is due to the shock wave 
passing as it moves from the piston to the end wall, whereas the second pressure rise 
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Fig. 44. Shock speed vs. pressure ratio for different gases 
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Fig. 45. Shock Mach number vs. pressure ratio for different gases 

Similar to the Air-Air case, in general the measured data shows lower values compared to 
theoretical solution. However the trends are very similar. It can be seen that when γ4/γ1 is 
reduced the shock speed and Mach number increases. The maximum shock Mach number 
achieved was 3.69 when He-CO2 was used at pressure ratio of 55. The peak pressure values 
achieved at various pressure ratios and gas combinations are plotted in Figure 46. 
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Fig. 46. Peak pressure vs pressure ratio P4/P1 
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Fig. 44. Shock speed vs. pressure ratio for different gases 
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Fig. 45. Shock Mach number vs. pressure ratio for different gases 

Similar to the Air-Air case, in general the measured data shows lower values compared to 
theoretical solution. However the trends are very similar. It can be seen that when γ4/γ1 is 
reduced the shock speed and Mach number increases. The maximum shock Mach number 
achieved was 3.69 when He-CO2 was used at pressure ratio of 55. The peak pressure values 
achieved at various pressure ratios and gas combinations are plotted in Figure 46. 
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Fig. 46. Peak pressure vs pressure ratio P4/P1 
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Two experiments have been performed at pressure ratio P4/P1=13 for two gas combinations, 
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Fig. 44. Shock speed vs. pressure ratio for different gases 
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Fig. 45. Shock Mach number vs. pressure ratio for different gases 

Similar to the Air-Air case, in general the measured data shows lower values compared to 
theoretical solution. However the trends are very similar. It can be seen that when γ4/γ1 is 
reduced the shock speed and Mach number increases. The maximum shock Mach number 
achieved was 3.69 when He-CO2 was used at pressure ratio of 55. The peak pressure values 
achieved at various pressure ratios and gas combinations are plotted in Figure 46. 
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Fig. 46. Peak pressure vs pressure ratio P4/P1 

 
5.5 The Effect of Piston on the Facility Performance 
Previous researchers have shown that the addition of very light piston immediately after the 
diaphragm will increase the peak pressure achieved. After diaphragm rupture, the piston 
velocity will rapidly approach the contact surface velocity of a conventional shock tube. 
Multiple reflections of the shock wave ahead of the piston between the end of the driven 
section and the piston will compress the gas non-isentropically and result in a higher peak 
pressure. 
 
Two experiments have been performed at pressure ratio P4/P1=13 for two gas combinations, 
Air-Air and He-Air. Figure 47 shows the pressure history at station (1) for Air-Air at 
pressure ratio P4/P1 = 13. The first pressure jump denoted by (1) is due to the shock wave 
passing as it moves from the piston to the end wall, whereas the second pressure rise 
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denoted by (2) is due to the reflected shock wave which causes further non-isentropic 
heating of the test gas. Between (1) and (2), the pressure gradually increases due to the 
compression by the piston. The shock wave will then be reflected from the piston and again 
moves towards the wall and cause the third pressure rise, denoted by (3). It will then reflect 
from the end wall and proceeds to the left causing further increase in pressure. The process 
of shock reflections and piston compressions are repeated a few more times causing further 
gas heating and pressure rise until the last one denoted by (5). Then there is a drop in 
pressure due to the fact that the piston has overshot its equilibrium position and has now 
been pushed to the left by compressed gas and come to rest. But the process of shock 
reflection continues to cause pressure rise, (6). This transient rapidly disappears as the 
pressure becomes equal on both sides of the piston. 
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Fig. 47. Pressure history for free-piston compressor shot P4/P1=13 (Air-Air) 

 
Figures 48 and 49 show the comparison of pressure transients at station (1) between cases 
with piston and without piston at pressure ratio 13 for Air-Air and He-Air gas combinations 
respectively.  
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Fig. 47. Pressure history for free-piston compressor shot P4/P1=13 (Air-Air) 

 
Figures 48 and 49 show the comparison of pressure transients at station (1) between cases 
with piston and without piston at pressure ratio 13 for Air-Air and He-Air gas combinations 
respectively.  
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Fig. 47. Pressure history for free-piston compressor shot P4/P1=13 (Air-Air) 

 
Figures 48 and 49 show the comparison of pressure transients at station (1) between cases 
with piston and without piston at pressure ratio 13 for Air-Air and He-Air gas combinations 
respectively.  
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Fig. 47. Pressure history for free-piston compressor shot P4/P1=13 (Air-Air) 

 
Figures 48 and 49 show the comparison of pressure transients at station (1) between cases 
with piston and without piston at pressure ratio 13 for Air-Air and He-Air gas combinations 
respectively.  
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Fig. 48. Experimental pressure history inside driven section (Air-Air) P4/P1 =13 
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Fig. 49. Experimental pressure history inside driven section (He-Air) P4/P1 =13 

It is apparent from Figures 48 and 49 that the shock speed is faster when the piston is not 
used, this is because the piston slows down the test gas ahead of it and consequently the 
shock will be slower. However, the peak pressure of that using piston is higher; the piston 
increases the peak pressure due to the compression process of the test gas. In spite of this, 
the He-Air as combination shows a tremendous improvement in terms of both shock 
strength and peak pressure. It is worth to mention here that the He-Air combination can 
produce a peak pressure of about 70 bar (with piston) as compared to that of Air-Air (33 
bar), which has marked percentage of increase of more than 100%. 
The shock speed and the shock Mach number can be obtained by comparing the pressure 
transient at station (1) and station (2). A sample result for Air-Air at pressure ratio 13 is 
shown in Figure 50. In this particular case the shock speed and shock Mach number is 441.3 
m/s and 1.3 respectively. 
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Fig. 48. Experimental pressure history inside driven section (Air-Air) P4/P1 =13 
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Fig. 49. Experimental pressure history inside driven section (He-Air) P4/P1 =13 

It is apparent from Figures 48 and 49 that the shock speed is faster when the piston is not 
used, this is because the piston slows down the test gas ahead of it and consequently the 
shock will be slower. However, the peak pressure of that using piston is higher; the piston 
increases the peak pressure due to the compression process of the test gas. In spite of this, 
the He-Air as combination shows a tremendous improvement in terms of both shock 
strength and peak pressure. It is worth to mention here that the He-Air combination can 
produce a peak pressure of about 70 bar (with piston) as compared to that of Air-Air (33 
bar), which has marked percentage of increase of more than 100%. 
The shock speed and the shock Mach number can be obtained by comparing the pressure 
transient at station (1) and station (2). A sample result for Air-Air at pressure ratio 13 is 
shown in Figure 50. In this particular case the shock speed and shock Mach number is 441.3 
m/s and 1.3 respectively. 
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Fig. 48. Experimental pressure history inside driven section (Air-Air) P4/P1 =13 
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Fig. 49. Experimental pressure history inside driven section (He-Air) P4/P1 =13 

It is apparent from Figures 48 and 49 that the shock speed is faster when the piston is not 
used, this is because the piston slows down the test gas ahead of it and consequently the 
shock will be slower. However, the peak pressure of that using piston is higher; the piston 
increases the peak pressure due to the compression process of the test gas. In spite of this, 
the He-Air as combination shows a tremendous improvement in terms of both shock 
strength and peak pressure. It is worth to mention here that the He-Air combination can 
produce a peak pressure of about 70 bar (with piston) as compared to that of Air-Air (33 
bar), which has marked percentage of increase of more than 100%. 
The shock speed and the shock Mach number can be obtained by comparing the pressure 
transient at station (1) and station (2). A sample result for Air-Air at pressure ratio 13 is 
shown in Figure 50. In this particular case the shock speed and shock Mach number is 441.3 
m/s and 1.3 respectively. 
 

Time [sec]

Pr
es

su
re

[P
a]

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

2.5E+05
5.0E+05
7.5E+05
1.0E+06
1.3E+06
1.5E+06
1.8E+06
2.0E+06
2.3E+06
2.5E+06
2.8E+06
3.0E+06
3.3E+06
3.5E+06

With Piston-S1
With Piston-S2

Detail "A"

 

A	Comprehensive	Performance	Evaluation		
of	a	Short	Duration	High	Speed	Transient	Flow	Test	Facility 171

Time [sec]

Pr
es

su
re

[P
a]

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

2.5E+05
5.0E+05
7.5E+05
1.0E+06
1.3E+06
1.5E+06
1.8E+06
2.0E+06
2.3E+06
2.5E+06
2.8E+06
3.0E+06
3.3E+06
3.5E+06

No Piston-S1
With Piston-S1

 
Fig. 48. Experimental pressure history inside driven section (Air-Air) P4/P1 =13 
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Fig. 49. Experimental pressure history inside driven section (He-Air) P4/P1 =13 

It is apparent from Figures 48 and 49 that the shock speed is faster when the piston is not 
used, this is because the piston slows down the test gas ahead of it and consequently the 
shock will be slower. However, the peak pressure of that using piston is higher; the piston 
increases the peak pressure due to the compression process of the test gas. In spite of this, 
the He-Air as combination shows a tremendous improvement in terms of both shock 
strength and peak pressure. It is worth to mention here that the He-Air combination can 
produce a peak pressure of about 70 bar (with piston) as compared to that of Air-Air (33 
bar), which has marked percentage of increase of more than 100%. 
The shock speed and the shock Mach number can be obtained by comparing the pressure 
transient at station (1) and station (2). A sample result for Air-Air at pressure ratio 13 is 
shown in Figure 50. In this particular case the shock speed and shock Mach number is 441.3 
m/s and 1.3 respectively. 
 

Time [sec]

Pr
es

su
re

[P
a]

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

2.5E+05
5.0E+05
7.5E+05
1.0E+06
1.3E+06
1.5E+06
1.8E+06
2.0E+06
2.3E+06
2.5E+06
2.8E+06
3.0E+06
3.3E+06
3.5E+06

With Piston-S1
With Piston-S2

Detail "A"

 



New	Trends	in	Technologies	172

Time [sec]

Pr
es

su
re

[P
a]

0.007 0.00725 0.0075 0.00775

2.5E+05

With Piston-S1
With Piston-S2

t = 0.000775 sec

Shock station 1
Shock station 2

 
                 (a) Pressure history             (b) Detail “A” 
Fig. 50. Pressure history at station 1 and 2 (free piston compressor) 
 
Similarly, Figure 51 shows the pressure history at stations 1 and 2 for shock tube shot. 
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As explained previously, due to the piston effects in the free piston compressor test, the 
shock wave speed and shock Mach number for the shock tube shot are found to be higher, 
which are 570 m/s and 1.67 respectively.  
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In order to ascertain this effect, a surface junction thermocouple was used to measure the 
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Fig. 52. Surface temperature change profile at different pressure ratios 
 
The corresponding figure for the heat flux is shown in Figure 53 and as depicted, the heat 
flux increases after shock wave passes through the test gas, which may consequently, 
influence the facility performance.  
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Fig. 52. Surface temperature change profile at different pressure ratios 
 
The corresponding figure for the heat flux is shown in Figure 53 and as depicted, the heat 
flux increases after shock wave passes through the test gas, which may consequently, 
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Fig. 53. Heat flux profile (shock tube shot) 
 
Figure 54 presents surface temperature change for three gas combinations at a fixed pressure 
ratio of 8.4. The results show that maximum heat transfer occurs when He-Air was used. 
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Fig. 54. Surface Temperature Change for different gas combinations at P4/P1= 8 

The same trend can be observed for the free piston compressor shot as shown in Figure 55. It 
is worth mentioning here that the free piston compressor was able to produce a surface 
temperature change of about 4 oC (with piston) as compared to about 1.7 oC in the 
conventional shock tube indicating marked percentage increase of approximately 100%. 
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Fig. 55. Surface temperature change and heat flux (free piston compressor shot)  

A	Comprehensive	Performance	Evaluation		
of	a	Short	Duration	High	Speed	Transient	Flow	Test	Facility 175

 
Fig. 53. Heat flux profile (shock tube shot) 
 
Figure 54 presents surface temperature change for three gas combinations at a fixed pressure 
ratio of 8.4. The results show that maximum heat transfer occurs when He-Air was used. 
 

Time [sec]

S
ur
fa
ce
Te
m
pe
ra
tu
re
C
ha
ng
e
[o
C
]

0 0.005 0.01 0.015 0.02 0.025

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

Air-Air
He-Air
He-CO2

 
Fig. 54. Surface Temperature Change for different gas combinations at P4/P1= 8 

The same trend can be observed for the free piston compressor shot as shown in Figure 55. It 
is worth mentioning here that the free piston compressor was able to produce a surface 
temperature change of about 4 oC (with piston) as compared to about 1.7 oC in the 
conventional shock tube indicating marked percentage increase of approximately 100%. 
 

 
 

(a) Surface temperature change 
 

 
 

(b) Heat flux profile 
Fig. 55. Surface temperature change and heat flux (free piston compressor shot)  



New	Trends	in	Technologies	174

 
Fig. 53. Heat flux profile (shock tube shot) 
 
Figure 54 presents surface temperature change for three gas combinations at a fixed pressure 
ratio of 8.4. The results show that maximum heat transfer occurs when He-Air was used. 
 

Time [sec]

S
ur
fa
ce
Te
m
pe
ra
tu
re
C
ha
ng
e
[o
C
]

0 0.005 0.01 0.015 0.02 0.025

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

Air-Air
He-Air
He-CO2

 
Fig. 54. Surface Temperature Change for different gas combinations at P4/P1= 8 

The same trend can be observed for the free piston compressor shot as shown in Figure 55. It 
is worth mentioning here that the free piston compressor was able to produce a surface 
temperature change of about 4 oC (with piston) as compared to about 1.7 oC in the 
conventional shock tube indicating marked percentage increase of approximately 100%. 
 

 
 

(a) Surface temperature change 
 

 
 

(b) Heat flux profile 
Fig. 55. Surface temperature change and heat flux (free piston compressor shot)  

A	Comprehensive	Performance	Evaluation		
of	a	Short	Duration	High	Speed	Transient	Flow	Test	Facility 175

 
Fig. 53. Heat flux profile (shock tube shot) 
 
Figure 54 presents surface temperature change for three gas combinations at a fixed pressure 
ratio of 8.4. The results show that maximum heat transfer occurs when He-Air was used. 
 

Time [sec]

S
ur
fa
ce
Te
m
pe
ra
tu
re
C
ha
ng
e
[o
C
]

0 0.005 0.01 0.015 0.02 0.025

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

Air-Air
He-Air
He-CO2

 
Fig. 54. Surface Temperature Change for different gas combinations at P4/P1= 8 

The same trend can be observed for the free piston compressor shot as shown in Figure 55. It 
is worth mentioning here that the free piston compressor was able to produce a surface 
temperature change of about 4 oC (with piston) as compared to about 1.7 oC in the 
conventional shock tube indicating marked percentage increase of approximately 100%. 
 

