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Abstract- An Artificial Neural Network is an information processing system that has been developed as a generalization of
the mathematical model of human cognition(faculty knowing). A neural network is a network of interconnected neurons,
inspired from the studies of the biological nervous system. In other-words, the neural network functions in a way similar to
the human brain. The function of a neural network is to produce an output pattern when presented with an input pattern.
Neural Network is the study of networks consisting of nodes connected by adaptable weights, which store experimental
knowledge from task examples through a process of learning. The nodes of the brain are adaptable; they acquire knowledge
through changes in the node weights by being exposed to samples.
Keywords- Neural Network Architectures Are Motivated By Models Of The Human Brain And Nerve Cells.

another neuron’s dendrite is called a synapse (Greek:
contact). The impulse signals are then transmitted
across a synaptic gap by means of a chemical process.
A single neuron may have 1000 to 10000 synapses
and may be connected with around 1000 neurons.
There are 100 billion neurons in our brain, and each
neuron has 1000 dendrites.

I. INTRODUCTION
Ever imagined how our brain works! It was more
than 2000 years ago that our ancestors had started to
discover the architecture and behavior of human
brain. Ramon Y.Cajal and Hebb continued the work
of Aristotle and tried to build the artificial “ thinking
machine”. Based on the information about the
function of the brain and the quest for obtaining a
mathematical model for our learning habits, a new
technology Artificial Neural Networks was started.
Our brain can process information quickly and
accurately. You can recognize your friend’s voice in
a noisy railway station. How is the brain able to
process the voice signal added with the noise and
retrieve the original signal? Amazing, isn’t it? Can
we duplicate some learning habits of a human?

Figure 1.1 A Biological Nerve Cell

1.1 BRAIN THE ORIGINAL NEURAL NETWORK
Neural network architectures are motivated by
models of the human brain and nerve cells. Our
current knowledge of the human brain is limited to its
anatomical and physiological information. Neuron
(from Greek, meaning nerve cell) is the fundamental
unit of the brain. The neuron is a complex
biochemical and electrical signal processing unit that
receives and combines signals from many other
neurons through filamentary input paths, the
dendrites (Greek: tree links). A neuron in the human
brain is shown in Figure l. l.
A biological neuron has three types of components
namely dendrites, soma and axon. Dendrites are
bunched into highly complex “dendritic trees”, which
have an enormous total surface area. The dendrites
receive signals from other neurons. Dendritic trees
are connected with the main body of the neuron
called the soma (Greek: body). The soma has a
pyramidal or cylindrical shape. The soma sums the
incoming signals. When sufficient input is received,
the cell fires. The output area of the neuron is a long
fibre called axon. The impulse signal triggered by the
cell is transmitted over the axon to other cells. The
connecting point between a neuron’s axon and

1.2 ARTIFICIAL NEURON
The artificial neuron (also called processing element
or node) mimes the characteristics of the biological
neuron. A processing element possesses a local
memory and carries out localized information
processing operations. The artificial neuron has a set
of ‘n’ inputs xp each representing the output of
another neuron (the subscript i takes values between l
and n and indicates the source of the vector input
signal). The inputs are collectively referred to as X.
Each input is weighed before it reaches the main
body of the processing element by the connection
strength or the weight factor (or simply weight)
analogous to the synaptic strength. The amount of
information about the input that is required to solve a
problem is stored in the form of weights. Each signal
is multiplied with an associated weight w1 w2 w3,...wn
before it is applied to the summing block. In addition,
the artificial neuron has a bias term w0 a threshold
value ‘0’ 'that has to be reached or extended for the
neuron to produce a signal, a nonlinear function 'F'
that acts on the produced signal ‘net’ and an output
‘y’ after the nonlinearity function. The basic model of
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a neuron is shown in Figure 1.2. It should be noted
that the input to the bias neuron is assumed to be 1.
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Output layer: The neurons in this layer receive
signals from neurons either in the input layer or in the
hidden layer.
Hidden layer The layer of neurons that are connected
in between the input layer and the output layer is
known as hidden layer.
Neural nets are often classified as single layer
networks or multilayer networks. The number of
layers in a net can be defined as the number of layers
of weighted interconnection links between various
layers. While determining the number of layers, the
input layer is not counted as a layer, because it does
not perform any computation. The architecture of a
single layer and a multilayer neural network is shown
in Figures 1.3 and 1.4.

Figure 1.2 Basic Neuron Model

The following relation describes the transfer function
of the basic neuron model.

