CHAPTER FOUR 
A SIMPLE CLASSIFICATION TASK &

CHARACTER RECOGNITION (TURKISH LETTERS)

USING  MATLAB

4.1 Overview 
The Turkish alphabet replaced the old Ottoman Arabic alphabet in 1928 and contains 29 letters, including 8 vowels and 21 consonants. There are no Q, W, X, instead there are six additional letters; Ç, Ğ, S, Ö, Ü, and I. The letter I is an I without a dot at the top of it creating confusion as it is used with and without a dot depending on the word used. The other letters are common in the Latin alphabet. The Turkish letters are pronounced differently. Among these special Turkish letters ç, ö, and ü are included in the standard Western words under ISO-8859-1 [12]. 

4.1.1 Turkish Letters

The Turkish alphabet is composed of the following letters:

A, B, C, Ç, D, E, F, G, Ğ, H, I, İ, J, K, L, M, N, O, Ö, P, R, S, Ş, T, U, Ü, V, Y, Z
4.2 Human Perception

 Humans have developed highly sophisticated skills for sensing their environment and taking actions according to what they observe, e.g., [13]
· recognizing a face

· understanding spoken words

· reading handwriting

· distinguishing fresh food from its smell

4.3  Character Recognition 

The primary task of alphabet character recognition is to take an input character and correctly assign it as one of the possible output classes. This process can be divided into two general stages: feature selection and classification. Feature selection is critical to the whole process since the classifier will not be able to recognize from poorly selectedfeatures [14]. Lippman gives criteria to choose features by:

“Features should contain information required to distinguish between classes, be insensitive to irrelevant variability in the input, and also be limited in number to permit efficient computation of discriminant functions and to limit the amount of training data required.”  

Often the researcher does this task manually, but a neural network approach allows the network to automatically extract the relevant features.
4.4 Pattern Recognition

A pattern is an entity, vaguely defined, that could be given a name, e.g.

· Fingerprint image

· Handwritten word

· Human Face

· Speech Signal

· DNA Sequence...

Pattern Recognition is the study of how machines can observe the environment, learn to distinguish patterns of interest and make sound and reasonable decisions about the categories of the patterns [15].
4.5 Classification/Prediction ANN

Among many applications of the feed-forward ANNs, the classification or prediction scenario is perhaps the most interesting for data mining. In this mode, the network is trained to classify certain patterns into certain groups, and then is used to classify novel patterns which were never presented to the net before. (The correct term for this scenario is schemata-completion )[15]. 
4.6 Software Program  for Classification Task

clear all    

close all    

error=0.001;                       % Error Rate
ETA = 0.0495;                   % Learning Rate

ALPHA = 0.41;                  % Momentum Factor

maxiter=4000;                     % Maximum number of iteration

% Training Patterns %

 A=[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ;
                    1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1];

ONE=[0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                    0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0];

PATTERNS=[A ONE];

% Desired Output %

T1 = [1;0];

T2 = [0;1];

PATTERN=2;

    for j= 1 : PATTERN

j;

a = -0.35; b = 0.35

hidw = a + (b-a) * rand(10,49);      % Random selection of the hidden layer weights and  

                                                             its should be in the range  0.35 and  - 0.35
outw = a + (b-a) * rand(2,10);

dhidw=0;                                    % Initiate the change of hidden weight as zero

doutw=0;                                    % Initiate the change of output weight as zero

TARGET=[T1 T2];

out1(:,j) = PATTERNS(:,j);                   % Forward pass, compute outputs out1

neth = hidw * out1(:,j);

out2(:,j) = logsig( neth );                 % Forward pass, compute outputs out2

neto = outw*out2(:,j);

out3(:,j) = logsig( neto );                % Forward pass, compute outputs out3

out3(:,j);

end

e =TARGET - out3;                          % Calculate the error

error = 1/2*(mean(diag(e).*diag(e)));

iter=1;                                    % Initiate the iteration

tic                                       % Initiate processing time calculation

while  error >= goalerr & iter<maxiter % Compare the error with goal error

        for j=1:PATTERN 

dfout2 = dlogsig( neth , out2(:,j) );        

