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Chapter 2

Pre-Informing Methods for ANNs
Mustafa Turker

Abstract

In the recent past, when computers just entered our lives, we could not even
imagine what today would be like. If we look at the future with the same perspective
today, only one assumption can be made about where technology will go in the near
future; Artificial intelligence applications will be an indispensable part of our lives.
While today’s work is promising, there is still a long way to go. The structures that
researchers define as artificial intelligence today are actually programmed programs
with limits and are result-oriented. Real learning includes many complex features such
as convergence, association, inference and prediction. It has been demonstrated with
an application how to transfer the input layer connections in human neurons to the
artificial learning network with the pre-informing method. When the results are
compared, the learning load (weights) was reduced from 147 to 9 with the proposed
pre-informing method, and the learning rate was increased between 15–30%
according to the activation function used.

Keywords: ANN, pre-informing, AHP, modified networks, interfered networks

1. Introduction

The learning mechanism makes human beings superior to all other creatures.
Despite the fact that today’s computers have much more processing power, the human
brain is still much more efficient than any computer or any artificially developed
intelligence.

Building a perfect learning network requires more than just cell structures and its
weights. The human brain has a very complex network, and each brain is unique for
itself. Today’s technology is not enough to explain all the details of how our brain
works. My observation of how our brain works starts from defining items. Every item
has a key cell in our brain. Defining process is done by visuals, smell, feeling, linguistic
name, hearing its sound. If these key cells match any of these information from body
inputs, thinking and learning continues, if there is no key cell defined before, new cell
is assigned for this item. Then, your brain wants to explore these item’s behavior. You
start to take this item in your hand and start the psychical observation. When the
psychical observation is satisfied, your brain starts to categorize it. After categoriza-
tion, your brain checks other items for same categorization and determines what other
information can be learned. Whenever you see someone has more knowledge from
you, then you want to speak about this newly learned item, or you want to do research
on it. This key cell started to develop itself with explored information. Each key cell
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and its network can also connect to each other in any part, if there are logical connec-
tions that exist.

Today’s artificial intelligence studies are a little simple compared to reality. Math-
ematical modeling of learning in an artificial cell and solving the problem with an
optimization mechanism has resulted in success in most areas. However, this success
is due to the fast processing capacity of computers rather than the perfect modeling of
machine learning. In this case, researchers need to work on developing artificial neural
networks close to the real learning.

In this study, the pre-informing method and rules in artificial neural networks are
explained with an example in order to establish a more conscious and effective learn-
ing network instead of searching for relationships in random connections.

2. ANN structure

In the literature of ANN design, the first principles were introduced in the middle
of the 20th century [1, 2]. Over the following years, network structures such as
Perceptron, Artron, Adaline, Madaline, Back-Propagation, Hopfield Network,
Counter-Propagation Network, Lamstar were developed [3–10].

The complex behavior of our brain artificially imitated through layers is most
network configuration. Basically, an artificial neural network has 3 types of layer
group: input layer, hidden layers, output layer (SeeFigure 1). And all cells in these
layers connected each other with artificial weights [1, 2].

Input layer is the cluster of cells present the data that has influence on learning.
Each cell represents a parameter with a variable data value. These values are scaled

Figure 1.
Basic ANN structure.
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according to the limits of the activation function used in the next layers. The selection
of input parameters requires knowledge and experience on the subject to be created
artificial intelligence. In fact, this process is exactly the transfer of natural neuron
input parameters from our brain to paper. However, this is not so easy because a
learning activity in our brain is connected by a huge number of networks managed
subconsciously. To explain this situation, sometimes our minds make some inferences
even on subjects we have no knowledge of, and we can make correct predictions about
this subject. In some cases, we feel the result of an event that we do not know, but we
cannot explain it. In fact, the best example of this is falling in love. No one can tell why
you fall in love with a person, it happens and then you look for the reason. This is
proof that the subconscious mind plays a major role in learning. This means that there
may also be some input parameters that we did not notice. Therefore, it is necessary to
focus on this layer and define the input parameters.

