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Development of Neural Network for Character Recognition

Mr.Phongphun Kijsanayothin
Ass.Prof.Dr. Ouen Pin-ngern
1998

Abstract

This thesis presents the development of neural network for character recognition using
Backpropagation in feed forward neural network. That have adjusts hidden unit and produces
exact result, which reduces computation time. Within this research we also explain a iprocess of
rearranging the input data such as character segmentation, character thinning, character scaling,

etc. The result of this research is very promising regarding to the planned objectives
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@Emii:m’jﬂ 1 ©9-1 Function f:!,ﬂi]m%‘ﬂﬂ’h Bipolar sigmoid function
fx) 3 R i CaNg 4

1agA1 Differential function Y04 bipolar sigmoid function
£'x) = 0.5NN S [ 1 - fEcH

2.3 UHABUMININHUYBINIZUINMS Training
v 9 ~ () ] A . . . ) [ 9
nnavonnaHIul UGy Activation  function  (319z3na N 19 1

. . : 29 w o v . .
Backpropagation algorithm #431uuuussdeyand vyundmsunsiaen Activation function

1 v dy < v - s 2 = z Y dy
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= - s [ 1 o 2
Step 1 Tuwmzn Stopping condition fa'laiiilu false i Step 2 09 Step 9
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v Y v
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1
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) , ‘
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:Il 1 1 %3 3 d‘ T 1
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:1’ o 1 Ay Y Y L p o 4
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Backpropagation of Error
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= a v o '
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o J ¥ . . . A _q 9 v
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Ugerves W,

Aw, =00z,

v
fudA1 Bias correction dm5ulFlumsiSuljeaves w,, aniiuezas
v v %
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6_inj = ZSijk
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O, = O_in f’(z_in)
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S Weight correction term 1314 IumsilSuilgsawes v, de'ld
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Y
1AtiufuIaA1 Bias correction term d13ulumsyudgenves v, Ao
T4
Av, = ad,
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Step 8 UAAZ Output unit (Y, k= 1.... m) Y5UU34A1904 Bias 1Az Weight (=
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w =Wy g +AW,
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uAing Hidden unit (Z; = 1.... p) Y35U1lg3A1904 Bias uaz Weight (i=0... n)
Vi s ) [ Av if

Step 9 NATWOU Stopping condition
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Start
N=0
Test Stopping |« Train N=N+1| - | Error aAadN1N
171 1%
N=100
End
Add Node

JUnnA 3.1.1 N etanen1sH19UY89N19 Train Backpropagation (111 (Wi Hidden Unit

aSwen i 3.1.1 Tammsiaudhedied
Step 1 Start
Step 2 N=0 Feed for Ward () Error 1= Average Error While (Not Stop)
Step 3 Train Data Pattern

Check stopping if

Accept Error > Average Error

Then Stop
N=N-+1
It N=100 Then Error 2=Average Error
If Error 1-Error2< 0.01*Errorl
Then Add Node ()

N=0
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Class Backpropagation



import java.awt.*;

import java.lang.*;

public class Backpropagation implements Runnable {

public int numberInput;
public int numberOutput;

public int numberHidden;

public double[][] weightInputToHidden;
public double[][] weightHiddenToOutput;

public double[] biasHidden;
public double[] biasOutput;
public double[] inputLayer;
public double[] outputLayer;
public double[] activationOutput;
public double[] hiddenLayer;
public double[] activationHidden;
public double[] desireOutput;

public double learningRate=0.5;

private double inputPattern[][];
private double targetPattern[][];

private double acceptError;

private Thread trainThread;

private double avgError;

private boolean trainComplete=false;

public Backpropagation() {
}

public Backpropagation(int i,int 0) {

numberlnput=i;
numberOutput=o;

numberHidden=1;
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inputLayer=new double[numberInput];
hiddenLayer=new double[numberHidden];
outputLayer=new double[numberOutput];

desireOutput=new double[numberOutput];

activationOutput=new double[numberOutput];

activationHidden=new double!numberHidden];

biasOutput=new double[numberOutput];

biasHidden=new double[numberHidden];

weightInputToHidden=new double[numberInput] [numberHidden];

weightHiddenToOutput=new double[numberHidden][numberOutput];

