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Preface

The need for geomatics technologies and data products is on the rise. This book provides
brief coverage on the wide spectrum of geomatics and geomatics data products and proce‐
dures. The importance of geomatics technologies arises from the evaluation of advanced
tools and an approach to providing geospatial knowledge to a variety of applications in‐
cluding decision support. The data collected from different geomatics tools is undergoing
growing demand, and it requires maintenance and updating. Regardless of the data utiliza‐
tion sector or the exploitation process, data derived from geomatics approaches, such as re‐
mote sensing and land surveying provide a wealth of knowledge and thus require wide
dissemination for decision support as well as for public access.

The scope, application and level of adoption of geomatics technologies provides information
about the domain-based inventory of spatial data, products, services and systems available
for a specific application. This can be challenged by the need for identification of the stand‐
ards and procedures in accordance with the future directions in the domain of interest with
emphasis on accuracy, precision and update. Regular assessment of the level of integration
between different geomatics sectors is essential in assessment of the standard procedures
and implementation options.

Knowledge-based and modeling approaches help improve the interdisciplinary capabilities
of geomatics technologies. Various levels of knowledge can be acquired through geomatics
technologies. For instance, remotely sensed imagery and 3D models content management,
discussion forms, interactive map displays, user comments and feedback and decision sup‐
port, events scheduling and spatially enabled calendar of events that provides sharing of
location information on social networks, and location-based search engine functionalities,
and electronic newsletter sharing, as well as backup and restore functions.

It is not only data issues that are associated with effective implementation of geomatics tech‐
nologies. It can also be the system architecture, including content management, GIS, data,
web portal and integration components. Communications, hardware, and hosting. System
security plan including system configuration, Web site map design, including number of
map views, layers and functionality. Database design, including shared design aspects, and
specific domain-related tables. A service directory to support initial implementation and
serve as framework for future development of the system.

We hope that this book will provide a benefit to the professionals and researchers in geo‐
matics, as it highlight some important trends that are essential to earth scientists and those
who are interested in a more applications-based coverage from interdisciplinary ap‐
proaches.

Rifaat Abdalla, Ph.D., P.Geo., GISP.
Department of Earth Sciences

Sultan Qaboos University, Oman
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1. Growing technological trends in geomatics

Substantial work has been done by the geomatics community to evaluate and develop mecha-
nisms and interrelationships that are required for integrating data, procedures, and protocols 
in an effective way. Targeting higher levels of integration and coordination with domains is 
the link that is found to be efficient in connecting geomatics communities, remote sensing, 
GIS, and global navigation systems. It attempts to achieve the desired level of effectiveness by 
providing low-cost, highly efficient, highly accurate systems. This integration can help with 
the ability of freely exchanging all kinds of geospatial data and information, through access-
ing various data sources and systems over networks. This includes the ability of processing 
large volumes of data and analyzing it through utilization of effective hardware and software. 
This can help with achieving a combined decision-making approach which incorporates all 
user classes.

The growing trends in geomatics technology are of special importance, because they bring
many challenges and opportunities to the user community. The user community can be
application users, developers, or technology integrators, in addition to educators. All these
communities are contributing to the development of geomatics through providing new
approaches and means that leads to progressive advancement in the field, especially in the
last few decades. An increasingly important and popular development is in geomatics educa-
tion and the use of technological means to equip future generations with the foundations
to excel in this important domain. Geomatics, hydrography, or applied earth sciences all
address the fields of geomatics, whether it be global navigation and positioning technolo-
gies, geospatial information technologies, remote sensing technologies, or photogrammetry
and field surveying technologies, together with advanced training that supports the moving
trends in the important domain. Four major aspects of technology development share the

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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importance of helping wider application and the use of geomatics: (1) environmental moni-
toring and detecting what changes have occurred, over a specific timeframe, (2) identifying 
and filling gaps in the user community application cycle, (3) measuring and planning for few 
advancement in form software and hardware to address the growing user community, and 
(4) assessing the current level of utilization and adoption of technology. Techniques to utilize 
geomatics technologies to solve day-to-day issues are on the rise; as such the ease of techno-
logical tools are also on the rise, because of increasing versatility in manipulating digital data 
and increasing computing power. Still, some work needs to be done for the determination of 
the qualitative accuracy of the different geomatics data collection tools, along with ancillary 
data acquisition system. The primary objective of this work was to highlight the different 
levels of ongoing trends in the field of geomatics technology and what type of change has 
occurred over the recent decades. The main objectives were (1) to provide coverage for some 
of the important trends in geomatics technology that might influence the user community 
in all the aspects associated with the themes of geomatics collectively, (2) to highlight the 
issue of trends in geomatics education, and (3) to perform an evaluation of the role of public 
participation in geomatics technologies.

2. Data remains central in geomatics

Geomatics aims to secure an automated process which will allow for using different data 
products, services, and tools across and beyond organizational boundaries. This helps by 
making data and information available for all the three levels involved in decision-making 
and acquisition processing, whether at the local level, provincial level, or at the state or coun-
try level. Geomatics systems provide integration between hardware, software, and user that 
take into consideration spatial data storage manipulation, analysis, and visualization. The 
Internet has played a major role in connecting systems together over a common network 
protocol, that is, Transmission Control Protocol-Internet Protocol (TCP/IP). This protocol has 
truly revolutionized the era of information technology; as a result a great deal of interest 
toward disaster management applications using Internet infrastructure is rapidly evolving. 
This advancement in Internet technology in addition to the other advances in high-speed 
broadband Internet-added capabilities has significantly contributed for data interoperability 
for disaster management applications. Geomatics is a science related to the techniques related 
to urban data in its digital form, which includes spatial or geographic information systems, 
including the collection of urban information and work on processing, analysis, and presen-
tation, and the formation of maps and management of urban data. Due to the evolution of 
information and communication technologies, this has led to the development of geographic 
information systems and maps and geomatics. Traditional geography has evolved, and Earth 
observation activities have evolved considerably. Satellites are being used for Earth observa-
tion and remote sensing. The use of modern technologies results in a huge amount of data 
that must be processed and analyzed so that they can be used, and this data is processed 
in several ways. Geomatics (geos: Earth; matics: informatics) can satisfy such requirements. 

Trends in Geomatics - An Earth Science Perspective2

Geomatics include the fields of mapping, surveying, remote sensing (LiDAR or HDS scan-
ning), hydrography, photogrammetry, global positioning systems (GPS), and geographic 
information systems (GIS).

3. Location and user information

In geomatics location is the main factor which is used to integrate a very wide range 
of data for spatial analysis and visualization. Geometrics engineers apply geometrical 
principles to spatial information, managing spatial data infrastructures of various types, 
whether local, regional, or global. The extensive availability and the use of sophisticated 
technologies, such as global navigation satellite systems (GNSS), remote sensing, and 
geographical information systems (GIS), increase the precision and productivity of the 
profession.

Although land surveying uses direct contact with everything measured, remote sensing 
is a type of measurement that collects data from the air using LiDAR, from the ground 
with high-definition laser scanning (HDS), or from an automobile using mobile mapping. 
Although LiDAR can survey high large areas in a short time, it is limited to the acquisition 
system altitude and swath. On the other hand, HDS equipment mounted on survey tripods 
is operated similarly to a surveyor’s robotic total station. The move from one control point 
to another can gather up to 50000 points per second, depending on the  scanner of the 
data. HDS has found many applications in different fields from architectural modeling, 
historical preservation, and civil engineering design to food processing and manufactur-
ing, industrial renovation, and mechanical engineering designs. Photogrammetry com-
bines with LiDAR oftentimes by the high-resolution pictures taken from an aircraft, which 
is hundreds of feet from the ground. The overlapping of images and their association 
with aerial panels to control the surface survey result in data processing, correction, and 
utilization. Hydrography uses a combination of land-based GPS control, ship-mounted 
GPS receivers, and sounding equipment to map accurately the floor of bodies of water. 
The use of these geomatics elements or any combination thereof, together under a layer 
scheme for design purposes or into a geographic information system (GIS), leads to best 
analysis of our three- dimensional world. Database information are combined together 
with spatial information about a particular structure or object feature within GIS to pro-
vide for analyzing or tracking of features in our environment. Geodesy is a mathemati-
cal science that determines the shape and size of the earth and the nature of the earth’s 
gravity. The use of geomatics and its sophistication with the techniques are evolving and 
continue because of the need to integrate them with modern technologies to be used in 
several fields, including artificial intelligence, geo-analysis, and geospatial information. 
The availability of more sensors as a result of their low cost under the Internet, free and 
open source objects and software, and the availability of high-performance infrastructure 
all led to the development of geometrics. It is a science that includes many important 
aspects, so we focus on all geomatics trends.
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4. Is there any way forward?

Geomatics approaches and products have been widely used for many applications. This 
book targets many groups that are of interest to the geomatics user community. This book 
highlights various trends in the user side, focusing on public participation (GIS); in the geod-
esy and navigation sides, focusing on some mathematical modeling for geodesy; and in the 
growing trend of geomatics education, and a focus to provide detailed knowledge for future 
generation on best available solutions and best practices that utilize geomatics technologies 
is needed.
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Abstract

Co-PPGIS has a wide variety of applications like municipal planning, emergency response, 
public health and security, etc. The main focus of this chapter is on the development and 
design of a Web Collaborative PPGIS (Co-PPGIS) infrastructure. As part of municipality’s 
planning and management services, Co-PPGIS is developed for real-time map sharing 
application system. Co-PPGIS is an effective and essential online meeting system for sup-
porting group collaborations on geographic information such as maps and imageries, 
and capturing and sharing of local/domain knowledge in real time. Co-PPGIS permits 
amalgamation of geospatial data and collaborator’s input in the form of geo-referenced 
notations. It incorporates coherent components as map sharing, real-time chat, video 
conferencing, geo-referenced textual and graphical notations. The study aims to focus on 
public participation and geo-collaboration facilitated with information sharing, interac-
tive geo-conferencing, real-time map, and data sharing with tools to draw features or add 
annotation to the map while discussions, uploading documents, and live communication. 
Co-PPGIS provides an efficient and reliable platform that will significantly reduce the 
time to acquire, process, and analyze data. The significance of this study is to contribute 
to existing public participation practices, to municipal planning, to decision-making, or to 
geographic information science.
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4. Is there any way forward?

Geomatics approaches and products have been widely used for many applications. This 
book targets many groups that are of interest to the geomatics user community. This book 
highlights various trends in the user side, focusing on public participation (GIS); in the geod-
esy and navigation sides, focusing on some mathematical modeling for geodesy; and in the 
growing trend of geomatics education, and a focus to provide detailed knowledge for future 
generation on best available solutions and best practices that utilize geomatics technologies 
is needed.
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1. Introduction

1.1. Study context

In recent years, providing public role in decision-making regarding spatial problems has 
developed an ease for geographic information technology adept in supporting collaborative 
spatial decision-making. According to Densham et al. [1], it has been stated that Geographical 
Information System is the technology to sustain PPGIS, but expert methods are needed 
to reinforce spatial decision-making in a collective way. However, now, Geographical 
Information System and PPGIS are not prototyped to assist multi-users associations but many 
approaches may require group-based involvement for decision-making. The idea of collab-
orative geographical information system, computer-supported cooperative work (CSCW), 
and collaborative decision support systems (DSS) were proposed as information technology 
to provide understanding about spatial complications and provide computer-based spatial 
decision-making [2].

Multi-user collaboration is playing its role in many works involving stakeholders from dif-
ferent departments and organizations, in which map making sometimes play a main role for 
giving visual information for the support to decision-making [3]. Web technology is rapidly 
expanding range and has made it possible for to take decisions over the Web. Due to demands 
for Web-based open mapping an Application Programming Interface (API) united with other 
information systems and CSCW tools have become more important for the support of real-
time map sharing output. Accordingly, the development of map-based applications for real-
time collaborative is one effective step taken by researchers that are efficiently working in 
many fields, e.g., emergency system, urban planning projects, municipality management, 
GIS data production, monitoring of urban sprawl and epidemic spread, and many more that 
assimilate collaborative role [4–9].

A concurrent approach is made for the support of collaboration among the users [10]; 
although, little work has been done on developing and designing such Open Source Software 
(OSS) which is based on online map sharing tools which supports real-time collaboration. By 
assessing the researchers work and their contributions from the literature review, this study 
aims to develop an outline about the significance of the execution of irreplaceable and suf-
ficient methods, tools, and techniques to fill the gap in the research. Multi-user synchronous 
discussions and communications among the people and between the community and stake-
holders sometime improve the understanding that show an effective feedback and magnify 
decision-making [10–14]. This chapter actually shows a customizable framework used for an 
online system for collaboration with the installation of different Web GIS, OSGIS, OSS-based 
tools, and open mapping APIs on geographic information to solve the issues that are related 
to emergency disaster occurrence and municipal planning. Additionally, the study antici-
pates designing an open mapping API based real-time collaborative synchronous infrastruc-
ture with the option of installing local data for improving the involvement of during debate. 
Some of this research prototype elements based on this kind of model is still in development 
procedure and in its starting stage in the house applicable testing.
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1.2. Study objectives

The study aims to develop a real-time map sharing mechanism, collaborative PPGIS (Co-PPGIS) 
and for collaborative assessment the amalgamation of other open source-based groupware 
solutions on an effective GIS-based meeting platform. The aim of this study was also to assure 
that: (1) Co-PPGIS model will help to improve or increase involvement of participants and 
will provide assistance to decision makers in reaching a final decision efficiently; (2) to explain 
certain facts or observations, i.e., core concepts, design and technology, etc., with an over-
view of enabling technologies for analyzing and designing a successful real-time map sharing 
framework; (3) to describe a prototype development based on case scenarios that looks into 
integrating CSCW principles and open source groupware tools with Web-based GIS. In order 
to assist municipal planning and development through a better and effective decision-making 
process the primary research goal is to develop a Web GIS-based contemporary collaborative 
participatory infrastructure. In order to fulfill the main research’s goal, this study will focus on 
achieving the following objectives:

1. To gain better and effective understanding of the PPGIS’ nature, its culture, its limitations, 
and basic requirements by modeling general as well as high-level participation require-
ments after proper and complete analysis of municipal Planning and Development (P & D) 
process workflows and by reviewing the existing online PPGIS applications.

2. To portray collaborative, real-time Web GIS-based participatory infrastructure that can 
employ open source geospatial data, standards, software tools, and Web services.

3. To develop and execute a system’s prototype (i.e., GeoMeeting) based on the Co-PPGIS 
model and Web GIS-based framework which encompasses a GIS-based forum, mapping 
APIs-based spatial component, a notification/feedback component, sub-workflows of infor-
mation resource providers, and collaborative real-time Web Map sharing Infrastructure 
that accommodate the stakeholders to share their multiple ideas in real-time scenarios 
without leaving their place of residence or workspace.

This research primarily encompasses of the working mechanism of real-time collaborative 
Web map sharing framework that is going to be addressed within a fixed-time period.

1.3. Background and literature review

Increasing importance of the need for an effective public participation in a decision-making 
process during municipal planning and development is on main focus in this section of study. 
Through the integration of GIS technologies, involvement of public or local stakeholders in 
decision-making can become more effective. Public meetings, which are one of the traditional 
methods of public participation, are integrated in some PPGIS projects to accumulate public 
ideas, values and preferences [15]. Collaborative use of GIS-based services encompasses the 
involvement of public and planners in the decision-making process with geo conceptualize 
a map and accommodate public and planners to build local spatial knowledge and exchange 
ideas. In order to get instantaneous access and conceptualize the spatial information and 
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participate in decision-making process, collaborative GIS-based services provide opportuni-
ties to local stakeholder [16]. An increased public participation can lead to a better and effec-
tive decision-making because the processes of decision-making and public participation have 
a direct relationship, which means that better decision-making processes can also lead to an 
increase in a user’s participation and vice versa.

1.3.1. Rationale on municipal planning and management through existing public participation

In almost every field of life planning process has certain defined goals or objectives just like in 
developing a small or large scale municipal plan, planning process has some objectives such 
as, to make planning process accessible, to accommodate in the conveyance or dissemination 
of ideas, and to support the decision-making process. Participation of public in municipal 
planning and management, according to traditional methods, includes neighbor notifications, 
interviews, exhibitions, public meetings/focus group discussions, and public enquires through 
telephone, letters, mails, fax, or public hearings [17, 18]. In order to disseminate the need of a 
proposed solution during public meeting, planners and decision makers present their plans 
through Power Point or point boards which is still considers one of the most commonly used 
participatory approach [19]. In the western world, public meetings are organized in order 
to accumulate feedback of public during planning and development-related workflows for 
effective and better decision-making. For example, in United States and Canada, local govern-
ments and many municipalities necessitate a level of participation in their decision-making 
processes.

Table 1 reveals issues and concerns which are commonly faced during planning and devel-
opment-related processes in existing practices of public participation. It illustrates or portrays 
the complete assessment of existing public participation practices related to communication 
channels, notification, access of information, and exploring spatial data of municipal projects. 
Li et al. (2006) also disclosed several main issues regarding to traditional public participa-
tion practices like inadequate access to the information needed for public input, for exchange 
of ideas or information and for communication there is a lack of essential or creative plat-
form, restricted awareness mechanisms, and notification channels. Factors like “successfully 
revealing and educating the public about the program before hearing, proper planning, and 

Issues Concerns

Notification Limited means, e.g., newspaper, flyer, etc.

Communication channels* Public meetings/public calls/information 
resource center

Formal/informal presentation

Open talk with public

Flat board displays containing preliminary 
design/model solution

Exploring spatial data Using hardcopy maps, etc.

Access of information Less feedback or public involvement

Lack in projects data management

*Establishing confrontational contact, dominated by higher authority, fix time, feedback lack and accessibility issues.

Table 1. Issues and concerns in existing practice of public participation.
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management of meeting, providing an understandable and media-rich demonstration of the 
issues and organizing a proper follow up” are those factors upon the success of public meet-
ings depends.

According to Meredith et al. [20], for successful public participation, proper and adequate 
access to information, effective connections to decision-making process and effective tools 
for getting input into a decision-making process are very essential. Public participation can 
became better and effective only if a large number of participants easily understand the mes-
sage and give valuable feedback in a short time-frame.

1.3.2. Rationale on CSCW and groupware

Previous studies related to the depiction and execution of real-time collaborative mapping 
technologies is still in its stage of growth and development. Although in the last decade, many 
attempts have been made to the research of developing collaborative PPGIS but despite of this 
insufficient literature is obtainable in this field [21–24]. The rapid developments in technolo-
gies like in GIS, OSGIS, GIT, CSCW, and groupware filed will have a notable impact on the 
transfer and/or integrate those technologies into collaborative contemporary GIS. Rinner [25] 
and Li et al. [13] recognize the need to support such technologies that provide a limited way of 
investigating spatial data or map information collaboratively by inaugurating asynchronous-
based geo-referenced mapping architecture.

Baecker [26] defined groupware as information technology used to accommodate people 
to work together more effectively and efficiently. With the help of the CSCW application or 
groupware technologies, people in remote places can easily and effectively interact with each 
other by sharing the documents and files through voice, data, and video links [27, 28]. Using 
proprietary software approaches, e.g., PCI geo-conference, a few GIS-based tools encompass-
ing groupware and CSCW technologies have been originated. Some attempts have been made 
to originate simple map sharing applications using open map services. As a result of modern 
developments in Geographic Information Technology (GIT), that assist large spatial databases, 
groupware technologies and Web-based GIS, several frameworks that accommodate real-time 
collaboration were designed and developed [29–32]. Jankowski et al. [33] developed Spatial 
Group Choice, a spatial decision support framework, to assist the CSCW technique. Churcher 
and Churcher [34] proposed and developed Group ARC which offers a tool to geographically 
dispersed people to collaboratively view and explain map/spatial data. Pang and Fernandez 
[35] designed and developed Real-time Environment Information Network and Analysis 
System (REINAS) which encompasses functionalities that are helpful in the analysis of geospa-
tial data. In order to support decision-making in Trane China, Trane China SDSS (TCSDSS) was 
designed by Xiang (2003) by adopting the unified software-development process.

By acquiring “argumentation philosophy,” argumap (which is an asynchronous perspective for 
spatial participation planning, to accommodate group discussions by connecting specific notations 
to map features) was developed by Rinner [25]. In order to support planning and decision-making 
processes, SoftGIS was developed which permitted mapping local knowledge and integrating it 
into urban planning practices [36]. Community Action Geographic Information System (CAGIS), 
a participatory GIS approach developed by Stewart et al. [37]. Virtual Emergency Operations 
Center (VEOC) framework was designed for the purpose to provide a collaborative virtual 
environment that allows connectivity among participants while implementing synchronous, 
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script-driven tests and assumptions [38]. For amplifying collaborative decision-making among 
geographically distributed people, synchronous collaborative 3D GIS was designed by Chang 
[6] to assist synchronous collaboration. For participation in community planning, map chat is an 
online geospatial tool designed at the University of Waterloo. Collaboration in planning and/or 
emergency management related to decision-making, Rinner [39] recognized OSGIS technologies 
and OSS-based Web 2.0 concepts (that encompasses n-tiers application client-server architec-
ture, Web mapping tools, Participatory Geographic Information System (PGIS), Web Mapping 
Services, 3-D GIS technology, CSCW, and Web-based groupware to accommodate consideration 
in spatial decision-making) that have played an essential role in this regard. The aim of this study 
is to describe core concepts, design, and technology with an examination of allowing technolo-
gies for analyzing and designing a successful real-time map sharing mechanism. This study also 
narrates a framework development based on a research project that looks into connecting CSCW 
principles, PGIS, and open source groupware tools with Web-based GIS.