Hidden layer(s) is the layer where the data of the input parameters are interpreted,
and the learning capability of the network is defined. Each cell in these layers transfers
the data from the input layer cells or previously hidden layer cells with the defined
activation function and sends it to all cells in the next layer. Learning of nonlinear
behavior takes place in this layer. Increasing the number of layers and cells in this
group does not always work, but provides memorization, not learning. This also
increases the number of connections and thus highly increases the required experi-
enced data to determine the weight values of these connections.

In general, the basic mechanism of an artificial neuron consists of two steps:
summation and activation [1]. Summation is the process of summing the intensities of
incoming connections. Activation, on the other hand, is the process of transforming
the collected signals according to the defined function (SeeFigure 2).

There are many activation functions. The purpose of these functions is to emulate
linear or non-linear behavior. The sigmoid function is one of the most commonly used
activation functions.

Mathematically, the summation and activation process of an artificial neuron is
expressed as below (See Eqs. (1) and (2)).

u ¼
� m

n¼1

xi � wi � � (1)

y ¼ f uð Þ (2)

In these equations,

• xi: Input value or previous cell output value for previous layer cells,

• wi: Weight value of the connection for previous layer cells,

Figure 2.
Artificial neuron structure.
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• � : Bias value,

• u: Net collected output value of the cell,

• y: Activated output value of the cell.

In some cases, the learning network cannot find a logical connection between the
results and the inputs, so that this does not stop learning, a bias value can be used for
each cell. A high bias coefficient means that learning is low, and memorization is high.

The output layer is the last layer in the connection and receives inputs from the last
set in the hidden layer. In this layer, data is collected and as a result, output data is
exported in the planned method.

The learning process of the network established with the input, hidden and output
layers is actually an optimization problem. The connection values between the cells of
the network converge to reach the result depending on the optimization technique. A
training set consisting of a certain number of input and output data is used for this
purpose. If desired, a certain amount of data set is also tested to measure the consis-
tency of the network. When the learning is complete, the values of the weights are
fixed, and the network becomes serviceable. If desired, the mathematical equation of
the network can be derived by following the cells from back to forward.

3. Pre-informing of ANNs

Pre-information, unlike pre-training, is the processing of a certain information or
rule into the structure of the network. In reality, a person learns under some preju-
dices while learning something. These prejudices are a mechanism that allows us to
make predictions about the event that will occur, and they make these inferences by
utilizing similar events. With these prejudices, the number of training data required
for learning decreases by a considerable ratio. As a result, you have a clean and
efficient way of learning.

For example, for a child who goes out for the first time, his mother advises never to
talk to strangers, and he guesses that if the child talks to a stranger, the result may be
bad. In this case, the people to talk to are the input parameters, the possibility of
something bad happening as a result of the conversation is the output parameter. If
the mother did not give advice to her child, the child would talk to everyone and
eventually learn that talking to a stranger is bad and dangerous. As a result of the
mother’s suggestion, the weight of strangers among the input parameters (people to
talk to) increased before they even experienced it.

In order to transfer prejudices to artificial neural networks, some rules must be
followed:

1.The pre-Informed network structure consists of 3 layers; input layer, hidden
layer, output layer. The hidden layer consists of a single sublayer.

2. Input parameters should be grouped, if possible. For example, in a learning
network that predicts heart attack, personal characteristics are one group, bad
habits are another group, genetic diseases are another group. If there is no group,
it should be considered as 1 group. These inputs should be scaled according to the
activation function that will be used in the hidden layer.
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3.The information to be processed (pre-informing) should be in the weights
between the input layer and the hidden layer.

4.An artificial neuron cell is placed for each input group in the hidden layer to
represent each group. This cell consists of 3 steps: summation, scaling, activation.
Two or more different activation functions can be used in cells in the hidden
layer. In this case, for each input group, same number of representation cells
should be defined in the hidden layer.

5.The connections of cells in the input layer to the representation cells of other
groups other than their own are considered 0.