1.6.1 Single Layer Network
A single layer network consists of one layer of
connection weights. The net consists of a layer of
units called input layer, which receive signals from
the outside world and a layer of units called output
layer from which the response of the net can be
obtained. This type of network can be used for pattern
classification problems.

1.5.CLASSIFICATIONOF ARTIFICIAL NEURAL
NETWORKS
Artificial neural networks can be classified on the
basis of:
1. Pattern of connection between neurons,
(architecture of the network)
2. Activation function applied to the neurons
3. Method of determining weights on the
connection (training or learning method)

Figure 1.3 Single Layer Neural Network

1.6.2 Multilayer Network
A multilayer network consists of one or more layers
of units (called hidden layers) between the input and
output layers. Multilayer networks may be formed
by simply cascading a group of layers; the output of
one layer provides the input to the subsequent layer.
A multilayer net with nonlinear activation function
can solve any
type of problem. However training a multilayer
neural network is very difficult.

1.6. ARCHITECTURE OF A NEURAL NETWORK
The neurons are assumed to be arranged in layers,
and the neurons in the same layer behave in the same
manner. All the neurons in a layer usually have the
same activation function. Within each layer, the
neurons are either fully interconnected or not
connected at all. The neurons in one layer can be
connected to neurons in another layer. The
arrangement of neurons into layers and the
connection pattern within and between layers is
known as network architecture.
Input layer: The neurons in this layer receive the
external input signals and perform no computation,
but simply transfer the input signals to the neurons in
another layer.

Input layer

Hidden layer

Output layer

Figure 1.4Multilayer Neural Network
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1.7 ACTIVATION FUNCTIONS
The purpose of nonlinear activation function is to
ensure tfiat the neuron’s response is bounded - that
is, the actual response of the neuron is conditioned
or damped, as a result of large or small activating
stimuli and thus controllable. Further, in order to
achieve the advantages of multilayer nets compared
with the limited capabilities of single layer
networks, nonlinear functions are required. Different
nonlinear functions are used, depending upon the
paradigm and the algorithm used for training the
network. The various activation functions are
depicted pictorially in Figures 1.5 to 1.8.
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Example 1.1.For the network shown in Figure 1.9,
find the output of the neuron Y when the activation
function is
(a) binary sigmoidal
(b) bipolar sigmoidal

(i) Identity function (Linear function) Identity
function can be expressed.
F(x) = x for all x.
(ii) Binary step function Binary step function is
defined as:
1 if x 
f (x) = 0 if x 
Where  is the threshold value.

Figure 1.9 Neuron Model for Example Solution:

Net input to neuron Y is:
Ym= (0.8x[-0.2]) + (0.3x0.3) + (0.2x0.8) + (0.6+0.5)
+ 0.25 = 0.64
(a)For binary sigmoidal activation function
1
y =f (ym) =
= 0.6548
1 + e-0.64

(iii) Sigmoidal function Sigmoidal or logistic
function can be expressed as:

(b)For bipolar sigmoidal activation function,
2
y =f (ym) =
= 0.3095
1 + e-0.64

Sigmoidal function is very popular because it is
monotonous, bounded and has a simple derivative f
1
(x) f(x)[1-f(x)].
A logistic or a binary sigmoid function with a range
from 0 to 1 is shown in Figure 1.7.

1.8 TRAINING AN ARTIFICIAL NEURAL
NETWORK
The most important characteristic of an artificial
neural network is its ability to learn. Learning in both
biological and artifical neural networks is undergoing
intense research. The basic questions regarding the
human learning process are: How do we learn?
Which is the most efficient process for learning? How
much and how fast can we learn? What are the
hindrances in this learning process?
Generally speaking, learning is a process by which a
neural network adapts itself to a stimulus by properly
making parameter adjustments and producing a
desired response.
Learning is also a continuous process of the output
stimuli. If the input stimuli is not recognized by the
network, then the network develops a new
classification.

(iv) Bipolarsigmoid function Bipolar sigmoid is
used as an activation function when the desired
range of output value is between -1 and +1. Bipolar
activation function can be expressed as:

Figure 1.7Binary Sigmoidal Function
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Learning (training) is a process in which the network
adjusts its parameters the (synaptic weights) in
response to input stimuli so that the actual output
response converges to the desired output response.
When the actual output response is the same as the
desired one, the network has completed the learning
phase and the network has acquired knowledge.
Learning or training algorithms can be categorized as:
1. Supervised training
2. Unsupervised training
3. Reinforced training
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the input pattern, a new class is generated.
Even though unsupervised training does not require a
teacher, it requires certain guidelines to form groups.
Grouping can be done based on colour, shape or any
other property of the object. If no guidelines are given
grouping may or may not be successful.
1.8.3 ReinforcedTraining
Reinforced training is similar to supervised training.
In this method, the teacher does not indicate how
close is the actual output to the desired output, but
yields only a pass or a fail indication. Thus, the error
signal generated during reinforced training is binary.