 
 

(a) Surface temperature change 
 

 
 

(b) Heat flux profile 
Fig. 55. Surface temperature change and heat flux (free piston compressor shot)  



New	Trends	in	Technologies	176

6. Discussion and Conclusions 
 

The goal of designing a high speed transient flow test facility with a relatively inexpensive 
price for research use has been achieved. This design for a multi arrangement high speed 
fluid flow tunnel will provide high speed fluid flows around test objects for actual flow 
measurement. Although the control of flow quality in such a tunnel would not be so easy, 
the actual ability for researchers to get their knowledge in real high speed fluid flow would 
be an immeasurable benefit.  
The experimental and theoretical results agree very well with slight difference in shock 
speed values which are expected as the theoretical solution disregards the viscous, two 
dimensional and heat transfer effects which influence the shock strength and shock speed. It 
can be noted from results that time of shock wave creation for both experimental and CFD 
data are very much matched. The incident shock wave travels all the way along the driven 
section until it reflects off of the end wall. Similarly, the expansion wave reflects at the end 
of the driver section. The reflected shock then interacts with either the contact surface or the 
reflected expansion wave. It can be said that the general pattern of the experimental and 
CFD results are quite similar. Experiments showed that the shock wave speed for He/Air 
driver/driven gases is higher than He-CO2 and Air/Air gas combinations for the same 
diaphragm pressure ratio. 
Shock speed can be increased by raising the diaphragm pressure ratio, or more powerfully, 
by raising the speed of sound in the driver gas. To achieve high Mach numbers it is essential 
to raise the speed of sound ratio (a4/a1) if excessive pressures are to be avoided. Mach 
number of 3.69 is achieved and higher Mach number up to 6 is achievable by setting 
pressure ratio to P4/P1 = 465 using He-CO2 or P4/P1 = 192 using H2-CO2. This ratio can be 
lowered by increasing temperature ratio T4/T1. 
Results when employing different working fluids combination are also presented. The 
results showed a direct proportional relationship between Mach number and diaphragm 
pressure ratio and inverse proportion with speed of sound ratio.  
The results show that for Air-Air driver/driven gases, the shock speed is decreased when 
piston is used. However, the peak pressure produced using piston is higher. The same trend 
can be observed for the He-Air combination. In spite of this, the latter shows a tremendous 
improvement in terms of both shock strength and peak pressure [17]. It is worth to mention, 
that He-Air combination can produce a peak pressure of about 70 bar for diaphragm 
pressure ratio P4/P1 equal to 13 only (with piston) as compared to that of Air-Air (33 bar) at 
the same diaphragm pressure ratio, which has marked a percentage of increase of more than 
100%. This detailed information may be used to identify some of the causes for observed 
variations in pressure and temperature.  
As the shock wave propagates in the driven section the test gas temperature rises up and 
consequently heat transfer to the tube wall causes an increase in the wall surface 
temperature. The same trend can be observed for the free piston compressor shot. It is worth 
to mention here that the free piston compressor can produce a surface temperature change 
of about 4 oC (with piston) as compared to that of conventional shock tube (1.7 oC), which 
has marked a percentage of increase of approximately 100%. The stagnation temperature 
achieved in free piston compressor is limited by the strength of the light piston used to 
compress the test gas, and the useful running time is restricted by the large heat losses to the 
cold walls of the tube.  

The maximum testing time is varying between the arrival of the primary shock wave at the 
tube end, and the arrival of the first reflected wave, which has passed up the low pressure 
tube, reflected from the high pressure tube and returned to the nozzle station. The useful 
test time achieved from results was 10 ms which is quite comparable to other existing 
facilities. 
Although this design showed good results, it should be noted that in the future, upgrades 
could be made to the facility to provide the better flow quality and longer flow times that 
would be needed for high speed fluid flow research. Detail design calculations, numerical 
simulations and experimental works have been conducted. The results presented in this 
chapter show that two-dimensional modeling of the high speed fluid flow test facility is an 
effective way to obtain facility performance data. Although this thesis focused on the 
UNITEN’s facility, the CFD code is generic and may be applied to other facilities. 
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speed values which are expected as the theoretical solution disregards the viscous, two 
dimensional and heat transfer effects which influence the shock strength and shock speed. It 
can be noted from results that time of shock wave creation for both experimental and CFD 
data are very much matched. The incident shock wave travels all the way along the driven 
section until it reflects off of the end wall. Similarly, the expansion wave reflects at the end 
of the driver section. The reflected shock then interacts with either the contact surface or the 
reflected expansion wave. It can be said that the general pattern of the experimental and 
CFD results are quite similar. Experiments showed that the shock wave speed for He/Air 
driver/driven gases is higher than He-CO2 and Air/Air gas combinations for the same 
diaphragm pressure ratio. 
Shock speed can be increased by raising the diaphragm pressure ratio, or more powerfully, 
by raising the speed of sound in the driver gas. To achieve high Mach numbers it is essential 
to raise the speed of sound ratio (a4/a1) if excessive pressures are to be avoided. Mach 
number of 3.69 is achieved and higher Mach number up to 6 is achievable by setting 
pressure ratio to P4/P1 = 465 using He-CO2 or P4/P1 = 192 using H2-CO2. This ratio can be 
lowered by increasing temperature ratio T4/T1. 
Results when employing different working fluids combination are also presented. The 
results showed a direct proportional relationship between Mach number and diaphragm 
pressure ratio and inverse proportion with speed of sound ratio.  
The results show that for Air-Air driver/driven gases, the shock speed is decreased when 
piston is used. However, the peak pressure produced using piston is higher. The same trend 
can be observed for the He-Air combination. In spite of this, the latter shows a tremendous 
improvement in terms of both shock strength and peak pressure [17]. It is worth to mention, 
that He-Air combination can produce a peak pressure of about 70 bar for diaphragm 
pressure ratio P4/P1 equal to 13 only (with piston) as compared to that of Air-Air (33 bar) at 
the same diaphragm pressure ratio, which has marked a percentage of increase of more than 
100%. This detailed information may be used to identify some of the causes for observed 
variations in pressure and temperature.  
As the shock wave propagates in the driven section the test gas temperature rises up and 
consequently heat transfer to the tube wall causes an increase in the wall surface 
temperature. The same trend can be observed for the free piston compressor shot. It is worth 
to mention here that the free piston compressor can produce a surface temperature change 
of about 4 oC (with piston) as compared to that of conventional shock tube (1.7 oC), which 
has marked a percentage of increase of approximately 100%. The stagnation temperature 
achieved in free piston compressor is limited by the strength of the light piston used to 
compress the test gas, and the useful running time is restricted by the large heat losses to the 
cold walls of the tube.  

The maximum testing time is varying between the arrival of the primary shock wave at the 
tube end, and the arrival of the first reflected wave, which has passed up the low pressure 
tube, reflected from the high pressure tube and returned to the nozzle station. The useful 
test time achieved from results was 10 ms which is quite comparable to other existing 
facilities. 
Although this design showed good results, it should be noted that in the future, upgrades 
could be made to the facility to provide the better flow quality and longer flow times that 
would be needed for high speed fluid flow research. Detail design calculations, numerical 
simulations and experimental works have been conducted. The results presented in this 
chapter show that two-dimensional modeling of the high speed fluid flow test facility is an 
effective way to obtain facility performance data. Although this thesis focused on the 
UNITEN’s facility, the CFD code is generic and may be applied to other facilities. 

 
7. References 
 

[1] Alan Pope and Kennith L. Goin, “High-Speed Wind Tunnel Testing”, 2nd Edition, John 
Wiely”, New York 1965. 

[2] John D. Anderson, “Modern Compressible Flow With Historical Perspective”, 2nd Edition, 
Mcgraw Hill, New York, 1990. 

[3] Schultz and Jones 1973, “A method for the accurate determination of the thermal product 
(ρck)1/2 for thin film hat transfer or surface thermocouple gauges” Phys. E: Sci Instrum. 21 
445-448 

[4] Morgan RG, Stalker, R. J. And Paull, A., “Shock Tunnel studies of Scramjet Phenomena”, 
NASA contractor report 201694, 1997. 

[5] East, R.A., "The performance and operation of the University of Southampton hypersonic gun 
tunnel", University of Southampton Aero. and Astro. Rep. no. 135, I960. 

[6] Warren WR, Harris CJ, “A critique of high performance shock tube driving techniques” 
Shock Tubes Proc 7th Int Shock Tube Symp, June 23–25, 1969, ed. by I.I. Glass, 
University of  Toronto Press, 143–176, 1970. 

[7] Stalker RJ, “A study of the free-piston shock tunnel”, AIAA J 5(12):2160–2165, 1967. 
[8] Morgan RG, “Development of X3, a superorbital expansion tube”, AIAA paper 2000-0558, 

2000. 
[9] Hannemann K, Beck WH, “Aerothermodynamics research in the DLR high enthalpy shock 

tunnel HEG”, In: Lu FK, Marren DE (eds) Advanced hypersonic facilities. AIAA, 
Reston, Virginia, pp 205–237, 2002. 

[10] Itoh K, “Characteristics of the HIEST and its applicability for hypersonic aerothermodynamic 
and scramjet research”, In: Lu FK, Marren DE (eds) Advanced hypersonic facilities. 
AIAA, Reston, Virginia, pp 239–253, 2002. 

[11] Al-Falahi Amir ‘Design, Consruction and Performance Evaluation of a Short Duration 
High Speed Flow Test Facility’  Ph.D. Thesis, Universiti Tenaga Nasional, 2008. 

[12] Al-Falahi Amir, Yusoff M. Z & Yusaf T “Numerical Simulation of Inviscid Transient Flows 
in Shock Tube and its Validations” proceedings of world academy of science, 
engineering and technology volume 33, Heidelberg, Germany, September 24-26, 
2008 issn 2070-3740 

[13] Drazin, P.G. and Reid, W.H. “Hydrodynamic Stability”, Cambridge Monographs on 
Mechanics and Applied Mathematics, Cambridge University Press 1993. 

A	Comprehensive	Performance	Evaluation		
of	a	Short	Duration	High	Speed	Transient	Flow	Test	Facility 177

6. Discussion and Conclusions 
 

The goal of designing a high speed transient flow test facility with a relatively inexpensive 
price for research use has been achieved. This design for a multi arrangement high speed 
fluid flow tunnel will provide high speed fluid flows around test objects for actual flow 
measurement. Although the control of flow quality in such a tunnel would not be so easy, 
the actual ability for researchers to get their knowledge in real high speed fluid flow would 
be an immeasurable benefit.  
The experimental and theoretical results agree very well with slight difference in shock 
speed values which are expected as the theoretical solution disregards the viscous, two 
dimensional and heat transfer effects which influence the shock strength and shock speed. It 
can be noted from results that time of shock wave creation for both experimental and CFD 
data are very much matched. The incident shock wave travels all the way along the driven 
section until it reflects off of the end wall. Similarly, the expansion wave reflects at the end 
of the driver section. The reflected shock then interacts with either the contact surface or the 
reflected expansion wave. It can be said that the general pattern of the experimental and 
CFD results are quite similar. Experiments showed that the shock wave speed for He/Air 
driver/driven gases is higher than He-CO2 and Air/Air gas combinations for the same 
diaphragm pressure ratio. 
Shock speed can be increased by raising the diaphragm pressure ratio, or more powerfully, 
by raising the speed of sound in the driver gas. To achieve high Mach numbers it is essential 
to raise the speed of sound ratio (a4/a1) if excessive pressures are to be avoided. Mach 
number of 3.69 is achieved and higher Mach number up to 6 is achievable by setting 
pressure ratio to P4/P1 = 465 using He-CO2 or P4/P1 = 192 using H2-CO2. This ratio can be 
lowered by increasing temperature ratio T4/T1. 
Results when employing different working fluids combination are also presented. The 
results showed a direct proportional relationship between Mach number and diaphragm 
pressure ratio and inverse proportion with speed of sound ratio.  
The results show that for Air-Air driver/driven gases, the shock speed is decreased when 
piston is used. However, the peak pressure produced using piston is higher. The same trend 
can be observed for the He-Air combination. In spite of this, the latter shows a tremendous 
improvement in terms of both shock strength and peak pressure [17]. It is worth to mention, 
that He-Air combination can produce a peak pressure of about 70 bar for diaphragm 
pressure ratio P4/P1 equal to 13 only (with piston) as compared to that of Air-Air (33 bar) at 
the same diaphragm pressure ratio, which has marked a percentage of increase of more than 
100%. This detailed information may be used to identify some of the causes for observed 
variations in pressure and temperature.  
As the shock wave propagates in the driven section the test gas temperature rises up and 
consequently heat transfer to the tube wall causes an increase in the wall surface 
temperature. The same trend can be observed for the free piston compressor shot. It is worth 
to mention here that the free piston compressor can produce a surface temperature change 
of about 4 oC (with piston) as compared to that of conventional shock tube (1.7 oC), which 
has marked a percentage of increase of approximately 100%. The stagnation temperature 
achieved in free piston compressor is limited by the strength of the light piston used to 
compress the test gas, and the useful running time is restricted by the large heat losses to the 
cold walls of the tube.  

The maximum testing time is varying between the arrival of the primary shock wave at the 
tube end, and the arrival of the first reflected wave, which has passed up the low pressure 
tube, reflected from the high pressure tube and returned to the nozzle station. The useful 
test time achieved from results was 10 ms which is quite comparable to other existing 
facilities. 
Although this design showed good results, it should be noted that in the future, upgrades 
could be made to the facility to provide the better flow quality and longer flow times that 
would be needed for high speed fluid flow research. Detail design calculations, numerical 
simulations and experimental works have been conducted. The results presented in this 
chapter show that two-dimensional modeling of the high speed fluid flow test facility is an 
effective way to obtain facility performance data. Although this thesis focused on the 
UNITEN’s facility, the CFD code is generic and may be applied to other facilities. 

 
7. References 
 

[1] Alan Pope and Kennith L. Goin, “High-Speed Wind Tunnel Testing”, 2nd Edition, John 
Wiely”, New York 1965. 

[2] John D. Anderson, “Modern Compressible Flow With Historical Perspective”, 2nd Edition, 
Mcgraw Hill, New York, 1990. 

[3] Schultz and Jones 1973, “A method for the accurate determination of the thermal product 
(ρck)1/2 for thin film hat transfer or surface thermocouple gauges” Phys. E: Sci Instrum. 21 
445-448 

[4] Morgan RG, Stalker, R. J. And Paull, A., “Shock Tunnel studies of Scramjet Phenomena”, 
NASA contractor report 201694, 1997. 

[5] East, R.A., "The performance and operation of the University of Southampton hypersonic gun 
tunnel", University of Southampton Aero. and Astro. Rep. no. 135, I960. 

[6] Warren WR, Harris CJ, “A critique of high performance shock tube driving techniques” 
Shock Tubes Proc 7th Int Shock Tube Symp, June 23–25, 1969, ed. by I.I. Glass, 
University of  Toronto Press, 143–176, 1970. 

[7] Stalker RJ, “A study of the free-piston shock tunnel”, AIAA J 5(12):2160–2165, 1967. 
[8] Morgan RG, “Development of X3, a superorbital expansion tube”, AIAA paper 2000-0558, 

2000. 
[9] Hannemann K, Beck WH, “Aerothermodynamics research in the DLR high enthalpy shock 

tunnel HEG”, In: Lu FK, Marren DE (eds) Advanced hypersonic facilities. AIAA, 
Reston, Virginia, pp 205–237, 2002. 

[10] Itoh K, “Characteristics of the HIEST and its applicability for hypersonic aerothermodynamic 
and scramjet research”, In: Lu FK, Marren DE (eds) Advanced hypersonic facilities. 
AIAA, Reston, Virginia, pp 239–253, 2002. 

[11] Al-Falahi Amir ‘Design, Consruction and Performance Evaluation of a Short Duration 
High Speed Flow Test Facility’  Ph.D. Thesis, Universiti Tenaga Nasional, 2008. 

[12] Al-Falahi Amir, Yusoff M. Z & Yusaf T “Numerical Simulation of Inviscid Transient Flows 
in Shock Tube and its Validations” proceedings of world academy of science, 
engineering and technology volume 33, Heidelberg, Germany, September 24-26, 
2008 issn 2070-3740 

[13] Drazin, P.G. and Reid, W.H. “Hydrodynamic Stability”, Cambridge Monographs on 
Mechanics and Applied Mathematics, Cambridge University Press 1993. 



New	Trends	in	Technologies	178

[14] Al-Falahi Amir, Yusoff M. Z & N. H. Shuaib “Flow Instability in Shock Tube Due to 
Shock Wave-Boundary Layer-Contact Surface Interactions, a Numerical study” 
European Journal of Scientific Research, accepted March 2009. 