public void feedforward() {
int i,j;
reset();
for(i=0;i<numberHidden;i++)
for(j=0;j<numberInput;j++)

activationHidden[i]+=inputLayer[j]*weightInputToHidden[j][il;

for(i=0;i<numberHidden;i++)

hiddenLayeri]=sigmoid(biasHidden[i]+activationHiddenl[i]);
for(i=0;i<numberOutput;i++)
for(j=0;j<numberHidden;j++)
activationOutput[i]l+=hiddenLayer[j]*weightHiddenToOutput[j][il;
for(i=0;i<numberOutput;i++)

outputLayer[i]=sigmoid(biasOutput[i]+activationOutput[i]);

public void update() {
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int i,j;

double errorOutput[]=new double[numberOutput];

/[Update Hidden To Output Weight
for(i=0;i<numberQutput;i++) {
errorOutput[i]=(desireOutput[i]-outputLayer[i])*outputLayer[i]*
(1-outputLayerl[i];
for(j=0;5<numberHidden; j++)
weightHiddenToOutput[j][i]+=learningRate*errorOutput[i]*hiddenLayer[j];
biasOutput[i]=learningRate*errorOutput[i];

}

double errorIn[]=new double[numberHidden];

double errorHidden[]=new double[numberHidden];

for(i=0;i<numberHidden;i++)
for(j=0;j<numberOutput;j++)
errorIn[iJ+=errorOutput[j]*weightHiddenToOutput[il[j1;

for(i=0;i<numberHidden;i++) {
errorHidden[i]=errorIn[i]*(1-hiddenLayer[i])*hiddenLayerli];
for(j=0;j<numberlnput;j++)
weightInputToHidden[j][i]+=learningRate*errorHidden[i]*inputLayerl[j];

biasHidden[i]=learningRate*errorHiddenlil;

public void train(double input[][],double desire[][],double e) {
inputPattern=input;
targetPattern=desire;

acceptError=e;

if(trainThread==null) {

trainThread=new Thread(this);



trainThread.start();

public void randomWeight() {
int ij;
for(i=d;i<numberInput;i++)
for(j=0;j<numberHidden;j++)

weightInputToHidden[i][j]=randRange();

for(i=0;i<numberHidden;i++)

for(j=0;j<numberOutput;j++)

weightHiddenToOutput[i][jl=randRange(); |

private double randRange() {
double result=Math.random();
if(tMath.random()>0.5) result=-result;
return result;

¥

public void setInputLayer(double[] input) {
for(int i=0;i<numberInput;i++)

inputLayer[i]=input[i];

public void setLearnRate(double rate) {

learningRate=rate;

public void setDesireOutput(double[] desire) {
for(int i=0;i<numberOutput;i++)

desireOutput[i]=desire[i];
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public void setWeightInputToHidden(double[][] weight) {

weightInputToHidden=weight;

public void setNumberHiddenLayer(int number) {
numberHidden=number;
ac.tivationHidden=new double[number];
hiddenLayer=new double[number];

¥

pﬁblic void setWeightHiddenToOutput(double[][] weight) {

weightHiddenToOutput=weight;

public void setBiasHidden(double[] weight) {

biasHidden=weight;

public void setBiasOutput(double[] weight) {

biasOutput=weight;

private double sigmoid(double s) {
return 1/(1+Math.pow(Math.E,-s));
}

private void addNode() {
int 1,j;
numberHidden++;
double temp1[][]J=new double[numberInput][numberHidden];
double temp2[][]=new double[numberHidden][numberOutput]
double tempActivation[]=new double[numberHidden];
double tempBias[]=new double[numberHidden];

double tempHidden[]=new double[numberHidden];

>
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int temp=numberHidden-1;