1.8.1 SupervisedTraining
Supervised training requires the pairing of each input
vector with a target vector representing the desired
output. The input vector together with the
corresponding target vector is called training pair.
During the training session an input vector is applied
to the network, and it results in an output vector. This
response is compared with the target response. If the
actual response differs from the target response, the
network will generate an error signal. This error
signal is then used to calculate the adjustment that
should be made in the synaptic weights so that the
actual output matches the target output. The error
minimization in. this kind of training requires a
supervisor or a teacher, hence the name supervised
training. In artificial neural networks, the calculation
that is required to minimize errors depends on the
algorithm used, which is normally based on the
optimization techniques. Figure 1.10 illustrates the
supervised training method. Supervised training
methods is used in to perform nonlinear mapping in
pattern classification nets, pattern association nets
and multilayer neural nets.

1.9 McCULLOCH-PITTS NEURON MODEL
Warren McCuIloch and Walter Pitts presented the
first mathematical model of a single idealized
biological neuron in 1943. This model is known as
McCuIloch-Pitts model.
This model is quite simple because it does not require
learning or adoption. The neurons are binary
activated. If the neuron fires, it has an activation of 1;
if the neuron does not fire, it has an activation of 0.
The neurons are connected by directed weighted
paths. The connection paths may be excitatory or
inhibitory. Excitatory connection has positive
weights, and inhibitory connection has negative
weights. All the excitatory connections in a particular
neuron have the same weight. Each neuron has a
fixed threshold such that if the net input to the neuron
is greater than the threshold the neuron should fife.
The threshold is set such that the inhibition is
absolute. This means any non zero inhibitory input
will prevent the neuron from firing. It takes one ilinr
'.(cp for a signal to pass over one connection link.
1.9.1McCulIoch-PittsNetwork Architecture
A McCulloch-Pitts neuron that receives ‘n’ signals
through excitatory connection and 'm' signals through
inhibitory connection is shown in Figure 1.11. The
excitatory path has weight w > 0 and the inhibitory
connection path has weight ‘-p’.

1.8.2 UnsupervisedTraining
Unsupervised training is employed in self-organizingneural nets. In contrast to supervised learning,
unsupervised training does not requtfe a teacher. In
this method of training, the input vectors of similar
types are grouped without the use of training data to
specify how a typical member of each group looks or
to which group a member belongs. During training
the neural network receives input patterns and
organizes these patterns into categories. When new
input pattern is applied, the neural network provides
an output response indicating the class to which the
input pattern belongs. If a class cannot be found for

f (ym) =

1 ifym
0 ifym

whereym is the total input signal received by the
neuron Y, and is the threshold.
The condition for absolute inhibition is >nw- p.
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y = f (ym) = 1
b) if x1 = 1, x2 = 0
thenym = 1
y = f (ym) = 0

Neuron Y will fire if it receives k or more excitatory
signals and no inhibitory inputs,
i.e. kw  (k-l)w.

2. OR A OR function returns a true value if any one
of the input values is true and returns a false value if
all the input values are false. The truth value
representation of OR is shown in Table 2. A
McCulloch-Pitts neuron to implement OR is shown in
Figure 1.13. The threshold for the neurony is 2.
Table 2 Truth value for OR

1.9.2 Implementation of McCulIochPitts
Network for Logic Functions
1.ANDAn AND function gives a true value if and
only if all the input values are true; otherwise it
returns a false value. If we represent ‘True’ by the
value 1 and ‘False’ by value 0, then the training
input-target pairs can-be represented as shown in
table 1.
Table 1 Truth value for AND

Figure 1.13 McCulloch-Pitts Neuron Modelfor OR Function

The output of the neuron Y is written as:
A McCulloch-Pitts neuron to implement AND
function is shown in Figure 1.12. The threshold for
the neuron y is 2.

y = f (ym) =
whereym = 2x1 + 2x2
From Figure 1.13,
a) if x1 = -x2- = 1
thenym = 4
y = f(ym)= l
b) if xl = l, x2 = 0
thenymi= 2
y = f (ym) = 1
c) if xl = 0, x2 = 0
thenym= 0
y = f (ym) = 0