[15] Xu Fu and Xu Cuiwei, “Instability theory of shock wave in a shock tube”, Journal of Acta 
Mechanica Sinica, ISSN 0567-7718 (print) 1614-3116 (Online), Volume 8, Number 
2/May, Springer Berlin /Heidelberg,1992. 

[16] McKenzie, Nick R., ”The effect of viscous attenuation on shock tube performance”, M.S. 
Thesis Air Force Inst. Of Tech., Wright-Patterson AFB, OH., 1994. 

[17] Al-Falahi Amir, Yusoff M. Z & Yusaf T “An Experimental Evaluation of Shock Wave 
Strength and Peak Pressure in a Conventional Shock Tube and Free-Piston Compressor”, 
Proceedings of IMECE2008, 2008 ASME International Mechanical Engineering 
Congress and Exposition November 2-6, 2008, Boston, Massachusetts, USA 

Estimation	of	the	Effort	Component	of	the	Software	Projects	Using	Heuristic	Algorithms 179

Estimation	 of	 the	 Effort	 Component	 of	 the	 Software	 Projects	 Using	
Heuristic	Algorithms

Mitat	Uysal

 

 

X 
 

Estimation of the Effort Component of the 
Software Projects Using Heuristic Algorithms 

 
Mitat Uysal 

Dogus University, Turkey 

 
Abstract  
 

In this study, a multivariate interpolation model was developed to estimate the effort 
component of the software projects. A COCOMO based equation was used to represent the 
effort function. The data set that was used consists of two independent variables, first is 
Lines of Code (LOC) and second is Methodology (ME) and one dependent variable Effort 
(CE). Data set is taken from NASA projects and the results that are obtained in this work are 
compared with the results of A.F.Sheta who is produced a similar model for estimating the 
effort component of software projects. 
In this paper, it has been shown that Simulated Annealing algorithm can be used to estimate 
the optimal parameters of the effort components of software projects. The upper and lower 
bounds of the search space should be considerately given by designer or be cited from other 
reference papers, if possible. 
Keywords—Curve fitting, heuristic optimization, software cost estimation, software 
engineering.  

 
1. Introduction 
 

The goal of an optimization method is to find the optimum solution of a given problem. If 
the goal function is a cost function , then optimum solution can be obtained by finding the 
minimum value of the function. 
An optimization process proceeds with two important actions: 
        a) Search 
        b) Determining the improvement. 
The goal function represents the objective in terms of the parameters and variables involved 
in the optimization problem.  
Several search methods are used in the related optimization studies. 
The purpose of this paper is to compare three of these search methods with respect to their 
applicability to the prediction of the effort component of the software projects. 
There are three main classes of search techniques for problems of combinatorial optimization: 

1. Enumerative techniques 
2. Implicit enumerative techniques 
3. Calculus-based techniques 
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Implicit enumerative techniques can be separated into two groups: 
1. Guided search techniques 
2. Neural networks 
Guided search techniques consist of three algorithms: 
1. Simulated annealing 
2. Evolutionary algorithms (evolutionary strategies , genetic algorithms) 
3. Tabu search (Affenzeller et al.) 
Particle swarm optimization(PSO) is a new method in evolutionary  computation that is 
similar to genetic algorithm  in that the system is initialized with a population of random 
solutions. 
In  this study,simulated annealing algorithm is used as heuristic optimization algorithm. 
The importance of software cost estimation is well documented. Good estimation techniques 
serve as a basis for communication between software personnel and non-software personnel 
such as managers sales people or even customers (Knafe , 1995). 
Resource models consist of one or more empirically derived equations that predict effort (in 
person-months) , project duration (in chronological months) or the other pertinent project 
data. 
Basili (1980) described four classes of resources models: 

 Static single – variable models 
 Static multi – variable models 
 Dynamic multi – variable models 
 Theoretical models 

The static single – variable model takes the form:  
Resource = P1 * (Estimated Characteristics) P2 

Where the resources could be effort , project duration , staff size or requisite lines of 
software documentation. The parameters P1 and P2 are derived from data collected from 
past projects. The basic version of the Constructive Cost Model or COCOMO is an example 
of a static single variable model. 
Static multi – variable model has the following form :  
Resources = P11 e1 + P21 e2 + ------ + Pn1 en 
Where e i is the i’th software characteristics and P11 , P21 are empirically derived optimal 
parameters for the  i’th characteristics (Pressmann , 1992). 
A dynamic multi – variable model projects resource requirements as a function of time. 
A theoretically approach to dynamic multi – variable modeling hypothesizes a continuous 
resource expenditure curve and from it , derives equations that model the behaviour of the 
resource. The Putnam estimation model is a theoretical dynamic multi – variable model. 
Some new models are proposed for software cost estimation. One of them is Peters and 
Ramanna Model based on an application of the Choquet integral (Peters and Rommano , 
1996). 
Fuzzy logic and neural networks are the other tools to develop software cost estimation 
models. 
In the recent studies , evolutionary algorithms and genetic algorithms are widely used to 
estimate the optimal parameters of the software cost models. Typical examples are (Sheta , 
2006) and (Huang and Chiu , 2006). 

 

 

Dillibabu and Krish-naiah have developed an effort estimation model using COCOMO ΙΙ. 
2000 reference. 
Burgess and Lefley have concluded that Genetic Programming can offer significant 
improvements in accuracy of effort parameters but this depends on the measure and 
interpretation of accuracy used. 
Shin and Goel described a detailed Radial Basis Function modeling study for software cost 
estimation using well-known NASA dataset. 
Mantere and Alander have required the work applying computational evolutionary 
methods in software engineering. 
Kaczmarek and Kucharski have presented a methodology for estimation of software size 
and effort at early stages of software development. 
(Uysal , 2006) has developed a multivariate interpolation model to estimate the effort 
component using Lagrange interpolation model. 

 
2. Effort Estimation  Model That Is Used In This Study 
 

Effort estimation can be used for several purposes. One of them is to use for project 
management purposes. Effort estimation methods can be classified in many groups. 
The following software effort model is used in the present study:  
 

E = f (LOC, ME) 
 
Where E is effort, LOC is the number of lines of the developed Code and ME is 
methodology used in the software project. 
f is a nonlinear function in terms of LOC and ME. 
We present two different functions for f :  

I. First function for  f is expressed as below:                                                                 
 

. .b dE a LOC c ME e                                                     (1) 
 

The presented model contains five parameters a, b, c, d and e. This model is slightly 
different than the model that is proposed in (Sheta , 2006). 

II. Second function for f is expressed as below : 
 

. . .ln( ) .ln( )b dE a LOC c ME e ME f LOC g                              (2) 
 

Above presented model is original and firstly proposed in this study. 
Model contains 7 parameters; they are a, b, c, d, e, f and g. 

 
3. Solution Method 
 

In multidimensional global optimization ,the main goal  is to find a global optimum  of an 
objective function defined in a given space. Deterministic and heuristic methods are used to 
solve multidimensional optimization problem.In some cases,hybrid techniques can be used to. 
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Where E is effort, LOC is the number of lines of the developed Code and ME is 
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The following solution method is used to find optimal values of the model parameters:  
 

2
meas comp

i=1
Minimize     (E -E )

n
  

 
Where  Emeas, is measured value of effort, Ecomp is computed value of effort according to the 
model used. 
In order to minimize the total squared error given above, simulated annealing algorithm is 
used changing the parameter values of the model. 

 
4. Evolutionary Computation and Simulated Annealing Algorithms 
 

Evolutionary algorithms, simulated annealing and tabu search are widely used heuristic 
algorithms for combinatorial optimization. 
The term evolutionary algorithm is used to refer to any probabilistic algorithm whose 
design is inspired by evolutionary mechanisms found in biological species (Youssef et al., 
2000). 
One of the most widely known of heuristic algorithms is simulated annealing (SA) 
algorithm. SA exploits an analogy between the way in which a metal cools and freezes into a 
minimum energy crystalline structure (the annealing process) and the search for a minimum 
in a more general system(Xianghua et al.,2007). 
Simulated annealing is a generalization of a Monte Carlo method for examining the 
equations of state and frozen states of n-body systems that is found by Metropolis et al. in 
1953. 
In the optimization process, the solution randomly walks in its neighborhood with a 
probability determined by Metropolis principle while the system temperature decreases 
slowly; when the annealing temperature is closing zero, the solution stays at the global best 
solution in a high probability.( Xianghua et al.,2007) 
An original MATLAB code is developed for simulated annealing algorithm in this work. 
This code is used to estimate the optimal values of the parameters of model 1 and model 2. 

 
5. Results 
 

Optimization algorithm have been applied on NASA software project data like (Shin and 
Goel , 2000) and (Sheta , 2006). 
The data set consist of two independent variables , Lines Of Code (LOC) and the 
Methodology (ME) and one dependent variable , effort. LOC is described in Kilo  Line of 
Code and effort is in man-months. Data set is given in Table 1. 
 
 
 
 
 

 

 

Project No KDLOC ME Measured Effort 
1 90.2000 30.0000 115.8000 
2 46.2000 20.0000 96.0000 
3 46.5000 19.0000 79.0000 
4 54.5000 20.0000 90.8000 
5 31.1000 35.0000 39.6000 
6 57.5000 29.0000 98.4000 
7 12.8000 26.0000 18.9000 
8 10.5000 34.0000 10.3000 
9 21.5000 31.0000 28.5000 
10  3.1000 26.0000 7.0000 
11  4.2000 19.0000 9.0000 
12  7.8000 31.0000 7.3000 
13  2.1000 28.0000 5.0000 
14  5.0000 29.0000 8.4000 
15 78.6000 35.0000 98.7000 
16   9.7000 27.0000 15.6000 
17 12.5000 27.0000 23.9000 
18 100.8000 34.0000 138.3000 

Table 1. NASA software project data Measured Effort 
 
Figure 1 shows same data in 3D space. 
 

 
Fig. 1. NASA Software Projects Data in 3D. 
 
The optimal values of parameters in the first function (1) were estimated using Simulated 
Annealing algorithm as below: 

a=3.3275      b=0.8202     c= - 0.0874     d= 1.6840   e=18.0550 
So, function can be written as follows :  
E=3.3275      .LOC0.8202     - 0.0874     .ME1.6840   + 18.0550 

The required iteration number is 1200. 
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Figure 2 shows the measured data (NASA projects data) and the predicted values obtained 
according to the function given above. 
 

 
Fig. 2. Measured Data and Predicted Values according to the first model 
 
Applying the two variables (LOC and ME) mentioned above , the effort model surface as a 
function of LOC and ME was obtained as shown in Figure 3. 
 

 
Fig. 3. Surface of Effort E=f(LOC,ME) 

 

 

The optimal values of parameters in the second function (2) were estimated using   
Simulated Annealing  Algorithm as below: 

       a=3.8930      b=0.7923     c= - 0.2984      d= 1.3863   e=2.8935 
       f= -1.2346    g=15.5338 

Second function can be written using these optimal values as follows: 
 
  E=3.8930      .LOC0.7923     - 0.2984      .ME1.3863   + 2.8935.ln(ME)  -1.2346    .ln(LOC) + 15.5338 
 
The required iteration number for the second model is 1910. 
For the optimal solutions , the total squared error in the second function is less than the total 
squared error in the first function. 
Figure 4 shows the measured data and the predicted values obtained according to function 
given above. 
 

 
Fig. 4. Measured Data and Predicted values according to the second model. 

 
6. Conclusion and Future Work 
 

In this paper, it has been shown that Simulated Annealing algorithm can be used to estimate 
the optimal parameters of the effort components of software projects. The upper and lower 
bounds of the search space should be considerately given by designer or be cited from other 
reference papers, if possible. Generally speaking, if a larger search space is built, it would be 
more time of computations and convergence of search may become very slow. Conversely, 
if the search space is set too small, the optimal parameters probably could not been found. 
A new model has been proposed (model 2) to estimate the software effort. 
It can be seen that this new model provides better results than the previous studies. 
The effectiveness of SA’s tend to depend on implementation details, how the problem is 
encoded etc. (Mantere et.al, 2005).  
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All  three heuristic search algorithms(GeneticAlgorithms,TabuSearch,SimulatedAnnealing) 
work well and produce an acceptable sub-optimal solution within a reasonable amount of 
time. 
The SA algorithm outperforms the TS and GA algorithms in all the simulation runs.  
In the future work, a GUI will be developed for the two variables estimation model.  

 
7. References 
 

Basili, V, “Models and Metrics for Software Management and Engineering”, IEEE Computer 
Society Press, 1980 

Burgess, C.J., Lefley, M., “Can Genetic Programming Improve Software Effort Eestimation? 
A Comperative Evaluation”, Information and Software Technology 43, 863-873, 
2001 

Cunha,M.C.,Ribeiro,L.,”Tabu search algorithms for water network optimization”,Europ.J. 
Operational Res. 157,2004,746-758 

Dillibabu, R., Krashnaiah, K., “Cost Estimation of a Software Product Using COCOMO 
II.2000 Model – a case study”, Int. Journal of Project Management 23, 297-307, 2005 

Houch, C., Joines, J., Kay, M.G., “A Genetic Algorithm for Function Optimization: A Matlab 
Implementation”, ACM Trans. On Math. Software, 1996 

Huang, S.J., Chiu, N.H., “Optimization of Analogy Weights by Genetic Algorithm for 
Software Effort Estimation”, Information and Software Tech. 48, 1034-1045, 2006 

Kaczmarek, J., Kucarski, M.,“Size and Effort Estimation for Applications Written in Java”, 
Information and Software Tech. 46, 589-601, 2004 

Knafl, G.J., Morgan, J.A., Follenweider, R.L., Korcich, R.M., “Software failure data analysis 
using the least squares approach and the time per failure concept”,  Int. J. 
Reliability, Quality, Safety Eng., 2, 161-175 

Mantere, T., Alender, J.T., “Evolutionary Software Engineering, A review”, Appl. Soft. 
Computing 5, 315-331, 2005 

Peters, J.F., Ramanna, S., “Application of the Choquet Integral in Software Cost Estimation”, 
IEEE, 2, 862-866, 1996 

Pressman, R.S., Software Engineering: A Practitioner’s Approach,  The McGraw Hill, 1992 
Sheta, A.F., “Estimation of the COCOMO Model Parameters Using Genetic Algorithms for 

NASA Software Project”, Journal of Computer Science 2 (2), 118-123, 2006 
Shin, M., Goel, A.L., “Empirical Data Modeling in Software Engineering Using Radial Basis 

Functions”, IEEE Trans. and Software Eng. Vol.26 No.6, June 2000 
Uysal, M., “Multivariate Interpolation Model to Estimate the Effect Component of Software 

Project”, Inf. Tech. Journal 5 (6), 1143-1145, 2006 
Xianghua,X.,Xingang,L.,Jianxun,R.,”Optimization of heat conduction using combinatorial 

optimization algorithms”,Int.J. of Heat and Mass Transfer,50(2007) 1675-1682 
Youssef, H., Sait, S.M., Adiche, H., “Evolutionary Algorithms, Simulated Annealing and 

Tabu Search: A Comparative Study”, Eng. Appl. of Artificial Int. 14, 167-181, 2001 
 

Design	of	Neural	Network	Mobile	Robot	Motion	Controller 187

Design	of	Neural	Network	Mobile	Robot	Motion	Controller

Jasmin	Velagic,	Nedim	Osmic	and	Bakir	Lacevic

X 
 

Design of Neural Network Mobile  
Robot Motion Controller 

 
Jasmin Velagic, Nedim Osmic and Bakir Lacevic 

University of Sarajevo, Faculty of Electrical Engineering 
Bosnia and Herzegovina 