System.out.printin("NUMBER OF HIDDEN "+numberHidden);
for(i=0;i<numberInput;i++)
for(j=0;j<numberHidden;j++) {
if(j!=temp)
temp 1[i][jl=weightInputToHidden[i][j];
else

temp 1[i][j]=0.0;

for(i=0;i<numberHidden;i++)
for(j=0;j<numberOutput;j++)
if(i!=temp)
temp2[i][jl=weightHiddenToOutput[i][j];
else

temp2[i][j]=0.0;

for(i=0;i<numberHidden;i++)
if(i!=temp)
tempBias[i]=biasHidden[i];
else

tempBias[i]=0.0;

weightInputToHidden=temp1,;
weightHiddenToOutput=temp2;
activationHidden=tempActivation;
biasHidden=tempBias;

hiddenLayer=tempHidden;

private void removeNode() {



int ij;

numberHidden--;

double temp1[][J=new double[numberlnput][numberHidden];
double temp2[][]=new double[numberHidden][numberOutput];
double tempActivation[]=new double[numberHidden];

double tempBias[]=new double[numberHidden];

double tempHidren[]=new double[numberHidden];

for(i=0;i<numberInput;i++)
for(j=0;j<numberHidden;j++)
temp 1[i][j]=weightInputToHidden[i][j];

for(i=0;i<numberHidden;i++)
for(j=0;j<numberQutput;j++)
temp2[i][jl=weightHiddenToOutput[i][j];

for(i=0;i<numberHidden;i++)

tempBias[i]=biasHidden[i];

weightInputToHidden=temp1;
weightHiddenToOutput=temp2;
activationHidden=tempActivation;
biasHidden=tempBias;

hiddenLayer=tempHidden,;

public void displayWeight() {
int ij;
for(i=0;i<numberInput;i++)
for(j=0;j<numberHidden;j++)
System.out.println(weightInputToHidden[i][j]);

System.out.println();



public double getError() {
double totalError=0;
for(int i=0;i<numberOutput;i++)
I totalError+=
Il (desireOutput[i]-ontputLayer[i])*(desireOutput[i]-outputLayer(i]);
t(;talError+=Math.abs(desireOutput[i]-outputLayer[i]);

return totalError;

public double[] getOutputLayer() {

return outputLayer;

}

private void reset() {
int 1;
“for(i=0;i<numberHidden;i++) {
activationHidden[i]=0;
hiddenLayer[i]=0;
}

for(i=0;i<numberOutput;i++) {
activationOutput[i]=0;
outputLayer[i]=0;
}

}

public double[][] getWeightInputToHidden() {

return weightInputToHidden;
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public double[][] getWeightHiddenToOutput() {

return  weightHiddenToOutput;

public double[] getBiasHidden() {

return biasHidden;

public double[] getBiasOutput() {

return biasOutput;

public int getlnput() {

return numberInput;

}

public int getOutput() {
return numberOutput;

}

public int getHidden() {
return numberHidden;

}

public void run() {
int numberPattern=inputPattern.length;

int ij;

int count=0; /////

double sumError=0;
double sumError1=0;
double sumError2=0;

boolean converge=false;
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/Icheck error input.length and desire.length

while(true) {
while(!converge) {
if(count!=100) {
sumErro—=0;
for(i=0;i<numberPattern;i++) {
setInputLayer(inputPattern[i]);
setDesireOutput(targetPattern[i]);
feedforward();
sumError+=getError();

update();

sumError=sumError/numberPattern;
ifltsumError<acceptError) {

System.out.println(sumError);

converge=true,
trainComplete=true;
trainThread.stop();

}

count+-+;

if(count==1)
sumErrorl=sumError;

}oelse {

count=0;
sumError2=sumgError;

avgError=sumError2;

iflsumError1-sumError2<0.01*sumError1)

addNode();
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public double getAverageError() {

return avgError;

}

public int getNumberHiddenNode() {

return numberHidden;

}

public boolean trainComplete() {

return trainComplete;

}
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import java.awt.*;
import java.lang.*;
import java.util. *;
public class Block {
int dataBlock[][];
int dataBlock WIDTH;
int dataBlock HEIGHT;
int scanline TOP;
int scanline LEFT;
int scanline BUTTOM;
int scanline RIGHT;
int tokenData[][];
int numberOfToken=0;
boolean haveToken=true;
Vector tokenDisplayVector=new Vector();
Vector tokenDataVector=new Vector();

int numberOfDisplayData=0;

public Block(int data[][]) {
dataBlock=data;
dataBlock HEIGHT=dataBlock.length-1;
dataBlock_WIDTH=dataBlock[0].length-1;
while(haveAnyToken()) getToken();