1.4. Summary of closely related research models

Already existing PPGIS’ applications or models assessment helped researchers to find limi-
tations of applications’ framework and current practices. Three research models which are 
considered relevant to the present study are discussed below. Rinner [25] introduced the 
argumentation model, in his model he introduces argumentation maps as an object oriented 
model for geographically related discussions. As shown in Figure 1, it shows the relationships 
between an argumentation elements/discussion, a geographic reference object/map feature, 
and user-defined graphic reference objects/sketches [39].

Figure 1. Modified argumentation map model (source: Rinner [39]).
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The argumentation model object classes have reinforced many-to-many relationships. For 
example, an object which is geographic can associate many argumentation components 
and an argumentation component can be associated by many objects that are geographical. 
Additionally, as shown in Figure 1, the objects have their self-relationships to each other 
of the same class. For example, geographic reference class objects have spatial relations to 
other object, and argumentation components, class objects can have logical relations to other 
objects; again, many-to-many relationships are supported [39]. The argumentation model 
provides an open standard-based prototype with a special focus on the use of standards to 
confirm interoperability. The discussion component was developed using open source pro-
gramming languages, i.e., JavaScript and Java applet. The map elements are based on an open 
source Java API, i.e., Geo Tools and libraries. Same kinds of models were established and 
acquired by Tang and Hall (2006) and Leahy (2006), but many other technologies were used 
to design the prototype of research Map Chat and GeoDF. Tang GeoDF model installed an 
open source-based PHP built in board with commercial-based ESRI Arci MS/spatial server to 
develop GeoDF prototype. Figure 2 shows several elements of GeoDF model.

Every conversation is comprised of two main components, i.e., the textual component that 
is basically related to a respondent’s understanding about the shown as text and spatial 
 components that is actually a part of spatial element and is a together term used is geo-
graphic features, map extent, location, and spatial relationships embedded in GeoDF dis-
cussion threads, which are the thoughts, views, or feedback submitted by a participant via 
the GeoDF. In other words, the spatial context is primarily comprised of graphic reference 
objects, i.e., annotation, sketch, and other respondent’s annotations and sketches together 
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Figure 1. Modified argumentation map model (source: Rinner [39]).
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with other two spatial components, visible map layer, namely the map extent [40]. The Map 
Chat argumentation model (see Figure 3) engages the same classes and objects for spatial 
and textual relationship in comparison with previously discussed models. A new real-time 
map discussion class was introduced in this model, which provided the functionality of real-
time geo-chatting in connection with every graphic related object. An open source application 
infrastructure is provided by Map Chat argumentation model. It appoints open standards 
in relation of the overall system specification and it uses open source coding in PHP and 
JavaScript based, and it uses a reliable architecture to give the installation of other tools of 
models [41].

These models have some sort of similarities like to introduce an open standard-based object 
model, to share a same map extent during discussion, making a spatial relationship with 
graphic reference objects, and adopting an asynchronous participatory approach for map-
based discussion. All three argumentation models allocate structured discussion, about 
different features of map and geographic related objects, in many geographically meeting 
respondents to provide an approach of the asynchronous spatial data. For example, the 
approach with the asynchronous spatial data sharing, it is not possible to find out an argu-
mentation component related to the object of real world simultaneously in different respon-
dents/members. The Map Chat provides geo-chatting discussion functionality with real-time, 
which cannot be implemented over other two models that used discussion threads with 
relation objects for geographic referencing. Unifying the chat with discussion elements gives 
a flexible and a powerful way of managing discussions that are geographically referenced, 
but participants should train themselves with this function, that is amalgamation, which gets 
advantage from this reliability.

Figure 3. Modified argumentation map model for map chat (source: Hall and Leahy [41]; Rinner [39]).
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2. Design modeling of Co-PPGIS

The prosperity of developing and establish a Geospatial enabled Co-PPGIS, for enhancing the 
ability of people participation in collaborative decision-making during management workflows 
and municipal planning, most importantly it depends on a brief understanding of firstly the 
ideas of community participation in management and planning which involves basics ideas 
of role in participation, amount of community participation, and already existing participation 
of community at the time of municipal development, planning and management and second 
important concern is on functional and non-functional requirements, that are identified by 
existing PPGIS and that is related to research models, which are developed during municipality 
management to support public participatory processes. It begins with an explanation and over-
view of a Co-PPGIS idea, which executes the role of a real-time synchronous and asynchronous 
participatory approach to help the decision makers to make decisions to assimilate people role 
at the time of a municipal planning process. Some are the information sources and withdraw for 
the requirements of modeling of an advance Co-PPGIS for planning and management of munic-
ipal related projects. Although, it gives an introductory source of information that introduce an 
idea of advance Co-PPGIS to understand the infrastructure of a Co-PPGIS and to find out the 
gaps between existing municipal planning processes and possible improvements in Co-PPGIS.

2.1. An idea of advance Co-PPGIS

An idea or concept is a plane, intention image of a specific thing, institution, or a class, and a 
framework is introduced as a form which gives support to the number of elements and fulfill as 
a package. Basically, a conceptual framework is a structure of interlinked ideas, which gives sup-
port of a certain phenomenon or process to build understanding. Public participation is necessary 
for the evolution of a country, city, and municipality planning, development, management, and 
decision-making which will speed up the process of planning. During planning, development, 
and management of municipality in a city or state, the management of geospatial data remains 
a challenge. Co-PPGIS gives us a planning and management related spatial and non-spatial 
information to the decision makers, higher authorities, and government bodies on a basis of real-
time basis geospatial Web conferencing infrastructure. In this chapter, the advance Co-PPGIS 
has focus on municipal projects through developing a GIS-enabled virtual meeting idea. The 
advance Co-PPGIS framework is showed as five viewpoints, which are shortly discussed below:

Social viewpoint: The first side of social viewpoint in the Co-PPGIS is to highlight and show 
a name of project which will help stakeholders (see Figure 4) to play its role in the related 
project or matter. Before joining the meeting that will aid the stakeholders to find out the 
status of all participants submission of user profile, there are some ethics, rules, and values 
for community in social interaction. Their interaction level rises when the participants join 
the meeting or session. They exchange their ideas and views, which guide to better decision-
making processes for municipal projects.

Geo-spatial viewpoint: This idea links with mixture of time, place, and channels of communica-
tion. To address a meeting physically, it is difficult for everyone nowadays. That is why the 
advanced latest technology provides participants envision the working location. Through GIS 
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technology, the advance prototype allows a participant to visualize an area of interest, draw 
or highlight, navigate on the map, and patch on the map. This is how the participants can seek 
others for discussion related to analytical issues on any point and the provision of a small 
point is very essential in any project which is related to municipal.

Municipality viewpoint: In any municipal project, the idea of all information regarding a project 
at one place is very important. This is how one project from another project differentiates the 
status in the same domain. The advance collaborative PPGIS has the provision to gather and 
supervise the data, e.g., planning info, minutes of previous meetings, drawings/maps, feed-
back form, notification, etc., at one place and a participant can easily get the information at 
that level which they want. So, a new participant can easily reach the present level after taking 
information from step one. Public role is very essential in the development of projects, and its 
importance was not perceived in the last few decades; whereas, community is now playing its 
essential role for making the decision-making process transparent and better.

Participation viewpoint: This crucial idea is very essential while constructing a collaborative 
PPGIS. It enhances participant’s abilities in the municipality project standard and with their 
available conditions and time. Through synchronous approach, in which multiple people can 
see what the other people are doing at the same time without wasting, the second group of 
participants can share their point of views using drawing tools, mapping. Video chats are the 
best example of in which everyone can see and understand what other is doing. Stakeholders 

Figure 4. Conceptual framework for proposed collaborative PPGIS.
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have indirect communication facility through asynchronous approach in which it is not com-
pulsory to see what the other is saying at the same time. Among stakeholders, filling a feed-
back form is a good example of indirect communication. The advance PPGIS gives both direct 
and indirect communication facilities for improving the participation of stakeholders. The 
best example to fit the advance PPGIS participation viewpoint is the time-place matrix which 
is categorized according to the spatial and temporal dimensions [42, 43] starts from same time 
(synchronous) and same place (co-located), different time (asynchronous) and same place, 
different time and different place (distributed), and same time and different place.

Virtual meeting environment: With the passage of time, technology has become more advance and 
friendly. The advance Co-PPGIS has a solution in which a participant can easily participate through 
the electronic meeting facility without appearing physically in the meeting and share his views 
with relation to project. Participants can do video chat and can drop a message for a specific partici-
pant without any restriction. This is how, decision makers can easily involve in any project, which 
is being developed for a municipality for its effectiveness and efficiency, which will ultimately lead 
to better decision-making process. In developing countries, resources are minimum and need is 
maximum, like Pakistan and India. There is a massive need for developing such thing for public, 
which gives all these facilities, which are mentioned above, to give comfort to decision makers.

Shortly, Co-PPGIS environment is an online meeting procedure for supporting participant’s col-
laborations on geographical information like mapping and imageries, and collecting and shar-
ing data during processes of management. Figure 5 shows Co-PPGIS virtual meeting workflow 
processes, service abilities, and to describe situations when its functional capabilities are useful.

Figure 5. Co-PPGIS workflow processes and service abilities.
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This kind of environment allows combination of geospatial data from other sources from Web 
services and collaborators input through geo-referenced comments. It involves components 
such as audio/video conferencing, map sharing, geo-referenced textual, real-time chatting 
and graphical annotation, and user or session management.

2.2. Understanding a Co-PPGIS infrastructure

Co-PPGIS is basically a GIS-enabled collaborative and multi-function, essential meeting par-
ticipatory infrastructure, which combines different information technology tools to accommo-
date participation and cooperation activities before public meetings (i.e., the major activities 
before public meetings is focused on information access, communication, and cooperation of 
stakeholders), during public meetings (i.e., real-time access to the meetings and their demon-
stration become paramount tasks), and after public meetings (the focus alters to the demon-
stration of syntheses of public participation, access to decisions, and receiving of feedbacks). 
As from above discussion, it is concluded that Co-PPGIS primarily centers on public meetings 
engaged during the municipal planning and development-related activities (Figure 6).

In order to properly and easily understand Co-PPGIS system completely, Co-PPGIS may be 
categorized as and/or mainly composed of two major application infrastructures. In other 
words, we can say that recommended Co-PPGIS is basically an amalgamation of two mecha-
nisms of participation, cooperation, and communication between members, i.e., Co-PPGIS 
asynchronous and Co-PPGIS synchronous. In Co-PPGIS asynchronous participatory environ-
ment, Web-based GIS geo-referenced conversation platform and/or GIS Blog techniques are 
used to accommodate public input and discussion. In Co-PPGIS synchronous participatory 
map sharing environment, synchronous collaborative GIS processes are executed by applying 
computer supported cooperative work (CSCW) or groupware application principles. By this, 
participants can easily share comments, ideas, or suggestions after investigating spatial data 
by using digital multimedia tools and technologies (Figure 7).

Figure 6. Public meeting scenario at three stages/levels of interaction.
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2.3. Exploring gaps in existing municipal planning practices and possible 
improvements using Co-PPGIS

Exploring and contrasting of existing PPGIS application’s performance is essential or helpful 
in recognizing the functionality gaps between those collaborative PPGIS applications which 
organized crucial basis for Co-PPGIS requirement analysis and architectural design. Figure 8 
depicts the research gaps in current or existing communication mediums or participation 
practices found during the literature review and recommended how the Co-PPGIS contrib-
utes to the existing practice in order to increase public participation in municipality planning 
and development projects. It also explains how the approaches in relation to the proposed/
enhanced infrastructure of Co-PPGIS will organize, improve, stimulate, accommodate, and 
contribute to the existing public participation practices.

Issues and the improvements of these issues through Co-PPGIS are explained in this section. 
For instance: (1) through or by using Co-PPGIS meeting environment, the issue of inadequate 
communication, generated due to fixed-time meeting schedules, accessibility issues, lengthy 
presentations, and open talks with authorities can be accompanied because Co-PPGIS sup-
ports anywhere/anytime/anyone accesses with real-time participation support. (2) Through 
a spatial component of GIS-based platform or through real-time map sharing cooperative 
component of the Co-PPGIS the issue of inadequate way of investigating spatial data, i.e., 
using hard copy maps in the meeting sessions because Co-PPGIS increase the degree of pub-
lic participation along with spatial data investigation during essential meeting sessions. (3) 
Through meeting scheduling/notifying and/or by the e-newsletter components of Co-PPGIS 
Blog, the issue of inadequate process of sending notification related to existing municipal 

Figure 7. Co-PPGIS virtual meeting components for concept of planning and management.
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development projects can be self-regulating/self-operating. (4) Information’s access associ-
ated to a municipality project’s level data can facilitate through project information blog 
which exhibit the existing or future municipal project’s notice detail, minutes of the meeting, 
presentation, document, location, and all valuable information. (5) Through Co-PPGIS, the 
absence of support to quick decision-making can be encouraged because Co-PPGIS upgrade 
or improve public participation or input as well as assist scattered decision makers to work 
coincidentally on a real-time basis to conclude the decision in timely manners, which eventu-
ally diminish the time span of planning and probability of failure.

The upcoming sections demonstrate prototypes’ execution of the proposed framework to 
assist its real-time synchronous participatory procedures that exhibit the innovations to be 
expected when trying to perceive the concepts established in this research.

3. GeoMeeting service-aligned architecture

The way in to GeoMeeting services can be through login authentication. With direct way in, 
the user can log in by just choosing a screen name; on the other hand, in login mechanism, 
user only have to register the user’s login for sharing the data and services (see Figure 9) 
provided by Co-PPGIS.

Some of the components-based services provided in the GeoMeeting are explained as follows:

Service for login management: HTML and Web pages are developed to user profile database. 
HTML used The PHP form very long to sending variables such as name and email address, 
etc., and receiving results. By using Structured Query Language (SQL), PHP scripts process 

Figure 8. Identifying relation between existing participation practices and the suggested Co-PPGIS.
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these input variables and send it to the database for verification. And then, user is moved 
toward GeoMeeting interface after this process.

Service for floor control: Floor controller is the process which is requested when administrator 
flicks main toolbars for the purpose to elude the distraction from other attendees during the 
session of GeoMeeting. The purpose of working behind is that a message is sent through 
flex service to Blazeds server and shared with other attendees. Once, the IDs of tool bar are 
collected and stored, i.e., map panning, use of toolbars and scrolling will be flick, and if any 
participant wants to discuss on the map interface, that user may ask from the moderator by 
sending a request using JavaScript.

Service for member list: The flex controller saves the user name and sends it into a user list panel 
which is constructed using flex-based server scripts. When the user signed in or logged in, the 
widget is shared in html div with other users using Blazeds.

Chat service: In flex and PHP languages, chat object is developed. In flex server-side scripts, 
when a user types in the chat window, it delivers and shares among other users using Blazeds 
real-time messaging service.

Figure 9. GeoMeeting components-based services.
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development projects can be self-regulating/self-operating. (4) Information’s access associ-
ated to a municipality project’s level data can facilitate through project information blog 
which exhibit the existing or future municipal project’s notice detail, minutes of the meeting, 
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HTML used The PHP form very long to sending variables such as name and email address, 
etc., and receiving results. By using Structured Query Language (SQL), PHP scripts process 

Figure 8. Identifying relation between existing participation practices and the suggested Co-PPGIS.
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these input variables and send it to the database for verification. And then, user is moved 
toward GeoMeeting interface after this process.

Service for floor control: Floor controller is the process which is requested when administrator 
flicks main toolbars for the purpose to elude the distraction from other attendees during the 
session of GeoMeeting. The purpose of working behind is that a message is sent through 
flex service to Blazeds server and shared with other attendees. Once, the IDs of tool bar are 
collected and stored, i.e., map panning, use of toolbars and scrolling will be flick, and if any 
participant wants to discuss on the map interface, that user may ask from the moderator by 
sending a request using JavaScript.

Service for member list: The flex controller saves the user name and sends it into a user list panel 
which is constructed using flex-based server scripts. When the user signed in or logged in, the 
widget is shared in html div with other users using Blazeds.

Chat service: In flex and PHP languages, chat object is developed. In flex server-side scripts, 
when a user types in the chat window, it delivers and shares among other users using Blazeds 
real-time messaging service.
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Service of map sharing: Map sharing idea is designed and got using JavaScript programming 
languages and Flex. During map sharing, it provides environment, when a user go for the 
zoom or extent of the map, the value of the extent and zoom is recorded through JavaScript 
function and send to flex server (Blazeds) which react to all users for map synchronization. In 
outcome, every person or user can share the same map area on screen.

Android service: User collects and updates the incidence rate using a Java-based application. 
Information related to textual and multimedia data are changed to xml format and recorded 
in the database through XML writer and Java Server pages (JSP). XML parser identifies the 
xml and data are showed on the map through JavaScript.

Feature-based chat service: The feature-based chat element operation and workflow is managed 
in JQuery and JSP. Popup window process controller gets the information by the user and 
sends it to the JSP using JQuery. After that, JSP gives the information to the database by an 
SQL for record and receiving of the message posted. Chat messages are real-time shared in 
different attendees during meeting using Blazeds Server.

Identify feature popup service: Identify feature popup is constructed to find out the selected 
elements properties. On elements selection, a JavaScript uses for finding out and showing all 
feature’s elements information inside the popup window through HTML.

Geometry feature service: Geometry feature service is noted in JavaScript languages and JSP. When 
features are drawn, for example point, line, polygon, circle, annotation, and hexagon on a map 
and geometry object of the feature are inherited using open layer’s JavaScript library. If this 
library is saved in directory on the Web-server than it can be studied by client browsers, apart 
from that it can have access from online URL. On the server side, JSP can then find out by read-
ing and parse by a text and then save the geometry into a database of PostGIS. In the return, JSP 
reads outcomes, for example, attributional information and geometry from database through 
SQL and xml converted by JavaScript for showing and parsing map shapes.

Another way of developing basic geometry elements in GeoMeeting is through WMS, which is 
served through GeoServer. The stored characteristics and geometry are declare to GeoServer 
and can way in or read by browsers through open layer functions and JavaScript. When a new 
element is developed on a map, JavaScript function take the ID of each element and deliver to 
the Blazeds, elements are shared to all the other users those are on board.

Feature multimedia sharing service: Feature multimedia sharing service is created to build con-
nection multimedia objects for example images, audio and video files against each geometry 
shape or incident for the purpose to share rich information among managers. All multimedia 
files are record on the Web-server; whereas, element information with multimedia objects get 
through JSP. Multimedia is classified based on type and each category is showed in different 
GeoEXT panels.

Bookmark service: Bookmark service is constructed to save the extension of the map and impor-
tant discussions made by different users. When a user clicks on the bookmark, the extent and 
zoom of the map are saved into the database through JSP Get function.

Live video service: With the live video-based interactive communication service, any person 
can share audio and/or video while demonstrating his/her ideas on the map. GeoMeeting 
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video service is developed using Flex, Action Script, and JAVA programming languages. The 
meeting client accesses the RTMP protocol of RED5 streaming video server, for sharing the 
video among participants. GeoEXT-based video popup sports a very simple user interface so 
that everyone can focus on the Geo-enabled meetings—not on technology. The participants 
do not have to install anything (even to broadcast audio), in brief; a single click starts video 
conferencing among multi-participants.

4. GeoMeeting prototype

In order to aid the Co-PPGIS synchronous participation procedure, which is originally devel-
oped and designed to resolve the issues associated with the municipality planning and man-
agement, GeoMeeting Prototype is executed as a proof of concept. GeoMeeting Prototype was 
developed and designed for effective geo-cooperation among National Society, government, 
local, and international NGOs. GeoMeeting prototype is basically a Web-based geospatially 
enabled conferencing system that accommodates synchronous and real-time amalgamation 
of data from different sources through Web map services like APIs, and supports the amalga-
mation of local knowledge demonstration by meeting participants. It also supports real-time 
map sharing, geo-referenced map notations, geo-chatting, user and meeting management for 
accommodating conversations among multiple users that are geographically located at dif-
ferent places. GeoMeeting is developed from scratch, amalgamating the technologies of open 
layer and flex technologies, having associated step by step development processes (that mean 
limitations discovered during the first version of prototype is enhanced in the next version of 
the development).

GeoMeeting system which is Geo-enabled comprises the following capabilities:

• As all the multiple users and participants in a GeoMeeting can sight the same geo-refer-
enced map simultaneously that is why it is called geo-enabled GeoMeeting system.

• In order to undertake synchronous conferencing, the GeoMeeting server application 
employ a push technology procedure like real-time instantaneous messaging are typical 
examples of push services.