 
1. Introduction 
 

Neural networks are recommended for intelligent control as a part of well known structures 
with adaptive critic (Barto, 1983; Lacaze, 1997; Hendzel, 2007). Recently, much research has 
been done on applications of neural networks for control of nonlinear dynamic processes 
(Narenda & Pathasarathy, 1990; Nguyen & Widrow, 1990). These works are supported by 
two of the most important capabilities of neural networks; their ability to learn and their 
good performance for the approximation of nonlinear functions (Hornik et al., 1990). At 
present, most of the works on system control using neural networks are based on multilayer 
feedforward neural networks with backpropogation learning or more efficient variations of 
this algorithm (Narenda & Pathasarathy, 1990). It has been shown (Hornik, 1990) that a 
neural network with one hidden layer with an arbitrarily large number of neurons in the 
hidden layer can be approximate any continuous functions over a compact subnet of n. 
The neural network-based control of mobile robots has recently been the subject of intense 
research (Corradini et al., 2003). It is usual to work with kinematic models of mobile robot to 
obtain stable motion control laws for trajectory following or goal reaching (Jiang, 2001; 
Ramírez & Zeghloul, 2000). The most authors solved the problem of mobile robot motion 
control and stability using nonlinear backstepping algorithm (Tanner & Kyriakopoulos, 
2003; Velagic et al., 2006). Fierro and Lewis (1998) developed a neural network based model 
by combining the backstepping tracking technique and a torque controller, using a multi-
layer feedforward neural network, where the neural network can learn the dynamics of the 
mobile robot by its on-line learning. But the control algorithm and the neural network 
learning algorithm are very complicated and it is computationally expensive. In (Yang & 
Meng, 2001) a single-layer neural network based controller for robot is proposed. This 
approach does not include any nonholonomic kinematics therefore it can not be used for 
robot with kinematic constraints. However, the problem of control of mobile robots has 
attracted the interest of researchers in view of its theoretical challenges. In fact, these 
systems are a typical example of nonholonomic mechanisms due to the perfect rolling 
constraints (no longitudinal or lateral slipping of the wheels). 
In this paper we used a recurrent neural network for controlling the mobile robot with 
nonholonomic constraints. This network is trained on-line using the backpropagation 
optimization algorithm with an adaptive learning rate (Velagic & Hebibovic, 2004; Velagic 
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All  three heuristic search algorithms(GeneticAlgorithms,TabuSearch,SimulatedAnnealing) 
work well and produce an acceptable sub-optimal solution within a reasonable amount of 
time. 
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In the future work, a GUI will be developed for the two variables estimation model.  
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et al., 2005). The optimization algorithm is performed at each sample time to compute the 
optimal control inputs. This is a simple control system and computationally very effective 
for real-time requirements.   

 
2. Control System of Mobile Robot 
 

The proposed neural network control system is shown in Fig. 1. The control system consists 
of the neural network controller, the kinematic model of mobile robot, a reference trajectory 
generator and an encoder which provides odometric information. In this section the 
kinematic model of mobile robot with differential drive and convergence conditions of 
overall control structures are described. Design of neural network controller will be 
presented in the next subsection. 
 

 
Mobile 
robot 

Neural  
network 

Reference 
trajectory 

rx e xv

 
Fig. 1. Mobile robot motion control system 

 
2.1. Kinematic model of mobile robot 
In this paper the mobile robot with differential drive is used (Fig. 2).  
 

 Y 

X x 

y 

xm 

ym 

D 

θ 

2r 

A 

d 

O 

C 

v 

 
Fig. 2. The representation of a nonholonomic mobile robot. 
 

 

The robot has two driving wheels mounted on the same axis and a free front wheel. The two 
driving wheels are independently driven by two actuators to achieve both the transition and 
orientation. The position of the mobile robot in the global frame {X, O, Y} can be defined by 
the position of the mass center of the mobile robot system, denoted by C, or alternatively by 
position A, which is the center of mobile robot gear, and the angle between robot local frame 
{xm, C, ym} and global frame. 
Kinematic equations of the two-wheeled mobile robot are:  
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where x and y are coordinates of the center of mobile robot gear, θ is the angle that 
represents the orientation of the vehicle, v and ω are linear and angular velocities of the 
vehicle, vR and vL are velocities of right and left wheels, r is a wheel diameter and D is the 
mobile robot base length.    
Combining equations (1) and (2) yields: 
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Inputs of kinematic model of mobile robot are velocities of right and left wheels vR and vL.  
The constraint that the wheel cannot slip in the lateral direction is: 
 
 0cossin    dyx . (4) 
 
The stability conditions of mobile robot system with PI controller will be investigated in the 
next subsection.  
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where x and y are coordinates of the center of mobile robot gear, θ is the angle that 
represents the orientation of the vehicle, v and ω are linear and angular velocities of the 
vehicle, vR and vL are velocities of right and left wheels, r is a wheel diameter and D is the 
mobile robot base length.    
Combining equations (1) and (2) yields: 
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Inputs of kinematic model of mobile robot are velocities of right and left wheels vR and vL.  
The constraint that the wheel cannot slip in the lateral direction is: 
 
 0cossin    dyx . (4) 
 
The stability conditions of mobile robot system with PI controller will be investigated in the 
next subsection.  
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where x and y are coordinates of the center of mobile robot gear, θ is the angle that 
represents the orientation of the vehicle, v and ω are linear and angular velocities of the 
vehicle, vR and vL are velocities of right and left wheels, r is a wheel diameter and D is the 
mobile robot base length.    
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Inputs of kinematic model of mobile robot are velocities of right and left wheels vR and vL.  
The constraint that the wheel cannot slip in the lateral direction is: 
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The stability conditions of mobile robot system with PI controller will be investigated in the 
next subsection.  
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where x and y are coordinates of the center of mobile robot gear, θ is the angle that 
represents the orientation of the vehicle, v and ω are linear and angular velocities of the 
vehicle, vR and vL are velocities of right and left wheels, r is a wheel diameter and D is the 
mobile robot base length.    
Combining equations (1) and (2) yields: 
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Inputs of kinematic model of mobile robot are velocities of right and left wheels vR and vL.  
The constraint that the wheel cannot slip in the lateral direction is: 
 
 0cossin    dyx . (4) 
 
The stability conditions of mobile robot system with PI controller will be investigated in the 
next subsection.  
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2.2. Convergence condition of control system 
The feedback control system of mobile robot is shown in Fig. 3.  
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Fig. 3. Mobile robot control system 
 
The time derivation of mobile robot output yields: 
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The equation (6) can be rewritten in compact form as: 
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where J is Jacobian matrix. 
It is required that the position error vector go exponentially to a zero as a function of time: 
 

 0 Kee
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where ei=ei,0exp(-kt). 

 

This requirement is satisfied with the following control law: 
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where matrix K need to be positive definitive. On the other words the following relation 
hold: 
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where k1 and k2 are elements of the matrix K, respectivelly: 
 

 









2

1

     0 
0     
k

k
K . (11) 

 
Using equation (8) velocities of the right and left wheels: 
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The Jacobian matrix J is a non-singular one so as to assure that a control law based on the 
inversion of J is possible. 
Various controller parameters were tested by using lamniscate desired motion trajectories. 
The controller parameters, which ensure the good tracking performance is found to be: 
 
 k1 = 102.9822, k2 = 1.3536. (13) 
 
On the basis of this velocity controller, the neural network controller will be designed in the 
next section. 

 
3. Neural Network Control Design 
 

In design of velocity mobile robot controller the following simplifications are assumed: 
 

 Kinematic model is captured by first order differential equation. 
 Assume that an arbitrary commanded speed can be achieved (instantaneously). 
 

Under these simplifications, results are expected: 
 

 Exponential convergence of trajectory to desired trajectory. 
 Speed of convergence can be tuned. 

 
3.1. Design of neural network controller  
A neural network (NN) performs the system model identification that will be used to design 
the appropriate intelligent mobile robot controller. The usage of NN for controlling a mobile 
robot is justified from the following reasons: the operational conditions considered raises 
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2.2. Convergence condition of control system 
The feedback control system of mobile robot is shown in Fig. 3.  
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2.2. Convergence condition of control system 
The feedback control system of mobile robot is shown in Fig. 3.  
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Various controller parameters were tested by using lamniscate desired motion trajectories. 
The controller parameters, which ensure the good tracking performance is found to be: 
 
 k1 = 102.9822, k2 = 1.3536. (13) 
 
On the basis of this velocity controller, the neural network controller will be designed in the 
next section. 
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In design of velocity mobile robot controller the following simplifications are assumed: 
 

 Kinematic model is captured by first order differential equation. 
 Assume that an arbitrary commanded speed can be achieved (instantaneously). 
 

Under these simplifications, results are expected: 
 

 Exponential convergence of trajectory to desired trajectory. 
 Speed of convergence can be tuned. 

 
3.1. Design of neural network controller  
A neural network (NN) performs the system model identification that will be used to design 
the appropriate intelligent mobile robot controller. The usage of NN for controlling a mobile 
robot is justified from the following reasons: the operational conditions considered raises 
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2.2. Convergence condition of control system 
The feedback control system of mobile robot is shown in Fig. 3.  
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Fig. 3. Mobile robot control system 
 
The time derivation of mobile robot output yields: 
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The equation (6) can be rewritten in compact form as: 
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where J is Jacobian matrix. 
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complex nonholonomic mobile robot kinematics and NN has universal approximation and 
supervised learning capabilities. 
The neural network controller in Fig. 4, based on the recurrent network architecture, has a 
time-variant feature: once a trajectory is learned, the following learning takes a shorter time.  
The dynamic neural network is composed of two layered static neural network with 
feedbacks (one hidden and one output layers) (Fig. 5). The hidden layer contains ten 
tansigmoidal neurons and the output layer has one neuron with a linear activation function.  
It is important to note that rather then learning explicit trajectories, the neural network 
controller learns the relationship between linear velocities and position errors of the mobile 
robot. This network is trained using the backpropagation algorithm through time with an 
adaptive learning rate  (Velagic & Hebibovic, 2004; Velagic et al., 2005). In the training phase 
the network is presented with a series of input-answer pairs. 
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Fig. 4. Neural network learning architecture 

 
The network’s current output vk is compared with the desired input ek, and the errors are 
used to correct the weights in order to reduce the network’s error on this input: 
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where η is the learning rate, δj is the error gradient at unit j, δk is the error at unit k and vi and 
vj are the outputs of unit i and j, respectively.  
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Fig. 5. Dynamical neural network. 

 
A unifying framework for neural networks that encompasses process identification concept 
is to view neural network training as a nonlinear optimization problem: 
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That is, we need to find values for neural network parameters w (weight vector) for which 
some cost function J(w) is minimized.  
Let us assume that the controller is described by the following time difference equation: 
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where v(t) is the process output at time t depends on the past n output values and on the 
past m values of the input e. For identification plant model the neural network is used in the 
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following form: 
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where mn  for physically realizable systems. 
Here fw(· ) represents the nonlinear input-output map of the neural network which 
approximates the controller mapping f (· ). The input to the neural network includes the past 
values of the controller output.  
The training process for neural network modeling can be expressed as the minimization of 
an error measure. If the sampled process data are collected over a period [0, T], the cost 
function  J(w) is defined as: 
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In our algorithm (Velagic & Hebibovic, 2004; Velagic et al., 2005) we define relationship 
between ΔJ(w,t) and J(w,t) by the relative factor χ(t):  
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Then, we determine how to adjust learning rate term according to the relative factor χ. The 
adjustment of the learning rate is given as follows: 
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The learning rate is adjusted at each iteration according to equations (21) and (22). The 
algorithm proceeds as follows. First, we select the number of neurons in hidden and output 
layers, initial value of learning rate and the parameter υ. Then, the training process in the 
closed control loop is performed for various values of parameter υ, υ[0,1]. We adopt the 
value of υ for which a satisfactory identification performance is achieved. Our neural 
network has 10 sigmoid neurons in hidden layer and 2 linear neurons in its output layer. 
The proposed algorithm starts with the same initial learning rate η=0.02 for both layers. The 
good results were obtained with υ=0.71.  
The trajectory tracking performance obtained by adopted neural controller will be shown in 
the following section.  

 
4. Simulation Results 
 

The effectiveness of the neural network controller is demonstrated in the case of tracking of 
a lamniscate curve. The trajectory tracking problem for a mobile robot is based on a virtual 
reference robot (Egerstedt et al., 2001) (Fig. 6) that has to be tracked.  
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The position error dynamics can be obtained from the time derivative of the (23) as: 
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Fig. 6. The concept of tracking of a virtual reference robot. 
 
The overall system is designed and implemented within Matlab/Simulink environment. We 
consider the following profiles: position, orientation, linear and angular velocities. 
The simulation results obtained by neural network controller are shown in Figs. 7-14. 
Results achieved in Figs. 7-11 demonstrate the good position tracking performance. Also, a 
desired orientation during robot motion is following in satisfactory manner, which is 
depicted in Fig. 12. The proposed neural controller ensures small values of the control input 
velocities (linear) for obtaining the reference position trajectories (Figs. 13 and 14). This 
mean that smaller power of DC motors is requested.  
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Fig. 6. The concept of tracking of a virtual reference robot. 
 
The overall system is designed and implemented within Matlab/Simulink environment. We 
consider the following profiles: position, orientation, linear and angular velocities. 
The simulation results obtained by neural network controller are shown in Figs. 7-14. 
Results achieved in Figs. 7-11 demonstrate the good position tracking performance. Also, a 
desired orientation during robot motion is following in satisfactory manner, which is 
depicted in Fig. 12. The proposed neural controller ensures small values of the control input 
velocities (linear) for obtaining the reference position trajectories (Figs. 13 and 14). This 
mean that smaller power of DC motors is requested.  
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The overall system is designed and implemented within Matlab/Simulink environment. We 
consider the following profiles: position, orientation, linear and angular velocities. 
The simulation results obtained by neural network controller are shown in Figs. 7-14. 
Results achieved in Figs. 7-11 demonstrate the good position tracking performance. Also, a 
desired orientation during robot motion is following in satisfactory manner, which is 
depicted in Fig. 12. The proposed neural controller ensures small values of the control input 
velocities (linear) for obtaining the reference position trajectories (Figs. 13 and 14). This 
mean that smaller power of DC motors is requested.  
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The overall system is designed and implemented within Matlab/Simulink environment. We 
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The simulation results obtained by neural network controller are shown in Figs. 7-14. 
Results achieved in Figs. 7-11 demonstrate the good position tracking performance. Also, a 
desired orientation during robot motion is following in satisfactory manner, which is 
depicted in Fig. 12. The proposed neural controller ensures small values of the control input 
velocities (linear) for obtaining the reference position trajectories (Figs. 13 and 14). This 
mean that smaller power of DC motors is requested.  
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Fig. 12. Time response of robot orientation 
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Fig. 13. Linear velocity of right wheel 
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Fig. 14. Linear velocity of left wheel. 