dfout3 = dlogsig( neto , out3(:,j) );    % Calculate the signal error     

dout = -2*diag(dfout3) * e(:,j);           % Adjustments at output 
                                                                 layer 

dhid = diag(dfout2) * outw'* dout;  % Adjustments at hidden layer

oldoutw = outw;

oldhidw = hidw;

outw = outw - (1-ALPHA)*(ETA*dout*out2(:,j)') + ALPHA*doutw ;
% Update 
                                                                                                                           Weight of 
                                                                                                                          output layer

hidw = hidw - (1-ALPHA)*(ETA*dhid*out1(:,j)') + ALPHA*dhidw;  % Update Weight  

                                                                                                                     of hidden layer

dhidw = hidw-oldhidw;

doutw = outw - oldoutw;

out1(:,j) = PATTERNS(:,j);                   % Calculate the outputs again 

neth = hidw * out1(:,j);

out2(:,j) = logsig( neth ); 

neto = outw*out2(:,j);

out3(:,j) = logsig( neto );

end

out3;

e = TARGET - out3;

error = 1/2*(mean(diag(e).*diag(e)));

disp(sprintf('iter. No. %6d  error  %10.4f',iter,error));% Display the error and the iteration

mse(iter)=error;

iter=iter+1;

    end

 time = toc;

disp(sprintf('Time is %7.2f',time));% Display the processing time

plot(mse,'k');

title('errror graph');

xlabel('iteration');

ylabel('error');

for j=1:PATTERN

PATTERNS;

out1 = PATTERNS(:,j);   

neth = hidw * out1;

out2 = logsig( neth ); 

neto = outw*out2;

out3 = logsig( neto );

TRAIN_RESULTS=out3

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Test the following pattern for Classification Task

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

P1=[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 
                      1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1];

P2=[0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ;
                      0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0];

P=[P1 P2];

for k=1:2

out1 = P(:,k);   

neth = hidw * out1;

out2 = logsig( neth ); 

neto = outw*out2;

out3 = logsig( neto )

for i=1:2

 if out3(i,:)>0.7 & i==1

     disp(sprintf('LETTER')); 

   end

 if out3(i,:)>=0.7 & i==2

     disp(sprintf('NUMBER'));

 end  

end

end

4.7  Training Parameters for Classification Task
Table 4.1 Training Parameters for Classification Task
	Number of Input Neurons
	49

	Number of Hidden Neurons
	10

	Number of Output Neurons
	2

	Weights Values Range
	-0,35 and 0,35

	Learning Rate
	0,0495

	Momentum Factor
	0,41

	Error
	0,001

	Number Of Iteration
	1085

	Maximum Iteration
	4000

	Training Time
	    1.16 Sec


4.8 Results of Classification Task

 
For Neural Networks Recognition Rate is 100%. For the patterns that trained the accuracy results and Average Accuracy results  are given table 4.2 
a) Mean Square Error vs. Iteration Graph for Classification Task
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Figure 4.1 Mean Square Error vs. Iteration Graph for Classification Task
b) Results of Classification Task

TRAIN_RESULTS =

    0.9551

    0.0459

TRAIN_RESULTS =

    0.0433

    0.9555

out3 =

    0.9551

    0.0459

LETTER

out3 =

    0.0433

    0.9555

NUMBER
4.9 Block Diagram and Structure of the Neural Network for Intelligent Recognition Task “Turkish Character”

The neural network, that uses standard fully-connected feed-forward network, consists of 3 layers. The first layer receives input directly from the pattern matrixes. The size of the input layer should exactly match the size of the input pixels numbers and the output layer consists of 29 neurons. Each neuron represents Turkish characters.  

In Figure 3.1 the structure of the neural network is shown. There are 3 layer networks, input layer with 49 neurons, hidden layer with 30 neurons, and output layer with 29 neurons. The numbers of neurons for hidden layer have been selected proportional to the performance of the network. The initial weights for hidden and output layer have been selected between +0.35 and -0.35 and the biases as zero.