}

public void getToken() ¢
scanline_ TOP=0;
scanline LEFT=0;
scanline BUTTOM=0;
scanline RIGHT=0;
findToken(0,0,dataBlock_WIDTH,dataBlock HEIGHT);

private void findToken(int left,int top,int right,int buttom) {

//case top,left



int 1,j;

//Find scanline_TOP
for(i=top;i<=buttom;i++)
for(j=left;j<=right;j++)
if(dataBlock[il[jl==1) {
scanline_ TOP=i;
i=buttom+1;
j=right+1;
b
//Find scanline BUTTOM
for(i=scanline_ TOP;i<=buttom;i++)
for(j=left;j<=right;j++)
if(dataBlock[i][jl==1) j=right+1;
else if(j==right) {
scanline. BUTTOM=i-1;

i=buttom+1;

//Find scanline. LEFT
for(j=left;j<=right;j++)
for(i=scanline_TOP;i<=scanline. BUTTOM;i++)
if(dataBlock[i][jl==1) {
scanline LEFT=j;
i=scanline. BUTTOM+1;

j=right+1;

//Find scanline RIGHT
for(j=scanline LEFT;j<=right;j++)
for(i=scanline_ TOP;i<=scanline. BUTTOM;i++)
ifldataBlock[i][j]==1) i=scanline. BUTTOM+1;
else if(i==scanline BUTTOM) {

scanline RIGHT=j-1;
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j=right+1;

//Cut blank Top and Buttom again
for(i=scanline_TOP;i<=scanline BUTTOM;i++)
for(j=scanlineLEFT;j<=scanline_RIGHT;j++)
ifldataBlock[i][jl==1) {
scanline TOP=i;
j=scanline RIGHT+1;
i=scanline BUTTOM+1;
} :

for(i=scanline_TOP;i<=scanline. BUTTOM;i++)
for(j=scanline LEFT;j<=scanline RIGHT;j++)
if(dataBlock[i][j]==1) j=scanline RIGHT+1;

else if(j==scanline_ RIGHT) scanline._ BUTTOM=i-1;
haveToken=false;

//Check it Single Token

//first check left to right if it not have blank step 2

for(i=scanline_TOP;i<=scanline. BUTTOM;i++)
for(j=scanline LEFT;j<=scanline RIGHT;j++)
if(dataBlock[i][j]==1) j=scanline RIGHT+1;

else if(j==scanline RIGHT) haveToken=true;

//step 2 check top to bottom
if('haveToken)
for(j=scanline LEFT;j<=scanline RIGHT;j++)
for(i=scanline_ TOP;i<=scanline_ BUTTOM;i++)
if(dataBlock[i][j]==1) i=scanline BUTTOM+1;

else ifli==scanline BUTTOM) haveToken=true;
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//if it is a single token haveToken=false we want to clear

//block in the token position

//clear Block
if('haveToken) {
/lcopy dataBlock--> dataToken
int datatoken[][]=new int[scanline_BUTTOM-scanline_TOP+1]
[scanline. RIGHT-scanline. LEFT+1];
for(i=scanline_ TOP;i<=scanline. BUTTOM;i++)
for(j=scanline LEFT;j<=scanline_ RIGHT;j++)

datatoken[i-scanline TOP][j-scanline_LEFT]=dataBlock[i][j];

clearBlock(scanline LEFT,scanline. TOP,scanline. RIGHT,scanline. BUTTOM);
Token x=ne\:v Token(datatoken);
tokenDisplayVector.addElement(x);

tokenDataVector.addElement(x);

}

else

findToken(scanline LEFT,scanline TOP,scanline_ RIGHT,scanline. BUTTOM);

private void clearBlock(int left,int top,int right,int buttom) {
int i,j;
for(i=top;i<=buttom;i++)
for(j=left;j<=right;j++)
dataBlock[i][j]=0;
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public boolean haveAnyDisplayData() {
iflnumberOfDisplayData==0)
return false;
else

return true;

public int[][] ge@isplayData() {
Token token=null;
if(!1tokenDisplayVector.isEmpty()) {
token =(Token)tokenDisplayVector.ﬁrstElement();
tokenDisplayVector.removeElementAt(0);
}
numberOfDisplayData=tokenDisplay Vector.size();

return token.getDisplayData();