Figure 1.12 McCulIoch—Pitts Neuron Model for AND
Function

4. NOTNOT returns a true value if the input is false
and returns a false if the input is true. The truth value
representation of NOT is shown in Table 3. A
McCulloch-Pitts neuron to implement NOT is shown
in figure 1.14. The threshold value for the output
neuron is 1. The output of the neuron y is:

The output of the neuron Y can be written as:

y = f (ym) =

1 ifym 2
0 ifym 2

1 ifym 2
0 ifym 2

Where ym = x1 + x2
From figure 1.12,

1 ifym 1

y = f (ym) =

a) if x1 = x2 = 1
then y in = 2

where ym = x1
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then yin =0
and y = f(yin) =0
(b) if x1 =0 and x2=1
thenym= -1
and y = f(yin) =0
(c) x1 =1 and x2=0
then yin = 2
and y = f(yin) =0
(d) x1 =1 and x2=1
then yin = 1
and y = f(yin) =0

Table 3 Truth value for NOT

Figure 1.14: McCullch- Pitts Neuron Model for
NOT Funciton

5. XOR XOR returns a true value if exactly one of
the input values is true; otherwise it returns a
response as false. The truth value representation of
XOR is shown in Table 4. A McCulloch- Pitts neuron
model to implement XOR is shown in Figure 1.16.

From Figure 1.14
(a) if x1 =1
the yin = 1
y= f(yin) =0
(b) if x1 = 0
then yin = 0
y = f(yin)=1
4. AND NOT AND NOT returns a true value if the
first input value is true and the second input value is
false; The truth value representation of an AND NOT
logical function is shown in Table 4 and the
corresponding McCulloch-Pitts model neuron is
shown in Figure 1.15. The threshold value for the
output neuron is 2.

Table.5 :Truth value for XOR

The XOR function can be written as:
Y = (x1 AND NOT x2) OR (x2 AND
NOT x1)
Let z1 = (x1 AND NOT x2)
and
z2 = (x2 AND NOT x1)
the equation y can be rewritten as:
y = z1 OR z2

Table 4 : Truth value is AND NOT

The output of the neuron z1 (i=1,2) is:
The output of the neuron Y is:

z1 = f (zini)
=

1 ifyini 1
0 if yini 2

The output of the neuronY is:

y = f (yin) =

1 if yin 2
0 if yin 2

Where zini = 2x1 – x2
zin2 = 2x2 – x1
and yin = 2z1 + 2z2
If x1 =2 and x2 =o
then
zin1 = 2x1 – x2 = 2 * 1 – 0 =2
z1 = f (zin1) =1
zin2 = 2x2 – x1 = 2 * 0 – 1 =-1
z1 = f (zin1) =0
zin = 2x1 – x2 = 2 * 1 + 2 =2
y= f (yin) =1
Similarly, the results for the other three input pair can
be verified.

Figure 1.15 McCulloch-Pitts Neuron Model for AND NOT
Function

12. Artificial Neural Networks.
From Figure 1.15
(a) if x1 and x2 = 0
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1.10 APPLICATIONS OF NEURAL NETWORKS
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employed to learn the motor-current variants as well
as installation characteristics. 80% to 90% accurate
prediction rate has been reported. Many of the neural
network applications merge in Robotics. The simplest
tasks performed are arm movement, object
recognition and object manipulation. Neural networks
have been used in many vehicular applications
including trains and automatic gear transmission in
cars.
.
1.10.6
Function Approximation
Many computational models can be described as
functions mapping the input vectors to numerical
outputs. Neural networks are employed to construct
the function that generates approximately the same
output for a given input vector based on the available
training data.

There have been many impressive demonstrations of
artificial neural networks. A few areas where neural
networks are currently applied are mentioned below.
1.10.1 Classification
A neural network can discover the distinguishing
features needed to perform a classification task.
Classification is the assignment of each object to a
specific class, which is an important aspect in image
classification. Neural networks have been used
successfully in a large number of classification tasks
which includes:
a) Recognition of printed or handwritten
characters.
b) Classification of SONAR and RADAR
signals.

1.10.7
Financial Forecasting
One of the most sought after applications of neural
networks have been in financial applications. The
idea that if one dealer can predict market values or
assess risk better than his competitors even by a very
small amount, leads to an expectation of huge
financial benefit. Much of the work in this area is
based on the so called ‘time series predictions’.