• GeoMeeting provides Real-Time Map sharing among multi-users or participants.

• GeoMeeting is provided by geo-referenced pointer with a purpose of pointing at the shared 
view of map.

• With the aid of whiteboard facility, multiple users or participants can produce geometry-
based incidents

• GeoMeeting provides the opportunity of proper handling of maps (like modifying layers, 
map scale, and its position) to participants and users. It is very easy to rotate or change 
map view among different base map layers like street map, satellite, hybrid, and terrain in 
GeoMeeting prototype.

• In GeoMeeting, participants or multiple users can easily produce and share geo-referenced 
notations.
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Service of map sharing: Map sharing idea is designed and got using JavaScript programming 
languages and Flex. During map sharing, it provides environment, when a user go for the 
zoom or extent of the map, the value of the extent and zoom is recorded through JavaScript 
function and send to flex server (Blazeds) which react to all users for map synchronization. In 
outcome, every person or user can share the same map area on screen.

Android service: User collects and updates the incidence rate using a Java-based application. 
Information related to textual and multimedia data are changed to xml format and recorded 
in the database through XML writer and Java Server pages (JSP). XML parser identifies the 
xml and data are showed on the map through JavaScript.

Feature-based chat service: The feature-based chat element operation and workflow is managed 
in JQuery and JSP. Popup window process controller gets the information by the user and 
sends it to the JSP using JQuery. After that, JSP gives the information to the database by an 
SQL for record and receiving of the message posted. Chat messages are real-time shared in 
different attendees during meeting using Blazeds Server.

Identify feature popup service: Identify feature popup is constructed to find out the selected 
elements properties. On elements selection, a JavaScript uses for finding out and showing all 
feature’s elements information inside the popup window through HTML.

Geometry feature service: Geometry feature service is noted in JavaScript languages and JSP. When 
features are drawn, for example point, line, polygon, circle, annotation, and hexagon on a map 
and geometry object of the feature are inherited using open layer’s JavaScript library. If this 
library is saved in directory on the Web-server than it can be studied by client browsers, apart 
from that it can have access from online URL. On the server side, JSP can then find out by read-
ing and parse by a text and then save the geometry into a database of PostGIS. In the return, JSP 
reads outcomes, for example, attributional information and geometry from database through 
SQL and xml converted by JavaScript for showing and parsing map shapes.

Another way of developing basic geometry elements in GeoMeeting is through WMS, which is 
served through GeoServer. The stored characteristics and geometry are declare to GeoServer 
and can way in or read by browsers through open layer functions and JavaScript. When a new 
element is developed on a map, JavaScript function take the ID of each element and deliver to 
the Blazeds, elements are shared to all the other users those are on board.

Feature multimedia sharing service: Feature multimedia sharing service is created to build con-
nection multimedia objects for example images, audio and video files against each geometry 
shape or incident for the purpose to share rich information among managers. All multimedia 
files are record on the Web-server; whereas, element information with multimedia objects get 
through JSP. Multimedia is classified based on type and each category is showed in different 
GeoEXT panels.

Bookmark service: Bookmark service is constructed to save the extension of the map and impor-
tant discussions made by different users. When a user clicks on the bookmark, the extent and 
zoom of the map are saved into the database through JSP Get function.

Live video service: With the live video-based interactive communication service, any person 
can share audio and/or video while demonstrating his/her ideas on the map. GeoMeeting 
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video service is developed using Flex, Action Script, and JAVA programming languages. The 
meeting client accesses the RTMP protocol of RED5 streaming video server, for sharing the 
video among participants. GeoEXT-based video popup sports a very simple user interface so 
that everyone can focus on the Geo-enabled meetings—not on technology. The participants 
do not have to install anything (even to broadcast audio), in brief; a single click starts video 
conferencing among multi-participants.

4. GeoMeeting prototype

In order to aid the Co-PPGIS synchronous participation procedure, which is originally devel-
oped and designed to resolve the issues associated with the municipality planning and man-
agement, GeoMeeting Prototype is executed as a proof of concept. GeoMeeting Prototype was 
developed and designed for effective geo-cooperation among National Society, government, 
local, and international NGOs. GeoMeeting prototype is basically a Web-based geospatially 
enabled conferencing system that accommodates synchronous and real-time amalgamation 
of data from different sources through Web map services like APIs, and supports the amalga-
mation of local knowledge demonstration by meeting participants. It also supports real-time 
map sharing, geo-referenced map notations, geo-chatting, user and meeting management for 
accommodating conversations among multiple users that are geographically located at dif-
ferent places. GeoMeeting is developed from scratch, amalgamating the technologies of open 
layer and flex technologies, having associated step by step development processes (that mean 
limitations discovered during the first version of prototype is enhanced in the next version of 
the development).

GeoMeeting system which is Geo-enabled comprises the following capabilities:

• As all the multiple users and participants in a GeoMeeting can sight the same geo-refer-
enced map simultaneously that is why it is called geo-enabled GeoMeeting system.

• In order to undertake synchronous conferencing, the GeoMeeting server application 
employ a push technology procedure like real-time instantaneous messaging are typical 
examples of push services.

• GeoMeeting provides Real-Time Map sharing among multi-users or participants.

• GeoMeeting is provided by geo-referenced pointer with a purpose of pointing at the shared 
view of map.

• With the aid of whiteboard facility, multiple users or participants can produce geometry-
based incidents

• GeoMeeting provides the opportunity of proper handling of maps (like modifying layers, 
map scale, and its position) to participants and users. It is very easy to rotate or change 
map view among different base map layers like street map, satellite, hybrid, and terrain in 
GeoMeeting prototype.

• In GeoMeeting, participants or multiple users can easily produce and share geo-referenced 
notations.
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• Construction and installation of GeoMeeting prototype, a Web-based client-server architec-
ture, is very easy; we just need to plug and play.

• Through the use of any browser like Chrome, Opera, Internet Explorer, or Firefox, 
GeoMeeting prototype provides the opportunity of easy accessibility of the main interface 
of a prototype to the users.

• Online map sharing application is depicted using open source technologies, APIs and pro-
gramming languages like Flex SDK, MXML, Adobe blaze DS, Java Script, Action Script, 
and open layer API, etc.

• GeoMeeting application is considered extremely useful during collaborating decision-
aimed events such as emergency response, disaster management, and urban planning 
activities because GeoMeeting is a live conference technology.

GeoMeeting has myriad of capabilities but its operational status is still in its progressive stage. 
Figure 10 demonstrates a conceptual architecture of the GeoMeeting system.

The upcoming section’s discussions are based on the execution of different versions associ-
ated with the GeoMeeting prototype development.

5. Walkthrough of GeoMeeting prototypes

This section explains functionality requirements and enabling technologies of three GeoMeeting 
prototype’s design.

Figure 10. Conceptual architecture of the GeoMeeting system.
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5.1. GeoMeetingV1

5.1.1. Key features

Participants may visit the log-on page for GeoMeeting using a standard Web browser such 
as Mozilla Firefox 13+. Once the log-on page is displayed, the person can enter a user name 
and connect the GeoMeeting environment. After the meeting session is entrenched, the 
GeoMeeting elements will charge its default interface as shown in Figure 11.

Depending on your connection speed, the loading of Web services from different sources may 
take only a few minutes or sometimes take few seconds. The GeoMeeting component provides 
the following key functions: Caption A illustrates two pointers. Black pointer will activate the 
geo-referenced pointer on the GeoMeeting component that has a means of “gesturing” at the 
map to other participants and helps in highlighting an study area issue which can be seen by 
all participants on a real-time basis, whereas the white pointer will deactivate the pointer on 
the GeoMeeting component to other participants who can be useful for single user/moderator 
work. All participants map will relocate as of the moderator, and participants can have discus-
sions over there. Caption B illustrates a search toolbar. Search option provides the way to find 
a specific place of interest. The textual/graphical comments may be included at a see-through 
map layer and act as a shared whiteboard. The features can be in the configuration of points, 
lines, and polygons. These configurations are geo-referenced which means that they will be 
scaled as the map display is zoomed and extent which show outcomes in no misrepresentation 
of the configuration. The geo-referencing toolbar is constructed for the purpose to show the 
real-time supportive geo-referenced based configuration on map. The annotation tools are 

Figure 11. GeoMeeting interface.
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• Construction and installation of GeoMeeting prototype, a Web-based client-server architec-
ture, is very easy; we just need to plug and play.

• Through the use of any browser like Chrome, Opera, Internet Explorer, or Firefox, 
GeoMeeting prototype provides the opportunity of easy accessibility of the main interface 
of a prototype to the users.

• Online map sharing application is depicted using open source technologies, APIs and pro-
gramming languages like Flex SDK, MXML, Adobe blaze DS, Java Script, Action Script, 
and open layer API, etc.

• GeoMeeting application is considered extremely useful during collaborating decision-
aimed events such as emergency response, disaster management, and urban planning 
activities because GeoMeeting is a live conference technology.

GeoMeeting has myriad of capabilities but its operational status is still in its progressive stage. 
Figure 10 demonstrates a conceptual architecture of the GeoMeeting system.

The upcoming section’s discussions are based on the execution of different versions associ-
ated with the GeoMeeting prototype development.

5. Walkthrough of GeoMeeting prototypes

This section explains functionality requirements and enabling technologies of three GeoMeeting 
prototype’s design.
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GeoMeeting elements will charge its default interface as shown in Figure 11.
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map to other participants and helps in highlighting an study area issue which can be seen by 
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work. All participants map will relocate as of the moderator, and participants can have discus-
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map layer and act as a shared whiteboard. The features can be in the configuration of points, 
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organized in a toolbar. To use the annotation tools, click on the appropriate icon on the toolbar 
and then click on a location on the map or map feature. Add a point, draw a line or draw a 
polygon. Caption C illustrates the textual/graphical notations. A standard toolbar is provided 
with map zoom-in, zoom-out, and pan functions as shown in Caption D. This is basically a 
typical control in real-time map sharing environment, which allows the user to scroll curser 
for zooming, left or double-clicks the left mouse button for re-centering the map image to the 
area where you double-click on the map. Caption E is a base layer switcher which is repre-
sented by giving and allowing participants to switch between different base maps and includ-
ing maps given by any Web Map Services (WMS), Open Layer, and the Open Street map layers 
recording textual and graphical configuration. Caption F represents the real-time chatting; it 
allows any participant in the meeting session to exchange textual information. Chat window 
panel is developed for sending and receiving messages to other people, as though they are all 
in the same room, looking at the same map view. In other words, it provides a way for adding 
remarks linked with the spatial context. The list of participants attending the meeting session 
is provided through an embedded window panel, shown in a caption G. The big down-side 
blue arrow is used to hide/display the real-time chatting and participants list interface.

5.1.2. Technology

Prototype Web client interface is executed in JavaScript, Adobe Flex, and Action Script. 
The clients communicate with each other with the application server which is known as 
Tomcat and real-time messaging server which is Blazeds using a typical set of protocols, i.e., 
HTTP. The construction of this GeoMeetingV1 makes use of the following technologies such 
as Web servers (Tomcat), Web map server and tools (GeoServer), Server-side programming 
(MXML), Client side programming (HTML, JavaScript, Dynamic HTML, ActionScript), Real-
time Messaging Server (BlazeDS), and APIs: Google map API V2 and Open layer.

5.1.3. Discussion

The GeoMeeting elements are basically the technological breakthrough in the field of geo-infor-
mation management. The GeoMeeting is an evolution of map sharing component built previously 
based on collaborative PPGIS framework, which supports innovative map sharing component 
technology for better decision-making. There are some issues that need to be addressed and mini-
mized in the upcoming versions of the advanced prototype. At first step, the mouse pointer was 
used with pixel value that uses screen coordinates for movement of pointer on a map element. 
But, when it comes to higher or lower resolution, the technique of pointer displays a wrong geo-
graphic area. This issue was resolved by justifying the map panel to be left aligned as the problem 
remained same in center and right alignment, the screen coordinates to initialize from a top-left 
corner which will be same in all screen sizes, but another problem arises that when mapshar-
ing component was left aligned and displayed on a bigger screen, there is a lot of vacant/empty 
white space generated on the right-hand side of the screen. This issue will be resolved in the 
GeoMeeting V2 in which the mouse pointer is synchronized with map coordinates transforma-
tion technique instead of using screen coordinates, and participants get the same geographic area 
as of the moderator.

To make the interface eye catching, the map should be center aligned, but when we center 
align the map, flash div was moving toward a problem. Flash div is just like a receptacle in the 
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programming language which saves different type of codes in it. Map chat panel and user list 
are all in different div’s and all in the specific percentage, i.e., 100%; when we center align, the 
flash div’s does not visualize the map, chat, and user panel properly. Its solution is sorted out in 
GeoMeeting V2 by assigning pixel value to chat, and users list div same as of map div in order 
to visualize it properly. Editing toolbar is used for the demarcation of point, line, and polygon, 
and a hand tool is used for map panning. Initially, it creates a problem as we select any of them 
(point, line, polygon, and hand) it did not select properly. In fact, the map container (window) 
was placed over the editing toolbar, that is why it was creating a problem. As a solution, the 
editing toolbar’s z-axis position was changed (by increasing its z-index value) on the map so 
that selection of the editing tools can be developed properly and easily. Another issue in the 
GeoMeeting V1 is that when tools are selected from the editing toolbar and we draw any feature 
on a map it was not drawn correctly. Many times elements got stuck with the map panel and not 
allowed it to draw. At the time of development, this issue was seen because of the conflict in dif-
ferent versions launched at different timings. As a solution, old version 2.10 open layer library 
was replaced with version 2.12 until it was identified and detached from the open layer libraries.

6. Using mock-up case scenarios illustration of the prototype: 
GeoMeeting implementation in planning and management related 
activities

GeoMeeting prototype has been used in myriad different fields of studies like public security, 
crime mapping, disaster occurrences, layout frameworks for preparedness and emergency 
responses during a disaster, environmental and resources and local government. The section 
below is comprised of the demonstration of some points using the scenario-based discussion 
(i.e., the instances come from incidents or cases developed in different regions of the world).

6.1. Scenario 1: GeoMeeting: how well municipalities are meeting the need for parks

As parks are crucial to communities, because parks provide opportunities to people or public 
for exercise and experience nature which are paramount for physical and mental well-being 
of humans, it helps in revitalizing local economies; so there is a dire need to estimate park 
areas and raise municipality residents’ living standards. For recognition and generation of 
easy access to basic essentials of life, such as national parks, green infrastructure, recreation, 
etc., Government bodies are primarily accountable or answerable because they maintained 
the available park data but they are not sufficient to fulfill the challenges of data handling and 
sharing. Therefore, a Web-based GeoMeeting system has been launched to handle and share 
real-time data, support cooperative meeting sessions at regular intervals, and provide a set 
of tools like point that helps to recognize park areas and unrevealed base map information 
about the infrastructure. Video- or audio-based map sharing and Geo-teleconference have 
been made easy for decision makers to make a decision quickly. Every sort of editing, made 
by presenter, associated to park marking, will be displayed to all users simultaneously for 
collaborative decision-making. The presenter can spot a place, add comments, and interpret 
information related to: park access analysis at city level, complete information and data about 
every city park, identifying the areas where need of parks is most essential, and recognizing 
which improvements would provide the greatest advantage to local park system. This sort of 

Architectural Design and Prototyping of Co-PPGIS: A Groupware-Based Online Synchronous…
http://dx.doi.org/10.5772/intechopen.80091

25



organized in a toolbar. To use the annotation tools, click on the appropriate icon on the toolbar 
and then click on a location on the map or map feature. Add a point, draw a line or draw a 
polygon. Caption C illustrates the textual/graphical notations. A standard toolbar is provided 
with map zoom-in, zoom-out, and pan functions as shown in Caption D. This is basically a 
typical control in real-time map sharing environment, which allows the user to scroll curser 
for zooming, left or double-clicks the left mouse button for re-centering the map image to the 
area where you double-click on the map. Caption E is a base layer switcher which is repre-
sented by giving and allowing participants to switch between different base maps and includ-
ing maps given by any Web Map Services (WMS), Open Layer, and the Open Street map layers 
recording textual and graphical configuration. Caption F represents the real-time chatting; it 
allows any participant in the meeting session to exchange textual information. Chat window 
panel is developed for sending and receiving messages to other people, as though they are all 
in the same room, looking at the same map view. In other words, it provides a way for adding 
remarks linked with the spatial context. The list of participants attending the meeting session 
is provided through an embedded window panel, shown in a caption G. The big down-side 
blue arrow is used to hide/display the real-time chatting and participants list interface.

5.1.2. Technology

Prototype Web client interface is executed in JavaScript, Adobe Flex, and Action Script. 
The clients communicate with each other with the application server which is known as 
Tomcat and real-time messaging server which is Blazeds using a typical set of protocols, i.e., 
HTTP. The construction of this GeoMeetingV1 makes use of the following technologies such 
as Web servers (Tomcat), Web map server and tools (GeoServer), Server-side programming 
(MXML), Client side programming (HTML, JavaScript, Dynamic HTML, ActionScript), Real-
time Messaging Server (BlazeDS), and APIs: Google map API V2 and Open layer.

5.1.3. Discussion

The GeoMeeting elements are basically the technological breakthrough in the field of geo-infor-
mation management. The GeoMeeting is an evolution of map sharing component built previously 
based on collaborative PPGIS framework, which supports innovative map sharing component 
technology for better decision-making. There are some issues that need to be addressed and mini-
mized in the upcoming versions of the advanced prototype. At first step, the mouse pointer was 
used with pixel value that uses screen coordinates for movement of pointer on a map element. 
But, when it comes to higher or lower resolution, the technique of pointer displays a wrong geo-
graphic area. This issue was resolved by justifying the map panel to be left aligned as the problem 
remained same in center and right alignment, the screen coordinates to initialize from a top-left 
corner which will be same in all screen sizes, but another problem arises that when mapshar-
ing component was left aligned and displayed on a bigger screen, there is a lot of vacant/empty 
white space generated on the right-hand side of the screen. This issue will be resolved in the 
GeoMeeting V2 in which the mouse pointer is synchronized with map coordinates transforma-
tion technique instead of using screen coordinates, and participants get the same geographic area 
as of the moderator.

To make the interface eye catching, the map should be center aligned, but when we center 
align the map, flash div was moving toward a problem. Flash div is just like a receptacle in the 
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programming language which saves different type of codes in it. Map chat panel and user list 
are all in different div’s and all in the specific percentage, i.e., 100%; when we center align, the 
flash div’s does not visualize the map, chat, and user panel properly. Its solution is sorted out in 
GeoMeeting V2 by assigning pixel value to chat, and users list div same as of map div in order 
to visualize it properly. Editing toolbar is used for the demarcation of point, line, and polygon, 
and a hand tool is used for map panning. Initially, it creates a problem as we select any of them 
(point, line, polygon, and hand) it did not select properly. In fact, the map container (window) 
was placed over the editing toolbar, that is why it was creating a problem. As a solution, the 
editing toolbar’s z-axis position was changed (by increasing its z-index value) on the map so 
that selection of the editing tools can be developed properly and easily. Another issue in the 
GeoMeeting V1 is that when tools are selected from the editing toolbar and we draw any feature 
on a map it was not drawn correctly. Many times elements got stuck with the map panel and not 
allowed it to draw. At the time of development, this issue was seen because of the conflict in dif-
ferent versions launched at different timings. As a solution, old version 2.10 open layer library 
was replaced with version 2.12 until it was identified and detached from the open layer libraries.

6. Using mock-up case scenarios illustration of the prototype: 
GeoMeeting implementation in planning and management related 
activities

GeoMeeting prototype has been used in myriad different fields of studies like public security, 
crime mapping, disaster occurrences, layout frameworks for preparedness and emergency 
responses during a disaster, environmental and resources and local government. The section 
below is comprised of the demonstration of some points using the scenario-based discussion 
(i.e., the instances come from incidents or cases developed in different regions of the world).

6.1. Scenario 1: GeoMeeting: how well municipalities are meeting the need for parks

As parks are crucial to communities, because parks provide opportunities to people or public 
for exercise and experience nature which are paramount for physical and mental well-being 
of humans, it helps in revitalizing local economies; so there is a dire need to estimate park 
areas and raise municipality residents’ living standards. For recognition and generation of 
easy access to basic essentials of life, such as national parks, green infrastructure, recreation, 
etc., Government bodies are primarily accountable or answerable because they maintained 
the available park data but they are not sufficient to fulfill the challenges of data handling and 
sharing. Therefore, a Web-based GeoMeeting system has been launched to handle and share 
real-time data, support cooperative meeting sessions at regular intervals, and provide a set 
of tools like point that helps to recognize park areas and unrevealed base map information 
about the infrastructure. Video- or audio-based map sharing and Geo-teleconference have 
been made easy for decision makers to make a decision quickly. Every sort of editing, made 
by presenter, associated to park marking, will be displayed to all users simultaneously for 
collaborative decision-making. The presenter can spot a place, add comments, and interpret 
information related to: park access analysis at city level, complete information and data about 
every city park, identifying the areas where need of parks is most essential, and recognizing 
which improvements would provide the greatest advantage to local park system. This sort of 
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information is accumulated in a database and can be easily recovered. Figure 12 represents 
the identified park areas.