[image: image2]
Figure 4.2 Structure of the Neural Network

4.10 Flowchart of System

[image: image3]
Figure 4.3 The Flowchart of Software Program

4.11 Algorithm of System
STEP 1
 Reading the input patterns and the desired outputs. Each input pattern is a 7 x 7 matrix given as a column-major ordered sequence of pixel values; each desired output is a 29 x 1 matrix. The input training data base for the neural network is shown below:

According to dimension of matrices inputs are determined like below “1” shows the type of letters “0” completes the matrices shown at table 4.1. 
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Figure 4.4 Database (Turkish Alphabet with 7 x 7 Matrix)

STEP 2

Initiating the hidden and output layers weights matrixes. The weights matrices pixels values have been randomly selected between +0.35 and -0.35. Initiate the bias vectors as zero.

STEP 3

 Assuming the change of weight matrix is zero.

.

STEP 4

 Calculating the output and the error for each input pattern. Compute the sum of error for all patterns.

STEP 5

 Initiating the iteration to training.

STEP 6

 Updating the weights of hidden and output layers.

STEP 7

 Calculating the outputs and error after updating the weights.

STEP 8

 
Displaying the error, the iteration number, and the processing time when the program achieve the goal error.

4.12 Specification of Software Program

In this program, the back-propagation algorithm has been implemented for a two-layer network, one input layer, one hidden layer, and one output layer, to be used for recognizing the finger print of five persons. Each input pattern is a 7 x 7 matrix given as a column-major ordered sequence of pixel values. Thus the input layer will have 49 neurons. The output layer will have 29 neurons, one for each of the possible classifications of the input. The number of neurons in the hidden layer has to be selected during the training of the network.

4.13 Software Program  for Turkish  Alphabet (Character   

        Recognition)

For Turkish Alphabet Recognition,  Matlab Language used as a software, as shown below,  using matlab software  characters teached to neural network than they  were trained and finally using different type of letters program was tested, acording to this program the informations and results of experiment are given below:

clear all;

close all;
                                                    %DATABASE

A =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 
                    1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1];

B =[1; 1; 1; 1; 0; 0; 0 ; 1; 1; 1; 1; 0; 0; 0 ; 1; 0; 0; 1; 0; 0; 0 ; 1; 1; 1 ;1 ;0 ;0; 0 ; 
                    1; 0; 0; 1; 0; 0; 0 ; 1; 1; 1; 1; 0; 0; 0 ; 1; 1; 1; 1; 0; 0; 0];

C =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0 ;0 ;0 ;0; 0; 0 ; 
                    1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1];

CE=[0; 0; 1; 1; 1; 1; 1 ; 0; 1; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 
                    1; 0; 0; 0; 0; 0; 0 ; 0 ;1; 1; 1; 1; 1; 1 ; 0; 0; 0; 1; 0; 0; 0];

D =[1; 1; 1; 1; 0; 0; 0 ; 1; 1; 1; 1; 1; 0; 0 ; 1; 1; 0; 0; 1; 1; 0 ; 1; 1; 0; 0; 1; 1; 0 ; 
                    1; 1; 0; 0; 1; 1; 0 ; 1; 1; 1; 1; 1; 0; 0 ; 1; 1; 1; 1; 0; 0; 0];

E =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 
                    1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1 ;1];

F =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 
                    1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0];

G =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 
                    1; 0; 0; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

GH=[0; 0; 1; 1; 1; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ;
                    1; 0; 0; 0; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1];

H =[1; 1; 0; 0; 0; 1; 1 ; 1; 1; 0; 0; 0; 1; 1 ; 1; 1; 0; 0; 0; 1; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 
                    1; 1; 0; 0; 0; 1; 1 ; 1; 1; 0; 0; 0; 1; 1 ; 1; 1; 0; 0; 0; 1; 1];

I =[0; 0; 1; 1; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ;
                    0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 1; 1; 1; 0; 0];

YI=[0; 0; 0; 1; 0; 0; 0 ; 0; 0; 1; 1; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                    0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 1; 1; 1; 0; 0];