T
public double[] getTokenData() {
Token token=null;
if('tokenDataVector.isEmpty()) {
token =(Token)tokenDataVector.firstElement();
tokenDataVector.removeElementAt(0);
}

return token.getData();

}
il

public boolean haveAnyToken() {
intij;
boolean temp=false;
for(i=0;i<=dataBlock HEIGHT;i++)

for(j=0;j<=dataBlock WIDTH;j++)
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ifldataBlocklil[jl==1) {
j=dataBlock_WIDTH;
i=dataBlock_HEIGHT;
temp=true;

}

return temp;

}
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public class Code {

public static final int SIZE=6;

public static final double codeA[]={0,0,0,0,0,1};
public static final double codeB[]={0,0,0,0,1,0};
public static final double codeC[]={0,0,0,0,1,1};
public static final double codeD[]={0,0,0,1,0,0};
public static final double codeE[]={0,0,0,1,0,1};
public static final double codeF[]={O,0,0,1,A1,0};
public static final double codeG[]={0,0,0,1,1,1};
public static final double codeH[]={0,0,1,0,0,0};
public static final double codel[]={0,0,1,0,0,1};
public static final double codeJ[]={0,0,1,0,1,0};
public static final double codeK[]={0,0,1,0,1,1};
public static final double codeL[]={0,0,1,1,0,0};
public static final double codeM[]={0,0,1,1,0,1};
public static final double codeN[]=10,0,1,1,1,0};
public static final double codeO[]={0,0,1,1,1,1};
public static final double codeP[]={0,1,0,0,0,0};
public static final double codeQ[]={0,1,0,0,0,1};
public static final double codeR[]=1{0,1,0,0,1,0};
public static final double codeS[]=1{0,1,0,0,1,1};
public static final double codeT[]={0,1,0,1,0,0};
public static final double codeU[]={0,1,0,1,0,1};
public static final double codeV[]={0,1,0,1,1,0};
public static final double codeW[]=1{0,1,0,1,1,1};
public static final double codeX[]={0,1,1,0,0,0};
public static final double codeY[]={0,1,1,0,0,1};
public static final double codeZ[]={0,1,1,0,1,0};
public static final double codea[]=1{0,1,1,0,1,1};
public static final double codeb[]={0,1,1,1,0,0};
public static final double codec[]=1{0,1,1,1,0,1};
public static final double coded[]=1{0,1,1,1,1,0};
public static final double codee[]={0,1,1,1,1,1};

public static final double codef[]={1,0,0,0,0,0};
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public static final double codeg[]={1,0,0,0,0,1};
public static final double codeh[]={1,0,0,0,1,0};
public static final double codei[]={1,0,0,0,1,1};

public static final double codej[]={1,0,0,1,0,0};

public static final double codek[]={1,0,0,1,0,1};
public static final double codel[]={1,0,0,1,1,0};

public static final double codem[]={1,0,0,1,1,1};
public static ‘ﬁnal double coden[]={1,0,1,0,0,0};
public static final double codeo[]={1,0,1,0,0,1};
public static final double codep[]={1,0,1,0,1,0};
public static final double codeq[]={1,0,1,0,1,1};
public static final double coder[]={1,0,1,1,0,0};

public static final double codes[]={1,0,1,1,0,1};

public static final double codet[]={1,0,1,1,1,0};

public static final double codeu[]={1,0,1,1,1,1};
public static final double codev[]={1,1,0,0,0,0};
public static final double codew[]={1,1,0,0,0,1};
public static final double codex[]={1,1,0,0,1,0};
public static final double codey[]={1,1,0,0,1,1};
public static final double codez[]={1,1,0,1,0,0};
.public static final double codel[]={1,1,0,1,0,1};
public static final double code2[]={1,1,0,1,1,0};
public static final double code3[]={1,1,0,1,1,1};
public static final double code4[]={1,1,1,0,0,0};
public static final double code5[]={1,1,1,0,0,1};
public static final double code6[]={1,1,1,0,1,0};
public static final double code7[]1={1,1,1,0,1,1};
public static final double code8[]={1,1,1,1,0,0};
public static final double code9[]={1,1,1,1,0,1};
public static final double codeO[]={1,1,1,1,1,0};