Through GIS land use survey techniques, parks are easily determined. In this scenario, 
android-based techniques are used for collection of park points’. As parks can be easily 
inspected in high resolution imagery, therefore, high-resolution satellite imagery is used for 
discussion as a base map. GeoMeeting environment offers the platform for stakeholders to 
share and execute their views related to area’s enhancement by offering better utilities, facili-
ties, and living standards to residents.

7. Usability testing/evaluation

Evaluating the usability testing of GeoMeeting prototype using a case study scenario is help-
ful to make it effective and usable. A brief summary of steps performed during the usability 
evaluation of the prototype is discussed as follows.

The evaluation will organized in three parts: (1) a pre-questionnaire comprised of queries 
related to the user’s background, their experience of other Web GIS applications, their comput-
ers expertise, and GIS knowledge. (2) Second part of evaluation is the actual user’s interaction 
with the GeoMeeting system using the analytical method with the help of TeamViewer, Session 
Cam, and Google Analytics tool, which is easy to use, free, and user-friendly usability-evaluat-
ing tool that provides a comprehensive set of Website data tracking and analysis tools. By using 
the TeamViewer and Session Cam recording components, it is possible to collect highly detailed 
and useful information about the actual usage of the GeoMeeting Website and its components. 

Figure 12. GeoMeeting for municipality parks mapping.
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Data elements are valuable for evaluating the usability as well as estimating the degree of 
public input during the process of participatory planning and effective decision-making. A 
Web-based feedback component was developed to evaluate and measure the usability aspects 
collected using pre-post questionnaires and Web analytic tools, i.e., TeamViewer, Google 
Analytics, and Session Cam. (3) Finally, the users were asked to fill out a post-questionnaire 
comprised of queries related to usefulness, ease of use or interactivity of using GeoMeeting 
interfaces in order to collect feedback concerning the usability of the system.

8. Concluding remarks

Co-PPGIS, a Web-based geospatially enabled conferencing system, assists a real-time partici-
pation to facilitate and improve public participation for collaborative decision-making which 
will bring fundamentally more understandability in any system. This Web system provides 
real-time amalgamation of data from different sources through Web map services, such as 
APIs, and supports the amalgamation of local knowledge expressed by meeting participants. 
In order to aid the Co-PPGIS synchronous participation procedure, which is originally devel-
oped and designed to resolve the issues associated with the municipality planning and man-
agement, GeoMeeting Prototype is implemented as a proof of concept. GeoMeeting Prototype 
framework facilitates any sort of e-governance, management, and emergency scenarios 
(e.g., municipal planning, forest management, urban sprawl, lands state, crime mapping, 
disaster response, etc.) related to collaborative decision-making and provides an effective, 
valid, and see-through system in which all the discussion and recommendations between 
authorities/participants are conserved in the database and can be viewed anytime to know 
the irresponsibility of even a common person to some authority handling the entire situa-
tion. The GeoMeeting is an evolution of map sharing component built previously based on 
Collaborative PPGIS framework which accommodate effective and better decision-making 
through its innovative map sharing component technology.

The infrastructure of GeoMeeting was established on several components-based services 
such as Login Management, Floor Control, Map sharing, Android, feature-based chat, fea-
ture popup service, Geometry and Multimedia Sharing feature Services, Bookmark, and Live 
Video Services. Registered users can have direct access to GeoMeeting through login authen-
tication. The component also includes chat facility, drawing specific location (point, line, and 
polygon/area); base layer switcher for better understanding of map and search any area of 
interest; synchronously. These components-based services make it an effective and efficient 
platform for information/data sharing. Previously, teleconferencing was the only medium 
used during emergency management planning, but the drawback for teleconferencing was 
the absence of any geo-collaborative console, i.e., map sharing. GeoMeeting provides real-
time geo-collaboration; which improves accuracy and efficiency as well as saves cost and time 
of the emergency management organization. Consequently, this Co-PPGIS framework-based 
GeoMeeting provides an interactive interface to have Geo-enabled collaborative participatory 
discussion platform among decision-making authorities and common people.
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Abstract

Morphological relief analysis allows the identification of geomorphological forms and 
cartographic-environmental studies make extensive use of the medium (1:50,000) and 
large scale (1:250,000), where the topographical contrast is evident. However, at a detailed 
scale (<1:20,000) and for territories where the contrast of relief does not exceed 10 m in 
height, the morphological analyses must be adapted accordingly, because they contrib-
ute information to altimetry studies and to the topographic configuration of units. Thus, 
through visual interpretation and manipulation of high-resolution topographical LiDAR 
data from Cozumel Island, a relief analysis is presented at a detailed scale for the purpose 
of recognizing the geomorphological units of karst origin, using altimetry and slope car-
tography, digital models of elevation, and shading that permits the identification of 109 
new exokarstic doline and uvala formations.

Keywords: GIS, karst, relief, island, Caribbean

1. Introduction

Geologically, the Island of Cozumel’s basement is calcareous from the upper Tertiary period 
and reef from the Holocene period, which, accompanied by tropical climatic elements, give 
rise to dissolution karst formations. The study uses records of uvalas and cenotes in the area 
of study, which were obtained through a record from touristic service providers and from the 
community, as well as from scientific articles [1, 2]; however, there is no updated and com-
plete database. For the purpose of contributing to the identification of karst forms (dolines, 
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Figure 1. Location of Cozumel Island in Mexico.

uvalas, and poljes-locally called “cenotes” and “rejolladas”), altitude mapping and digital 
models of elevation, shading, and slope generated with LiDAR (light detection and ranging) 
data were used for identification and cartography.

The word LiDAR is an acronym for the term LIght Detection And Ranging, that is to say, 
detection and measurement of light. This technique is currently becoming a basic tool in 
studies based on topographical analysis and precision of the information base [3–5]. The 
use of LiDAR products has greatly improved and has a significant influence in the earth 
science disciplines [6, 7]. Its usefulness is emergent in shallow reliefs and those with little 
altitudinal difference.

Trends in Geomatics - An Earth Science Perspective34

The Yucatan Peninsula has an area of 39,340 km2 and is located in southeast Mexico’s. The 
most outstanding structural features of Yucatán are the sinkhole region and the aligned 
islands of Cozumel and Mujeres. The altitude of Yucatán not exceeding 300 m elevation domi-
nates. Previous studies have recognized that different types of karstic depressions abound in 
the vast plateaus of the northern and eastern Yucatan Peninsula, and there are also extensive 
systems of caves and caverns in the entire landscape [8]. Climatic subtypes are warm and 
humid with summer rains and warm and humid with summer and winter rains [9]. Cozumel 
is part of the Yucatan peninsula with sedimentary rocks formed on a wide platform. The core 
drillings indicate that the island is formed from reef sediment with a thickness of 100 m or 
more, which dates from the Oligocene and Quaternary Epochs [10].

Cozumel Island pertains to the state of Quintana Roo, located at 20° 28′ N, 86° 55′ W (Figure 1). 
Cozumel Island faces the coast of the Yucatan Peninsula in the Caribbean Sea, approximately 
16.5 km to the east of the Yucatan Peninsula, in the zone of the Northwest Caribbean [11]. The 
climate is hot and humid with abundant rainfall in the summer. The average annual tempera-
ture is 25.5°C and precipitation reaches 1504 mm per year. Cyclones have an important effect, 
increasing the amount of rainfall in the summer [12].

The relief of the island does not exceed 15 m of altitude above the sea level and the carto-
graphic representations have been developed with data at 1:75,000 and 1:50,000 scale [1, 13]. 
The presence of dolines and uvalas with exokarstic forms has been reported, but the majority 
have been characterized over time, due to the fact that they do not exceed 50 m in diameter 
[14–16], which makes it necessary to recognize other techniques that aid the identification 
of exokarstic forms. For that reason, this study employs LiDAR modeling for the purpose of 
recognizing doline and uvala forms, enriching the list of these relief forms, and indicating the 
areas with higher density of exokarstic forms.

2. Methodology

To achieve the objectives, the following were necessary (Figure 2):

Phase 1. Revision of the inventory of exokarstic forms (caverns, dolines, uvalas, and poljes 
– “cenotes” and “rejolladas”) reported in Cozumel Island [1, 2, 13–17], as well as the reports 
from the association of speleologists MAYAB AC [18] were consulted, 37 of the reported karst 
units were recognized in these studies, and a georeferenced database was also generated for 
the purpose of making the information available for reference.

Phase 2. Construction of a unified LiDAR mosaic of the terrain of Cozumel Island. To do so, 
the data from point clouds in 32 TIFF information files generated by the ALS 40 system and 
an information area of 62,556.27 km2 [19] were revised and corrected; the data resolution is 
5 m for the X and Y axes and 15–20 cm for the Z axis. The resolution scale is 1:10,000 for each 
cartographic model.

Phase 3. The application of filters for the elaboration of morphometric digital models of eleva-
tion, slope, and shadows. The digital model of elevation was derived from the simple method 
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of nearest neighbor interpolation, rated at 0.05 cm elevation, recognizing up to 16 m of altitude 
in the area of study [20]. For the terrain shading method, an azimuth of 272° and an elevation 
of 30° was used, and for the slope map, eight categories of classification were set manually, 
where the highest category is >40° [21].

Phase 4. Analysis of the distribution of units in the inventory and their contrast with the new 
models of identified forms. In each one of the models, 109 dolines and uvalas were visually 
identified, using the high resolution models and the contrast of the altimetric data, slope, and 
shading. Likewise, the information was contrasted with the 37 units reported in the previous 
studies. Furthermore, field trips were carried out during the months of June and July 2014 
to confirm the occurrence of the dolines and uvalas, where the cartographic prospection at 
1:10,000 scale was verified.

3. Results and discussions

In the identification of the exokarstic forms, the primary input used was a mosaic of LiDAR 
images of terrain with a resolution of 5 horizontal m and 0.50 vertical cm, to which later a 
shade filter with azimuth 272° and height 30° is added (Figure 3). Here, dolines and uvalas 
with diameters between 20 and 125 m and up to 9 m of depth can be identified, as well as basic 
linear details of the relief. In the mosaic, one can see the geological structure of the quaternary 
period (old coastal mountain ranges, dunes, and marine terraces).

By applying an altimetric filter with a vertical difference of 0.50 cm, karstic formations are 
distinguishable. For said identification, the distribution of pixels based on their altitude values 

Figure 2. Flow diagram of the methodology.
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was taken into account; groups that presented values in ascending order from the center 
to the shores were sought out, since this characteristic indicates that there are depressions. 
Furthermore, a visual interpretation was done in which the identification criteria was the geo-
metric form of said groups. In this case, the semicircular form is associated with the dolines 
and the irregular forms with processes of the formation of uvalas. The dimensions are congru-
ent with that which was identified in the shading model.

Finally, with the contrast of the slope (see Figure 4), where the association of the semicircular 
forms and forms with a gradient greater than 25° – corresponding, in the majority of cases, to 
the borders of the uvalas or collapse cenotes – the altimetric difference was up to 8 m of depth. 
The units with lower gradients (<25°) and altitude contrast (up to 1 m in height) are related 
to dissolution dolines.

In the records of dolines and uvalas in the region of study, the existence of 37 karstic forms are 
reported, all of which have been reported as points (with latitude and longitude coordinates), 
the majority of which measure less than 10 m in diameter [1, 17]; with the interpretation of 
the models derived from the LiDAR data, 109 forms were able to be identified, with their 
diameter and depth. The cartography of all of the sites is shown in Figure 5.

Furthermore, the density of dolines and uvalas in square kilometers is shown in Figure 6. 
The concentration can be explained by the fact that the area of the highest relief (>10 masl), 
which corresponds to a marine terrace in which the karstification processes are more evident 
than in the periphery as well as other morphological genesis (dunes, coastal mountain ranges, 
lagoons, and shoals), located along the coast and the north of the island, and whose forma-
tions can be buried or subterranean (such as caverns and grottoes).

Figure 3. Elevation map with a vertical difference of 0.50 cm and terrain shading model (azimuth 227° and elevation 30°) 
with details about the known karst formations. Prepared by author based on LiDAR data [8].
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Although there is a new distribution model of dolines and uvalas, as well a proposal for 
density of karstic forms, it must be considered that in this study, the interpretation and iden-
tification of exokarstic forms follows a traditional process of relief form analysis [3, 5], based 
on the visual morphological differences (crests, slopes, surface, and background), known for 
their morphometric elements (height, slope, and depth).

The advantage of using LiDAR models, which are free for the public to access through the 
National Institute of Statistics, Geography and Informatics of Mexico, allows the processing 
of detailed data at a detailed horizontal scale (5 × 5 m) and at 0.05 cm of vertical height. The 
aforementioned was not possible until the year 2010, when LiDAR flights were carried out in 

Figure 4. Slope map with six gradient categories. Prepared by author based on LiDAR data [8].

Trends in Geomatics - An Earth Science Perspective38

this area of study, characterized by low altimetric contrast (<10 m) and by a base cartography 
at 1:50,000 scale. For this reason, it is not possible to identify karstic forms with dimensions 
less than 50 m, where the cost would be excessive, as pointed out by others authors [10, 14, 19].

New dolines and cenotes have been identified, along with the areas of greater density. 
However, an accurate characterization of each identified unit is needed to increase the under-
standing of the types of dolines (dissolution, collapse, and suffusion) and uvalas (first, second 
or third generation), their relation with the creation (structural or climatic) and with the type 
and intensity of the process of karstification.

Figure 5. Map of point distribution of the karst forms in Cozumel Island. Prepared by author based on data reported 
[12–19] and this study.
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4. Conclusions

The use of LiDAR data is not new to the study of karstic reliefs in tropical areas, where data 
has been manipulated by filters to highlight forms in the relief; among the most common are 
the hypsometric models, field studies, and slope.

In the area of study, there are no reports about the use of LiDAR technology for the recognition 
of dolines and uvalas, and consequently the use of LiDAR data is a proposal to identify and 

Figure 6. Density model of karstic forms by km2 in Cozumel. Prepared by author based on the identification of dolines 
and uvalas using the LiDAR model [8].
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enrich the doline and uvala inventories in karst areas with little altimetry contrast. Even though 
in this study, new dolines and uvalas are reported, it lacks the complete verification and error 
estimation in the data interpretation and its concurrence with the reports in the literature.

The density map of dolines and uvalas have a resolution of 5 × 5 m, being a detailed-scale 
map which serves to orientate new searches for the calibration of LiDAR data and to be able 
to orientate its use in the entirety of the northeastern zone of the Yucatan Peninsula, where 
LiDAR data are open and free to access for scientific and academic study, with the potential 
for application to and studies about quaternary geology, the evolution of the landscape, the 
evidence of the coastal dynamic, and the transformation of the landscape in the area inhabited 
by the Maya of the Yucatan.
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estimation in the data interpretation and its concurrence with the reports in the literature.

The density map of dolines and uvalas have a resolution of 5 × 5 m, being a detailed-scale 
map which serves to orientate new searches for the calibration of LiDAR data and to be able 
to orientate its use in the entirety of the northeastern zone of the Yucatan Peninsula, where 
LiDAR data are open and free to access for scientific and academic study, with the potential 
for application to and studies about quaternary geology, the evolution of the landscape, the 
evidence of the coastal dynamic, and the transformation of the landscape in the area inhabited 
by the Maya of the Yucatan.
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Abstract

The fast pace of technology development and voluntary adoption of international standards 
requires interdisciplinary and skill-based education. This chapter presents an approach for 
the development of an interdisciplinary, internationally recognized geomatics program, at 
King Abdulaziz University (KAU), using a multilevel approach that combined the interna-
tional guidelines with the local stakeholders’ needs being in line with the global demand 
for professionals in this field. The methodology of this study consisted of interviews with 
subject matter experts (SMEs), students survey and operational analysis, and observation 
was used to analyze the program challenges and opportunities. Results obtained showed 
that the transferability of the approach adopted in this research, along with the commonal-
ity of lessons learned from the process, contributes to faster execution for similar programs 
in various parts of the world. The program was successful to secure to international recog-
nition within 10 years of its inception. The quality of learning outcomes supported by the 
high employability of graduates was among the key socioeconomic impact of the program.

Keywords: IHO, geomatics, hydrography, curriculum design, learning outcomes, 
system model, action research, systems thinking

1. Introduction

Geomatics is the new discipline that integrates the tasks of gathering, storing, processing, 
modeling, analyzing, and delivering spatially referenced data or location information [1]. 
The spatial technologies represent the core of geomatics and help determine the location and 
identifying the bathymetry of water bodies. The broad application of geomatics technolo-
gies in marine and oceanography applications has allowed geomatics to integrate all the ele-
ments of spatial sciences and remote sensing along with measurements in a unique discipline 
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known as hydrography. Hydrography is defined as the science of mapping and charting 
the depths of water, whether it is seas, lakes, rivers, or oceans. There are many supporting 
fields to hydrography including coastal zone management, nautical charting, the safety of 
navigation, ocean mapping, marine resource exploration, maritime boundary delimitation, 
protection of the marine environment, marine science, and naval activities of defense. The 
importance that hydrography gained in the recent years is because of the collective efforts 
ongoing and the justified need for more additional work on further exploring and exploiting 
natural resources available in marine environments. The IHO estimates that at least 50% of 
the world’s coastal waters are unsurveyed. The polar regions, the South West Pacific, West 
Africa and the Caribbean are about 10% surveyed. Moreover, in those areas where studies do 
exist, many are so old or of such a quality that they cannot support the modern requirements. 
A direct influence on measurements and observations related to climate and climate change 
makes hydrography a key enabler to the sustainable development of the seas and the best 
management and governance of the ocean sustainability and resources.

Until about 20 years ago, the traditional components of geomatics, namely: photogrammetry, car-
tography, remote sensing, and surveying were all independent, and each had its distinct identity 
[2]. However, geomatics development is directly attributed to the advances in computer science 
[3]. To this end, there is a debate about whether geomatics is an evolution of the traditional sur-
veying engineering or natural development in the field of earth science. Regardless of the origin 
of geomatics, the fundamental fact is that it is not possible for a single person, i.e., surveyor or 
computer scientist to provide a complete solution at the required knowledge depth necessary [2]. 
Geomatics provides collaborative solutions have a broad range of applications [4], which makes it 
a unique discipline. Applications such as spatial database design and management, environmen-
tal engineering and climate change modeling, oceanography, forestry, geology, geophysics, civil 
engineering, and biology have made geomatics as a hub for subspecialties of high professional 
and economic interest [5, 6]. Figure 1 show the interdisciplinary science of Marine Geomatics.

The objectives of this chapter address the challenges and highlight the opportunities that 
arise from developing marine geomatics program in the Kingdom of Saudi Arabia, as an 
international model of collaboration for similar international efforts. The study was planned 
to achieve three primary goals, specifically:

1. The utilization of maritime resources is critical to ensuring the economic well-being of 
many economies. For the Gulf Cooperation Council (GCC) region, the region requires 
increasing academician awareness with challenges and opportunities as a result of devel-
oping a new marine geomatics program with regional specifics of geographic and socio-
cultural constraints, as well as with international impact and contribution.

2. For local development to occur, it is important to invest in the local establishment of 
“approach-based engineering education,” despite the high costs and other challenges, 
such as meeting multiple stakeholders’ requirements in skill-based education. Such devel-
opment requires an increased level of the knowledge of the role of the local and interna-
tional stakeholders’ contribution to the development of a new marine geomatics program.

3. Evaluation of the program outcomes and accomplishments in 10 years since its inception 
is necessary to ensure the establishment of the involved knowledge and its generational 
transmission.

Trends in Geomatics - An Earth Science Perspective46

The approach investigated the need and challenges faced to supply the job market with 
highly trained professionals that are internationally certified to carry out their job, regardless 
of their regional boundaries. This study discusses issues related to challenges and oppor-
tunities for geomatics education and showcases the development of the new hydrographic 
surveying program at KAU, in the heart of a large metropolitan port city of Jeddah, Saudi 
Arabia. The study highlights particular issues as a model for geomatics education in similar 
parts of the world.

In the following sections, the paper sets the foundation for justifying the need for hydro-
graphic surveying program, examines students’ performance and satisfaction through survey 
analysis, and explores current challenges through subject matter experts (SMEs) interviews. It 
outlines the development of the curricula and introduces the challenges faced by the program 
and the opportunities that await the new curriculum as it relates to KAU. The last section of 
the paper draws conclusions within the context of challenges and opportunities associated 
with the development and evaluation of new specialized geomatics programs.

2. Literature review

2.1. Geomatics education

The significance of approach-based engineering education research has been documented by 
many researchers, including [7]. Several interdisciplinary subdomain research methods have 
received substantial attention in education research due to their emergence to form multidis-
ciplinary approach. Case and Light and Cousin [8, 9] indicated that attribution of understand-
ing and implementation of tools as procedures of inquiry in engineering research methods is 
to the way of their application as tools and context interpreted. The framework formed by the 
instruments and methods is known as “methodology.”