6.The representation cells in the hidden layer are directly connected to the output
layer.

7.Optimization optimizes the weights of the connections between the hidden layer
cells and the output layer cells.

8.The connection values of the input layer groups to the representation cells in the
hidden layer are determined and fixed for each group using the techniques
in the literature.

In Figure 3, a total of 23 input parameters belonging to 3 input groups, these three
groups are represented by two separate cells with hyperbolic tangent and sigmoid
activations, and a hidden layer consisting of a total of 6 cells, and finally an output
layer are described.

After the network structure is established, the next step is pre-informing the
network. This stage is the transfer of information from the subconscious to network
weights. This stage should be done for each group, and each group should be consid-
ered separately. The best method of this process is using AHP (Analytic Hierarchy
Process) evaluation methods. In AHP evaluation methods, each parameter is com-
pared with the other using verbal expressions. A simple superiority scale is used in this
comparison. This means you can prepare a questionnaire and get the superiority
information of parameters from an expert mind. After some calculations you will have
the weights. These weights will be used in the network directly. The beauty of using
this technique is consistency analysis can be done. In the end, if the input parameters
are defined correctly, you will have 100% academically proofed subconscious
information extraction.

AHP is a multi-criteria decision making (MCDM) method. The earliest reference
to AHP is from 1972 [11]. Afterwards, Saaty [12], fully described the method in his
article published in the Journal of Mathematical Psychology. AHP makes it possible to
divide the problem into a hierarchy of sub-problems that can be more easily grasped
and evaluated subjectively. Subjective evaluations are converted into numerical values
and each alternative is processed and ranked on a numerical scale. Schematic AHP
hierarchy is given in Figure 4 below.

At the top of the hierarchy is the goal/purpose, while at the bottom there are
alternatives. Between these two parts are the criteria and their sub-criteria. The
most important feature that makes AHP important is that it can make comparisons
both locally and globally when comparing the effect of sub-criteria at any level on
alternatives.
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Chapter 7

Application of Artificial Neural
Network in Solar Energy
Bin Du and Peter D. Lund

Abstract

Accurate prediction of system performance is very important for the optimal
planning of solar energy systems. The latest research of artificial neural network
(ANN) technology for predicting the efficiency of solar thermal systems and the
performance of photovoltaic system is reported here. Application of ANN to perfor-
mance assessment of solar collectors is briefly reviewed including novel all-glass
straight-through evacuated tube collectors. An overview of the most recent work of
ANN for combined photovoltaic/thermal panels (PV/T) and concentrating photovol-
taic collectors is also provided.

Keywords: artificial neural network, solar collector, performance prediction, thermal
efficiency, photovoltaic/thermal, concentrating photovoltaics

1. Introduction

The increase of population and development of world industry requires the mas-
sive use of fossil fuel [1], resulting in environmental pollution and global warming.
Renewable energy is one of the effective technical methods to alleviate this phenom-
enon [2]. Solar Energy is the most rapidly developing and widely used renewable
energy technology. At present, there are many application forms, including solar
power generation [3], seawater desalination [4], heating [5], refrigeration [6], etc. For
the estimation for the efficiency of solar thermal systems, experimental study and
theoretical analytic simulation codes are often utilized [7, 8]. The traditional algo-
rithms usually employed are very complex, including the solution of complicated
different equations, which usually involves large resource and takes a great quantity
of time to give exact solutions [8]. Moreover, traditional analysis methods are often
based on simplified assumptions, as well as simplified models and solving nonlinear
partial differential equations, which reduce the prediction accuracy [9–11]. ANN is a
mathematical method that mimics the behavior of human brain. It has a strong ability
to learn and find nonlinear relationships between input and output in systems [12], so
it has the ability to realize information processing by adjusting the connection
between internal nodes [12]. Unlike complex laws and mathematical routines in
traditional analysis methods, ANN can learn key information patterns in
multidimensional information domain [8]. Therefore, ANN technology has obvious
advantages in speed, organization ability, fault tolerance and adaptability [8]. In
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