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Abstract
 This technical paper serves to provide a basic study into the field 
of Neural Networks. We will discuss the various architectures 
used in neural networks and provide an in-depth discussion into 
the Back Propagation Algorithm. Lastly, we will apply the back 
propagation algorithm to an autonomous control system to serve 
as an automatic guidance system. Neural networks can thus be 
applied in the control of motion of robot and serve as its automatic 
guidance system.
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I. Introduction
This document serves to provide a formal documentation of our 
study in the field of Neural Networks. Over the course of this paper, 
we will focus on the back propagation algorithm in particular and 
focus on the integration of the back propagation algorithm into 
an autonomous control system of a robot.

A. Existing System
Our basic model is segregated into the following modules and 
functionality:

Creation of an external device using embedded technology.1. 
The external device will be equipped with a control unit in 2. 
the form of a microcontroller.
Equipping the devices with sensors to respond to its external 3. 
environment.
Creation of multiple devices with varying processing power 4. 
and functionality as per requirements.

B. Proposed Enhancement
The proposed advancement is to implement a neural network 
coupled with back propagation and integrate it into the control 
system of an autonomous device. Thus, with the help of neural 
networking the device can learn, facilitating response to a 
dynamically changing environment.

II. Neural Networks 

A. An Introduction to Neural Networks
Neural networks are composed of simple elements operating 
in parallel. These elements are inspired by biological nervous 
systems. As in nature, the network function is determined largely 
by the connections between elements.

Fig. 1: Neural Network Framework

B. Neuron Model: A Simple Neuron
A neuron with a single scalar input and no bias appears on the 
left below.

Fig. 2: Neuron With Bias

The transfer function net input n, again a scalar, is the sum of 
the weighted input wp and the bias b. This sum is the argument 
of the transfer function f. Here f is a transfer function, typically 
a step function or a sigmoid function, which takes the argument 
n and produces the output a. Examples of various transfer 
functions are given in the next section. Note that w and b are 
both adjustable scalar parameters of the neuron. The central idea 
of neural networks is that such parameters can be adjusted so that 
the network exhibits some desired or interesting behavior. Thus, 
we can train the network to do a particular job by adjusting the 
weight or bias parameters, or perhaps the network itself will adjust 
these parameters to achieve some desired end.

III. Learning Paradigms
There are three major learning paradigms, each corresponding to 
a particular abstract learning task. These are supervised learning, 
unsupervised learning and reinforcement learning. Usually any 
given type of network architecture can be employed in any of 
those tasks.
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A. Supervised Learning
In supervised learning, we are given a set of example pairs 

and the aim is to find a function f in the 
allowed class of functions that matches the examples. In other 
words, we wish to infer the mapping implied by the data; the 
cost function is related to the mismatch between our mapping 
and the data and it implicitly contains prior knowledge about the 
problem domain.

B. Unsupervised Learning
In unsupervised learning we are given some data x, and the cost 
function to be minimized can be any function of the data x and 
the network’s output, f

C. Reinforcement Learning
In reinforcement learning, data x is usually not given, but 
generated by an agent’s interactions with the environment. At 
each point in time t, the agent performs an action yt and the 
environment generates an observation xt and an instantaneous 
cost ct, according to some (usually unknown) dynamics. The aim 
is to discover a policy for selecting actions that minimizes some 
measure of a long-term cost, i.e. the expected cumulative cost. The 
environment’s dynamics and the long-term cost for each policy 
are usually unknown, but can be estimated.

IV. Architectures of Neural Networks

A. Feed-Forward Networks
Feed-forward Artificial Neural Networks allow signals to travel 
one way only; from input to output. There is no feedback (loops) 
i.e. the output of any layer does not affect that same layer. Feed-
forward Artificial Neural Networks tend to be straight forward 
networks that associate inputs with outputs. They are extensively 
used in pattern recognition. This type of organization is also 
referred to as bottom-up or top-down.

Fig. 3: Feed- Forward Networks

B. Feedback Networks
Feedback networks can have signals traveling in both directions 
by introducing loops in the network. Feedback networks are very 
powerful and can get extremely complicated. Feedback networks 
are dynamic; their ‘state’ is changing continuously until they reach 
an equilibrium point. 

Fig. 4: A Complex Neural Network

V. Transfer Function
The behavior of an Artificial Neural Network depends on both 
the weights and the input-output function (transfer function) that 
is specified for the units. This function typically falls into one of 
three categories:

A. Linear Units
The output activity is proportional to the total weighted output.

B. Threshold Units
The output is set at one of two levels, depending on whether the 
total input is greater than or less than some threshold value.