 
5. Conclusions 
 

This paper presented a design of the neural network-based velocity controller for the 
kinematic model of mobile robot with differential drive. The proposed neural controller has 
two inputs (position errors of wheels) and two outputs (velocities of wheels). It is trained 
on-line through controlling of the mobile robot by PD controller. For this purpose the 
backpropagation algorithm with adaptive learning rate is applied. Simulation results 
demonstrate the effectiveness of the proposed neural network-based control system.  
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backpropagation algorithm with adaptive learning rate is applied. Simulation results 
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on-line through controlling of the mobile robot by PD controller. For this purpose the 
backpropagation algorithm with adaptive learning rate is applied. Simulation results 
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This paper presented a design of the neural network-based velocity controller for the 
kinematic model of mobile robot with differential drive. The proposed neural controller has 
two inputs (position errors of wheels) and two outputs (velocities of wheels). It is trained 
on-line through controlling of the mobile robot by PD controller. For this purpose the 
backpropagation algorithm with adaptive learning rate is applied. Simulation results 
demonstrate the effectiveness of the proposed neural network-based control system.  
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1. Introduction 
 

Nowadays, the induction machines are used in many industrial applications due to their 
reliability, ruggedness and relatively low costs. These parameters are also attractive for use 
in the new generation of electrical transportation, ventilation and heating systems. With the 
development of control technology, these machines are being used now in variable speed 
drives applications. There are two forms of control vector or field oriented: direct field 
orientation, which need measurement or estimation of the rotor flux, and indirect field 
orientation, which use an inherent relationship. Though indirect field oriented control uses 
essentially the command reference rotor flux .Some recent works using the actual rotor flux 
are reported to achieve perfect decoupling (Blaschke, F. 1972; Bose, B. K. 2002; Leonhard, W. 
1990; Vas, P. 1990). 
The implementation of direct field oriented control via air gap flux measurement has 
typically been plagued by the complexities and lack of mechanical robustness associated 
with intrusive sensors located in machine air gap. Furthermore, a correction is required for 
the rotor leakage flux if the rotor flux field orientation is to be achieved. Estimation rather 
than measurement of the rotor flux is an alternative approach for both direct and indirect 
field oriented control that has received considerable attention (Holtz, J. 2006; Kennel, R. 
2007; Krishnan, R. 2001). 
In many popular implementations of field oriented induction machine drives, rotor flux is 
estimated from the terminal variables such as stator voltage and current measurements. 
Digital shaft position encoders are usually used to detect the rotor speed. Speed and flux 
sensors cause many problems, as degradation in mechanical robustness; high cost and 
volume lower the system reliability and require special attention to noise. In some special 
applications such as high speed control drives and hostile environment, difficulties arise in 
mounting these sensors (Bose, B. K. 2002; Holtz, J. 2006; Krishnan, R. 2001). 
In the last decade, researches have been carried on the design of sensorless control schemes 
of induction machines. Most methods are based on the Model Reference Adaptive System 
schemes (MRAS) (Chang, G. W. et al. 2001; Marino, R. et al. 2008). In (Wang, et al. 2007) the 
authors used a reactive-power based reference model in both motoring and generating 
modes, but one of the disadvantages of this algorithm is its sensitivity to detuning the stator 
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In the last decade, researches have been carried on the design of sensorless control schemes 
of induction machines. Most methods are based on the Model Reference Adaptive System 
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authors used a reactive-power based reference model in both motoring and generating 
modes, but one of the disadvantages of this algorithm is its sensitivity to detuning the stator 
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and rotor inductances. The basic MRAS algorithm is very simple but the greatest drawback 
is the sensitivity to uncertainties in the motor parameters (Chang, G. W. & Hespanha, J. P. et 
al. 2001; Marino, R. et al. 2008)  
By using the advances of power electronics and Digital Signal Processing DSP technology, 
the control schemes of induction machine are developed from simple scalar control methods 
or auto-tuning control strategies to FOC and DTC. The Indirect Field Oriented Control 
(IFOC) is applied in real time control when dealing with high performance induction motors 
drives (El Refaei, et al. 2005; Holtz, J. and Thimm, T. 1991; Holtz, J. and Quan, J. 2002; Jeon, 
S.H., et al. 2002).  
In high performance control, rotor time constant is a critical parameter for indirect field 
oriented control induction motor drives. Only recent works have aimed at filling in this gap 
by providing indirect field oriented control with a firm theoretical foundation. The influence 
of the rotor time constant mismatch on the stability of induction motors under indirect field 
oriented control. It has been shown that the speed control of induction motors through 
indirect field oriented control is globally asymptotically stable for any constant load torque 
if the rotor time constant is perfectly known or the estimated error is sufficiently small 
(Bezanella, A.S. and Reginetto, R. 2007; Chang, G. W. et al. 2001; Holtz, J. and Thimm, T. 
1991; Matsuo, T. and Lipo, T. A. 1985).  
The objective of this chapter is to present a high performance induction machines vector 
control that is robust against rotor time constant variations (Grouni, S., Ibtiouen, R. & 
Kidouche M. and Touhami, O. 2007). These variations are predicted and corrected by using 
the online estimator approach algorithm. This estimator is developed to simultaneously 
control flux and estimate rotor time constant. Simulation and experimental results are 
presented. In addition we consider the problem of analytically seeking a reference with 
optimum flux that minimizes total energy of induction machines.  

 
2. Induction Machine Model and Control Problem Formulation  
 

The induction machine mathematical model, in space vector notation, established in d-q 
rotating coordinates frame system is based on the Park’s transformation. Dynamic models of 
induction machines are available in the literature (Bose, B.K. 2002; Krishnan, R. 2001). 
Parasitic effects such as hysteresis, eddy currents, magnetic saturation and others are 
generally neglected. Consider a state-space model of equations system related to the indirect 
method of vector field control is described below. In the rotating reference frame at 
synchronous speed s , d-q-axis voltage equations are (Krause, P. 1986): 
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where s  and   are the synchronous and rotor angular speeds. 
In the same way, we define the stator and rotor fluxes by the following magnetic equations: 
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where lsL , lrL  are the stator and rotor leakage inductances and mL  is the mutual 
inductance. 
 
In d-q rotating reference frame components, the expressions of electromagnetic torque and 
mechanical speed are stated by:   
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oriented control induction motor drives. Only recent works have aimed at filling in this gap 
by providing indirect field oriented control with a firm theoretical foundation. The influence 
of the rotor time constant mismatch on the stability of induction motors under indirect field 
oriented control. It has been shown that the speed control of induction motors through 
indirect field oriented control is globally asymptotically stable for any constant load torque 
if the rotor time constant is perfectly known or the estimated error is sufficiently small 
(Bezanella, A.S. and Reginetto, R. 2007; Chang, G. W. et al. 2001; Holtz, J. and Thimm, T. 
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Kidouche M. and Touhami, O. 2007). These variations are predicted and corrected by using 
the online estimator approach algorithm. This estimator is developed to simultaneously 
control flux and estimate rotor time constant. Simulation and experimental results are 
presented. In addition we consider the problem of analytically seeking a reference with 
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vector field oriented control of induction machines is to obtain the decoupling between flux 
and electromagnetic torque (Blaschke, F. 1972). This is done by using a d-q rotating 
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and 0qr  , rotor flux has only the real component which is constant in steady state. In 
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These equations are functions of some structural electric parameters of induction machines 
(Rs, Rr, Ls, Lr, Lm), which are in reality approximate values. We will come back thereafter to 
the influence of the rotor time constant parameter Tr. In this control method, the 

electromagnetic torque *
emC and flux *

r are used as references signals and (ids, iqs) are the 
stator currents as control inputs variables (Bose, B. K. 2002; Krishnan, R. 2001; Vas, P. 1990). 
The dynamic model represented in equations (1)-(4) is applied with pulse width modulation 
(PWM) voltage or current control inverter. The schematic block diagrams of a real control 
system are represented in figures 1 and 2. The following models of control are used on 
closed loop in field oriented control systems which depend on the loading conditions.  
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system are represented in figures 1 and 2. The following models of control are used on 
closed loop in field oriented control systems which depend on the loading conditions.  
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Fig. 2. Block scheme of indirect field oriented control on current control inverter 
 
The current and voltage controls of indirect field oriented control are represented in Figures 
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Fig. 5. Detuning of steady-state effect parameter of flux and torque current commands 
 
These curves show that the actual value of the rotor time constant is smaller than the 

predicted (Tr/Tr
*<1). The identification method of rotor time constant is studied and 

simulated.  
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The simulation results in Figure 6 have shown the estimation method according to Garces 
based on the comparison of two expressions of the machine reactive power (Garces, J. L. 
1980; Okuyama, T. Nagase, H., Kubota, Y., et al. 1983). The simulation results applied for 
low load represent a good dynamic behavior for both transient and steady state responses in 
large scale of time. The flux curves show the decoupling between torque and flux, and (, β) 
axis of rotor fluxes show clearly circular locus. The control drives are applied for resistant  
torque value Cr = 2 N.m while speed and torque show a good dynamic behavior. 
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Fig. 6. Simulation results of Adaptation Tr for Cr=2 N.m for flux variation 

 
4.3 Estimation approach of rotor time constant with optimum flux  
The estimation approach of rotor time constant is based on error signal of real and optimum 
rotor flux. This approach has been used to optimize rotor flux for optimum control 
trajectory tracking. It depends largely on the machine parameters where optimum rotor flux 
is function of copper loss minimization (Grouni, S., Ibtiouen, R. & Kidouche, M. and 
Touhami, O. 2008): 
 

)( emr Cf                                                               (30) 
 

Optimum control of rotor flux is calculated by using equation: 
 

)(1
opt
rr

opt
r

mr

ropt T
dt
d

LR
L

u 


                                          (31) 

 
Developing this expression, and calculating optimum flux according to the function of 
electromagnetic torque, we get the following expression: 
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where Rf is the resistance of copper and p number of pole pair of machine. 
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Fig. 5. Detuning of steady-state effect parameter of flux and torque current commands 
 
These curves show that the actual value of the rotor time constant is smaller than the 

predicted (Tr/Tr
*<1). The identification method of rotor time constant is studied and 

simulated.  
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Fig. 6. Simulation results of Adaptation Tr for Cr=2 N.m for flux variation 
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where Rf is the resistance of copper and p number of pole pair of machine. 
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Fig. 5. Detuning of steady-state effect parameter of flux and torque current commands 
 
These curves show that the actual value of the rotor time constant is smaller than the 

predicted (Tr/Tr
*<1). The identification method of rotor time constant is studied and 

simulated.  
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low load represent a good dynamic behavior for both transient and steady state responses in 
large scale of time. The flux curves show the decoupling between torque and flux, and (, β) 
axis of rotor fluxes show clearly circular locus. The control drives are applied for resistant  
torque value Cr = 2 N.m while speed and torque show a good dynamic behavior. 
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4.3 Estimation approach of rotor time constant with optimum flux  
The estimation approach of rotor time constant is based on error signal of real and optimum 
rotor flux. This approach has been used to optimize rotor flux for optimum control 
trajectory tracking. It depends largely on the machine parameters where optimum rotor flux 
is function of copper loss minimization (Grouni, S., Ibtiouen, R. & Kidouche, M. and 
Touhami, O. 2008): 
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Developing this expression, and calculating optimum flux according to the function of 
electromagnetic torque, we get the following expression: 
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where Rf is the resistance of copper and p number of pole pair of machine. 
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where Rf is the resistance of copper and p number of pole pair of machine. 
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The d-axis component of rotor flux dr  is used to identify the rotor resistance and the slip 
speed frequency which is calculated from the error signal of rotor flux. In steady state, the 
expression of estimated signal (S) is defined as follows: 
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The control scheme presented is shown as a dotted block in figure 7. This is used to improve 
the estimator of rotor time constant with optimum flux.  
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Fig. 8. Simulation results of rotor time constant with optimum flux 
 
We have tested the proposed scheme diagram with the estimation approach of rotor time 
constant. The responses of rotor flux and electromagnetic torque show that the decoupling is 
maintained. The speed signal has a good dynamic behavior in transient and steady state. 
The response follows perfectly the reference. The estimation approach has obtained a perfect 
response behavior of rotor time constant in large scale of time.  
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rapidly. Now, it is possible to say that this approach can be applied to reduce losses in low 
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application vector controlled machines in presence of load disturbance. 
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We have tested the proposed scheme diagram with the estimation approach of rotor time 
constant. The responses of rotor flux and electromagnetic torque show that the decoupling is 
maintained. The speed signal has a good dynamic behavior in transient and steady state. 
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We have tested the proposed scheme diagram with the estimation approach of rotor time 
constant. The responses of rotor flux and electromagnetic torque show that the decoupling is 
maintained. The speed signal has a good dynamic behavior in transient and steady state. 
The response follows perfectly the reference. The estimation approach has obtained a perfect 
response behavior of rotor time constant in large scale of time.  
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1. Introduction 
 

The rectifier is an electrical device that converts alternating current (AC) to direct current 
(DC), a process known as rectification. Rectifiers are usually built to supply polarized 
voltage power to the DC circuits. Rectifier applications rang from the DC biasing in mVolts 
to electronic components on the PC motherboards, to the kVolts of DC power supplies in the 
steel industry.  
The wide utilization of DC rectifiers justifies studying the performance of theses electrical 
devices. Voltage and current harmonics are commonly associated with the   function of 
power electronics devices including full wave rectifiers.  
Harmonics in power systems have received increased attention in recent years with the 
widespread application of advanced solid-state power switching devices in a multitude of 
power electronic applications. Intensive study and research has concentrated on the input 
side to prevent the harmonics generated by switching devices to travel back to the network 
and disturb other connected loads. The voltage harmonics at the load side have not been 
treated widely in the published literature, although they share many effects with the input 
side harmonics. In both cases, these harmonic voltages can, in worst cases, result in the 
following: 

– Wiring overheating. 
– Capacitor bank damage. 
– Electronic equipment malfunctioning.  
– Communication interference. 
– Resonance.  

Furthermore, certain effects are associated with the output harmonics like vibrations and 
noises in electromagnetic loads such as DC motors. A chopping technique is the control 
method that will be applied to shape the output waveform; also, it will be used   to devolve 
the mathematical model, perform Pspice simulation and build the experimental prototype. 
In this method, the output voltage of the bridge rectifier will be “chopped” in a sequential 
manner with a certain number of pulses and duty cycles to control the flow of current 
through the load. This technique offers a linear control for the DC component and 
redistributes the AC components (ripples). 
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1. Introduction 
 

The rectifier is an electrical device that converts alternating current (AC) to direct current 
(DC), a process known as rectification. Rectifiers are usually built to supply polarized 
voltage power to the DC circuits. Rectifier applications rang from the DC biasing in mVolts 
to electronic components on the PC motherboards, to the kVolts of DC power supplies in the 
steel industry.  
The wide utilization of DC rectifiers justifies studying the performance of theses electrical 
devices. Voltage and current harmonics are commonly associated with the   function of 
power electronics devices including full wave rectifiers.  
Harmonics in power systems have received increased attention in recent years with the 
widespread application of advanced solid-state power switching devices in a multitude of 
power electronic applications. Intensive study and research has concentrated on the input 
side to prevent the harmonics generated by switching devices to travel back to the network 
and disturb other connected loads. The voltage harmonics at the load side have not been 
treated widely in the published literature, although they share many effects with the input 
side harmonics. In both cases, these harmonic voltages can, in worst cases, result in the 
following: 

– Wiring overheating. 
– Capacitor bank damage. 
– Electronic equipment malfunctioning.  
– Communication interference. 
– Resonance.  

Furthermore, certain effects are associated with the output harmonics like vibrations and 
noises in electromagnetic loads such as DC motors. A chopping technique is the control 
method that will be applied to shape the output waveform; also, it will be used   to devolve 
the mathematical model, perform Pspice simulation and build the experimental prototype. 
In this method, the output voltage of the bridge rectifier will be “chopped” in a sequential 
manner with a certain number of pulses and duty cycles to control the flow of current 
through the load. This technique offers a linear control for the DC component and 
redistributes the AC components (ripples). 
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Fig. 1. The basic configuration of the controlled output bridge rectifier.  

 
2. Mathematical Modeling 
 

Based on the basic configuration of the controlled rectifier shown in Figure 1, we can start 
with the simplest case to calculate the coefficients of Fourier series as follows: 
 

Period:   T = 2 
Number of Pulses:  N = 2 
Duty Cycle:   k = 50% 

 

 
Fig. 2. 2-pulse shaped output of controlled rectifier with 50% dutycycle used to develop the 
mathematical model  
 
The Fourier series of the output voltage is given by: 
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Equation (3) could be generalized to accommodate the generic case when: 

 N = 2, 3, 4, 5, 6… (integer numbers)  
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The resulted formula obtained in equation (5) could be verified by plugging in the 
conditions of an initial case of 2 pulses with 50% duty cycle; the result is matches with the 
value obtained by equation (4) above: 
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Coefficients of the Fourier series ( na and nb ) could be calculated using the same 
generalized approach. 
In this special case, the waveform is considered as an even function, thus the odd 
components do not exist. 
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Similarly, nb is calculated as follows: 
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The values of d cV , na and nb  are used to reconstruct the output voltage by developing a 

calculation tool to obtain the values of oV as in equation (1). Plotting the voltage versus time 
resulted in the following waveforms:  
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Fig. 3. The reconstructed output voltage as a summation of DC value and 100 harmonics. 
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Fig. 4. The reconstructed output voltage as a summation of DC value and 1000 harmonics.  