J =[0; 0; 1; 1; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                    0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 1; 1; 1; 0; 0; 0];

K =[1; 0; 0; 0; 1; 0; 0 ; 1; 0; 0; 1; 0; 0; 0 ; 1; 0; 1; 0; 0; 0; 0 ; 1; 1; 0; 0; 0; 0; 0 ; 
                    1; 0; 1; 0; 0; 0; 0 ; 1; 0; 0; 1; 0; 0; 0 ; 1; 0; 0; 0; 1; 0; 0];
L =[1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ;
                     1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1];

M =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 1; 0; 0; 1 ; 1; 0; 0; 1; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
                     1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1];

N =[1; 0; 0; 0; 0; 0; 1 ; 1; 1; 0; 0; 0; 0; 1 ; 1; 0; 1; 0; 0; 0; 1 ; 1; 0; 0; 1; 0; 0; 1 ; 
                     1; 0; 0; 0; 1; 0; 1 ; 1; 0; 0; 0; 0; 1; 1 ; 1; 0; 0; 0; 0; 0; 1];

O =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
                     1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

OO=[0; 1; 1; 0; 1; 1; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
                     1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

P =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 
                     1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0];

R =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 
                     1; 0; 0; 0; 1; 0; 0 ; 1; 0; 0; 0; 0; 1; 0 ; 1; 0; 0; 0; 0; 0; 1];

S =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 
                     0; 0; 0; 0; 0; 0; 1 ; 0; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

SE=[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 
                     1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 0; 0; 1; 1; 0; 0; 0];

T =[1; 1; 1; 1; 1; 1; 1 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                     0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0];

U =[1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ;
                     1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

UU=[1; 0; 1; 0; 1; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ;
                     1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

V =[1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
                     0; 1; 0; 0; 0; 1; 0 ; 0; 0; 1; 0; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0];

Y =[1; 0; 0; 0; 0; 0; 1 ; 0; 1; 0; 0; 0; 1; 0 ; 0; 0; 1; 0; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                     0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 0; 0; 0; 1; 0; 0; 0];

Z =[1; 1; 1; 1; 1; 1; 1 ; 0; 0; 0; 0; 0; 1; 0 ; 0; 0; 0; 0; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                     0; 0; 1; 0; 0; 0; 0 ; 0; 1; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1];

d_o = eye(29,29)

patterns=[A B C CE D E F G GH H I YI J K L M N O OO P R S SE T U UU V Y Z ];

err=0.001;                                                    % error

maxepoch=4000;                                         % Max iteration

ETA = 0.0495;                                             % Learning Rate

ALPHA = 0.41;                                           % Momentum Factor

% Desired Output %

P=29;                                                               % Pattern numbers

a = -0.35; b = 0.35;

hidw = a + (b-a) * rand(30,49);                        % Selection the weights values between -0.35 and 0.35

outw = a + (b-a) * rand(29,30);

dhidw=0;                                               % Initiate the change of hidden weight as zero

doutw=0;                                               % Initiate the change of output weight as zero                  

for k= 1 : P

out1(:,k) = patterns(:,k);                             % Forward pass, compute outputs out1

neth = (hidw * out1(:,k));

out2(:,k) = logsig( neth );                            % Forward pass, compute outputs out2

neto = (outw*out2(:,k));

out3(:,k) = logsig( neto );                            % Forward pass, compute outputs out3

out3(:,k);

end

e = d_o - out3;                                        % Calculate the error

error = 1/2*(mean(diag(e).*diag(e)));

epoch=1;                                               % Initiate the iteration

t = cputime;                                           % Initiate training time calculation

while  error >= err & epoch<maxepoch               % Compare the error with goal error

for k=1:P 

dfout2 = dlogsig( neth , out2(:,k) );        

dfout3 = dlogsig( neto , out3(:,k) );                    % Calculate the signal error     

dout = -2*diag(dfout3) * e(:,k);
                % Adjustments at output layer 

dhid = diag(dfout2)* outw'* dout;                      % Adjustments at hidden layer