C. Sigmoid Units
The output varies continuously but not linearly as the input 
changes. Sigmoid units bear a greater resemblance to real neurons 
than do linear or threshold units, but all three must be considered 
rough approximations.

VI. Back Propagation Networks and Algorithm
A back propagation network is a fully connected, layered, and 
feed-forward neural network (see Figure a). Network activation 
flows in one direction only: from the input layer to the output 
layer, passing through the hidden layer. Each unit in a layer 
is connected in the forward direction to every unit in the next 
layer. Weights between units encode the network’s knowledge.

Fig. 5: Back Propagation Network
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A. Back Propagation Algorithm
Given a set of input-output vector pairs, you can compute a set of 
weights for a neural network that maps inputs onto corresponding 
outputs.
The back propagation algorithm has the following steps:
1. Initialize the network weights. Initially, all connection weights 
are set randomly to numbers between -0.1 and 0.1:

2. Initialize the activations of the threshold units. For each layer, 
its threshold unit is set to 1 and should never change:

3. Choose an input-output pair. Suppose the input vector is xi 
and the target output vector is yi. Assign activation levels to the 
input units.
4. Propagate the activations from the units in the input layer to the 
units in the hidden layer using the activation function:

5. Note that i ranges from 0 to A. w1oj is the thresholding weight 
for hidden unit j. x0 is always
1.0.
6. Propagate the activations from the units in the hidden layer to 
the units in the output layer:

7. Again, the thresholding w2oj for output unit’s j plays a role in 
the weighted summation. h0 is always 1.0.

12. Go to Step 4 and repeat. When all the input-output pairs have 
been presented to the network, one epoch has been completed. 
Repeat Steps 4 to 10 for as many epochs as desired.

VII. Integration of Back Propagation Algorithm With an 
Autonomous Control System
To define input-output vector pairs for use in the back propagation 
network, from the robot input-output (sensor-motor), we must 
identify what the robot is going to learn.

Fig. 6:

VIII. Applications of Neural Networks
Given this description of neural networks and how they work, what 
real world applications are they suited for? Neural networks have 
broad applicability to real world business problems. In fact, they 
have already been successfully applied in many industries.

A. Defense
Weapon steering, target tracking, object discrimination, facial 
recognition, new kinds of sensors, sonar, radar and image signal 
processing including data compression, feature extraction and 
noise suppression, signal/image identification.

B. Electronics
Code sequence prediction, integrated circuit chip layout, process 
control, chip failure analysis, machine vision, voice synthesis, 
nonlinear modeling

C. Entertainment
Animation, special effects, market forecasting

D. Financial
Real estate appraisal, loan advisor, mortgage screening, corporate 
bond rating, credit-line use analysis, portfolio trading program, 
corporate financial analysis, currency price prediction

F. Industrial
Neural networks are being trained to predict the output gasses of 
furnaces and other industrial processes.
They then replace complex and costly equipment used for this 
purpose in the past.
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G. Insurance
Policy application evaluation, product optimization

H. Manufacturing
Manufacturing process control, product design and analysis, 
process and machine diagnosis, real-time particle identification, 
visual quality inspection systems, beer testing, welding quality 
analysis, paper quality prediction, computer-chip quality analysis, 
analysis of grinding operations, chemical product design analysis, 
machine maintenance analysis, project bidding, planning and 
management, dynamic modeling of chemical process system
Medical: Breast cancer cell analysis, EEG and ECG analysis, 
prosthesis design, optimization of transplant times, hospital 
expense reduction, hospital quality improvement, emergency-
room test advisement

I. Robotics
Trajectory control, forklift robot, manipulator controllers, vision 
systems

J. Speech
Speech recognition, speech compression, vowel classification, 
text-to-speech synthesis Securities: Market analysis, automatic 
bond rating, stock trading advisory systems

K. Telecommunications
Image and data compression, automated information services, 
real-time translation of spoken language, customer payment 
processing systems

L. Transportation
Truck brake diagnosis systems, vehicle scheduling, routing 
systems

IX. Conclusion
The following technical paper gives insight into the basics 
of Neural Networking. It then goes on to focus on the Back 
Propagation Algorithm and its integration with an autonomous 
control system. It serves as a supplement to an existing paper 
titled, ‘Autonomous Robotics’ which is based upon an existing 
final year project that is carried out as part of our curriculum for 
the Bachelor of Engineering.
Using Neural Networking, an autonomous device can learn while 
traversing unmapped territory. It can thus constantly update its 
knowledge base using the back propagation algorithm, thus 
facilitating response to a dynamically changing environment.
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