 

The program generates the values of the AC components (harmonics) of the output voltage 
for both controlled and uncontrolled rectifiers. 
 

 
Fig. 5. Spectrum distribution for the calculated AC components of controlled and 
uncontrolled rectifiers. 
 
Figure 5 shows a comparison of the spectrum distribution of an unchopped output and the 
output of a chopped rectifier with k=50% and N=6. The spectrum of the chopped rectifier 
show fewer values of low-order harmonics but increased values at high frequencies. These 
high order harmonics are easy to filter. 

 
3. Pspice Simulation   
 

The basic circuit of the controlled rectifier is used for simulation using Pspice. Figure 6 
shows the circuit representation adopted for Pspice simulation. The resistive load is selected 
in the circuit above to test the principle without the effect of inductive or capacitive loads 
that have lagging or leading effects on the voltage as well as current waveforms. Actually, 
the calculation tool is prepared to reflect such effects. 
 

 
Fig. 6. Pspice simulation model 
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Figure 7 shows the waveform of output voltage as simulated by Pspice. The package of 
CircuitMaker V6.2c circuit simulation program  
 

 
Fig. 7. Pspice output waveform for the controlled rectifier 
 

 
Fig. 8. Spectrum analyzer trace resulted by Fourier analysis tool of Pspice simulation 

 
4. Experimental Modeling 
 

To support the theoretical and simulation results, it is advisable to build an experimental 
prototype at the lab. to conduct a complete comparison of three different approaches. 
 

 

 
Fig. 9. Experimental prototype 
 
Getting a synchronized trigger signal to switch on/off the power transistor (or GTO) that 
connects the load to the GND was the most important part in the prototyping. It is essential 
to fire the switching element at certain sequence with ON, OFF, ON, OFF,…etc as follows: 
 

                                                          
 on

2 3 40, , , , ,....etc.
2N 2N 2N 2N

                                (11) 

                                                      (for 2-pulse with 50% duty cycle ) 
 
The experiential model is built using a zero-crossing detector to insure the synchronization 
with the input waveform. 
 

Item  Function   
AND Gate 
 

Buffer, level shutter and Q 
driver 

Difference Amp. Isolation and grounding 
elimination  (G=1) 

PLL Frequency doubler 
Q Darlington transistor for 

switching 
Zero Crossing  Detector Synchronization 

Table 1. Experimental circuit component 
 
The waveform of the rectifier output voltage, together with input and trigger signals are 
shown in Figure 11.  
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4. Experimental Modeling 
 

To support the theoretical and simulation results, it is advisable to build an experimental 
prototype at the lab. to conduct a complete comparison of three different approaches. 
 

 

 
Fig. 9. Experimental prototype 
 
Getting a synchronized trigger signal to switch on/off the power transistor (or GTO) that 
connects the load to the GND was the most important part in the prototyping. It is essential 
to fire the switching element at certain sequence with ON, OFF, ON, OFF,…etc as follows: 
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2 3 40, , , , ,....etc.
2N 2N 2N 2N

                                (11) 

                                                      (for 2-pulse with 50% duty cycle ) 
 
The experiential model is built using a zero-crossing detector to insure the synchronization 
with the input waveform. 
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AND Gate 
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Difference Amp. Isolation and grounding 
elimination  (G=1) 

PLL Frequency doubler 
Q Darlington transistor for 

switching 
Zero Crossing  Detector Synchronization 

Table 1. Experimental circuit component 
 
The waveform of the rectifier output voltage, together with input and trigger signals are 
shown in Figure 11.  
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Fig. 10. Oscilloscope traces for input, trigger and output waveforms. 
 

 
Fig. 11. Spectrum analyzer output for the output waveform. 

 

The comparison of the harmonic spectrum generated through the mathematical distribution, 
Pspice simulation, and the experimental verification is illustrated in figure 13. The figure 
depicts close agreement between the three methods. It shows clearly the generation of high 
order harmonics around the 720 Hz. 
 

 

 
 

Fig. 12. Result comparison for the harmonic redistribution for the theoretical, simulation and 
experimental approaches. 
 

 

Fig. 13. The relation between the output voltage and the duty cycle 
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Fig. 14. The relation between the output voltage and the duty cycle  

 
5. Conclusion 
 

The chopping technique was verified as an efficient technique to reduce low-order (high 
amplitude) harmonics and shift them away from the fundamental at the DC side. Shifting 
the high amplitude harmonics to higher frequencies resulted in an easier, more effective 
filter design. The value of the DC average component is directly proportional to the duty 
cycle k, while the number of PWMr pulses has no effect on the DC value. The highest 
harmonic amplitude is expected at the frequency equals to the fundamental frequency of the 
rectified voltage times number of pulses of PWM. The disadvantage of higher THD could be 
resolved by suppressing the high frequency components using low-pass filter. 
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1. Introduction 
 

The Malaysia National Network system utilises three methods of rainfall data collection, 
namely manual, chart recording and data logger method. These methods are 
simultaneously used at most rainfall stations. This leads to, where occurrence of missing 
data exists, the possibilities of missing data taken the shape of three predictable patterns. 
The missing data patterns identified are either in the form of missing data from one 
recording method or two recording methods or all three recording methods. It is also 
noted that, where data is available, there are prevalent measurement inconsistencies 
between the three methods, even though all apparatus are placed at the same rainfall 
station. Through data exploration exercise, it is found that the discrepancy between one 
method of measurement and another may range between 0% - 100%, indicating a 
relatively unstable data to be relied upon. The current practice to resolve the problem of 
missing data from one recording method is to substitute the missing data with the 
remaining recorded data. Similarly, if data from any two of the three recording methods 
are missing then the available data from the third method is used as a reference. In 
statistical terminology, this method of substitution is referred as “Hot-deck Imputation”. 
While easily applied, the obvious drawbacks of this method, is the fact that it is not 
supported by any scientific rationale and it cannot be applied when data is not available 
from all three recording methods.  
This study explores and analyzes techniques in patching daily rainfall records of selected 
rainfall stations in the states of Perlis, Selangor and Johor, as these states generally 
represent a fairly complete geographical coverage of Peninsular Malaysia i.e. northern, 
middle and southern, using single-value approach. The rationale for deployment of 
single-value approach is due to the localised characteristics of Malaysia’s rainfall (Sani, 
1986), and the availability of rainfall records from multiple methods of data collection at 
each rainfall station. Single-value approach is adopted to avoid inconsistent spatial 
correlation between two distance rainfall stations. A study by Tang et. al. 1996, showed 
that spatial correlation between two separate rainfall stations in Malaysia fluctuates 
inconsistently every month. 
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2. Model Conceptualisation 
 

The proposed model is a hybrid of Unsupervised Artificial Neural Network and Nearest 
Neighbour Imputation techniques. The objective of the task is to “generalise” the said result 
in such a way that it is universally applicable to any given data set.  

 
2.1 Unsupervised Artificial Neural Network (ANN) 
In Unsupervised ANN learning, the objective is to find the natural structure inherent in the 
input data. There are a number of unsupervised learning schemes, including competitive 
learning, adaptive resonance theory and Self-Organising feature Maps (SOMs). A well 
known type of SOM is Kohonen Network, implemented in this study. Kohonen Network 
maps input vectors (patterns) of arbitrary dimension N onto a discrete map with 1 or 2 
dimensions. Patterns close to one another in the input space should be close to one another 
in the map, and they should be topologically ordered. A Kohonen Network is comprised of 
a grid of output units and N input units. The input pattern is fed to each output unit. The 
input lines to each output unit are weighted. These weights are initialised to small random 
numbers. The winning output unit is simply the unit with the weight vector that has the 
smallest Euclidean distance to the input pattern. The neighbourhood of a unit is defined as 
all units within some distance of that unit on the map (not in weight space). The weights of 
every unit in the neighbourhood of the winning unit (including the winning unit itself) are 
updated. This will move each unit in the neighbourhood closer to the input pattern. As time 
progresses the learning rate and the neighbourhood size are reduced. If the parameters are 
well chosen, the final network should capture the natural clusters in the input data. 

 
2.2 Nearest Neighbour (NNeigh) Imputation technique 
The NNeigh model has the advantage of simple computational approach. It represents only 
the most similar situations corresponding to the current situation. The basic concept of this 
model lies in the fact that similar situations will lead to similar outcomes. Thus the nearest-
neighbour technique looks into the history of the events in the past data. The similarity of 
the present situation with the past ones is defined in terms of similarity metric. In addition, 
this technique achieves consistently high performance without a priori assumptions about 
the data distributions from which the training samples are drawn. (Porporato and Ridolfi, 
1997; Sivakumar et al. 1999). The predictive model adopted here is based on the fact that 
Malaysia’s rainfall is localised, where rainfall variability is more significant in spatial 
compared to temporal. The localised weather feature provides the notion that some days are 
similar. This study, capitalizes on this notion to select a probable day to impute missing data 
using distance measure criteria. 

 
3. Data Preparation 
 

The accuracy of simulated data using SOM technique is affected by sample size and 
percentage of data not present in the training set. To ensure that the proposed method is 
robust enough to cope with the vagaries due to sample size and extreme data insufficiency, 
five hypothetical sets of incomplete data are created with 20%, 40%, 60%, 70% and 80% of 
the days with missing data.  

 

3.1 SOM Normalization 
In determining the SOM structure, during normalization, analyses were done using two 
normalization methods, namely Linear Scaling to Unit Variance (Linear Normalization) and 
Rao Method (Rao Normalization). Below are the results obtained using Linear 
Normalization compared to Rao Normalization at rainfall station 3117070 in Selangor. Here, 
hypothetical data set of 80% days with missing data was used. The proportion of missing 
entries is varied to 40% days with up to two missing entries per day, while the other 40% of 
the days comprised of completely missing entries for all three recording methods. Table 1 
exhibits part of the results on rainfall station 3117070 from manual data collection. Data 
used was from 1.2.2000 till 28.9.2002. The first column in Table 1 is the original data from the 
manual method of data recording. The imputed data obtained using Rao Normalization and 
Linear Normalization is as shown in the second and third column respectively.  
 

Manual-original 
data 

Manual-SOM- Rao 
Normalization 

Manual-SOM- Linear 
Normalization 

8 8.03501 8.173701672 
9 8.97422 8.332597855 
0 4.40E-11 0.000139165 
1 0.962104 0.844107669 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
11 10.9827 10.94010085 
0 4.40E-11 0.000616132 
0 4.40E-11 0.000616132 
0 4.40E-11 0.000616132 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 

70.5 70.4958 71.865947 
0 4.40E-11 0.000139165 

11.5 11.4993 11.46437728 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 

21.5 21.3622 21.40545904 
26.5 26.386 27.93244575 
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input data. There are a number of unsupervised learning schemes, including competitive 
learning, adaptive resonance theory and Self-Organising feature Maps (SOMs). A well 
known type of SOM is Kohonen Network, implemented in this study. Kohonen Network 
maps input vectors (patterns) of arbitrary dimension N onto a discrete map with 1 or 2 
dimensions. Patterns close to one another in the input space should be close to one another 
in the map, and they should be topologically ordered. A Kohonen Network is comprised of 
a grid of output units and N input units. The input pattern is fed to each output unit. The 
input lines to each output unit are weighted. These weights are initialised to small random 
numbers. The winning output unit is simply the unit with the weight vector that has the 
smallest Euclidean distance to the input pattern. The neighbourhood of a unit is defined as 
all units within some distance of that unit on the map (not in weight space). The weights of 
every unit in the neighbourhood of the winning unit (including the winning unit itself) are 
updated. This will move each unit in the neighbourhood closer to the input pattern. As time 
progresses the learning rate and the neighbourhood size are reduced. If the parameters are 
well chosen, the final network should capture the natural clusters in the input data. 

 
2.2 Nearest Neighbour (NNeigh) Imputation technique 
The NNeigh model has the advantage of simple computational approach. It represents only 
the most similar situations corresponding to the current situation. The basic concept of this 
model lies in the fact that similar situations will lead to similar outcomes. Thus the nearest-
neighbour technique looks into the history of the events in the past data. The similarity of 
the present situation with the past ones is defined in terms of similarity metric. In addition, 
this technique achieves consistently high performance without a priori assumptions about 
the data distributions from which the training samples are drawn. (Porporato and Ridolfi, 
1997; Sivakumar et al. 1999). The predictive model adopted here is based on the fact that 
Malaysia’s rainfall is localised, where rainfall variability is more significant in spatial 
compared to temporal. The localised weather feature provides the notion that some days are 
similar. This study, capitalizes on this notion to select a probable day to impute missing data 
using distance measure criteria. 

 
3. Data Preparation 
 

The accuracy of simulated data using SOM technique is affected by sample size and 
percentage of data not present in the training set. To ensure that the proposed method is 
robust enough to cope with the vagaries due to sample size and extreme data insufficiency, 
five hypothetical sets of incomplete data are created with 20%, 40%, 60%, 70% and 80% of 
the days with missing data.  

 

3.1 SOM Normalization 
In determining the SOM structure, during normalization, analyses were done using two 
normalization methods, namely Linear Scaling to Unit Variance (Linear Normalization) and 
Rao Method (Rao Normalization). Below are the results obtained using Linear 
Normalization compared to Rao Normalization at rainfall station 3117070 in Selangor. Here, 
hypothetical data set of 80% days with missing data was used. The proportion of missing 
entries is varied to 40% days with up to two missing entries per day, while the other 40% of 
the days comprised of completely missing entries for all three recording methods. Table 1 
exhibits part of the results on rainfall station 3117070 from manual data collection. Data 
used was from 1.2.2000 till 28.9.2002. The first column in Table 1 is the original data from the 
manual method of data recording. The imputed data obtained using Rao Normalization and 
Linear Normalization is as shown in the second and third column respectively.  
 

Manual-original 
data 

Manual-SOM- Rao 
Normalization 

Manual-SOM- Linear 
Normalization 

8 8.03501 8.173701672 
9 8.97422 8.332597855 
0 4.40E-11 0.000139165 
1 0.962104 0.844107669 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
11 10.9827 10.94010085 
0 4.40E-11 0.000616132 
0 4.40E-11 0.000616132 
0 4.40E-11 0.000616132 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 

70.5 70.4958 71.865947 
0 4.40E-11 0.000139165 

11.5 11.4993 11.46437728 
0 4.40E-11 0.000139165 
0 4.40E-11 0.000139165 

21.5 21.3622 21.40545904 
26.5 26.386 27.93244575 
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4. Model Evaluation 
 

The model is typically evaluated by assessing the difference between the observed values 
and the predicted values computed. In this scenario, the proposed model is used to predict 
missing or unobserved values. Once all missing values are completely predicted then the 
evaluation takes place. Results using SOM Model before and after hybrid with NNeigh 
technique are analysed separately. The strength of the models is evaluated by assessing: 

4.1 Efficiency, (E) of SOM Model 
4.2 Quantization Error and Topological Error on SOM Model 
4.3 Graphical Presentation on SOM Model 
4.4 Visualization Analysis on SOM Model 

 
4.1 Efficiency of SOM Model 
The accuracy of the imputed values obtained from the proposed model, is assessed based on 
the percentage of accuracy to the original data, using Coefficient of Efficiency, (E), (Aitken, 
1974): 
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where,   QA  is the original value,  

Q  is the imputed value, 
____
QA  is the mean of original values. 