oldoutw = outw;

oldhidw = hidw;

outw = outw - (1-ALPHA)*(ETA*dout*out2(:,k)') + ALPHA*doutw ;   % Update 
                                                                                                Weight of output layer

hidw = hidw - (1-ALPHA)*(ETA*dhid*out1(:,k)') + ALPHA*dhidw;  % Update 
                                                                                                Weight of hidden layer

dhidw = hidw - oldhidw;

doutw = outw - oldoutw;

out1(:,k) = patterns(:,k);                   % Calculate the outputs again 

neth = (hidw * out1(:,k));

out2(:,k) = logsig( neth ); 

neto = (outw*out2(:,k));

out3(:,k) = logsig( neto );

end

out3;

e = d_o - out3;

error = 1/2*(mean(diag(e).*diag(e)));

disp(sprintf('ITERATION %5d   Error in msecond is%12.6f%',epoch,error));% Display the error and the iteration

msecond(epoch)=error;

epoch=epoch+1;

end

out3;

out_out=diag(out3);

thidw = hidw;

toutw = outw;

training_time =cputime - t;        % output training time

disp(sprintf('TRAINING TIME IS %6.2f',training_time));  % Display the processing           time

plot(msecond,'k');

title('ERROR GRAPH');

xlabel('ITERATION');

ylabel('MEAN SQUARE ERROR');

for k=1:P

out1(:,k) = patterns(:,k);                   % Calculate forward pass  

neth = (hidw * out1(:,k));

out2(:,k) = logsig( neth ); 

neto = (outw*out2(:,k));

out3(:,k) = logsig( neto );

end

TRAINING_RESULTS=out3

% TESTING DIFFERENT TYPE OF LETTERS

%Test =[1; 0; 0; 0; 1; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
                          1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

%Test =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 
                          1; 0; 0; 0; 0; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

 Test =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ;
                          1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 0; 0; 0; 1; 0; 0; 0];

%Test =[1; 0; 0; 0; 1; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ;
                          1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

%Test =[0; 0; 0; 1; 1; 1; 1 ; 0; 0; 0; 0; 0; 1; 0 ; 0; 0; 0; 0; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ; 
                          0; 0; 1; 0; 0; 0; 0 ; 0; 1; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1];

out1 = Test;                   % Calculate forward pass  

neth = (hidw * out1);

out2 = logsig( neth ); 

neto = (outw*out2);

TESTING_LETTER = logsig( neto )
% OUTPUT LETTER
outputs = logsig( neto );

for p=29

        if neto < 0.70

          disp(sprintf('LETTER IS NOT RECOGNIZED'));  

        else 

            if (outputs(1) > 0.70)

                disp(sprintf('LETTER "A"'));  

            end

               if (outputs(2) > 0.70)

                disp(sprintf('LETTER "B"'));  

              end  

                if (outputs(3) > 0.70)               

                disp(sprintf('LETTER "C"'));  

              end  

                if (outputs(4) > 0.70)                

                disp(sprintf('LETTER "CE"'));  

                end

                if (outputs(5) > 0.70)

                disp(sprintf('LETTER "D"'));  

                end

                if (outputs(6) > 0.70)

                disp(sprintf('LETTER "E"'));  

                end

                if (outputs(7) > 0.70)

                disp(sprintf('LETTER "F"'));  

                end

                if (outputs(8) > 0.70)

                disp(sprintf('LETTER "G"'));  

                end

                if (outputs(9) > 0.70)

                disp(sprintf('LETTER "GH"'));  
                end

                if (outputs(10) > 0.70)

                disp(sprintf('LETTER "H"'));  

                end

                if (outputs(11) > 0.70)

                disp(sprintf('LETTER "I"'));  

                end

                if (outputs(12) > 0.70)

                disp(sprintf('LETTER "YI"'));  

                end

                if (outputs(13) > 0.70)

               disp(sprintf('LETTER "J"'));   

                end

                if (outputs(14) > 0.70)

                disp(sprintf('LETTER "K"'));  