public static final double codeError[]=1{0,0,0,0,0,0};

public static String decode(double[] code) {



if(checkMatch(code,codeA)) return "A";
if(checkMatch(code,codeB)) return "B";
if{checkMatch(code,codeC)) return "C";
if(checkMatch(code,codeD)) return "D";
if(checkMatch(code,codeE)) return "E";
if(checkMatch(code,codeF)) return "F";
if{checkMatch(code,cndeG)) return "G";
if(chéckMatch(code,codeH)) return "H";
if(checkMatch(code,codel)) return "I";
if(checkMatch(code,code])) return "J";
if(checkMatch(code,codeK)) return "K";
if(checkMatch(code,codel)) return "L";
if(checkMatch(code,codeM)) return "M";
if(checkMatch(code,codeN)) return "N";
if{checkMatch(code,codeQ)) return "O";
if{checkMatch(code,codeP)) return "P";
if(checkMatch(code,codeQ)) return "Q";
if(checkMatch(code,codeR)) return "R";
if{checkMatch(code,codeS)) return "S";
" if(checkMatch(code,codeT)) return "T";
if{checkMatch(code,codeU)) return "U";
if{checkMatch(code,codeV)) return "V";
if{checkMatch(code,codeW)) return "W";
if(checkMatch(code,codeX)) return "X";
if{checkMatch(code,codeY)) return "Y";
if{checkMatch(code,codeZ)) return "Z";
if(checkMatch(code,codea)) return "a";
if{checkMatch(code,codeb)) return "b";
if{checkMatch(code,codec)) return "c";
iflcheckMatch(code,coded)) return "d";
if{checkMatch(code,codee)) return "e";
if{(checkMatch(code,codef)) return "f";
if{checkMatch(code,codeg)) return "g";

if{checkMatch(code,codeh)) return "h";
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if{checkMatch(code,codei)) return "i";
if(checkMatch(code,codej)) return "j";
if{checkMatch(code,codek)) return "k";
if(checkMatch(code,codel)) return "1";
if{checkMatch(code,codem)) return "m";
if{checkMatch(code,coden)) return "n";
if{checkMatch(cnde,codeo)) return "o";
iﬂcheckMatch(code,codep)) return "p";
if(checkMatch(code,codeq)) return "q";
ificheckMatch(code,coder)) return "r";
if{checkMatch(code,codes)) return "s";
if(checkMatch(code,codet)) return "t";
if{checkMatch(code,codeu)) return "u";
if(checkMatch(code,codev)) return "v'";
if{checkMatch(code,codew)) return "w";
if{checkMatch(code,codex)) return "x";
if(checkMatch(code,codey)) return "y";
if{checkMatch(code,codez)) return "z";
if{checkMatch(code,codel)) return "1";
ificheckMatch(code,code2)) return "2";
if{checkMatch(code,code3)) return "3";
if{icheckMatch(code,code4)) return "4";
if{checkMatch(code,code5)) return "5";
ificheckMatch(code,code6)) return "6";
if{checkMatch(code,code?7)) return "7";
if{checkMatch(code,code8)) return "8";
if{checkMatch(code,code9)) return "9";

if{checkMatch(code,code0)) return "0";

else return "Error";

public static boolean checkMatch(double codel[],double code2[]) {

iflcodel.length!=code2.length) return false;



for(int i=0;i<codel.length;i++)
if(code1[i]!=code2[i]) return false;

return true;

public static double[] encode(String code) {
if(code.equals("A")) return codeA;
if(code.equals("B")) return codeB;
if{code.equals("C")) return codeC;
if(code.equals("D")) return codeD;
if(code.equals("E")) return codeE;
if(code.equals("F")) return codeF;
if(code.equals("G")) return codeG;
if(code.equals("H")) return codeH;
if(code.equals("I")) return codel,;
if(code.equals("J")) return codel;
if(code.equals("K")) return codeX;
if(code.equals("L")) return codeL;
if(code.equals("M")) return codeM;
if(code.equals("N")) return codeN;
if(code.equals("O")) return codeO;
if(code.equals("P")) return codeP;
if{code.equals("Q")) return codeQ);
if(code.equals("R")) return codeR;
if(code.equals("S")) return codeS;
if(code.equals("T")) return codeT;
if(code.equals("U")) return codeU;
if(code.equals("V")) return codeV;
if(code.equals("W")) return codeW;
if(code.equals("X")) return codeX;
if(code.equals("Y")) return codeY;
if(code.equals("Z")) return codeZ;
if{code.equals("a")) return codea;

