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ABSTRACT 
A simulator software program that implements the neural network multi 

layer perceptron trained by the Back propagation algorithm is presented.  The 

simulator is used to learn the ten numerals handwritten characters. A database 

containing 1000 patterns written by 1000 different people is collected. The 

percentage error of the training set is 1.3% and  the percentage error of the test 

set is 7.3%. 
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1. Introduction 
The neural network multi layer perceptron [1], [2], [3] trained by the Back 

propagation algorithm [3], [4], [5], [6] program for the ten numerals handwritten 

character recognition is presented. A simulator software program that 

implements the neural network has been designed. The simulator is used to learn 

the ten numerals handwritten characters.  

2. Ten handwritten numbers database 
A database containing 1000 patterns written by 1000 different people is 

collected. Figure 1 shows a pattern of the different 10 symbols. The database 

contains 1000 of each pattern. First, the people have written them on papers, and 

then the acquisition phase has been used to scan them and prepare them for 

computers. 

 
Figure 1: The ten symbols handwritten 0,1,2,3,4,5,6,7,8,9. 
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The ten numerals are coded by 32*20 digital pixel matrixes.  Figure 2 

shows an example of number eight. Figure 2 includes only 0s and 1s, where 0s 

are represented by “-”  and 1s are represented by “@”. 

  

 
Figure 2: 32*20 digital pixel matrixes. 

3. The pre-processing operations 
The ten numerals (See Figure 1 and Figure 2), which are coded by 32*20 

digital pixel matrixes, are transformed, through a pre-processing phase, into 28 

analog values in the range [-1:1], as it follows: 

1) The first and last two columns have been cut because they are always 0s; 

2) The first and last two rows have been cut because they are always 0s; 

3) The new figure will be composed of 28*16 digital pixel matrixes (32-

4*20-4); 

4) Divide the matrix into sub-matrixes; each one is composed of 4*4=16 

pixels (See Figure 3); 

 

 
Figure 3: Sub-matrixes 

5) The number of sub-matrixes equals to 28 because 28/4*16/4 = 7*4; 

6) Count the 1s in each sub-matrix and compute the ratio Count of 1s divide 

by 16 (See Figure 3): 

 

First Sub-matrix 0/16=0.000  

Second Sub-matrix 6/16=0.375  

Third Sub-matrix 8/16 =0.500 

Fourth Sub-matrix 6/16 =0.375 

Fifth Sub-matrix 0/16=0.000  
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7) The following final vector will be obtained: 

Example1: 

28 Input = -0.000 0.375  0.500 0.375 0.000   0.375 -0.500  0.000 -1.000  

0.375  0.625 -0.250 -1.000 -0.750  0.875 -0.750 -1.000 -0.250  0.750 -

0.500 -0.750  0.375 -0.250 -0.250 -1.000  0.250  0.750 -0.375 

Example2: 

28 Input = -1.000 -0.125  0.875 -0.625 -1.000  0.375 -0.500  0.000 -1.000  

0.375  0.625 -0.250 -1.000 -0.750  0.875 -0.750 -1.000 -0.250  0.750 -

0.500 -0.750  0.375 -0.250 -0.250 -1.000  0.250  0.750 -0.375 

Because the problem contains ten numerals, the neural network must classify all 

the ten number. For that, the output of the neural network must be as follows: 

0 -1  -1 -1 -1 -1 -1 -1 -1 -

1 1 

1 -1  -1 -1 -1 -1 -1 -1 -1 

1 -1 

2 -1  -1 -1 -1 -1 -1 -1 1 -

1 -1 

3 -1  -1 -1 -1 -1 -1 1 -1 -

1 -1 

4 -1  -1 -1 -1 -1 1 -1 -1 -

1 -1 

5 -1  -1 -1 -1 1 -1 -1 -1 -

1 -1 

6 -1  -1 -1 1 -1 -1 -1 -1 -

1 -1 

7 -1  -1 1 -1 -1 -1 -1 -1 -

1 -1 

8 -1  1 -1 -1 -1 -1 -1 -1 -

1 -1 

9 1  -1 -1 -1 -1 -1 -1 -1 -

1 -1 

See Table 1 for details at the end of this paper. 

4. The Simulation Results 
We have produced a neural simulator that implements the MLP trained by the 

BP, in order to solve the presented problem (ten numerals).  

First of all, the database is divided in three sets, a training set (500 patterns), a 

test set (300 patterns), a cross validation set (200 patterns).  Where,  

1) the training set is the set that is used to train the network;  

2) the test set is the set that is used to test the generality of the network, by 

classifying a pattern that it is not been presented to it during the learning 

phase; 
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3) The cross validation set is the set that is used to test the generalization of 

the network at the over fitting point “OFP”, where the number of the 

hidden neuron is optimum.  

The neural network topology must be two-layers, as it follows: 

1) The inputs number is 28 inputs because the input vector in the pre-

processing phase was 28; 

2) The outputs number is 10 because the ten numerals test problem and then 

10 classes; 

3) The hidden neurons number is unknown. It must be determined by using 

the simulation; 

4) the optimum pattern number of the training set that can be used to obtain 

small test set error. 

Using the developed neural simulator, We simulated the algorithm using as 

test problem the character recognition (ten numerals).  The following results 

have been obtained: 

1) Figure 4 shows that the optimum hidden number is 50 hidden neurons and 

the optimum pattern number = the maximum which is 500 patterns. 

2) Figure 5 shows that the percentage error of the training set is 1.3% and the 

percentage error of the test set is 7.3% 

3) The percentage error of the cross validation set is 9.4%. 

4) Figure 6 shows that the Weight distribution, which is normal distribution. 

 
Figure 4:The percentage test set error versus the hidden number. 