1.10.2 Signal Processing
In digital communication systems, distorted signals
cause inter-signal interference. One of the first
commercial applications of neural networks was to
suppress noise cancellation and it was implemented
by Widrow using ADALINE. The ADALINE is
trained to remove the noise from the telephone line
signal.
1.10.3 Speech Recognition
In recent years, speech recognition has received
enormous attention. It involves threemodules namely,
the front end which samples the speech signals and
extracts the data,the word processor which is used for
finding the probability of words in the vocabulary
that match the features of spoken words and the
sentence processor which determines if the
recognized/word makes sense in the sentence. Real
time speech recognition system is crucial^slnce it
requires a large vocabulary database and large RAM
is also required. Kohonen’s “Phonetic Typewriter”
was an early application in speech recognition, which
automatically recognized vocabulary and converted it
to text. Neural networks remove the noise inherent in
the speech.

1.10.8
Condition Monitoring
The ability of neural nets to receive input from a large
number of sensors and to assess the significance of
these is a major advantage in condition monitorinj
sensitivity to novelty is almost an emergent property
of most neural systems. This has obvious applications
in the detection of departures from normality. Time
dope behaviour of nets can also be used in predicting
the occurrence of malfunction i of time. Applications
under this range from health monitoring of turbo
machine gear boxes, jets and internal combustion
engines.
1.10.9
Process Monitoring and control
Neurocontrol principles can be applied to various
areas of the process control indu Neural techniques
come into their own when the link between the
measurement operation parameter selection cannot be
obtained by analysis. These techniques be applied in
processes such as chemical and biochemical,
pharmaceutical, w purification, food and beverage
production, power distribution and oil and industries.

1.10.4 Medicine
Anderson [1980] developed an autoassociative
network (Brain-State-in-a-Box) to store large amount
of medical records, each of which includes
information on the symptoms, diagnosis and
treatment of a particular case. When a trained
network is presented with a set of symptoms, the net
finds the best diagnosis and treatment.

1.10.10 Neuro Forecasting
A major application of neural nets is the prediction of
prospective long term foreign exchange rates. Neural
networks provide greater flexibility in this regard
compared the traditional methods.

10.10.5 Intelligent Control
A problem of concern in industrial motor control is
the ability to predict system failure. Motor failure
depends on specific motor parameters, transient
currents and motor positioning. Neural networks are

1.11
Pattern Analysis
This application works in various areas such as online
industrial plant monitoring, smart sensor systems and
industrial image analysis as may be required in
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inspection and control tasks. Other classical problems
of pattern analysis such as real time audit bandwidth
systems, images and data management can also be
tackled with the help o neural networks.
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into groups by the net itself. Reinforced training is
similar to supervised training but the teacher in this
case responds with a pass or fail alone.
The first mathematical model of a single
idealized biological neuron was the McCulloch-Pitts
model. The neurons of this model are binary
activated. They have a threshold value and if the
neuron is above this value, the neuron fires (output 1)
else the output is zero. Artificial neural networks
have widespread applications in diverse fields like
pattern recognition, classification, signal processing,
medicine, control systems and business.

CONCLUSION
There has been a resurgence of interest in artificial
neural networks over the last few years, as
researchers from diverse backgrounds have produced
a firm theoretical foundation and demonstrated
numerous applications of this rich field of study. An
artificial neural network is an information processing
system that has been developed as a generalization of
the mathematical models of human cognition. These
networks are based on and are motivated by models
of our brain and nerve cells. The biological neuron
constitutes three main features namely the cell body
or soma, the axon and the dendrites. In the case of
artificial net, the neuron is a node or processing
element, which processes weighted inputs and
produces outputs which might be used as inputs to
other nodes. These ANN models are classified based
on the network, the activation function applied and
the method of training.
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A neural network consists of layers; neurons in
any particular layer behave similarly. Based on the
number of layers the net is classified as Single layer
or Multilayer network. A single layer net consists of
one layer of connection weights whereas a multilayer
net consists of more than one layer. Activation
functions are used to bring about a response that is
bounded. There are various activation functions
namely the identity function, sigmoid function, step
function, bipolar sigmoidal and Gaussian function.
Training or learning is a process by which a net
adapts itself to a stimulus by properly making
parameter adjustments. Learning is of three types
namely supervised, unsupervised and reinforced
training. Supervised training is one in which the net is
presented with an input stimulus and target output
pair. In the case of unsupervised training, the net is
excited with input stimuli and the inputs are clustered



Artificial Intelligence & Neural Networks
44