                end

                if (outputs(15) > 0.70)

                disp(sprintf('LETTER "L"'));  

                end

                if (outputs(16) > 0.70)

                disp(sprintf('LETTER "M"'));  

                end

                if (outputs(17) > 0.70)

                disp(sprintf('LETTER "N"'));  

                end

                if (outputs(18) > 0.70)

                disp(sprintf('LETTER "O"'));  

                end

                if (outputs(19) > 0.70)

                disp(sprintf('LETTER "OO"'));  

                end

                if (outputs(20) > 0.70)

                disp(sprintf('LETTER "P"'));  

                end

                if (outputs(21) > 0.70)

                disp(sprintf('LETTER "R"'));  

                end

                if (outputs(22) > 0.70)

                disp(sprintf('LETTER "S"'));  

                end

                if (outputs(23) > 0.70)

                disp(sprintf('LETTER "SE"'));  

                end

                if (outputs(24) > 0.70)

                disp(sprintf('LETTER "T"'));  

                end

                if (outputs(25) > 0.70)

                disp(sprintf('LETTER "U"'));  

                end

                if (outputs(26) > 0.70)

                disp(sprintf('LETTER "UU"'));  

                end

                if (outputs(27) > 0.70)

                disp(sprintf('LETTER "V"'));  

                end

                if (outputs(28) > 0.70)

                disp(sprintf('LETTER "Y"'));  

                end

                if (outputs(29) > 0.70)

                disp(sprintf('LETTER "Z"'));  

                end

        end

    end

end

4.14  Training Parameters for Character Recognition

Table 4.2 Training Parameters for Character Recognition

	Number of Input Neurons
	49

	Number of Hidden Neurons
	30

	Number of Output Neurons
	29

	Weights Values Range
	-0,35 and 0,35

	Learning Rate
	0,0495

	Momentum Factor
	0,41

	Error
	0,001

	Number Of Iteration
	3310

	Maximum Iteration
	4000

	Training Time
	    53.69 Sec


4.15 Results of Project 
 
For Neural Networks Recognition Rate is 100%. For the patterns that trained the accuracy results and Average Accuracy results  are given table 4.2 

a) Mean Square Error vs. Iteration Graph for Character Recognition
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Figure 4.5 Mean Square Error vs. Iteration Graph for Character Recognition

b)  Trained Patterns Accuracy

	Turkish Character
	Accuracy

	A
	0,9477

	B
	0,9593

	C
	0,9460

	Ç
	0,9669

	D
	0,9628

	E
	0,9373

	F
	0,9466

	G
	0,9585

	Ğ
	0,9578

	H
	0,9656

	I
	0,9582

	İ
	09661

	J
	0,9581

	K
	0,9656

	L
	0,9538

	M
	0,9579

	N
	0,9567

	O
	0,9413

	Ö
	0,9579

	P
	0,9481

	R
	0,9560

	S
	0,9565

	Ş
	0,9604

	T
	0,9613

	U
	0,9436

	Ü
	0,9476

	V
	0,9682

	Y
	0,9629

	Z
	0,9628
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                                 Neural Networks Recognition Rate is 100%.
c) Testing  Different Letters
TEST -1 

Test =[1; 0; 0; 0; 1; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
                         1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];

TESTING_LETTER =

    0.0021

    0.0000

    0.0001

    0.0003

    0.0001

    0.0002

    0.0000

    0.0031

    0.0050

    0.0011

    0.0031

    0.0012

    0.0003

    0.0048

    0.0138

    0.0020

    0.0133

    0.0159

    0.0043

    0.0006

    0.0010

    0.0049

    0.0005

    0.0000

    0.4870

    0.5877

    0.0190

    0.0008

    0.0041

ans = LETTER IS NOT RECOGNIZED
TEST -2

 Test =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 
                          1; 0; 0; 0; 0; 1; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];
TESTING_LETTER =
    0.0007