if(code.equals("b")) return codeb;



if{code.equals("c")) return codec;
if(code.equals("d")) return coded,;
if{code.equals("e")) return codee;
if(code.equals("f")) return codef;
if{code.equals("g")) return codeg;
if{code.equals("h")) return codeh;
if{code.equals("i")) return codei;
if{code.equals("j")) return codej;
if{code.equals("k")) return codek;
if{code.equals("1")) return codel;
if{code.equals("m")) return codem;
if{code.equals("n")) return coden;
if{code.equals("0")) return codeo;
if(code.equals("p")) return codep;
if(code.equals("q")) return codeq;
if{code.equals("r")) return coder;
if(code.equals("s")) return codes;
if{code.equals("t")) return codet;
if{code.equals("u")) return codeu;
if(code.equals("v")) return codev;
if{code.equals("w")) return codew;
if(code.equals("x")) return codex;
if{code.equals("y")) return codey;
if(code.equals("z")) return codez;
if{code.equals("1")) return codel;
if{code.equals("2")) return code2;
if(code.equals("3")) return code3;
if(code.equals("4")) return code4;
if{code.equals("5")) return code5;
if{code.equals("6")) return code6;
if{code.equals("7")) return code7;
if{code.equals("8")) return codes;
if{code.equals("9")) return code9;

if{code.equals("0")) return codeO;
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else return codeError;
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import java.io.*;

public class FileManager {
public static final String LOAD="r";
public static final String SAVE="rw";

public RandomAccessFile raf;

public FileManager(String name,String mode) {
try {
raf=new RandomA ccessFile(name,mode);

} catch(IOException ) {}

public void appendData() {
try {
raf.seek(raf.length());

} catch(IOException €) {}

public void setPosition(long position) 1
try {
raf.seek(position);

} catch(IOException €) {}

public void write(double data) {
try {
raf. writeDouble(data);

} catch(IOException ) {}

public void writeCode(String data) {
try {
raf. writeUTF(data);

} catch(IOException €) {}
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public void writeInt(int data) {
try { ‘
raf writeInt(data);

} catch(IOException €) {}

public void writeString(String data) {
try {
raf. writeBytes(data);

} catch(IOException €) {}

public double read() {
double temp=0.0;
try {
temp=raf.readDouble();
} catch(IOException ) {}

return temp;

public int readInt() {
int temp=0;
try {
temp=raf.readInt();
} catch(IOException €) {}

return temp;

public String readUTF() {

String temp="";

try {
temp=raf.readUTF();
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} catch(IOException €) {}

return temp;

public long getSize() {
long temp=0;
try {
temp=raf.length();
} catch(IOException €) {}

return temp;
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Class FileNeuralManager



import java.io.*;

public class FileNeuralManager {
public int numberOfPattern;
public int numberOfOutput;
public int numberOfData;
public double patternInput[][];
public double requireOutput[][];

public Backpropagation b;

public void loadDataForTrain(FileTrainData file) {
int i,j; .
numberOfPattern=file.getNumberOfData();
numberOfOutput=file.getNumberCode();
numberOfData=file.getNumberPerData();
patternInput=new double[numberOfPattern][numberOfData];
requireOutput=new double[numberOfPattern][numberOfOutput];
file.readFormat();
for(i=0;i<numberOfPattern;i++) {

for(j=0;j<numberOfData;j++)

patternInput[i][jl=file.readData();

for(j=0;j<numberOfOutput;j++)
requireOutput[i][j]=file.readData();

if(file.readCode().equals("\n")) {}

else System.out.println("ERROR");

public int getNumberOutput() {

return numberOfOutput;

public int getNumberInput() {
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return numberOfData;

public double[][] getPatternInput() {

return patternlnput;