Figure 1. Marine geomatics as interdisciplinary science.
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The focus in engineering education research methods that focus on the process was the focus 
of the work of many researchers including [8, 10]. Today, many advanced economic systems 
are challenged to rely conclusively on and utilize marine resources. Additional importance 
linked to having effective marine geomatics programs as a priority for many parts of the 
world. Agrafiotis and Koumoutsos [11] defined the term education as the process of ensuring 
the development of knowledge, the formulation, and adaptation of the acquired knowledge 
to the collective memory and its processing, which contributes to making this process ongo-
ing between generations. Many researchers have discussed the need for geomatics education 
including [2, 12–14]. Regionally, the need for a specialized geomatics education in the Gulf 
Cooperation Council (GCC) region comes from the fact that there is a growing population 
versus natural resources in the area that are underwater, and there are ongoing efforts for 
exploitation. Another factor is that the GCC countries are in a peninsula surrounded by water, 
between three of the major water bodies i.e., the red sea, the Indian Ocean, and the Arabian 
Gulf, which makes safe navigation of increased importance to the region. The fast develop-
ment of maritime infrastructure and transportation and the large fleet of ships and oil tankers 
pose a new concern for programs related to marine transportation and safety.

The high cost of establishing efficient maritime education infrastructure, as well as the hard 
nature of offshore training that students and professionals in maritime industry require, adds 
more challenge to having enough teaching and training facilities. The outcome of that is a 
less human resource that can share and transfer the knowledge to the future. It is a global 
situation faced by a very limited number of specialized marine geomatics programs world-
wide. There are many unclear boundaries for the connection between marine geomatics as 
engineering discipline at its link to many marine sciences including marine geology, marine 
applied physical oceanography and environmental sciences. The lessons learned from devel-
oping technology-based education are attributed to the IT infrastructure itself, as well as to 
adequately addressing the environmental consideration by the international standards, as 
discussed by Agrafiotis and Koumoutsos [11]. The need for technologically supported edu-
cation is on the rise as all educational activities today are helping the process of growing 
economies, and they depend  on technology to a far extent.

The growth of geomatics sector in Saudi Arabia is expanding, along with the process of out-
growing the challenges associated with technology adoption and utilization. This increase 
makes a golden opportunity for local training of professionals in the field hydrography, 
according to the international standards of competence laid by the International Hydrographic 
Organization (IHO). However, despite the observed development in geomatics, it remains 
limited compared to the western world [15]. Konecny [5] believes that due to the many factors 
supporting effective adoption of Geomatics Technologies, the need for formal education need 
is also growing in this advanced technological era. This realization is most pertinent since in 
an actual sense, development is never achieved nor can it be sustained from outside the devel-
oping country [16]. Local professionals play a strategic role in the socioeconomic development 
of their communities [17]. This provides added value justification for the need of having a 
state-of-the-art education that combines technology capabilities with local needs. In many 
developing countries, there is the absence of effective local participation and involvement 
in strategic planning, formulation, program identification, design, and implementation [16]. 
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Therefore, the spreading of technology-based programs that provides geomatics solutions has 
to go along with a detailed analysis of the local and regional situation [6, 18].

The scope of skills and expertise required to form the link between higher education insti-
tutions of today, whether in form college or university education. The global demand for 
geomatics professionals and hydrographers worldwide reinforces the importance of having 
marine geomatics program in the Kingdom of Saudi Arabia, mainly due to the following:

• some of the geomatics-related works in the region are still in the realm of standard (tradi-
tional) practice,

• the rapid development in computation and adoption of digital forms of data processing 
and conversion,

• the clear link between socioeconomically developed communities, sustainability of corpo-
rations and government agencies, and the realized need for proper economy drivers that 
help with wealth data collection and handling,

• the continuing advances in environmental protection, sustainable development, and natu-
ral resources conservation through the adoption of advanced Geomatics Technologies that 
require highly qualified and highly trained personnel.

Marine geomatics is an interdisciplinary applied science that is based on the foundation of 
Geodesy and Land Surveying. The program is designed on the pillar of four core domains: 
(1) geodesy and positioning, (2) land surveying and estimation, (3) remote sensing and 
photogrammetry, (4) GIS and cartography, (5) oceanography and marine environment, and  
(6) marine geology and geophysics. The components from 1 to 4 are standard in any geomat-
ics or land surveying program. However, five and six are unique in this program and many 
other hydrography/marine geomatics programs worldwide. The strength of marine geomat-
ics program at King Abdulaziz University is directly attributed to the stakeholders’ interest 
in having professionals in this field supported by a strategic partnership with Saudi Aramco, 
the largest oil company in the world. Our program is designed to hosting top talented stu-
dents and to provide a high-quality education according to the international standards of 
the International Hydrographic Organization (IHO). The international recognition of the pro-
gram by the IHO has contributed to the excellence and strength of the program.

2.2. Specific needs for the establishment of marine geomatics program

As suggested by Refs. [19, 20], the technology advancement has allowed for developing a 
new program to cross the interdisciplinary horizon of all sectors of Information Technology. 
Marine geomatics is one of these interdisciplinary programs that is critically required due to 
existing gaps in geomatics education in the region and absence of the hydrography-related, 
skill-based program. This makes the initiative of KAU unique, not only in the Kingdom but 
also in the region. The fast growing pace of geomatics as interdisciplinary skill-based educa-
tion in North America has triggered the global need for such education, the relatively rapid 
pace growing in supporting fields [5, 21].
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More specifically, the need for engineering-based multidisciplinary marine geomatics education 
is increasing day by day. There is an expanding global change in economic dependence in soul 
natural resources products, such as oil, and the growing concern of utilization diverse financial 
resources that can deal with an array environmental challenges [22]. All these in addition to 
the growing technological advancements have maximized the need for skill-based education 
for professionals, specifically for Saudi Arabia and the GCC region. As indicated by Melezinek 
[23], skill-based technologically obsessed education became necessary as the application of 
knowledge became as important as it is a pursuit. This type of education needs to be supported 
by a contemporary approach to providing advanced professional education. The required 
efficient and progressive decision-making process has helped with shaping and advancing 
geomatics education [11]. Today, it is not only the academic community that is concerned with 
the issues of providing adequate advanced skill-based education, but is also the stakeholders, 
who are more concerned to have knowledgeable and skilled professionals that can support 
their communities [24]. The academic education and professional training integration to pro-
vide skill-based education have become a need, rather than a complementary resource, more 
particularly to developing countries with growing economies and depleting resources [25]. It 
partially addresses the need raised by many researchers including [11] who illustrated the need 
in keeping up with the rapidly developing technologies through active education systems to 
provide advanced knowledge and to enhance the contribution to the development of vibrant 
communities that support stakeholders’ objectives and job market trends. This justification is 
according to the growing need for effective educational systems that are capable of providing 
advanced training that is keeping with the rapid pace of technology development [12, 14, 26].

3. Methodology

This research is considered as action research, as it summarizes efforts being carried out in 
the process of developing a new educational program. It introduces a new approach that inte-
grates the environmental socioeconomic considerations with the international requirements 
for providing advanced skill-based education and training.

It provides direct input to methodologies and mechanisms that are currently embraced glob-
ally to improve the process of creating similar programs. The relevance of this approach taken 
is not limited to the region or country where the development occurred. It can be adopted 
worldwide with minimal consideration to the socioeconomic factors that might influence suc-
cessful implementation of such a program. In geomatics, there are many efforts presented 
by many. The research adopts different levels of analysis and observations, based on the 
approach proposed by Virkki-Hatakka et al. [27]. Figure 2 shows a summary of the research 
approach used in this study. The reason behind this systematic approach was to evaluate 
challenges and opportunities for marine geomatics programs using local case study.

The research is intended to reach to results and develop conclusions based on critical evalua-
tion of the approach adopted in the development of the academic program. These assessments 
are important because they provide heuristic evaluation and key observation for the successes 
and failures of the program. The first stage of the methodology involved SMEs’ interviews, 
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where two subject matter experts, from those who participated in the evaluation of the pro-
gram, have analyzed the strides and failures of the program, based on the standard assess-
ment procedure that has focused on determining and listing the challenges and opportunities 
that are faced by the program. The levels adopted are as follows: (A) critical evaluation of the 
strategic plan adopted in the developed program, based on qualitative input from different 
stakeholders and academic administrators; (B) analysis of the policies and procedures used 
during implementation of the plan while developing the program; (C) observation, evalua-
tion, and self-evaluation of the program performance and development over the study years; 
and (D) reflection on the outcomes based on the steps from A to C, where they were assessed 
based on the contribution of the program to addressing the stakeholders’ needs for local 
professionals according to the international standards. The second stage of the research has 
focused on analyzing the information obtained from the annual students survey completed 
as part of the quality monitoring assessment, under the University Vice-President Office for 
development, where students complete the survey. The methodology also included analysis 
of socioeconomic indicators for the success of the program at a regional level. Critical analysis 
of the impediment factors for further improvement of local and regional considerations is 
associated with the establishment of the program.

4. Case of KAU hydrographic surveying program

The hydrographic surveying department aims to provide graduates with basic and advanced 
knowledge of hydrography, hydrographic data collection, management, and presentation. 
Also, it provides knowledge of data analysis to determine depths and locations and to cre-
ate hydrographic/nautical charts, as well as navigational and environmental protection. It 
has started in 2004 with two full-time faculty members and four collaborating faculties, to 
reach to eight full-time faculty members, two engineers, and four faculty members under 
development. The justified need has led KAU to initiate a program that builds the region 
capability for hydrographic surveying cadre. It also supports the ongoing development and 
exploitation of maritime resources. Since its inception and for 7 years, the program was under 

Figure 2. The approach for research.
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More specifically, the need for engineering-based multidisciplinary marine geomatics education 
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The research is intended to reach to results and develop conclusions based on critical evalua-
tion of the approach adopted in the development of the academic program. These assessments 
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and failures of the program. The first stage of the methodology involved SMEs’ interviews, 
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the Department of Maritime Studies at King Abdulaziz University and was hosted by the 
Faculty of Marine Science of KAU. In 2011 the announcement of the establishment of a new 
Faculty of Maritime studies was announced by approval from the higher authorities in Saudi 
Arabia (Royal Decree). The new Faculty of Maritime Studies hosts four departments, which 
are the Department of Hydrographic Surveying, the Department of Nautical Science, The 
Department of Ports and Maritime Transport, and the Department of Marine Engineering. 
The department graduates are 20 in total, with the first batch graduated in 2008.

The department facilities consist of the state-of-the-art equipment and instruments, including 
the “University Hydrography” survey vessel. The department services are among the most 
comprehensive regarding both technical and academic aspects. In April 2008, the construction 
was completed in the full five-storey maritime studies building, at KAU Campus Al-Morgan, 
40 km north of the main campus in Jeddah. This building location is in the creek of Abhor and 
the Red Sea. A new 16-meter long hydrographic survey vessel was acquired in 2010 to provide 
hydrographic surveying students with all what they need to practice hydrographic surveying in 
the field. The vessel utilizes the state-of-the-art hydrographic surveying equipment and process-
ing packages. It allows up to eight students and four crew members to conduct field survey for 
up to 8 days onshore using onboard data processing and transmission to different receivers.

4.1. Academic requirements

The program is unique in the Gulf Cooperation Council (GCC) states; it is designed to 
address the gaps in educating professionals in the region, as no other institution offers a 
similar program or professional certification. The International Maritime Organization (IHO) 
[28] guidelines provided direct input in the development of the program. The program has 
focused on addressing far beyond the core competencies needed for hydrographers CAT A 
certification. The information provided by the local stakeholders [29], including the Saudi 
Aramco, Ministry of Transportation and National Surveying Authority, provided a regional 
benchmark for the skills and competencies required. The stakeholders showed a wide range 
acceptance and support of the idea of providing a professional license (CAT A) along with 

Figure 3. KAU “hydrographia1” training vessel.
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B.Sc. in hydrographic surveying. Figure 3 showing the University Hydrographia 1 survey 
vessel which is used a field data collection and survey planning training lab.

The B.Sc. in hydrographic surveying program is designed for 131 credit hours, ideally, over 
4 years of study [30]. Table 1 is shows the program structure. The first year of the program 
 covers the university requirements, as the education system in Saudi Arabia requires univer-
sity students to take a faculty-based previous year, in which students will study 14 credits of 
common foundation courses in natural sciences as outlined in Table 2. As discussed by Rashid 

No. Course name Course code Units

1 Mathematics for Maritime Studies MATH 201 4

2 Linear Algebra I MATH 241 3

3 Physics 204 PHYS 204 4

4 Physics (practical) PHYS 281 1

5 Introduction to Computer Science CPIT 201 3

6 Maritime Communication MSN 243 2

7 Marine Meteorology MSN 245 2

8 Fundamentals of Surveying MSS 220 3

9 Technical Communication MSS 221 2

10 Fundamentals of Nautical Science MSS 310 3

11 Underwater Positioning Systems MSS 311 3

12 Estimation and Uncertainty Management MSS 312 4

13 Geodesy and Map Projections MSS 313 4

14 Water Level Measurements and Prediction MSS 320 3

15 Surface Positioning Systems MSS 321 3

16 Underwater Imaging and Mapping I MSS 322 4

17 GIS and Bathymetric Data Management MSS 323 3

18 Marine Law and Policy MSS 410 1

19 Underwater Imaging and Mapping II MSS 411 4

20 Remote Sensing for Marine Applications MSS 413 3

21 Marine Geology for Hydrographers MSS 414 3

22 Nautical Charting MSS 420 3

23 Hydrographic Data Management and Presentation MSS 421 3

24 Degree Project MSS 429 3

Total 71

Table 1. Hydrographic surveying core courses.
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and Tasadduq [31], some programs face the challenge in curriculum design as it relates to the 
rapid evolution of technology, which was a major consideration in exploring the options for 
setting this academic program to meet the IHO professional standards.

The advanced curriculum addresses the university requirements, the faculty requirements 
and the program core courses and elective courses requirements as set by the King Abdulaziz 
University, Academic Policy. A total of 131 credits covers some 14 credit hours, divided into 

1 The program structure (including the knowledge and skills to be acquired) was evident to me

2 The things I had to do to succeed in the program including courses assessment tasks and criteria for assessment 
were made clear to me

3 Sources of help for me during the program including faculty office hours and reference material were made clear 
to me

4 The conduct of the courses and the things I was asked to do were consistent with the course outline

5 My instructor(s) were fully committed to the delivery of the courses (e.g., classes started on time, instructor 
always present, materials well prepared, etc.)

6 My instructor(s) had a thorough knowledge of the content of the courses

7 My instructor(s) were available during office hours to help me

8 My instructor(s) were enthusiastic about what they were teaching

9 My instructor(s) cared about my progress and were helpful to me

10 Courses materials were of up to date and useful (texts, handouts, references, etc.)

11 The resources I needed (textbooks, library, computers, etc.) were available when I needed them

12 In this program, efficient use was made of technology to support my learning

13 I was encouraged to ask questions and develop my ideas

14 I was inspired to do my best work

15 The things I had to do (class activities, assignments, laboratories) were helpful for developing the knowledge and 
skills

16 The amount of work I had to do was reasonable for the program credit hours allocated

17 Marks for assignments and tests were given to me within a reasonable time

18 Grading of my tests and assignments was fair and reasonable

19 The links between the courses and throughout the program were made clear to me

20 What I learned is important and will be useful to me

21 I had improved my ability to think and solve problems rather than just memorize the information

22 I was able to develop my skills in working as a member of a team

23 I had improved my ability to communicate effectively

24 Overall, I was satisfied with the quality learning experience

Table 2. Students survey questions.
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four courses at the preparative preceding year, according to the Saudi higher education sys-
tem. At this prior year, the students learn mathematics and physics extensively. Another 26 
credit hours represent additional courses according to the requirements of KAU. In this, 26 
credits of compulsory university requirement courses include Arabic and English languages, 
Islamic culture, and Humanities. The university requirements are also supported by 10 credits 
of the faculty requirements, in which the faculty needs students to study mandatory faculty 
courses, namely marine environment, statistics, and oceanography. A total of 50 credits that 
constitute the university requirements, as well as the faculty requirements are a must prior 
to starting the core courses of the Hydorgprahic Surveying specialization. Out of 81 credits, 
69 credits represent the mandatory courses and 8 credits represent the elective courses that 
students can choose from a vast number of classes. The last four credits are for the necessary 
training as the IHO requires it.

English is the language of study in the program. Students must complete intensive four 
courses in English during their first 2 years. Ideally, before the start of the specialization 
courses by the beginning of the third year, students must obtain an equivalent to 200 TOEFL 
score, to begin their third year. KAU English Language Centre offers these courses.

The core program credits are 81 credit hours and provide students with all the skills needed 
to become a professional hydrographer; starting at the seventh term, students begin to take 
specialty courses. Students must mainly go through the process of applying the scientific 
method in solving particular research issue and report that in a sound acceptable precise way 
as a graduation project. The core hydrographic curriculum covers four specialty areas, which 
are: Hydrographic Surveying courses, where students will learn about the methods and pro-
cedures of hydrographic surveying, supported by the Science and Engineering behind that. 
In the core courses students are introduced to to tide measurement, echosounder equipment 
measuments through singlebeam and multibeam echosounding, sidescan sonar, offshore 
geophysical surveying. The second specialty area covers positioning and navigation, includ-
ing terrestrial and satellite positioning and altitude systems. This component will provide the 
student not only with the basic foundations needed to meet the requirement as Category “A” 
hydrographer but also to address the academic requirements for getting a B.Sc. degree. The 
third specialty area covers geodesy and estimation, where students will learn about datum 
and coordinate systems, map projections, maritime boundary delineation, estimation and fil-
tering, and uncertainty management. This component will provide the student not only with 
the basic foundations needed to meet the requirement as Category “A” hydrographer but also 
to address the academic requirements for getting a B.Sc. degree. The fourth specialty area is 
nautical chart production, where students will learn about Geospatial Information Systems 
(GIS), data management, remote sensing, and photogrammetry. This component will provide 
the student not only with the basic foundations needed to meet the requirement as Category 
“A” hydrographer but also to address the academic requirements for getting a B.Sc. degree. 
Table 1 provides an overall view of the components of the hydrographic surveying program 
and their term distribution, including prerequisite and elective courses.

Students can choose to take 8 credit hours of elective courses to add additional 8 credits in 
order to graduate. The courses students can choose from are Technical Communications, 
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and Tasadduq [31], some programs face the challenge in curriculum design as it relates to the 
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setting this academic program to meet the IHO professional standards.
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16 The amount of work I had to do was reasonable for the program credit hours allocated

17 Marks for assignments and tests were given to me within a reasonable time

18 Grading of my tests and assignments was fair and reasonable

19 The links between the courses and throughout the program were made clear to me

20 What I learned is important and will be useful to me

21 I had improved my ability to think and solve problems rather than just memorize the information

22 I was able to develop my skills in working as a member of a team

23 I had improved my ability to communicate effectively

24 Overall, I was satisfied with the quality learning experience

Table 2. Students survey questions.
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courses by the beginning of the third year, students must obtain an equivalent to 200 TOEFL 
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to become a professional hydrographer; starting at the seventh term, students begin to take 
specialty courses. Students must mainly go through the process of applying the scientific 
method in solving particular research issue and report that in a sound acceptable precise way 
as a graduation project. The core hydrographic curriculum covers four specialty areas, which 
are: Hydrographic Surveying courses, where students will learn about the methods and pro-
cedures of hydrographic surveying, supported by the Science and Engineering behind that. 
In the core courses students are introduced to to tide measurement, echosounder equipment 
measuments through singlebeam and multibeam echosounding, sidescan sonar, offshore 
geophysical surveying. The second specialty area covers positioning and navigation, includ-
ing terrestrial and satellite positioning and altitude systems. This component will provide the 
student not only with the basic foundations needed to meet the requirement as Category “A” 
hydrographer but also to address the academic requirements for getting a B.Sc. degree. The 
third specialty area covers geodesy and estimation, where students will learn about datum 
and coordinate systems, map projections, maritime boundary delineation, estimation and fil-
tering, and uncertainty management. This component will provide the student not only with 
the basic foundations needed to meet the requirement as Category “A” hydrographer but also 
to address the academic requirements for getting a B.Sc. degree. The fourth specialty area is 
nautical chart production, where students will learn about Geospatial Information Systems 
(GIS), data management, remote sensing, and photogrammetry. This component will provide 
the student not only with the basic foundations needed to meet the requirement as Category 
“A” hydrographer but also to address the academic requirements for getting a B.Sc. degree. 
Table 1 provides an overall view of the components of the hydrographic surveying program 
and their term distribution, including prerequisite and elective courses.

Students can choose to take 8 credit hours of elective courses to add additional 8 credits in 
order to graduate. The courses students can choose from are Technical Communications, 
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Marine Geology for Hydrographers, Offshore Geophysical Surveying and special topics in 
hydrography.

The field training provides the required field skills as outlined by the International 
Hydrographic Organization (IHO) guidelines [28]. Over two terms of 6 weeks on the board of 
a hydrographic survey vessel, students gain the required practical knowledge needed to work 
with different data acquisition systems. The focus of the core skills that students get while on 
training covers field calibration of single beam/multibeam echo sounder, multibeam system 
patch test, and reference systems. The students are also involved in the survey design and 
planning, hydrographic surveying specifications, and types of hydrographic surveys.