    0.0004

    0.1695

    0.0019

    0.0003

    0.0007

    0.0036

    0.7397

    0.0058

    0.0019

    0.0041

    0.0001

    0.0026

    0.0006

    0.0070

    0.0046

    0.0002

    0.0753

    0.0014

    0.0000

    0.0019

    0.0299

    0.0072

    0.0016

    0.0012

    0.0008

    0.0002

    0.0001

    0.0037
LETTER = G
TEST -3

Test =[1; 1; 1; 1; 1; 1; 1 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 0; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1 ; 
                            1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1 ; 0; 0; 0; 1; 0; 0; 0];
TESTING_LETTER =

    0.0197

    0.0087

    0.0000

    0.0346

    0.0072

    0.0000

    0.0328

    0.0135

    0.0002

    0.0052

    0.0004

    0.0001

    0.0017

    0.0017

    0.0000

    0.0001

    0.0017

    0.0000

    0.0006

    0.0004

    0.0090

    0.0067

    0.9458

    0.0057

    0.0000

    0.0001

    0.0011

    0.0042

    0.0004

LETTER = SE

TEST -4

Test =[1; 0; 0; 0; 1; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 
1; 0; 0; 0; 0; 0; 1 ; 1; 0; 0; 0; 0; 0; 1 ; 1; 1; 1; 1; 1; 1; 1];
TESTING_LETTER =
    0.0092

    0.0000

    0.0005

    0.0021

    0.0004

    0.0006

    0.0000

    0.0020

    0.0082

    0.0014

    0.0031

    0.0015

    0.0001

    0.0011

    0.0089

    0.0009

    0.0072

    0.0167

    0.0046

    0.0020

    0.0013

    0.0006

    0.0002

    0.0000

    0.5560

    0.5370

    0.0125

    0.0003

    0.0021

ans = LETTER IS NOT RECOGNIZED
TEST -5

Test =[0; 0; 0; 1; 1; 1; 1 ; 0; 0; 0; 0; 0; 1; 0 ; 0; 0; 0; 0; 1; 0; 0 ; 0; 0; 0; 1; 0; 0; 0 ;
                       0; 0; 1; 0; 0; 0; 0 ; 0; 1; 0; 0; 0; 0; 0 ; 1; 1; 1; 1; 1; 1; 1];
TESTING_LETTER =

    0.0000

    0.0004

    0.0008

    0.0062

    0.0000

    0.0174

    0.0002

    0.0009

    0.0012

    0.0148

    0.0011

    0.0023

    0.0469

    0.0001

    0.0053

    0.0001

    0.0001

    0.0060

    0.0265

    0.0001

    0.0008

    0.0689

    0.0001

    0.0012

    0.0013

    0.0003

    0.0000

    0.0097

    0.9128

LETTER =  Z

4.16 Summary
Neural networks are learning devices inspired by the workings of the brain. While the brain's precise mechanisms are far from understood, we do know that it is composed of many highly connected neurons that fire in parallel and produce various activation levels in adjacent neurons. Similarly, neural networks are composed of multiple units connected by links, where each link has an associated numeric weight. At each processing step, every unit does some local computation to determine its activation level, given the input links and weights and its previous activation level. Some units serve as input units and others as output units. A network learns from a set of training examples, which specify the values for the input and output units, by adjusting the weights on the links accordingly. 
   IN 1





IN 49 800





OUT 29





1





2





49





2





3





1





1





30





2





295





.


.


.


.


.


.


.





.


.


.


.


.


.


.





.


.


.


.


.


.


.





.


.


.


.


.


.


.





INPUT LAYER “49”











HIDDEN LAYER





OUTPUT LAYER





IN 2





OUT 1





OUT 2





.


.


.


.


.


.


.





.


.


.


.


.


.


.











START








Initiate hidden & output weights





Update the weights





Initiate Iteration





Calculate the change of weights





Calculate the output for each pattern





PATTERN=1:29





if MSE>goal err &


if iter<maxiter





Display MSE & Iteration





Calculate the sum of MSE for all the patterns 





NO





YES





Read PATTERN, TARGET, maxiter, goalerr, ALPHA, & ETA











PAGE  
90

_1197548699.unknown