Value of 1.0 obtained from E exhibits a perfect efficiency of the proposed model.  

 
4.2 Quantization Error and Topological Error on SOM Model 
The quality of maps produced is measured, based on two indicators, namely the 
quantization error and topological error. The quantization error is given by: 
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4. Model Evaluation 
 

The model is typically evaluated by assessing the difference between the observed values 
and the predicted values computed. In this scenario, the proposed model is used to predict 
missing or unobserved values. Once all missing values are completely predicted then the 
evaluation takes place. Results using SOM Model before and after hybrid with NNeigh 
technique are analysed separately. The strength of the models is evaluated by assessing: 

4.1 Efficiency, (E) of SOM Model 
4.2 Quantization Error and Topological Error on SOM Model 
4.3 Graphical Presentation on SOM Model 
4.4 Visualization Analysis on SOM Model 

 
4.1 Efficiency of SOM Model 
The accuracy of the imputed values obtained from the proposed model, is assessed based on 
the percentage of accuracy to the original data, using Coefficient of Efficiency, (E), (Aitken, 
1974): 
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where,   QA  is the original value,  

Q  is the imputed value, 
____
QA  is the mean of original values. 

Value of 1.0 obtained from E exhibits a perfect efficiency of the proposed model.  

 
4.2 Quantization Error and Topological Error on SOM Model 
The quality of maps produced is measured, based on two indicators, namely the 
quantization error and topological error. The quantization error is given by: 
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4. Model Evaluation 
 

The model is typically evaluated by assessing the difference between the observed values 
and the predicted values computed. In this scenario, the proposed model is used to predict 
missing or unobserved values. Once all missing values are completely predicted then the 
evaluation takes place. Results using SOM Model before and after hybrid with NNeigh 
technique are analysed separately. The strength of the models is evaluated by assessing: 

4.1 Efficiency, (E) of SOM Model 
4.2 Quantization Error and Topological Error on SOM Model 
4.3 Graphical Presentation on SOM Model 
4.4 Visualization Analysis on SOM Model 

 
4.1 Efficiency of SOM Model 
The accuracy of the imputed values obtained from the proposed model, is assessed based on 
the percentage of accuracy to the original data, using Coefficient of Efficiency, (E), (Aitken, 
1974): 
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where,   QA  is the original value,  

Q  is the imputed value, 
____
QA  is the mean of original values. 

Value of 1.0 obtained from E exhibits a perfect efficiency of the proposed model.  

 
4.2 Quantization Error and Topological Error on SOM Model 
The quality of maps produced is measured, based on two indicators, namely the 
quantization error and topological error. The quantization error is given by: 
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4. Model Evaluation 
 

The model is typically evaluated by assessing the difference between the observed values 
and the predicted values computed. In this scenario, the proposed model is used to predict 
missing or unobserved values. Once all missing values are completely predicted then the 
evaluation takes place. Results using SOM Model before and after hybrid with NNeigh 
technique are analysed separately. The strength of the models is evaluated by assessing: 

4.1 Efficiency, (E) of SOM Model 
4.2 Quantization Error and Topological Error on SOM Model 
4.3 Graphical Presentation on SOM Model 
4.4 Visualization Analysis on SOM Model 

 
4.1 Efficiency of SOM Model 
The accuracy of the imputed values obtained from the proposed model, is assessed based on 
the percentage of accuracy to the original data, using Coefficient of Efficiency, (E), (Aitken, 
1974): 
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where,   QA  is the original value,  

Q  is the imputed value, 
____
QA  is the mean of original values. 

Value of 1.0 obtained from E exhibits a perfect efficiency of the proposed model.  

 
4.2 Quantization Error and Topological Error on SOM Model 
The quality of maps produced is measured, based on two indicators, namely the 
quantization error and topological error. The quantization error is given by: 
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Table 2 to 8 presents the efficiency, quantization and topological errors obtained from the 
proposed models when dealing with variety percentages of missing data. 
 

Percentage of 
days with 
hypothetical 
missing data  

Rainfall 
Station 

Methods 
of data 
collection 

SOM 
Model 
Efficiency 

Quantization 
Error  

Topological 
Error  

SOM-NNeigh 
Hybrid  
Model 
Efficiency 

 
20% i.e. 
10% missing 
up to two 
methods - 
10% missing 
from all 
methods 

6401002 Manual 0.9996 0.0310 0.0336 0.4314 

Chart 
Recorder 

0.9996 0.0240 0.6177 

Data 
Logger 

0.9995 0.0148 0.5864 

6402008 Manual 0.9999 0.0201 0.0339 0.9453 

Chart 
Recorder 

0.9998 0.0124 0.9578 

Data 
Logger 

0.9997 0.0149 0.8759 

 
40% i.e. 
30% missing 
up to two 
methods - 
10% missing 
from all 
methods 

6401002 
 
 

Manual 0.9997 0.0599 0.0336 0.2338 

Chart 
Recorder 

0.9989 0.0431 0.5342 

Data 
Logger 

0.9993 0.0325 0.4392 

6402008 Manual 0.9998 0.0469 0.0339 0.8783 

Chart 
Recorder 

0.9999 0.0598 0.7094 

Data 
Logger 

0.9998 0.0499 0.1614 

Table 2. Various percentage of missing data for the state of Perlis 
 

Percentage of 
days with 
hypothetical 
missing data  

Rainfall 
Station 

Methods 
of data 
collection 

SOM 
Model 
Efficiency  

Quantization 
Error  

Topological 
Error  

SOM-NNeigh 
Hybrid Model 
Efficiency 

 
60% i.e. 
50% missing 
up to two 
methods - 
10% missing 
from all 
methods 

6401002 Manual 0.9992 0.0935 0.0336 0.1155 

Chart 
Recorder 

0.9997 0.0611 0.5468 

Data 
Logger 

0.9996 0.0612 0.3860 

6402008 Manual 0.9998 0.0669 0.0339 0.8728 
Chart 
Recorder 

0.9999 0.0647 0.7071 

Data 
Logger 

0.9996 0.0593 0.1433 

 

 
70% i.e. 
60% missing 
up to two 
methods - 
10% missing 
from all 
methods 

6401002 
 
 

Manual 0.9995 0.1165 0.0336 0.0661 

Chart 
Recorder 

0.9995 0.0851 0.5014 

Data 
Logger 

0.9993 0.0846 0.3888 

6402008 Manual 0.9999 0.0782 0.0339 0.8722 

Chart 
Recorder 

0.9998 0.0740 0.5470 

Data 
Logger 

0.9995 0.0740 0.1292 

Table 3. Various percentage of missing data for the state of Perlis 
 

Percentage 
of days with 
hypothetical 
missing 
data  

Rainfall 
Station 

Methods 
of data 
collection 

SOM -
Model 
Efficiency 

Quantizatio
n Error  

Topologic
al Error l 

SOM-NNeigh 
Hybrid Model 
Efficiency 

 
20% i.e. 
10% missing 
up to two 
methods - 
10% missing 
from all 
methods 

3117070 Manual 0.9999 0.0131 0.0334 0.8701 

Chart 
Recorder 

0.9999 0.0129 0.8740 

Data 
Logger 

0.9998 0.0183 0.7534 

3411017 Manual 0.9997 0.0099 0.0335 0.8928 

Chart 
Recorder 

0.9992 0.0152 0.8906 

Data 
Logger 

0.9997 0.0184 0.8529 

 
40% i.e. 
30% missing 
up to two 
methods – 
10% missing 
from all 
methods 

3117070 Manual 0.9999 0.0251 0.0334 0.8705 

Chart 
Recorder 

0.9999 0.0196 0.8740 

Data 
Logger 

0.9999 0.0249 0.7536 

3411017 Manual 0.9998 0.0168 0.0335 0.8928 

Chart 
Recorder 

0.9991 0.0435 0.8211 

Data 
Logger 

0.9994 0.0373 0.8239 

Table 4. Various percentage of missing data for the state of Selangor 
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Table 2 to 8 presents the efficiency, quantization and topological errors obtained from the 
proposed models when dealing with variety percentages of missing data. 
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Table 2 to 8 presents the efficiency, quantization and topological errors obtained from the 
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Below are the general characteristics found at all rainfall stations in the three states analyzed 
based on Table 2 to 7. 
a) Values of topographic error are found to be similar at the same rainfall station despite 

different percentage of missing data applied.  
b) Values of topographic and quantization error produced are small.  
c) Magnitude of model efficiency (E) for SOM Model is found to be high as percentage of 

missing data increases. This shows the superiority of SOM Model. 
d) Nevertheless, efficiency of SOM Model after hybrid with NNeigh technique (SOM-

NNeigh Hybrid) is the same or dropped lower.  
e) Efficiency value for SOM Model is at fixed value of 99% at all rainfall stations in the 

three states analysed, for all data correlation values. As such, it can be concluded that the 
clustering concept embedded in SOM are not affected by the quality of input data used. 

In order to investigate the outcome beyond 70% of days with missing data, three 
hypothetical data sets comprising of 80% days with missing data are created. In the first 
hypothetical data set, 70%  are days with up to two missing entries per day, while the other 
10% of the days comprised of completely missing entries for all three recording methods. 
In the second hypothetical data set, the proportion is varied to 40% and 40% respectively 
and in the third hypothetical data set, the proportion is varied to 10% and 70% respectively. 
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Chart 
Recorder 

0.9997 0.1190 0.2583 

Data 
Logger 

0.9997 0.1059 0.5300 

(40% missing 
up to two 
methods  
40% missing 
from all three 
methods)  

6401002 
 

Manual 0.9995 0.0887 0.0504 0.1063 

Chart 
Recorder 

0.9998 0.0771 0.0218 

Data 
Logger 

0.9999 0.0672 0.0549 

(10% missing 
up to two 
methods+ 
70% missing 
from all three 
methods)   

6401002 
 

Manual 1.000 0.0465 0.1019 0.1411 
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Below are the general characteristics found at all rainfall stations in the three states analyzed 
based on Table 2 to 7. 
a) Values of topographic error are found to be similar at the same rainfall station despite 

different percentage of missing data applied.  
b) Values of topographic and quantization error produced are small.  
c) Magnitude of model efficiency (E) for SOM Model is found to be high as percentage of 

missing data increases. This shows the superiority of SOM Model. 
d) Nevertheless, efficiency of SOM Model after hybrid with NNeigh technique (SOM-

NNeigh Hybrid) is the same or dropped lower.  
e) Efficiency value for SOM Model is at fixed value of 99% at all rainfall stations in the 

three states analysed, for all data correlation values. As such, it can be concluded that the 
clustering concept embedded in SOM are not affected by the quality of input data used. 

In order to investigate the outcome beyond 70% of days with missing data, three 
hypothetical data sets comprising of 80% days with missing data are created. In the first 
hypothetical data set, 70%  are days with up to two missing entries per day, while the other 
10% of the days comprised of completely missing entries for all three recording methods. 
In the second hypothetical data set, the proportion is varied to 40% and 40% respectively 
and in the third hypothetical data set, the proportion is varied to 10% and 70% respectively. 
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Below are the general characteristics found at all rainfall stations in the three states analyzed 
based on Table 2 to 7. 
a) Values of topographic error are found to be similar at the same rainfall station despite 

different percentage of missing data applied.  
b) Values of topographic and quantization error produced are small.  
c) Magnitude of model efficiency (E) for SOM Model is found to be high as percentage of 

missing data increases. This shows the superiority of SOM Model. 
d) Nevertheless, efficiency of SOM Model after hybrid with NNeigh technique (SOM-

NNeigh Hybrid) is the same or dropped lower.  
e) Efficiency value for SOM Model is at fixed value of 99% at all rainfall stations in the 

three states analysed, for all data correlation values. As such, it can be concluded that the 
clustering concept embedded in SOM are not affected by the quality of input data used. 

In order to investigate the outcome beyond 70% of days with missing data, three 
hypothetical data sets comprising of 80% days with missing data are created. In the first 
hypothetical data set, 70%  are days with up to two missing entries per day, while the other 
10% of the days comprised of completely missing entries for all three recording methods. 
In the second hypothetical data set, the proportion is varied to 40% and 40% respectively 
and in the third hypothetical data set, the proportion is varied to 10% and 70% respectively. 
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Below are the general characteristics found at all rainfall stations in the three states analyzed 
based on Table 2 to 7. 
a) Values of topographic error are found to be similar at the same rainfall station despite 

different percentage of missing data applied.  
b) Values of topographic and quantization error produced are small.  
c) Magnitude of model efficiency (E) for SOM Model is found to be high as percentage of 

missing data increases. This shows the superiority of SOM Model. 
d) Nevertheless, efficiency of SOM Model after hybrid with NNeigh technique (SOM-

NNeigh Hybrid) is the same or dropped lower.  
e) Efficiency value for SOM Model is at fixed value of 99% at all rainfall stations in the 

three states analysed, for all data correlation values. As such, it can be concluded that the 
clustering concept embedded in SOM are not affected by the quality of input data used. 

In order to investigate the outcome beyond 70% of days with missing data, three 
hypothetical data sets comprising of 80% days with missing data are created. In the first 
hypothetical data set, 70%  are days with up to two missing entries per day, while the other 
10% of the days comprised of completely missing entries for all three recording methods. 
In the second hypothetical data set, the proportion is varied to 40% and 40% respectively 
and in the third hypothetical data set, the proportion is varied to 10% and 70% respectively. 
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Based on Table 8 to 10, below are findings on model efficiency (E), quantization and 
topological error found at all rainfall stations in Perlis, Selangor and Johor.  
a) SOM Model maintains high values of E  i.e. approximately 1.0, at all level of data 
correlations for all rainfall stations in the three states analysed. This again, exhibits the 
superiority of SOM  method. 
b) Based on E before SOM Model is hybrid with NNeigh, the proposed model proves to 
be reliable even when it is applied to records with large amount of missing data entries i.e. 
80%. The mixtures of the missing data are deliberately varied to test the robustness of the 
proposed model. In all cases, E at 10%  missing up to two methods and 70% missing up to 
two methods , shows values of approximately 1.0. This shows that efficiency of this model is 
high even when the amount of data missing up to two methods of recordings were 
increased from 10% to 70%.  
c) After SOM is hybrid with NNeigh, the E value for all cases, exhibits values closer to 
1.0, when 10% missing from all three methods compared to when 40% missing from all 
three methods. It seems that the limit of which this model could cope with amount of 
missing from all three methods is approximately 40% where values of E approaches to 0 or 
negative in most of the cases.  
d) In this study, it is found that the values of final quantisation and topological error are 
close to 0 at all rainfall stations. This shows that, in all cases, the values of Best Matching 
Unit (BMU) obtained, approximately resemble the input data. If the configuration of the 
model has not yet reached the stable state in the learning process, both the quantization and 
topological error remains significantly high i.e. approximately 1.0. 

 
4.3 Graphical Presentation on SOM Model 
 

Since the true values of the ‘imaginary’ missing data are known, judgment on the goodness 
of the model can be explicitly made. Graphical presentation on the imputed hypothetical 
missing data compared to the original data at rainfall station 6401002 , Perlis for 20% to 80% 
of days with missing entries are presented in Figure 2a to 8b. The outcomes are 
distinguished based on colours and symbols as listed in Table 11. 
 

Outcomes from SOM 
Model 

predicted/imputed data red  
observed/original data green  

Outcomes from SOM-
NNeigh Hybrid model 

predicted/imputed data red  
observed/original data light blue  

Symbols Data from different types of recording 
 Manual 
 Chart Recorder 
 Data Logger 

Table 11. Color coding and symbols for graphical presentations of various models for 
Figure 2a to 8b.  