4.2. International certification and local accreditation requirements

The International Hydrographic Organization (IHO) was formed in the year (1921) by some 
member states, with principal objective to ensure that all the world’s seas, oceans, and navi-
gable waters are surveyed and charted, to provide safe navigation for mariners. Its vision is to 
act as the sole authority worldwide to provide governance and guide for global hydrographic 
activities. The IHO is a United Nations observer organization. Its mission is “to create a global 
environment in which States provide adequate and timely hydrographic data, products and 
services and ensure their widest possible use” [28]. Some 85 coastal states are engaged as 
members of the IHO and work on promoting and advancing maritime safety, including the 
protection and sustainability of the marine environment. The international board handles the 
accreditation process in the IHO on Standards of Competence for Hydrographic Surveyors 
and Nautical Cartographers (IBSC). It regulates and accredits academic programs and depart-
ments that provide certification for professional hydrographers and nautical cartographers. 
The competency standards are according to Standard 5 revision 11 of the IHO regulations [28].

The Department of Hydrographic Surveying offers a Bachelor of Science degree (B.Sc.) 
in hydrographic surveying. The program was designed to meet the requirements of the 
International Hydrographic Organization (IHO) as Category A (CAT-A), according to the lat-
est revised edition of the Standards of Competence for Hydrographers guidelines [28]. The 
program was recognized in April 2013 as IHO accredited program for (CAT A) professional 
certification. IHO accreditation provides worldwide recognition for graduates in their level 
of competence to perform advanced hydrographic surveying skills globally, regardless of 
their service region. The process of accrediting the Department of Hydrographic Surveying 
by the IHO was started in 2007 when the Saudi General Commission invited the president 
of the IHO for survey (GCS). The preparation of the department profile for submission to 
the IHO involved discussions among the department, the GCS, and the IHO; this has initi-
ated the communication with the IHO. Later, in 2007, the Saudi authorities organized an 
international workshop in Capacity Building, hosted by local authorities and convened in 
the City of Jeddah. In December 2012, the Department of Hydrographic Surveying presented 
its portfolio at the annual meeting of the IBSC in April 2013, where the recognition of the 
program as Category “A” accredited institution, the highest recognition in the IHO scheme of 
two categories was granted.
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The international interest expressed by the International Hydrographic Organization (IHO) was 
evident. The Capacity Building administration of the IHO was working hard to expand the pres-
ence of IHO- certified hydrographers in many regions of the world. A high delegation from the 
IHO has visited Saudi Arabia several times in the past 10 years. A meeting with the president 
of the IHO was held during his visit to Saudi Arabia to attend activities related to the GCS. A 
second meeting with the IHO representatives took place during the IBSC visit to attend a regional  
event in 2014. These two sessions with the administration revealed keen interest for support 
from the IHO, for the establishment of an international program at King Abdulaziz University.

The hydrographic Surveying Department has maintained a strong international support and col-
laboration with many organization including the Inter disciplinary Centre for the Development 
of Ocean Mapping (CIDCO) in Canada in hosting student training programs. CIDCO is a marine 
geomatics R&D organization that hosts IHO recognized program. ENSTA Bretagne in France has 
also provided support to the program by delivering training for students in 2012. ENSTA Bretagne 
is a French national graduate engineering institute with reputed contribution to hydrography. 
A delegation of the chapter of the UK Hydrographic Society in UAE has visited the program 
and showed interest in sponsoring professional talk series in UAE, where representatives of the 
program can participate and share insight with practitioners into the domain of hydrography.

The Saudi Council of Engineers (SCE) has approved the membership of the graduates of hydro-
graphic surveying program. The objectives of SCE are to promote the engineering profession. 
The council exercises many roles to do whatever may be necessary to develop and upgrade its 
standards, however, currently the membership of Hydrographic Surveying graduates to the 
SCE is under review [32]. The mandate of the SCE stipulates that it determines the suitability 
of the program in terms of accreditation requirements. Till the year 2015, the graduates of the 
program are recognized as individual members of the SCE according to the SCE regulations.

4.3. Stakeholders’ requirements

The support that hydrographic surveying program gets goes far beyond the university top aca-
demic administration. The initiation of the program was completely backed up by an advisory 
board of government and industry. This support secured that the program meets the need of local 
and regional employers, and provides international standards for training and education. Specific 
support was evident from the Saudi Aramco, Saudi Ports Authority, Ministry of Transportation, 
and the Saudi Military Survey Department. Some mutual visits and consultations with the Saudi 
General Commission for Survey (GCS), Saudi Navy, the Saudi Geological Survey, and the Saudi 
Coast Guard helped with shaping their operational requirements. The success of the program in 
securing support from government stakeholders, as well as private stakeholders represented by 
industry members from Saudi Arabia, provided added value to the program design. Regional 
support from relevant stakeholders from the United Arab Emirates, who expressed interest in 
attracting students to work with them on various projects, represented another evidence of the 
program success. The foundations for collaboration and support have emerged in some mutual 
agreements and MOUs. All graduates of the program in 2014 were hired by GCS as hydrogra-
phers and resumed their duties with positive feedback from their managers.
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4.2. International certification and local accreditation requirements
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environment in which States provide adequate and timely hydrographic data, products and 
services and ensure their widest possible use” [28]. Some 85 coastal states are engaged as 
members of the IHO and work on promoting and advancing maritime safety, including the 
protection and sustainability of the marine environment. The international board handles the 
accreditation process in the IHO on Standards of Competence for Hydrographic Surveyors 
and Nautical Cartographers (IBSC). It regulates and accredits academic programs and depart-
ments that provide certification for professional hydrographers and nautical cartographers. 
The competency standards are according to Standard 5 revision 11 of the IHO regulations [28].

The Department of Hydrographic Surveying offers a Bachelor of Science degree (B.Sc.) 
in hydrographic surveying. The program was designed to meet the requirements of the 
International Hydrographic Organization (IHO) as Category A (CAT-A), according to the lat-
est revised edition of the Standards of Competence for Hydrographers guidelines [28]. The 
program was recognized in April 2013 as IHO accredited program for (CAT A) professional 
certification. IHO accreditation provides worldwide recognition for graduates in their level 
of competence to perform advanced hydrographic surveying skills globally, regardless of 
their service region. The process of accrediting the Department of Hydrographic Surveying 
by the IHO was started in 2007 when the Saudi General Commission invited the president 
of the IHO for survey (GCS). The preparation of the department profile for submission to 
the IHO involved discussions among the department, the GCS, and the IHO; this has initi-
ated the communication with the IHO. Later, in 2007, the Saudi authorities organized an 
international workshop in Capacity Building, hosted by local authorities and convened in 
the City of Jeddah. In December 2012, the Department of Hydrographic Surveying presented 
its portfolio at the annual meeting of the IBSC in April 2013, where the recognition of the 
program as Category “A” accredited institution, the highest recognition in the IHO scheme of 
two categories was granted.
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IHO has visited Saudi Arabia several times in the past 10 years. A meeting with the president 
of the IHO was held during his visit to Saudi Arabia to attend activities related to the GCS. A 
second meeting with the IHO representatives took place during the IBSC visit to attend a regional  
event in 2014. These two sessions with the administration revealed keen interest for support 
from the IHO, for the establishment of an international program at King Abdulaziz University.

The hydrographic Surveying Department has maintained a strong international support and col-
laboration with many organization including the Inter disciplinary Centre for the Development 
of Ocean Mapping (CIDCO) in Canada in hosting student training programs. CIDCO is a marine 
geomatics R&D organization that hosts IHO recognized program. ENSTA Bretagne in France has 
also provided support to the program by delivering training for students in 2012. ENSTA Bretagne 
is a French national graduate engineering institute with reputed contribution to hydrography. 
A delegation of the chapter of the UK Hydrographic Society in UAE has visited the program 
and showed interest in sponsoring professional talk series in UAE, where representatives of the 
program can participate and share insight with practitioners into the domain of hydrography.
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SCE is under review [32]. The mandate of the SCE stipulates that it determines the suitability 
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program are recognized as individual members of the SCE according to the SCE regulations.
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The support that hydrographic surveying program gets goes far beyond the university top aca-
demic administration. The initiation of the program was completely backed up by an advisory 
board of government and industry. This support secured that the program meets the need of local 
and regional employers, and provides international standards for training and education. Specific 
support was evident from the Saudi Aramco, Saudi Ports Authority, Ministry of Transportation, 
and the Saudi Military Survey Department. Some mutual visits and consultations with the Saudi 
General Commission for Survey (GCS), Saudi Navy, the Saudi Geological Survey, and the Saudi 
Coast Guard helped with shaping their operational requirements. The success of the program in 
securing support from government stakeholders, as well as private stakeholders represented by 
industry members from Saudi Arabia, provided added value to the program design. Regional 
support from relevant stakeholders from the United Arab Emirates, who expressed interest in 
attracting students to work with them on various projects, represented another evidence of the 
program success. The foundations for collaboration and support have emerged in some mutual 
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Figure 4. Mean response score % for the survey questions.

The program was successful to form industry advisory committee that brings all relevant 
stakeholders. The committee was successful in providing requirements and considerations 
for future employees, in the field of hydrographic surveying. Special extra meetings with 
Saudi Aramco, the leading international oil company and the General Survey Commission 
(GCS), in addition to leading private sector enterprises, provided some value insights into the 
program development.

5. Discussion of the findings

The data used for this study came from all three stages of the methodology as outlined in 
the methods section. Over the past 10 years, the program has granted B.Sc. degree to a total 
number of 60 students. The majority was graduated before the recognition of the IHO was 
given. In 2016, the first batch of the program with 10 students has graduated with the IHO 
recognition as Category “A,” which makes this as a milestone in the application development 
by providing the graduates with international certification along with B.Sc. in Hydrographic 
Surveying. Out of 50 students, a total number of graduates from the program over the study 
period, the survey covered 55 students for their feedback on their evaluation of the program 
and whether the program has met their expectations regarding quality of education needed 
for the job, or in supporting their future career objective. The interview questions covered 
the knowledge requirements according to the Saudi National Commission on Academic 
Accreditation and Assessment (NCAAA) routine assessment for academic programs.
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The questions of the Interview has focused on different themes, the first topic was general ques-
tions, the second theme was focusing on what happened during the program, and the third 
issue was the overall process evaluation of the program, and the last subject was an assessment 
of the overall satisfaction with the program. The survey questions are shown in Table 2.

The results of the student’s survey as shown below have highlighted the level of satisfaction 
a large number of students have expressed in the program were rated on a scale of 1–5 where 
five were extremely satisfied, and one is extremely dissatisfied. The results as seen in Figure 4 
have all presented a good level of satisfaction except in 10, where some students have raised a 
flag on the course reference. This was before securing the IHO recognition, where the course 
material used was not very well structured. However, the matter has been improved in the 
following years. These results are cumulative results for the entire period of the study. The (n) 
is equal to 35 from 10 years time.

The graduate’s exit survey has utilized the NCAAA standard forms, and it was used to high-
light the themes of help and support for learning, resources available for learners, and the 
evolution of student and the overall evaluation of the program. The number of students who 
completed the exit survey was 35 students; they answered some questions dealing with their 
overall experience in the program, and it was satisfactory and supported 100% employment 
rate within 6 months of graduation.

5.1. Analysis of challenges

The SMEs interviews have focused on analyzing challenges faced by the program, which falls 
into four broad challenges, i.e., administrative challenges, academic challenges, operational 
difficulties, and environmental problems. Each of these challenges requires a very intensive 
effort to tackle. KAU administration has significantly contributed to providing solutions to 
all the challenges faced by the program, as a result of the new establishment of the program.

5.1.1. Administrative

The financial procedures have represented one of the biggest challenges regarding allocating 
budgets, and the spending in the newly established hydrographic surveying program is very 
generous. However, the financial routines are time consuming and take the time to complete, 
which delays the program in the beginning. King Abdulaziz University, with support from 
the Ministry of Higher Education, has contributed to solving this problem by allocating a 
budget for the new project, that is independent of the budget of the Faculty of Marine Science, 
the host of the new faculty. In fact, the budget for the new project has in many ways exceeded 
the budget of the hosting faculty. This has contributed to streamlining the process on spend-
ing on facilities as equipment for the new faculty.

Another challenge was characterized by the ambiguity in decision-making, in the form of 
having a new department with four subspecialties administratively under Marine Science. 
The department is following the standard decision-making process in the university. This 
decision-making process for the new department completed under the approval of the Faculty 
of Marine Science. King Abdulaziz University has supported independent decision-making 
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Figure 4. Mean response score % for the survey questions.
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for future employees, in the field of hydrographic surveying. Special extra meetings with 
Saudi Aramco, the leading international oil company and the General Survey Commission 
(GCS), in addition to leading private sector enterprises, provided some value insights into the 
program development.

5. Discussion of the findings

The data used for this study came from all three stages of the methodology as outlined in 
the methods section. Over the past 10 years, the program has granted B.Sc. degree to a total 
number of 60 students. The majority was graduated before the recognition of the IHO was 
given. In 2016, the first batch of the program with 10 students has graduated with the IHO 
recognition as Category “A,” which makes this as a milestone in the application development 
by providing the graduates with international certification along with B.Sc. in Hydrographic 
Surveying. Out of 50 students, a total number of graduates from the program over the study 
period, the survey covered 55 students for their feedback on their evaluation of the program 
and whether the program has met their expectations regarding quality of education needed 
for the job, or in supporting their future career objective. The interview questions covered 
the knowledge requirements according to the Saudi National Commission on Academic 
Accreditation and Assessment (NCAAA) routine assessment for academic programs.
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of the overall satisfaction with the program. The survey questions are shown in Table 2.

The results of the student’s survey as shown below have highlighted the level of satisfaction 
a large number of students have expressed in the program were rated on a scale of 1–5 where 
five were extremely satisfied, and one is extremely dissatisfied. The results as seen in Figure 4 
have all presented a good level of satisfaction except in 10, where some students have raised a 
flag on the course reference. This was before securing the IHO recognition, where the course 
material used was not very well structured. However, the matter has been improved in the 
following years. These results are cumulative results for the entire period of the study. The (n) 
is equal to 35 from 10 years time.

The graduate’s exit survey has utilized the NCAAA standard forms, and it was used to high-
light the themes of help and support for learning, resources available for learners, and the 
evolution of student and the overall evaluation of the program. The number of students who 
completed the exit survey was 35 students; they answered some questions dealing with their 
overall experience in the program, and it was satisfactory and supported 100% employment 
rate within 6 months of graduation.

5.1. Analysis of challenges

The SMEs interviews have focused on analyzing challenges faced by the program, which falls 
into four broad challenges, i.e., administrative challenges, academic challenges, operational 
difficulties, and environmental problems. Each of these challenges requires a very intensive 
effort to tackle. KAU administration has significantly contributed to providing solutions to 
all the challenges faced by the program, as a result of the new establishment of the program.

5.1.1. Administrative

The financial procedures have represented one of the biggest challenges regarding allocating 
budgets, and the spending in the newly established hydrographic surveying program is very 
generous. However, the financial routines are time consuming and take the time to complete, 
which delays the program in the beginning. King Abdulaziz University, with support from 
the Ministry of Higher Education, has contributed to solving this problem by allocating a 
budget for the new project, that is independent of the budget of the Faculty of Marine Science, 
the host of the new faculty. In fact, the budget for the new project has in many ways exceeded 
the budget of the hosting faculty. This has contributed to streamlining the process on spend-
ing on facilities as equipment for the new faculty.

Another challenge was characterized by the ambiguity in decision-making, in the form of 
having a new department with four subspecialties administratively under Marine Science. 
The department is following the standard decision-making process in the university. This 
decision-making process for the new department completed under the approval of the Faculty 
of Marine Science. King Abdulaziz University has supported independent decision-making 
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process for the newly established department, specifically in financial administration and hir-
ing processes. This decision-making model has provided the flexibility to the organization 
structure of subdepartments with professional identity located administratively under the 
Faculty of Marine Science to work more dynamically. However, issues related to students 
records, registration, and all student affairs were handled under the Faulty of Marine Science, 
and it was sometimes delaying factor in following the administrative hierarchy. The dual 
identity of the Department of Maritime Studies, in a sense that the budget of the department is 
independent, but the organizational hierarchy somewhat falls under the Faculty of Maritime 
Studies, has created some confusion in the administration in the university. Many contradic-
tions in policies reflected the dual identity related to the Department of Maritime Studies as 
an individual department, which hold the seeds for new faculty. The higher administration 
of King Abdulaziz University has exercised every effort to facilitate the transition of the new 
Faculty of Maritime Studies. In 2011, the Faculty of Maritime Studies was an independent 
department with a royal decree that announced its existence for the first time.

Another administrative challenge was related to hiring and retention of faculty members in 
hydrographic surveying. In general, all geomatics specializations are considered rare spe-
cialties. This global shortage situation, also, limited spending controlled by outdated poli-
cies and procedures as well as the lack of local Saudis faculty members, and staff has made 
KAU hydrographic surveying program relatively unstable, in the first years. King Abdulaziz 
University has facilitated this process by activating extra incentive within the pay scheme 
approved by the Ministry of Higher Education, specifically for attracting faculty members 
in unique specializations. Also, KAU has provided additional incentive and local grants for 
research projects that support faculty research activities in small or medium projects.

On the program implementation side, King Abdulaziz University strived to provide world 
class geomatics education; however, there was some skepticism from students to put their 
future in the line while applying for a new program. Issues related to field training were 
among the most significant challenge to this program and for few years in the beginning. 
Students had to wait for few months for placement in field training. The university administra-
tion has realized the importance of providing the students with a perfect academic experience 
and attempted to support that in two ways. The first way was through allocating generous 
budgets for facilities and equipment, including the purchase of advanced hydrographic 
surveying vessel with all equipment needed for training and with onboard lab. The second 
way was by providing the students with short internship training through several local and 
international memorandum of understanding (MOUs) with well-reputed professional orga-
nizations, including the Saudi Aramco and some of its contractors, who have accepted to train 
some students in the field over the summer term. Additionally, agreements were signed with 
international training centers in the Netherlands, France, and Canada. Different batches of 
students sponsored by KAU to complete their summer training term abroad to get exposed to 
international operation environments since 2009 groups of students completed their training 
in the Netherlands, France, and Canada for training. Despite the arrival of the department 
training vessel in 2010, the administration of King Abdulaziz University has decided to keep 
the international training program running to maximize the students’ international training 
experience and to provide international collaboration with counterpart institutions in Europe 
and North America. The training for 2017 is planned to be in the United States.

Trends in Geomatics - An Earth Science Perspective60

5.1.2. Operational

On the operational side, some challenges have faced the newly established hydrographic 
surveying program. Summary of these difficulties fall in equipment and infrastructure; as 
the program is new, its facilities and infrastructures are still being developed. Most of lab 
hardware and software capabilities were developing. As a newly established department, 
the department was faced with the issue of filling all vacant posts from technical staff to 
help faculty and administration with different operational issues including communica-
tions and archiving. King Abdulaziz University has assisted in this regard by providing 
some positions for hiring new technical staff, and all posts are now filled, with many spe-
cialized hydrographers to support with onboard the vessel training and in the laboratories. 
Also, additional support staff was hired to take responsibilities for educational affairs and 
communications.

Historically, students were faced with the challenge of accommodating schedules dispersed 
over two campuses, 40 km apart. It was a major operational challenge having lectures before 
noon on the main campus and scheduled labs in the afternoon in the Al Morgan campus. 
However, King Abdulaziz University and the faculty administration have arranged to bring 
all classes on the same campus in Al Morgan, saving significant time and effort for students 
to commute between the two campuses.

5.1.3. Evaluation of learning outcomes

The program is providing new technology-based education in the region. Students were 
trained to gain competence in sophisticated equipment and hardware. The quality of the 
program was discussed based on indicators other than the self-reported data from the stu-
dents. These indicators of the program’s success and positive are the employability of the 
graduates and securing international recognition as a successful professionals, and IHO Cat 
A certified professionals. These are key indicators of developing high-quality local profes-
sionals that are demand for graduates. Reports from international training suggested that 
our graduates’ skills and knowledge are adequate to allow them to gain advanced training 
skills abroad, specifically in Canada. The students have utilized the program capabilities and 
facilities efficiently and were able to get jobs easily. Seven of our graduates were employed by 
the department, and five of them have completed masters in the United States, Canada, the 
Netherlands, the United Kingdom, and France. Currently, three of our program graduates are 
pursuing Ph.D. studies in Australia, the United Kingdom, and the United States to take over 
as faculty members in future.

5.2. Development of sociocultural indicators

The socio-cultural contributions of the program are evident to the geomatics community in 
Saudi Arabia and the region. The international impact of the program was evident in the input 
of the program faculty in research projects locally and internationally. Table 3 is showing the 
employment rate of the graduates of the program between 2007 and 2016. Table 4 below is 
showing the contributions of the program faculty in the last 5 years. The trend is growing as 
new research projects development is increasing. The department is in active collaboration 
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with York University and Concordia University in Canada in ongoing research projects, and 
there is an agreement with the Center for Interdisciplinary Development in Ocean Mapping 
(CIDCO) in Canada for the training of students.