 

 
Figure 5:Behaviour of the error for the training set. 
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Figure 6: Weight distribution. 

5. Conclusion 
In this paper, a simulator software program that implements the neural 

network multi layer perceptron trained by the Back propagation algorithm is 

presented.  The simulator is used to learn the ten numerals handwritten 

characters. The database containing 1000 patterns written by 1000 different 

people is collected. The ten numerals handwritten characters have been 

processed from paper to matrix to vector. The percentage error of the training set 

is 1.3% and the percentage error of the test set is 7.3%.  

Table 1: The ten handwritten numbers after the preprocessing 

operations 28 inputs and the 10 classifications output. 
 28 INPUT 10 OUTPUT 

0 

-1.000 -0.250  0.875 -0.125  0.000 -0.250 -0.750  0.375  0.375  
-0.500 -1.000  0.000  0.500 -1.000 -1.000  0.000  0.500 -1.000    
 -0.750 0.500 0.500 -0.500 0.375  
-0.375 -0.750  0.625  0.250 -1.000 

 
-1 -1 -1 -1 -1 -1 -1 -1 -1  1 

1 

-1.000 -1.000  0.250 -1.000 -1.000 -1.000  0.250 -1.000 -1.000 
 -0.625 0.875 -1.000 -1.000 0.125 0.875  
-0.750 -0.750 -0.500  0.375 -0.500 -1.000 -1.000  0.500  -1.000 
 -1.000 -1.000  0.375 -0.750 

 
-1 -1 -1 -1 -1 -1 -1 -1  1 -1 

2 

-0.750 0.375 0.625 -1.000 -0.625 -0.125  
-0.125 -0.250 0.625 -0.375 0.125 -0.750  
-0.250-0.250- 0.375 -1.000 -1.000 0.500  
-0.625 -1.000 -0.375 -0.125 -1.000 -1.000  0.750  0.875  0.875  0.750 

-1 -1 -1 -1 -1 -1 -1  1 -1 -1 
 

3 
-0.750  0.500  0.750 -0.875 -1.000 -1.000  0.250 -1.000 -1.000 -0.375 1.000 
-0.750 -0.750  0.750  0.500  0.875 -1.000 -1.000 -1.000  0.500 -1.000 -
1.000 -1.000  0.625  0.500  0.875  0.250 -0.625 

-1 -1 -1 -1 -1 -1  1 -1 -1 -1 
 

4 

-1.000  0.250 -0.125 -1.000 -0.875  0.875  0.000 -1.000 -0.250  1.000  
0.000 -1.000  0.875 -0.500  0.000 -0.750  0.875  0.250  0.750 -0.125  0.000  
0.500  0.625 -1.000  
-1.000 -1.000  0.375 -1.000 

-1 -1 -1 -1 -1  1 -1 -1 -1 -1 
 
 

5 

0.000  1.000  0.875  0.625 -0.375 -0.500  
-0.500 -0.250  0.750 -0.750 -1.000 -1.000  0.250  0.750  0.625 -0.750 -
1.000 -1.000  0.000  0.250 -1.000  0.000 -0.750 -0.250 -1.000  0.000  0.875 
-0.500 
 

-1 -1 -1 -1  1 -1 -1 -1 -1 -1 
 

6 

-1.000 0.000 0.375 -0.750 -1.000 0.250 -1.000 -1.000  
-0.500  0.125 -1.000 -1.000  0.125 -0.375 -1.000 -1.000  0.500 -0.750  
0.000 -0.375  0.750  0.250 -1.000  0.250  0.375 -0.125 -0.375  0.375 
 

-1 -1 -1  1 -1 -1 -1 -1 -1 -1 
 

7 

-1.000 -1.000 -0.375  0.375 -0.125  0.500  0.750 -0.875 -1.000 -0.750 -
0.250 -1.000 -1.000 -0.375  0.250 -0.625 -0.125  0.875  0.750  0.875 -1.000 
-0.375 -0.875 -1.000  
-1.000 -0.250 -0.750 -1.000 
 

-1 -1  1 -1 -1 -1 -1 -1 -1 -1 
 

8 

-1.000 -0.125  0.875 -0.625 -1.000  0.375 -0.500  0.000 -1.000  0.375  
0.625 -0.250 -1.000 -0.750  0.875 -0.750 -1.000 -0.250  0.750 -0.500 -0.750  
0.375 -0.250 -0.250  
-1.000  0.250  0.750 -0.375 
 

-1  1 -1 -1 -1 -1 -1 -1 -1 -1 
 

9 

-0.125 -0.375  0.875 -0.625  0.875 -0.750  1.000 -0.500  0.625 -0.500  
0.875 -0.500  0.250  0.500  0.625 -0.250 -1.000 -1.000  -1.000  0.750 -
1.000 -1.000 -1.000  0.875 -0.750  0.625  0.500  0.000 
 

 
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
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 بيخلاصه

بي دمممهاح ثقددط ههةيقدم هذد اهاحث درهثمجددطبيهي ثيقداهحةب طتدطمهباديبمبطهاحصددثت هاح  دثي
الامجطعيدددد هكاح تاددددي كلعبةيةهاحب طتددددطمههههperceptronبوامزبيددددةهاحي  يدددد ههةثواادددد هةواحبممثدددد

هجبدددو  ه0111امقدددط هتيثددد هثبددد هاحيدددملهقطعدددممهاحثيطجدددط هي يدددو هعةددد ههااددديبمب هحي ةدددي هعصدددمم
اثجدددطتهةيددددممهاحدددي ة هذدددداهههصددددبتهببيةني لجادددثةهاحب دددد هاحيددداه  ددددم هه0111تيثددد هبدددد هقثددد ه

هله%3.1وجاثةهاحب  هاثجطتهاحيجمث هذوهه0.1%
 


