EENG 428 Laboratory --- Lab Session 5
Description:
In this session, the early basics of neural networks are to be introduced.
Prerequisites:
Attending students are expected to know:
- Basic Matlab commands.
- DH representation.
- Forward kinematics for serial manipulators.
Contents:
1- Biological neurons.
2- The brain.
3- The artificial neuron.
4- Types of artificial neural networks.
5- Multilayer feed forward artificial neural networks.

1- The Biological Neuron:
Basic facts:
- The neuron in the basic cell (unit) in any neural system.
- In a human brain, there are around 100 billion neurons.
- All the memories, the experiences, the skills and others… are stored in
the brain, as a whole.
- Losing one neuron, does not effect a human, in fact, we lose about
190,000 neurons a day.
- Neurons do not renew (at all), which lead to the fact that we become
more experienced day after day, but less intelligent.

Neurons have different types, but they mostly consist of 3 parts. One part is the
cell body, which is located in the brain (the head) (no cell bodies in the spinal
cord). One part is the Dendrites, which are connections from other neurons to the

neuron body. And one part is the synapses which are connections from the neuron
to other neurons or to muscles.
Fact:
Learning, is the process of strengthening the connections between different
neurons in the brain. (Hebb’s Rule or Hebbian Rule).
Stimulation of one neuron:

Firing
Facts:
- Increasing the stimulation, does not increase the feeling generated by one
neuron (it might stimulate other neurons).
- Learning is the process of teaching a set of neurons to be stimulated
simultaneously.
- The same neuron might have repeatable action of “firing”, which is called
bursting or spiking.

Spiking or Bursting
2- The brain:

This photo simulates how different neurons in the brain are connected together
(which is the learning phenomena)

3- The artificial neuron:
Starting from the fact that a neuron can only fire or not. The artificial neuron takes
input signals, and generate an output signal that is either zero or one.

The process of teaching (training) this neuron, is simply adjusting the weights for
each input, that the result becomes as desired.
(see and, or, nor).
4- Artificial Neural Networks:
There are several types of neural networks, depending on the type of application.
For supervised learning, two types of networks are very familiar.
- Feed forward multilayer neural networks. (very useful in system
identification or replication)
- Hopfield neural networks. (very common in clustering, such as character
recognition)

For unsupervised learning, the most famous type is knows as:
- Kohonen’s neural network. (very dangerous applications such as chess
engines or backgammon)

5- Multilayer feed forward artificial neural networks:
This network consist of 3 layers (at least). One layer is the input layer, one (or
more) hidden layer(s), and one output layer.
The input layer is connected with the hidden layer, and the hidden layer is
connected with the output layer.
The process of learning (training), is usually done by the “back-propagation
algorithm”, by providing a set of inputs and the desired set of outputs, and
adjusting the weights of the network by minimizing the errors of the outputs using
the “steepest decent optimization algorithm” .

For the mathematical background regarding training the network, see the handout
for lab4 in the website.
Applications on multilayer feed forward artificial neural networks:
Example 1: (single input, single output)
Train a network to implement the function Y= cos(2x)
% Generating the training patters
x=-5:0.01:5;
y=cos(2*x);

nnstart % starting the ANN toolbox (GUI)

>> net(pi)
ans =
1.0000
>>

It is obvious that we did not train for the value (pi). But the result is accurate (
cos(2pi)=1 )

Example 2: (several inputs, several outputs)
Train a multilayer neural network that can implement the following functions:
f1(x,y,z)= x^3 + 4y -6z
f2(x,y,z)= 5*cos(x) + 44y -16z
f3(x,y,z)= x^2 + y^2 –z
% Generating the training patters
x=10*randn(1,10000);
y=10*randn(1,10000);
z=10*randn(1,10000);
f1=x.^3+4*y-6*z;
f2=5*cos(x)+44*y-16*z;
f3=x.^2+y.^2-z;
%Obtaining the input/output vectors
X=[ x' y' z'];
Y=[f1' f2' f3'];
nnstart

F=net([2 2 2]');
g1=F(1)
g2=F(2)
g3=F(3)
f1=2^3+4*2-6*2
f2=5*cos(2)+44*2-16*2
f3=2^2+2^2-2
g1 =
3.9688
g2 =
56.1519
g3 =
6.0216
f1 =
4
f2 =
53.9193
f3 =
6

Homework:
Train a multilayer ANN that finds the eigenvalues of a 2*2 matrix.
(hint: Read the notes uploaded on the website)
Bonus: (200 points added to your total grade)
It is known that the forward kinematics problem is very simple in serial
manipulators, while inverse kinematic problem is hard.
For a 3DOF manipulator of your choice:
1- Find the forward kinematic formula using DH representation.
(T=A1*A2*A3)
2- Generate random joint variables values in acceptable range (joint limits).
3- Generate the corresponding position vector according for these joint
variables. (ignore the orientation part)
4- Use the vectors in part 2 and 3 to train a multilayer feed forward artificial
neural network to find the inverse kinematics (given the position, find the
joint variables).
5- Verify your work by testing some output of the network
(Partial solutions will not be accepted)
Hint: see the research article uploaded on the website, and prepare similar
work.

YOU HAVE EXACTLY 6 DAYS TO SUBMIT. SUBMISSION SHOULD BE
THE EMAIL: lab.eeng428@gmail.com