The program has contributed to the economic development of the region by providing highly 
skilled professionals that are serving in many key employers in the public and private sec-
tors. The program started to familiarize local decision-makers as well as the public with the 
role and capabilities of geomatics in general and hydrography specifically. The program was 
visited by a delegation of the Hydrographic Society of the United Kingdom, UAE branch 
to extend an invitation to the program faculty, and students to contribute to the outreach 
activities in the region. The program outreach committee has invited some high schools to 
schedule visits of their final year students to the department and vessel, where students 
visited the program and learned about the capabilities the program and the requirements for 
admission. Also, the department has participated in many local conferences and introduced 
the program at different capacities for professionals as well as for nontechnical extended 
community members.

Year International peer-reviewed journal publications International conference presentations

2012 4 0

2013 5 2

2014 6 1

2015 6 3

2016 7 1

Table 4. International contributions of the program in the last 5 years.

Year Number of graduates Employment rate Employer

2007 3 100% King Abdulaziz University, Saudi Geological Survey, private sector

2008 7 100%

2009 3 100% Saudi Aramco, private sector, King Abdulaziz University

2010 5 100% King Abdulaziz University General Commission for Survey, 
Armed Forces, Saudi Aramco

2011 7 100% Private sector

2013 3 100% Private sector

2014 5 100% Private sector

2015 8 100% General Commission for Survey

2016 10 100% Private sector

Table 3. Students employment history for graduates between 2007 and 2016.
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Many high school students showed interest in the program, and some had participated in 
mini-projects involving hydrographic aspects, where they stayed in contact with the depart-
ment while working on projects. A delegation of the High School Teachers Conference in the 
GCC region has visited the department and learned about hydrographic surveying equip-
ment and vessel. The local media, national TV, and other private channels have highlighted 
several activities by the program, bringing knowledge about the importance of hydrographic 
surveying.

The program is contributing to the development of a unique community of hydrographers in 
the Kingdom of Saudi Arabia and the region. It is getting support from KAU administration 
to extend its role in community service through different educational and awareness activi-
ties, as well as through developed short-training courses taught at some institutions in the 
City of Jeddah.

6. Conclusions

This chapter discussed a collaborative approach in determining the challenges faced by a 
newly established hydrographic surveying department at King Abdulaziz University, Saudi 
Arabia. It has presented the opportunities for developing such a program through transfer 
and modification of the established approach, using KAU program as a model. The newly 
created program addressed the apparent need for such specialized and targeted higher edu-
cation that provides international professional certification, especially by looking at the envi-
ronmental issues in the region, natural resources and maritime transport in the area, and the 
need for safe navigation. The study has demonstrated the unique inception of a program that 
meets the international standards, while providing high-quality local education for students 
in the region has contributed to the socioeconomic well-being of the region and can be seen as 
a model for similar future programs worldwide.

The establishment challenges faced by the program can be better addressed by proposing a 
new scheme of collaboration and by exploring new short-term models of recruitment that 
attract visiting faculty members from well-reputed universities for short-term visiting pro-
fessorship trips, or by signing partnership agreements with the different universities mainly 
for faculty exchange and training of students. The support from the international community 
represented by the IHO and host training institutions was among the key attracting points 
from various stakeholders in the Saudi Arabia and the GCC region broadly. The program 
has provided a new, world-class hydrographic surveying education through an effective 
partnership with the IHO, IHO-IBSC, and the leading training institutions in Canada, the 
Netherlands, and France. The satisfaction of the program stakeholders and the success of 
the program to provide employment opportunities to the graduates were a direct measure 
of the success of the program in meeting the stakeholders’ expectations. Over the past 10 
years, the graduates’ employment rate within 6 months of graduation was 100%. Several 
meetings with the stakeholders reflected the high satisfaction of the program capabilities 
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and the graduates’ preparation. The Saudi Aramco, the leading oil company in the world, 
is a strategic partner of the program. The management of the surveying division of Saudi 
Aramco has expressed interest to hire all graduates in the upcoming through the partnership 
agreement signed with the Faculty of Maritime Studies. Stakeholders’ enthusiasm and KAU 
higher administration strong support were key factors in the firm inception of the program, 
backed by generous budgets, resources, and passion for accomplishment. The program has 
also developed new opportunities for the stakeholders to expand their hydrographic sur-
veying capabilities. GCS has hired all graduates of the 2014 class and started to expand the 
hydrographic surveying capabilities of the authority.
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There are many complicated and fussy mathematical analysis processes in geodesy, such
as the power series expansions of the ellipsoid’s eccentricity, high order derivation of
complex and implicit functions, operation of trigonometric function, expansions of special
functions and integral transformation. Taking some typical mathematical analysis pro-
cesses in geodesy as research objects, the computer algebra analysis are systematically
carried out to bread, deep and detailed extent with the help of computer algebra analysis
method and the powerful ability of mathematical analysis of computer algebra system.
The forward and inverse expansions of the meridian arc in geometric geodesy, the
nonsingular expressions of singular integration in physical geodesy and the series expan-
sions of direct transformations between three anomalies in satellite geodesy are established,
which have more concise form, stricter theory basis and higher accuracy compared to
traditional ones. The breakthrough and innovation of some mathematical analysis prob-
lems in the special field of geodesy are realized, which will further enrich and perfect the
theoretical system of geodesy.
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1. Introduction

Geodesy is the science of accurately measuring and understanding three fundamental proper-
ties of the Earth: its geometric shape, its orientation in space, and its gravity field, as well as the
changes of these properties with time. There are many fussy symbolic problems to be dealt
with in geodesy, such as the power series expansions of the ellipsoid’s eccentricity, high order
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transformation. Many geodesists have made great efforts to solve these problems, see [1–8].
Due to historical condition limitation, they mainly disposed of these problems by hand, which
were not perfectly solved yet. Traditional algorithms derived by hand mainly have the follow-
ing problems: (1) The expressions are complex and lengthy, which makes the computation
process very complicated and time-consuming. (2) Some approximate disposal is adopted,
which influences the computation accuracy. (3) Some formulae are numerical and only apply
to a specific reference ellipsoid, which are not convenient to be generalized.

In computational mathematics, computer algebra, also called symbolic computation, is a scien-
tific area that refers to the study and development of algorithms and software for manipulating
mathematical expressions and other mathematical objects. Software applications that perform
symbolic calculations are called computer algebra systems, which are more popular today.
Computer algebra systems, like Mathematica, Maple and Mathcad, are powerful tools to solve
some mathematical derivation in geodesy, see [9–11]. By means of computer algebra analysis
method and computer algebra system Mathematica, we have already solved many compli-
cated mathematical problems in special fields of geodesy in the past few years; see [12–15].

The main contents and research results presented in this chapter are organized as follows: In
Section 2, we discuss the forward and inverse expansions of the meridian arc often used in
geometric geodesy. In Section 3, the nonsingular expressions of singular integration in physical
geodesy are derived. In Section 4, we discuss series expansions of direct transformations
between three anomalies in satellite geodesy. Finally in Section 5, we make a brief summary.

2. The forward and inverse expansions of the meridian arc in geometric
geodesy

The forward and inverse problem of the meridian arc is one of the fundamental problems in
geometric geodesy, which seems to be a solved one. Briefly reviewing the existing methods,
however, one will find that the inverse problem was not perfectly and ideally solved yet. This
situation is due to the complexity of the problem itself and the lack of advanced computer
algebra systems. Yang had given the direct expansions of the inverse transformation by means
of the Lagrange series method, but their coefficients are expressed as polynomials of coeffi-
cients of the forward expansions, which are not convenient for practical use, see [6, 7]. Adams
expressed the coefficients of inverse expansions as a power series of the eccentricity e by hand,
but expanded them up to eighth-order terms of e at most, see [1]. Due to these reasons, the
forward and inverse expansions of the meridian arc are discussed by means of Mathematica in
the following sections. Their coefficients are uniformly expressed as a power series of the
eccentricity and extended up to tenth-order terms of e.

2.1. The forward expansion of the meridian arc

The meridian arc from the equator where the latitude is from B ¼ 0 to B is

X ¼ a 1� e2
� � ðB

0
1� e2 sin 2B
� ��3=2

dB (1)
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where X is the meridian arc; Bis the geodetic latitude; a is the semi-major axis of the reference
ellipsoid; e is the first eccentricity of the reference ellipsoid.

Expanding the integrand in Eq. (1) and integrating it item by item using Mathematica as
follows:

Then one arrives at

X ¼ a 1� e2
� �

K0Bþ K2 sin 2Bþ K4 sin 4Bþ K6 sin 6Bþ K8 sin 8Bþ K10 sin 10Bð Þ (2)

where

K0 ¼ 1þ 3
4
e2 þ 45

64
e4 þ 175

256
e6 þ 11025

16384
e8 þ 43659

65536
e10

K2 ¼ � 3
8
e2 � 15

32
e4 � 525

1024
e6 � 2205

4096
e8 � 72765

131072
e10

K4 ¼ 15
256

e4 þ 105
1024

e6 þ 2205
16384

e8 þ 10395
65536

e10

K6 ¼ � 35
3072

e6 � 105
4096

e8 � 10395
262144

e10

K8 ¼ 315
131072

e8 þ 3465
524288

e10

K10 ¼ � 693
1310720

e10

8>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>:

(3)
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Eqs. (2) and (3) can also be derived using the binomial theorem by hand which consumes
much more time, see [6–9]. The denominator 693 of the last coefficient K10 is mistaken as 639 in
Ref. [9].

2.2. The inverse expansion of the meridian arc using the Hermite interpolation method

Differentiation to the both sides of Eq. (1) yields:

dX
dB

¼ a 1� e2
� �

1� e2 sin 2Bð Þ3=2
(4)

Define ψ as

ψ ¼ X
a 1� e2ð ÞK0

(5)

Substituting Eq. (5) into Eq. (4) yields:

dB
K0dψ

¼ 1� e2 sin 2B
� �3=2

(6)

Suppose that the inverse solution of Eq. (6) has the following form:

B ¼ ψþ a2 sin 2ψþ a4 sin 4ψþ a6 sin 6ψþ a8 sin 8ψþ a10 sin 10ψ (7)

Eq. (7) has five coefficients to be determined. Once these coefficients are known, the inverse
problem can be solved.

We consider that the values of differentiation Eq. (6) at the beginning and end points can be
treated as interpolation constraints. It is generally known that

B0 0ð Þ ¼ K0 (8)

B0 π
2

� �
¼ K0 1� e2

� �3=2
(9)

The further derivation of Eq. (6) with respect to ψ yields B00 ψð Þ. Unfortunately, B00 ψð Þ is equal to
zero at ψ ¼ 0, ψ ¼ π

2. Hence, one differentiates Eq. (6) twice and it yields B‴ ψð Þ. Omitting the
derivative procedure by means of Mathematica, one arrives at

B‴ 0ð Þ ¼ �3 e2 � 27
4
e4 � 729

64
e6 � 4329

256
e8 � 381645

16384
e10 (10)

B‴ π
2

� �
¼ 3 e2 � 15

4
e4 þ 57

64
e6 þ 3

256
e8 � 51

16384
e10 (11)

The further derivation of B‴ ψð Þ with respect to ψ yields B 4ð Þ ψð Þ, but B 4ð Þ ψð Þ is equal to zero at

ψ ¼ 0, ψ ¼ π
2. Hence, one differentiates B‴ ψð Þ twice and it yieldsB 5ð Þ ψð Þ. Then one arrives at
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B 5ð Þ 0ð Þ ¼ 12e2 þ 90e4 þ 4455
16

e6 þ 20145
32

e8 þ 4924935
4096

e10 (12)

Making use of the five interpolation constraints in Eqs. (8–12) and differentiating Eq. (7)
correspondingly, one arrives at a set of linear equations for the unknown coefficients

2 4 6 8 10
�2 4 �6 8 �10
�8 �64 �216 �512 �1000
8 �64 �216 �512 1000
32 1024 7776 32768 100000

0
BBBBBB@

1
CCCCCCA

a2
a4
a6
a8

a10

0
BBBBBB@

1
CCCCCCA

¼

B0 0ð Þ � 1

B0 π
2

� �
� 1

B‴ 0ð Þ
B‴ π

2

� �

B 5ð Þ 0ð Þ

0
BBBBBBBBB@

1
CCCCCCCCCA

(13)

The solution to Eq. (13) is

a2
a4
a6
a8

a10

0
BBBBBB@

1
CCCCCCA

¼

2 4 6 8 10
�2 4 �6 8 �10
�8 �64 �216 �512 �1000
8 �64 �216 �512 1000
32 1024 7776 32768 100000

0
BBBBBB@

1
CCCCCCA

�1 B0 0ð Þ � 1

B0 π
2

� �
� 1

B‴ 0ð Þ
B‴ π

2

� �

B 5ð Þ 0ð Þ

0
BBBBBBBBB@

1
CCCCCCCCCA

(14)

Omitting the main operations by means of Mathematica, one arrives at

a2 ¼ 3
8
e2 þ 3

16
e4 þ 213

2048
e6 þ 255

4096
e8 þ 20861

524288
e10

a4 ¼ 21
256

e4 þ 21
256

e6 þ 533
8192

e8 þ 197
4096

e10

a6 ¼ 151
6144

e6 þ 151
4096

e8 þ 5019
131072

e10

a8 ¼ 1097
131072

e8 þ 1097
65536

e10

a10 ¼ 8011
2621440

e10

8>>>>>>>>>>>>>><
>>>>>>>>>>>>>>:

(15)

2.3. The inverse expansion of the meridian arc using Lagrange’s theorem method

Suppose that

y ¼ xþ f xð Þ (16)

with f xð Þj j << xj j and y ≈ x. Lagrange’s theorem states that in a suitable domain the solution of
Eq. (16) is
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x ¼ yþ
X∞
n¼1

�1ð Þn
n!

dn�1

dyn�1 f yð Þ½ �n (17)

Supposef xð Þis defined by the following finite trigonometric series:

f xð Þ ¼ α sin 2xþ β sin 4xþ γ sin 6xþ δ sin 8xþ ε sin 10x (18)

where the coefficients α ¼ O e2
� �

, β ¼ O e4
� �

, γ ¼ O e6
� �

, δ ¼ O e8
� �

, ε ¼ O e10
� �

are small
enough for the condition f xð Þj j << xj j. In deriving the inversion we shall truncate the infinite
Lagrange expansion at eighth-order terms of e and drop higher powers. Inserting Eq. (18) into
Eq. (17), one arrives at

x ¼ y� f yð Þ þ 1
2!

d
dy

f yð Þ½ �2 � 1
3!

d2

dy2
f yð Þ½ �3 þ 1

4!
d3

dy3
f yð Þ½ �4 � 1

5!
d4

dy4
f yð Þ½ �5 (19)

One should make use of several trigonometric identities to calculate the derivatives, substitut-
ing them into Eq. (19) and grouping terms according to the trigonometric functions. It is a
difficult and time-consuming work to do by hand, but could be easily realized by means of
Mathematica. Omitting the main procedure, one arrives at

x ¼ yþ d2 sin 2yþ d4 sin 4yþ d6 sin 6yþ d8 sin 8yþ d10 sin 10y (20)

where

d2 ¼ �α� αβ� βγþ 1
2
α3 þ αβ2 � 1

2
α2γþ 1

3
α3β� 1

12
α5

d4 ¼ �βþ α2 � 2αγþ 4α2β� 4
3
α4

d6 ¼ �γþ 3αβ� 3αδ� 3
2
α3 þ 9

2
αβ2 þ 9α2γ� 27

2
α3βþ 27

8
α5

d8 ¼ �δþ 2β2 þ 4αγ� 8α2βþ 8
3
α4

d10 ¼ �εþ 5αδþ 5βγ� 25
2
αβ2 � 25

2
α2γþ 125

6
α3β� 125

24
α5

8>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>:

(21)

Substituting x for Band y for ψ in Eq. (16), the coefficients α, β, γ, δ, ε are consistent with α2, α4,
α6, α8 in Eq. (3). According to Eq. (20) and denoting a2, a4, a6, a8, a10 as the new coefficients, the
inverse expansion of the meridian arc can be written as

B ¼ ψþ a2 sin 2ψþ a4 sin 4ψþ a6 sin 6ψþ a8 sin 8ψþ a10 sin 10ψ (22)

where
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a2 ¼ �α2 � α2α4 � α4α6 þ 1
2
α3
2 þ α2α2

4 �
1
2
α2
2α6 þ 1

3
α3
2α4 � 1

12
α5
2

a4 ¼ �α4 þ α2
2 � 2α2α6 þ 4α2

2α4 � 4
3
α4
2

a6 ¼ �α6 þ 3α2α4 � 3α2α8 � 3
2
α3
2 þ

9
2
α2α2

4 þ 9α2
2α6 � 27

2
α3
2α4 þ 27

8
α5
2

a8 ¼ �α8 þ 2α2
4 þ 4α2α6 � 8α2

2α4 þ 8
3
α4
2

a10 ¼ �α10 þ 5α2α8 þ 5α4α6 � 25
2
α2α2

4 �
25
2
α2
2α6 þ 125

6
α3
2α4 � 125

24
α5
2

8>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>:

(23)

The coefficients in Eq. (23) are also easily expressed in a power series of the eccentricity by
means of Mathematica. Omitting the main procedure, one arrives at

a2 ¼ 3
8
e2 þ 3

16
e4 þ 213

2048
e6 þ 255

4096
e8 þ 20861

524288
e10

a4 ¼ 21
256

e4 þ 21
256

e6 þ 533
8192

e8 þ 197
4096

e10

a6 ¼ 151
6144

e6 þ 151
4096

e8 þ 5019
131072

e10

a8 ¼ 1097
131072

e8 þ 1097
65536

e10

a10 ¼ 8011
2621440

e10

8>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>:

(24)

The results in Eq. (24) are consistent with the coefficients in Eq. (15), which substantiates the
correctness of the derived formula.

2.4. The accuracy of the inverse expansion of the meridian arc

In order to validate the exactness of the inverse expansions of meridian arc derived by the
author, one has examined its accuracy choosing the CGCS2000 reference ellipsoid with
parametersa ¼ 6378137, e ¼ 0:08181919104281579. The accuracy of the inverse expansions
derived by Yang (see [6, 7]) is also examined for comparison.

One makes use of Eq. (1) and Eq. (5) to obtain the theoretical value ψ0at given geodetic latitude
B0. Then one makes use of the inverse expansions derived by Yang (see [6, 7]) to obtain the
computation value B1. Substituting ψ0into Eq. (22), one arrives at the computation value B0

1.
The differences ΔBi ¼ Bi � B0, ΔB0

i ¼ B0
i � B0 i ¼ 1; 2ð Þ indicate the accuracies of the inverse

expansions derived by Yang (see [6, 7]) and the author respectively. These errors are listed in
Table 1.
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Substituting x for Band y for ψ in Eq. (16), the coefficients α, β, γ, δ, ε are consistent with α2, α4,
α6, α8 in Eq. (3). According to Eq. (20) and denoting a2, a4, a6, a8, a10 as the new coefficients, the
inverse expansion of the meridian arc can be written as

B ¼ ψþ a2 sin 2ψþ a4 sin 4ψþ a6 sin 6ψþ a8 sin 8ψþ a10 sin 10ψ (22)
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The results in Eq. (24) are consistent with the coefficients in Eq. (15), which substantiates the
correctness of the derived formula.

2.4. The accuracy of the inverse expansion of the meridian arc

In order to validate the exactness of the inverse expansions of meridian arc derived by the
author, one has examined its accuracy choosing the CGCS2000 reference ellipsoid with
parametersa ¼ 6378137, e ¼ 0:08181919104281579. The accuracy of the inverse expansions
derived by Yang (see [6, 7]) is also examined for comparison.

One makes use of Eq. (1) and Eq. (5) to obtain the theoretical value ψ0at given geodetic latitude
B0. Then one makes use of the inverse expansions derived by Yang (see [6, 7]) to obtain the
computation value B1. Substituting ψ0into Eq. (22), one arrives at the computation value B0

1.
The differences ΔBi ¼ Bi � B0, ΔB0

i ¼ B0
i � B0 i ¼ 1; 2ð Þ indicate the accuracies of the inverse

expansions derived by Yang (see [6, 7]) and the author respectively. These errors are listed in
Table 1.
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From Table 1, one could find that the accuracy of the inverse expansion of meridian arc
derived by Yang (see [6, 7]) is higher than 10�500, and the accuracy of the inverse expansion
Eq. (22) derived by the author is higher than 10�700. The accuracy is improved by 2 orders of
magnitude by means of computer algebra.