 

 

 
Fig. 2a. Comparison between original and imputed data using SOM Model for 20% days of 
hypothetical missing data set 
 

 
Fig. 2b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 20% days of hypothetical missing data set  
 

 
Fig. 3a. Comparison between original and imputed data using SOM Model for 40% days of 
hypothetical missing data set 
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predicted/imputed data red  
observed/original data green  

Outcomes from SOM-
NNeigh Hybrid model 

predicted/imputed data red  
observed/original data light blue  

Symbols Data from different types of recording 
 Manual 
 Chart Recorder 
 Data Logger 

Table 11. Color coding and symbols for graphical presentations of various models for 
Figure 2a to 8b.  

 

 

 
Fig. 2a. Comparison between original and imputed data using SOM Model for 20% days of 
hypothetical missing data set 
 

 
Fig. 2b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 20% days of hypothetical missing data set  
 

 
Fig. 3a. Comparison between original and imputed data using SOM Model for 40% days of 
hypothetical missing data set 
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Based on Table 8 to 10, below are findings on model efficiency (E), quantization and 
topological error found at all rainfall stations in Perlis, Selangor and Johor.  
a) SOM Model maintains high values of E  i.e. approximately 1.0, at all level of data 
correlations for all rainfall stations in the three states analysed. This again, exhibits the 
superiority of SOM  method. 
b) Based on E before SOM Model is hybrid with NNeigh, the proposed model proves to 
be reliable even when it is applied to records with large amount of missing data entries i.e. 
80%. The mixtures of the missing data are deliberately varied to test the robustness of the 
proposed model. In all cases, E at 10%  missing up to two methods and 70% missing up to 
two methods , shows values of approximately 1.0. This shows that efficiency of this model is 
high even when the amount of data missing up to two methods of recordings were 
increased from 10% to 70%.  
c) After SOM is hybrid with NNeigh, the E value for all cases, exhibits values closer to 
1.0, when 10% missing from all three methods compared to when 40% missing from all 
three methods. It seems that the limit of which this model could cope with amount of 
missing from all three methods is approximately 40% where values of E approaches to 0 or 
negative in most of the cases.  
d) In this study, it is found that the values of final quantisation and topological error are 
close to 0 at all rainfall stations. This shows that, in all cases, the values of Best Matching 
Unit (BMU) obtained, approximately resemble the input data. If the configuration of the 
model has not yet reached the stable state in the learning process, both the quantization and 
topological error remains significantly high i.e. approximately 1.0. 
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Fig. 2a. Comparison between original and imputed data using SOM Model for 20% days of 
hypothetical missing data set 
 

 
Fig. 2b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 20% days of hypothetical missing data set  
 

 
Fig. 3a. Comparison between original and imputed data using SOM Model for 40% days of 
hypothetical missing data set 
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Fig. 2a. Comparison between original and imputed data using SOM Model for 20% days of 
hypothetical missing data set 
 

 
Fig. 2b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 20% days of hypothetical missing data set  
 

 
Fig. 3a. Comparison between original and imputed data using SOM Model for 40% days of 
hypothetical missing data set 
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Fig. 3b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 40% days of hypothetical missing data set  
 

 
Fig. 4a. Comparison between original and imputed data using SOM Model for 60% days of 
hypothetical missing data set 
 

 
Fig. 4b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 60% days of hypothetical missing data set 
 

 
Fig. 5a. Comparison between original and imputed data using SOM Model for 70% days of 
hypothetical missing data set 

 

 
Fig. 5b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% days of hypothetical missing data set 
 
Based on Figure 2a to 5b, below are the general characteristics found at all rainfall stations in 
Perlis, Selangor and Johor at 20% to 70% of missing data: 
a) The imputed values are found to closely follow pattern of the original data at all 

percentages of missing data 
b) Imputed peak values produced by hybrid of SOM Model with NNeigh that diverge from 

the observed peaks are illustrated at all percentages of missing data. 
c) Peaks of imputed data produced by SOM-NNeigh Hybrid Model that diverge from the 

original data, did not occur at all in the SOM Model. This is because when all three 
recordings fail to produce any data, SOM Model ignore the missing data for that 
particular day. 

d) For up to 70% days of missing entries, most peaks of the imputed data coincide with the 
peaks of the original data. 

e) Even at the amount of 70% of missing data, pattern of imputed data fits almost perfectly 
that of the original data. 

80% of the days with missing data at rainfall station 6401002- Perlis 
 

 
Fig. 6a. Comparison between original and imputed data using SOM Model for 70% missing 
up to two methods - 10% missing from all methods. 

 

Restoration	of	hydrological	data	in		
the	presence	of	missing	data	via	Kohonen	Self	Organizing	Maps 237

 

 
Fig. 3b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 40% days of hypothetical missing data set  
 

 
Fig. 4a. Comparison between original and imputed data using SOM Model for 60% days of 
hypothetical missing data set 
 

 
Fig. 4b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 60% days of hypothetical missing data set 
 

 
Fig. 5a. Comparison between original and imputed data using SOM Model for 70% days of 
hypothetical missing data set 

 

 
Fig. 5b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% days of hypothetical missing data set 
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Fig. 3b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 40% days of hypothetical missing data set  
 

 
Fig. 4a. Comparison between original and imputed data using SOM Model for 60% days of 
hypothetical missing data set 
 

 
Fig. 4b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 60% days of hypothetical missing data set 
 

 
Fig. 5a. Comparison between original and imputed data using SOM Model for 70% days of 
hypothetical missing data set 

 

 
Fig. 5b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% days of hypothetical missing data set 
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Fig. 6a. Comparison between original and imputed data using SOM Model for 70% missing 
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Fig. 3b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 40% days of hypothetical missing data set  
 

 
Fig. 4a. Comparison between original and imputed data using SOM Model for 60% days of 
hypothetical missing data set 
 

 
Fig. 4b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 60% days of hypothetical missing data set 
 

 
Fig. 5a. Comparison between original and imputed data using SOM Model for 70% days of 
hypothetical missing data set 

 

 
Fig. 5b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% days of hypothetical missing data set 
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80% of the days with missing data at rainfall station 6401002- Perlis 
 

 
Fig. 6a. Comparison between original and imputed data using SOM Model for 70% missing 
up to two methods - 10% missing from all methods. 
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Fig. 6b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% missing up to two methods - 10% missing from all methods  
 

 
Fig. 7a. Comparison between original data and imputed data using SOM Model for 40% 
missing up to two methods - 40% missing from all methods  
 

 
Fig. 7b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 40% missing up to two methods - 40% missing from all methods  

 

 
Fig. 8a. Comparison between original data and imputed data using SOM Model for 10% 
missing up to two methods - 70% missing from all methods  

 

 
Fig. 8b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 10% missing up to two methods - 70% missing from all methods  
 
Based on Figure 6a to 8b, findings on graphical presentation for the case of 80% days with 
missing data are as listed below:  
a) All rainfall stations in Perlis, Selangor and Johor exhibits similar results when SOM 

Model is applied. It can be seen that pattern of imputed rainfall data closely resembles 
that of the original values where peaks of the original data are mostly attainable. This 
applies where at least one entry of data is available in a particular day.  

b) When SOM Model is hybrid with NNeigh, the graphical presentation shows that in all 
cases the difference between predicted or imputed values and the observed or original 
data are more pronounced for 70% missing from all three methods, than for 10% missing 
from all three methods. As NNeigh caters for the case when data are not available from 
all three methods, it is rational to find that this model is reliable with lesser amounts of 
missing data from all three methods of recordings.  

 
4.4 Visualization Analysis on SOM Model 
Self Organizing Method (SOM) used in Unsupervised ANN is commonly used as 
visualization aids. Relationships between vast amounts of data can be interpreted using this 
method. Data with similar characteristics end-up clustered together. Figure 9 to 15 shows 
the mappings of rainfall data distributions collected from different methods of recording at 
rainfall station 6401002 in Perlis for 20% to 80% of days with missing data.  
 

 
Fig. 9. SOM map for 20% days of hypothetical missing data set 
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Fig. 6b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% missing up to two methods - 10% missing from all methods  
 

 
Fig. 7a. Comparison between original data and imputed data using SOM Model for 40% 
missing up to two methods - 40% missing from all methods  
 

 
Fig. 7b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 40% missing up to two methods - 40% missing from all methods  

 

 
Fig. 8a. Comparison between original data and imputed data using SOM Model for 10% 
missing up to two methods - 70% missing from all methods  

 

 
Fig. 8b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 10% missing up to two methods - 70% missing from all methods  
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Fig. 9. SOM map for 20% days of hypothetical missing data set 
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Fig. 6b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% missing up to two methods - 10% missing from all methods  
 

 
Fig. 7a. Comparison between original data and imputed data using SOM Model for 40% 
missing up to two methods - 40% missing from all methods  
 

 
Fig. 7b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 40% missing up to two methods - 40% missing from all methods  

 

 
Fig. 8a. Comparison between original data and imputed data using SOM Model for 10% 
missing up to two methods - 70% missing from all methods  

 

 
Fig. 8b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 10% missing up to two methods - 70% missing from all methods  
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Fig. 6b. Comparison between original and imputed data using SOM-NNeigh Hybrid Model 
for 70% missing up to two methods - 10% missing from all methods  
 

 
Fig. 7a. Comparison between original data and imputed data using SOM Model for 40% 
missing up to two methods - 40% missing from all methods  
 

 
Fig. 7b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 40% missing up to two methods - 40% missing from all methods  

 

 
Fig. 8a. Comparison between original data and imputed data using SOM Model for 10% 
missing up to two methods - 70% missing from all methods  

 

 
Fig. 8b. Comparison between original data and imputed data using SOM-NNeigh Hybrid 
Model for 10% missing up to two methods - 70% missing from all methods  
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Fig. 9. SOM map for 20% days of hypothetical missing data set 
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Fig. 10. SOM map for 40% days of hypothetical missing data set 
 

 
Fig. 11. SOM map for 60% days of hypothetical missing data set 
 

 
Fig. 12. SOM map for 70% days of hypothetical missing data set 
 
Visualization Analysis on SOM for 80% days with missing data 
 

 
 

Fig. 13. Clustering of data at 70% missing up to two methods+ 10% missing from all three 
methods  
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Fig. 14. Clustering of data at 40% missing up to two methods+ 40% missing from all three 
methods  
 

 
 
 

Fig. 15. Clustering of data at 10% missing up to two methods+ 70% missing from all three 
methods  
 
In the SOM maps, wet days with higher values of rainfall depths are represented in red. 
Whilst, the darker blue represents dry days with approximately no rain. The colour 
classification visualizes the cluster structure of the maps according to rainfall depths in mm. 
Values on the colour bar are denormalized and show the original value range. The 
hexagonal grid is a unified distance matrix, commonly known as U-matrix. Each hexagon 
represents a node in the SOM. The U-matrix on the top left, shows superimposed image of 
rainfall data distribution obtained from all three methods of recordings. 

 
5. Conclusions 
 

This study has drawn several key conclusions as listed below: 
a) This study has successfully proven that the proposed models are feasible and can be 

reliably applied to emulate and substitute historical missing daily rainfall data when 
one, two or all three of the recordings are not available.  

b) The proposed  SOM Model have proven to be reliable and accurate, even when they 
are applied to records with a maximum of 80% of days with missing data of up to two 
recording methods. 

Manual Superimposed 

Data Logger Chart Recorder 

Manual Superimpose

Data Logger Chart 
Recorder 

Restoration	of	hydrological	data	in		
the	presence	of	missing	data	via	Kohonen	Self	Organizing	Maps 241

 

 
Fig. 10. SOM map for 40% days of hypothetical missing data set 
 

 
Fig. 11. SOM map for 60% days of hypothetical missing data set 
 

 
Fig. 12. SOM map for 70% days of hypothetical missing data set 
 
Visualization Analysis on SOM for 80% days with missing data 
 

 
 

Fig. 13. Clustering of data at 70% missing up to two methods+ 10% missing from all three 
methods  

Data Logger 

Superimposed Manual 

Chart Recorder 

 

 
  
 
Fig. 14. Clustering of data at 40% missing up to two methods+ 40% missing from all three 
methods  
 

 
 
 

Fig. 15. Clustering of data at 10% missing up to two methods+ 70% missing from all three 
methods  
 
In the SOM maps, wet days with higher values of rainfall depths are represented in red. 
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Fig. 10. SOM map for 40% days of hypothetical missing data set 
 

 
Fig. 11. SOM map for 60% days of hypothetical missing data set 
 

 
Fig. 12. SOM map for 70% days of hypothetical missing data set 
 
Visualization Analysis on SOM for 80% days with missing data 
 

 
 

Fig. 13. Clustering of data at 70% missing up to two methods+ 10% missing from all three 
methods  
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Fig. 14. Clustering of data at 40% missing up to two methods+ 40% missing from all three 
methods  
 

 
 
 

Fig. 15. Clustering of data at 10% missing up to two methods+ 70% missing from all three 
methods  
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5. Conclusions 
 

This study has drawn several key conclusions as listed below: 
a) This study has successfully proven that the proposed models are feasible and can be 

reliably applied to emulate and substitute historical missing daily rainfall data when 
one, two or all three of the recordings are not available.  

b) The proposed  SOM Model have proven to be reliable and accurate, even when they 
are applied to records with a maximum of 80% of days with missing data of up to two 
recording methods. 

Manual Superimposed 

Data Logger Chart Recorder 

Manual Superimpose

Data Logger Chart 
Recorder 

Restoration	of	hydrological	data	in		
the	presence	of	missing	data	via	Kohonen	Self	Organizing	Maps 241

 

 
Fig. 10. SOM map for 40% days of hypothetical missing data set 
 

 
Fig. 11. SOM map for 60% days of hypothetical missing data set 
 

 
Fig. 12. SOM map for 70% days of hypothetical missing data set 
 
Visualization Analysis on SOM for 80% days with missing data 
 

 
 

Fig. 13. Clustering of data at 70% missing up to two methods+ 10% missing from all three 
methods  
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Fig. 14. Clustering of data at 40% missing up to two methods+ 40% missing from all three 
methods  
 

 
 
 

Fig. 15. Clustering of data at 10% missing up to two methods+ 70% missing from all three 
methods  
 
In the SOM maps, wet days with higher values of rainfall depths are represented in red. 
Whilst, the darker blue represents dry days with approximately no rain. The colour 
classification visualizes the cluster structure of the maps according to rainfall depths in mm. 
Values on the colour bar are denormalized and show the original value range. The 
hexagonal grid is a unified distance matrix, commonly known as U-matrix. Each hexagon 
represents a node in the SOM. The U-matrix on the top left, shows superimposed image of 
rainfall data distribution obtained from all three methods of recordings. 
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one, two or all three of the recordings are not available.  

b) The proposed  SOM Model have proven to be reliable and accurate, even when they 
are applied to records with a maximum of 80% of days with missing data of up to two 
recording methods. 
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c) The proposed hybrid of SOM-NNeigh models are both capable of yielding acceptable 
accuracy, even where a maximum of 40% of days are without any entries from all three 
recording methods.  

 
6. Recommendation 
 

It is recommended that SOM Model is used for cases where the occurrence of missing data 
is limited up to two methods of recordings, while SOM-NNeigh Hybrid Model is used when 
the occurrence of missing data from all three recording methods exist.  
The advantages of using SOM Model and SOM-NNeigh Hybrid Model are its simplicity, 
ease of use, the fact that it does not require any distribution of input data and produce 
consistently accurate imputed values regardless of input data quality level. The fact that this 
model is able to produce reliable results at multiple rainfall stations in Perlis, Selangor and 
Johor, suggests that this model can be applied to any rainfall stations within Peninsular 
Malaysia encountering the same pattern of missing data. In short, a stable and generalized 
model has been achieved. 
Due to the versatility and robustness of SOM and SOM-NNeigh Hybrid Models, it is 
recommended that this study is to be continued for future research works by incorporating 
other types of time series data with more than three variables, such as wind, temperature, 
humidity, etc.  
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