3. The singular integration in physical geodesy

Singular integrals associated with the reciprocal distance usually exist in the computations of
physical geodesy and geophysics. For example, the integral expressions of height anomaly,
deflections of the vertical and vertical gradient of gravity anomaly can be written in planar
approximation as

ζ ¼ 1
2πγ

ðð
Δg
r
dxdy (25)

ξ ¼ � 1
2πγ

ðð
xΔg
r3

dxdy (26)

η ¼ � 1
2πγ

ðð
yΔg
r3

dxdy (27)

L ¼ 1
2π

ðð
Δg� Δg0

r3
dxdy (28)

where r ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 þ y2

p
, Δg0 is the gravity anomaly at the computation point. When r ! 0, the

above integrals become singular and need special treatment at the computation point. The past
treatments are with respect to template computations, which regards the innermost area as a
circle, see [3, 16]. But the gravity anomalies are given in the rectangular grids(such as 20 � 20), if
the approximate disposal is used, some significant error may be introduced. Sunkel and Wang
expressed the gravity anomalies block by block as an interpolation polynomial and derived the
analytic values of the integrals, see [17, 18]. However, the integrals of the rational functions are
very complicated, especially when related interpolation polynomials contain many terms. One
only can give the analytic values of the corresponding linear approximation. In this chapter,
we use the nonsingular integration transformations proposed by Bian (see [19]) to compute the
above integrals precisely.

B0=
∘ð Þ 20 40 60 80

ΔB1=
00ð Þ �3:2� 10�7 �1:6� 10�6 �1:8� 10�6 �1:4� 10�6

ΔB0
1=

00ð Þ 2:7� 10�9 8:6� 10�9 1:3� 10�8 1:7� 10�8

Table 1. Errors of the inverse expansions of meridian arc.
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As shown in Figure 1, let the innermost area be the rectangular σ∈ �a < x < a;�b < y < b½ �
(a > 0, b > 0) due to the convergence of meridian, and the gravity anomaly is expressed as
double quadratic polynomial:

Δg x; yð Þ ¼
X2

i¼0

x
a

� �iX2

j¼0

αij
y
b

� �j
(29)

Inserting the innermost area into Eqs. (25)–(28), and let the contributions be Δζ, Δξ, Δηand ΔL,
one arrives at

Δζ ¼ 1
2πγ

ðð

σ

Δg x; yð Þ
r

dxdy (30)

Δξ ¼ � 1
2πγ

ðð

σ

xΔg x; yð Þ
r3

dxdy (31)

Δη ¼ � 1
2πγ

ðð

σ

yΔg x; yð Þ
r3

dxdy (32)

ΔL ¼ 1
2π

ðð

σ

Δg x; yð Þ � Δg 0; 0ð Þ
r3

dxdy (33)

The following transformation is introduced for σ

u ¼ x
a

v ¼ y
b

8><
>:

(34)

Figure 1. Integrals in the rectangular area.
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Figure 1. Integrals in the rectangular area.
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Using the properties of the integration for even/odd functions and exploiting the symmetry of
the integration area, one arrives at

Δζ ¼ 4ab
2πγ

ð1
0

ð1
0

α00 þ α20u2 þ α02v2 þ α22u2v2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2u2 þ b2v2

p dudv (35)

Δξ ¼ �4a2b
2πγ

ð1
0

ð1
0

u2 α10 þ α12v2
� �

a2u2 þ b2v2
� �3=2 dudv (36)

Δη ¼ �4ab2

2πγ

ð1
0

ð1
0

v2 α01 þ α21v2
� �

a2u2 þ b2v2
� �3=2 dudv (37)

ΔL ¼ 4ab
2π

ð1
0

ð1
0

α20u2 þ α02v2 þ α22u2v2

a2u2 þ b2v2
� �3=2 dudv (38)

Drawing a line from the origin to the upper right corner, it divides the upper right quadrant.

into σ1 ∈ 0 < u < 1; 0 < v < u½ �, σ2 ∈ 0 < u < v; 0 < u < 1½ �.
The following nonsingular integration transformation is introduced for σ1

u ¼ v
k ¼ v

u

(
(39)

The following nonsingular integration transformation is introduced for σ2

v ¼ v
λ ¼ u

v

(
(40)

Insertingv ¼ ku(oru ¼ λv)into Eqs. (35)–(37),one arrives at

Δζ ¼ 4ab
2πγ

ð1
0

α00 þ 1
3
α20 þ 1

3
α02k2 þ 1

5
α22k2

� �
dkffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a2 þ b2k2
p

þ 4ab
2πγ

ð1
0

α00 þ 1
3
α02 þ 1

3
α20λ2 þ 1

5
α22λ2

� �
dλffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

b2 þ a2λ2
p

(41)

Δξ ¼ �4a2b
2πγ

ð1
0

α10 þ 1
3
α12k2

� �
dk

a2 þ b2k2
� �3=2

� 4a2b
2πγ

ð1
0

α10 þ 1
3
α12

� �
λ2dλ

b2 þ a2λ2� �3=2
(42)

Δη ¼ �4ab2

2πγ

ð1
0

α01 þ 1
3
α21

� �
k2dk

a2 þ b2k2
� �3=2

� 4ab2

2πγ

ð1
0

α01 þ 1
3
α21λ2

� �
dλ

b2 þ a2λ2� �3=2
(43)
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ΔL ¼ 4ab
2π

ð1
0

α20 þ α02k2 þ 1
3
α22k2

� �
dk

a2 þ b2k2
� �3=2

þ 4ab
2π

ð1
0

α00 þ α20λ2 þ 1
3
α22λ2

� �
dλ

b2 þ a2λ2� �3=2
(44)

Now we can see that the denominators are greater than zero after transformation Eq. (39) and
Eq. (40), and the singularities have been eliminated. The integrals in x and y directions are
converted to the integrals of the powers of k andλ. This basically changes the double integrals
to single variable integrals, which could easily be calculated in Mathematica as follows:

ð45Þ

ð46Þ
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λ2dλ
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2πγ
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3
α21

� �
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� 4ab2

2πγ
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ΔL ¼ 4ab
2π

ð1
0

α20 þ α02k2 þ 1
3
α22k2

� �
dk

a2 þ b2k2
� �3=2

þ 4ab
2π

ð1
0

α00 þ α20λ2 þ 1
3
α22λ2

� �
dλ

b2 þ a2λ2� �3=2
(44)

Now we can see that the denominators are greater than zero after transformation Eq. (39) and
Eq. (40), and the singularities have been eliminated. The integrals in x and y directions are
converted to the integrals of the powers of k andλ. This basically changes the double integrals
to single variable integrals, which could easily be calculated in Mathematica as follows:
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ð47Þ

ð48Þ

In case of a square grid with a unit length, Eqs. (45)–(48) can be simplified in Mathematica as.

ð49Þ

ð50Þ

ð51Þ
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ð52Þ

One could find that it is greatly fussy to complete these integrals by hand, which could be
easily realized using some commands of computer algebra system.

4. The series expansions of direct transformations between three
anomalies in satellite geodesy

The determination of satellite orbit is one of the fundamental problems in satellite geodesy. A
graphical representation of the Keplerian orbit is given in Figure 2, see [20].

Eccentric, mean and true anomalies are used to describe the movement of satellites. Their
transformations are often to be dealt with in satellite ephemeris computation and orbit deter-
mination of the spacecraft. In Figure 2, E is the Eccentric anomaly, υis the true anomaly. In
order to realize the direct transformations between these anomalies, the series expansions of
their transformations are derived using the power series method with the help of computer
algebra system Mathematica. Their coefficients are expressed in a power series of the orbital
eccentricity e and extended up to eighth-order terms of the orbital eccentricity.

4.1. The series expansions of the direct transformation between eccentric and mean
anomalies

Let the mean anomaly be M. Mcan be expressed by E as follows:

M ¼ E� e sinE (53)

Differentiating the both sides of Eq. (53) yields

Figure 2. Keplerian orbit.
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dE
dM

¼ 1
1� e cosE

(54)

To expand Eq. (54) into a power series of cosM, we introduce the following new variable

t ¼ cosM (55)

therefore

dM
dt

¼ � 1
sinM

(56)

and then denote

f tð Þ ¼ dE
dM

¼ 1
1� e cosE

(57)

Substituting E0 ¼ π
2 into Eq. (53) yields

M0 ¼ π
2
� e (58)

Substituting Eq. (59) into Eq. (55), one arrives at

t0 ¼ sin e (59)

Making use of the chain rule of implicit differentiation

f 0 tð Þ ¼ df
dE

dE
dM

dM
dt

f 00 tð Þ ¼ df 0

dE
dE
dM

dM
dt

þ df 0

dM
dM
dt

⋯

It is easy to expand Eq. (58) into a power series of t0

f tð Þ ¼ dE
dM

¼ f t0ð Þ þ f 0 t0ð Þ t� t0ð Þ þ 1
2!
f 00 t0ð Þ t� t0ð Þ2 þ 1

3!
f ‴ t0ð Þ t� t0ð Þ3 þ⋯ (60)

One can imagine that these procedures are too complicated to be realized by hand, but will
become much easier and be significantly simplified by means of Mathematica. Omitting the
detailed procedure in Mathematica, one arrives at

dE
dM

¼ 1þ b1 cosM� sin eð Þ þ b2
2!

cosM� sin eð Þ2 þ b3
3!

cosM� sin eð Þ3 þ b4
4!

cosM� sin eð Þ4

þ b5
5!

cosM� sin eð Þ5 þ b6
6!

cosM� sin eð Þ6 þ b7
7!

cosM� sin eð Þ7 þ b8
8!

cosM� sin eð Þ8

(61)
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where

b1 ¼ eþ 1
2
e3 þ 1

24
eþ 5

61
720

e7

b2 ¼ 4e2 þ 13
3
e4 þ 47

15
e6 þ 121

63
e8

b3 ¼ 27e3 þ 91
2
e5 þ 1127

24
e7

b4 ¼ 256e4 þ 2937
5

e6 þ 82771
105

e8

b5 ¼ 3125e5 þ 18173
2

e7

b6 ¼ 46656e6 þ 1150593
7

e8

b7 ¼ 823543e7

b8 ¼ 16777216e8

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(62)

Integrating at the both sides of Eq. (62) gives the series expansion

E ¼ Mþ α1 sinMþ α2 sin 2Mþ α3 sin 3Mþ α4 sin 4Mþ α5 sin 5M

þ α6 sin 6Mþ α7 sin 7Mþ α8 sin 8M
(63)

where

α1 ¼ e� 1
8
e3 þ 1

192
e5 � 1

9216
e7

α2 ¼ 1
2
e2 � 1

6
e4 þ 1

48
e6 � 1

720
e8

α3 ¼ 3
8
e3 � 27

128
e5 þ 243

5120
e7

α4 ¼ 1
3
e4 � 4

15
e6 þ 4

45
e8

α5 ¼ 125
384

e5 � 3125
9216

e7

α6 ¼ 27
80

e6 � 243
560

e8

α7 ¼ 16807
46080

e7

α8 ¼ 128
315

e8

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(64)
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(62)
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>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(64)

Mathematical Analysis of Some Typical Problems in Geodesy by Means of Computer Algebra
http://dx.doi.org/10.5772/intechopen.81586

81



4.2. The series expansions of the direct transformation between eccentric and true
anomalies

The true anomaly υ can be expressed by E as follows:

tan
υ
2
¼

ffiffiffiffiffiffiffiffiffiffiffi
1þ e
1� e

r
tan

E
2

(65)

Therefore, it holds

υ ¼ 2arctan

ffiffiffiffiffiffiffiffiffiffiffi
1þ e
1� e

r
tan

E
2

 !
(66)

One could expand υ as a power series of the eccentricity at e ¼ 0 in order to obtain the direct series
expansion of the transformation from E to υ. Omitting the detailed procedure in Mathematica,
one arrives at

υ ¼ Eþ β1 sinEþ β2 sin 2Eþ β3 sin 3Eþ β4 sin 4Eþ β5 sin 5E
þ β6 sin 6Eþ β7 sin 7Eþ β8 sin 8E

(67)

where

β1 ¼ eþ 1
4
e3 þ 1

8
e5 þ 5

64
e7

β2 ¼
1
4
e2 þ 1

8
e4 þ 5

64
e6 þ 7

128
e8

β3 ¼
1
12

e3 þ 1
16

e5 þ 3
64

e7

β4 ¼
1
32

e4 þ 1
32

e6 þ 7
256

e8

β5 ¼
1
80

e5 þ 1
64

e7

β6 ¼
1

192
e6 þ 1

128
e8

β7 ¼
1

448
e7

β8 ¼
1

1024
e8

8>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(68)

From Eq. (67), one knows

E ¼ 2arctan

ffiffiffiffiffiffiffiffiffiffiffi
1� e
1þ e

r
tan

υ
2

 !
(69)

Expanding E as a power series of the eccentricity at e ¼ 0 by means of Mathematica yields the
direct series expansion of the transformation from υ to E
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E ¼ υþ γ1 sin υþ γ2 sin 2υþ γ3 sin 3υþ γ4 sin 4υþ γ5 sin 5υ

þγ6 sin 6υþ γ7 sin 7υþ γ8 sin 8υ
(70)

where

γ1 ¼ �e� 1
4
e3 � 1

8
e5 � 5

64
e7

γ2 ¼
1
4
e2 þ 1

8
e4 þ 5

64
e6 þ 7

128
e8

γ3 ¼ � 1
12

e3 � 1
16

e5 � 3
64

e7

γ4 ¼
1
32

e4 þ 1
32

e6 þ 7
256

e8

γ5 ¼ � 1
80

e5 � 1
64

e7

γ6 ¼
1
192

e6 þ 1
128

e8

γ7 ¼ � 1
448

e7

γ8 ¼
1

1024
e8

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(71)

4.3. The series expansions of the direct transformation between mean and true anomalies

The whole formulae for the transformation from M to υ are as follows

E ¼ Mþ α1 sinMþ α2 sin 2Mþ α3 sin 3Mþ α4 sin 4Mþ α5 sin 5M

þ α6 sin 6Mþ α7 sin 7Mþ α8 sin 8M

υ ¼ Eþ β1 sinEþ β2 sin 2Eþ β3 sin 3Eþ β4 sin 4Eþ β5 sin 5E

þ β6 sin 6Eþ β7 sin 7Eþ β8 sin 8E

8>>>>>><
>>>>>>:

(72)

Since the coefficients αi,βi (i ¼ 1, 2,⋯8) are expressed in a power series of the eccentricity, one
could expand υ as a power series of the eccentricity at e ¼ 0 in order to obtain the direct
expansion of the transformation from M to υ. Omitting the main operations by means of
Mathematica, one arrives at the direct expansion of the transformation from M to υ

υ ¼ Mþ δ1 sinMþ δ2 sin 2Mþ δ3 sin 3Mþ δ4 sin 4Mþ δ5 sin 5M

þδ6 sin 6Mþ δ7 sin 7Mþ δ8 sin 8M
(73)

where
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4.3. The series expansions of the direct transformation between mean and true anomalies
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δ1 ¼ 2e� 1
4
e3 þ 5

96
e5 þ 107

4608
e7

δ2 ¼ 5
4
e2 � 11

24
e4 þ 17

192
e6 þ 43

5760
e8

δ3 ¼ 13
12

e3 � 43
64

e5 þ 95
512

e7

δ4 ¼ 103
96

e4 � 451
480

e6 þ 4123
11520

e8

δ5 ¼ 1097
960

e5 � 5957
4608

e7

δ6 ¼ 1223
960

e6 � 7913
4480

e8

δ7 ¼ 47273
32256

e7

δ8 ¼ 556403
322560

e8

8>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(74)

The whole formulae for the transformation from υ to Mare as follows

E ¼ υþ γ1 sin υþ γ2 sin 2υþ γ3 sin 3υþ γ4 sin 4υþ γ5 sin 5υ
þγ6 sin 6υþ γ7 sin 7υþ γ8 sin 8υ

M ¼ E� e sinE

8><
>:

(75)

Expanding Mas a power series of the eccentricity at e ¼ 0 by means of Mathematica yields the
direct series expansion of the transformation from υ to M

M ¼ υþ ε1 sin υþ ε2 sin 2υþ ε3 sin 3υþ ε4 sin 4υ
þε5 sin 5υþ ε6 sin 6υþ ε7 sin 7υþ ε8 sin 8υ

(76)

where

ε1 ¼ �2e

ε2 ¼ 3
4
e2 þ 1

8
e4 þ 3

64
e6 þ 3

128
e8

ε3 ¼ � 1
3
e3 � 1

8
e5 � 7

16
e7

ε4 ¼ 5
32

e4 þ 3
32

e6 þ 15
256

e6

ε5 ¼ � 3
40

e5 � 1
16

e7

ε6 ¼ 7
192

e6 þ 5
128

e6

ε7 ¼ � 1
56

e7

ε8 ¼ 9
1024

e8

8>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>:

(77)
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4.4. The accuracy of the derived series expansions

In order to validate the exactness of the derived series expansions, one has examined their
accuracies when the orbital eccentricity e is respectively equal to 0.01, 0.05, 0.1 and 0.2.

One makes use of Eq. (53) and Eq. (67) to obtain the theoretical value M0 and υ0 at given
geodetic latitude E0. Substituting M0 into Eq. (64) and Eq. (74), one arrives at the computation
value E1 and υ1. Substituting υ0 into Eq. (71) and Eq. (77), one arrives at the computation value
E2 and M1. Substituting E0 into Eq. (68), one arrives at the computation value υ2. The differ-
ences between the computation and theoretical values indicate the accuracies of the derived
series expansions, which are denoted as ΔE1, Δυ1= 00ð Þ, ΔM1=

00ð Þ,ΔE2=
00ð Þ,Δυ2= 00ð Þ. Due to limited

space, these errors when e is equal to 0.05 are only listed in Table 2.

From Table 2, one could find that the accuracy of derived series expansions is higher than

10�50 0 , which could satisfy practical application. Other numerical examples indicate that when
the orbital eccentricity e is respectively equal to 0.01, 0.01 and 0.2, the accuracy of derived series

expansions is correspondingly higher than 10�100 0 , 10�30 0 and 0:1
0 0
.

5. Conclusions

Some typical mathematical problems in geodesy are solved by means of computer algebra
analysis method and computer algebra system Mathematica. The main contents and research
results presented in this chapter are as follows:

1. The forward and inverse expansions of the meridian arc often used in geometric geodesy
are derived. Their coefficients are expressed in a power series of the first eccentricity of the
reference ellipsoid and extended up to its tenth-order terms.

2. The singularity existing in the integral expressions of height anomaly, deflections of the
vertical and gravity gradient is eliminated using the nonsingular integration transforma-
tions, and the nonsingular expressions are systematically derived.

E0=
∘ð Þ 20 40 60 80

ΔE1=
00ð Þ 8:2� 10�8 �1:7� 10�7 1.6 � 10�7 2:2� 10�8

Δυ1= 00ð Þ 3:5� 10�7 �7:4� 10�7 6:8� 10�7 9:9� 10�8

ΔM1=
00ð Þ 3.5 � 10�8 �5:2� 10�9 �7:1� 10�9 �3:7� 10�9

ΔE2=
00ð Þ 2:8� 10�8 2:1� 10�8 1:4� 10�8 1:2� 10�8

Δυ2= 00ð Þ �2:9� 10�8 �2:4� 10�8 �1:5� 10�8 �1:3� 10�8

Table 2. Errors of the derived series expansions.
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00ð Þ,ΔE2=
00ð Þ,Δυ2= 00ð Þ. Due to limited

space, these errors when e is equal to 0.05 are only listed in Table 2.

From Table 2, one could find that the accuracy of derived series expansions is higher than

10�50 0 , which could satisfy practical application. Other numerical examples indicate that when
the orbital eccentricity e is respectively equal to 0.01, 0.01 and 0.2, the accuracy of derived series

expansions is correspondingly higher than 10�100 0 , 10�30 0 and 0:1
0 0
.

5. Conclusions

Some typical mathematical problems in geodesy are solved by means of computer algebra
analysis method and computer algebra system Mathematica. The main contents and research
results presented in this chapter are as follows:

1. The forward and inverse expansions of the meridian arc often used in geometric geodesy
are derived. Their coefficients are expressed in a power series of the first eccentricity of the
reference ellipsoid and extended up to its tenth-order terms.

2. The singularity existing in the integral expressions of height anomaly, deflections of the
vertical and gravity gradient is eliminated using the nonsingular integration transforma-
tions, and the nonsingular expressions are systematically derived.

E0=
∘ð Þ 20 40 60 80

ΔE1=
00ð Þ 8:2� 10�8 �1:7� 10�7 1.6 � 10�7 2:2� 10�8

Δυ1= 00ð Þ 3:5� 10�7 �7:4� 10�7 6:8� 10�7 9:9� 10�8

ΔM1=
00ð Þ 3.5 � 10�8 �5:2� 10�9 �7:1� 10�9 �3:7� 10�9

ΔE2=
00ð Þ 2:8� 10�8 2:1� 10�8 1:4� 10�8 1:2� 10�8

Δυ2= 00ð Þ �2:9� 10�8 �2:4� 10�8 �1:5� 10�8 �1:3� 10�8

Table 2. Errors of the derived series expansions.
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3. The series expansions of direct transformations between three anomalies in satellite geod-
esy are derived using the power series method. Their coefficients are expressed in a power
series of the orbital eccentricity e and extended up to eighth-order terms of the orbital
eccentricity.
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