public double[][] getRequireOutput() {

return requireOutput;

public void saveData(FileManager file,Backpropagation back) {
int i,j;
double wih[][]=back.getWeightInputToHidden();
double who[][]=back.getWeightHiddenToOutput();
double bh[]=back.getBiasHidden();
double bo[]=back.getBiasOutput();

file.writeInt(wih.length);
file.writeInt(wih[0].length);
file.writeInt(who[0].length);
file.writeInt(bh.length);

file.writeInt(bo.length);

for(i=0;i<wih.length;i++)
for(j=0;j<wih[0].length;j++)
file.write(wih[i][j]);

for(i=0;i<who.length;i++)
for(j=0;j<whol[0].length;j++)

file.write(wholi][j]);

for(i=0;i<bh.length;i++)
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file.write(bh[i]);

for(i=0;i<bo.length;i++)
file.write(bo[i]);

public Backpropagatinn loadData(FileManager file) {
intl 1,j;
int numberOflnput=file.readInt();
int numberOfHidden=file.readInt();
int numberOfOutput=file.readInt();
int numberOfBiasH=file.readInt();

int numberOfBiasO=file.readInt();

double wih[][J=new double[numberOflnput][numberOfHidden];
double who[][]=new double[numberOfHidden][numberOfOutput];
double bh[]=new double[numberOfBiasH];
double bo[]ﬁnew double[numberOfBiasO];
for(i=0;i<numberOfInput;i++)
for(j=0;j<numberOfHidden;j++)
wih[i][jl=file.read();

for(i=0;i<numberOfHidden;i++)
for(j=0;j<numberOfOutput;j++)
wholi][j]=file.read();

for(i=0;i<numberOfBiasH;i++)
bh[i]=file.read();

for(i=0;i<numberOfBiasO;i++)
bo[i]=file.read();

Backpropagation back=new Backpropagation(numberOfInput

,oumberOfOutput);
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back.setWeightInputToHidden(wih);
back.setWeightHiddenToOutput(who);
back.setNumberHiddenLayer(numberOfHidden);
back.setBiasHidden(bh);
back.setBiasCutput(bo);

return back;
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import java.awt.*;
import java.io.*;
public class FileTrainData extends FileManager {
String fileName;
int fileMode;
int count=0;
int numberData=0;
int numberPerbata=0;
int numberCode=6;
double typeDatal];
public FileTrainData(String path,String name,String mode) {
super(name,mode);
if(getSize()>0)
readFormat();
else

setFormat();

public void setFormat() {
setPosition(0);
writeInt(numberData),
writeInt(numberPerData);
writeInt(numberCode);

writeCode("\n");

public void readFormat() {
setPosition(0);
numberData=readInt();
numberPerData=readInt();
numberCode=readInt();

String s=readCode();
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public void setNumberPerData(int data) {

numberPerData=data;

public int getNumberOfData() {
return numberData;

}

public int getNﬁmberCode() {
return numberCode;

}

public int gétNumberPerData() {
return numberPerData;

}

public void save(double[] data,String s) {
int i;
appendData();
for(i=0;i<data.length;i++)

write(data[i]);
typeData=Code.encode(s);

for(i=0;i<typeData.length;i++)

write(typeDatali]);

writeCode("\n");
setPosition(0);
numberData++;

writeInt(numberData);

public void append(double[] data,String s) {

appendData();

save(data,s);
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public double readData() {
return read();

}

public String readCode() {
return readUTF();
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Class LLoadCharacter



import java.awt.*;

public class LoadCharacter extends Canvas {
private int width=100;
private int height=100;
private int blockWidth;

private int blockHeight;

private int[][] characterImage;

public LoadCharacter() {

setSize(width,height);

public void load(int[][] imageData) {
int ij;
characterImage=imageData;
blockWidth=width/imageData[0].length;
blockHeight=height/imageData.length;

repaint();

public void paint(Graphics g) {
g.setColor(Color.white);
g.fillRect(0,0,width,height);
iflcharacterlmage!=null) {
g.setColor(Color.black);
for(int i=0;i<blockHeight;i++)
for(int j=0;j<blockWidth;j++)

if{characterImage[j][il==1)

g fillRect(i*blockWidth,j*blockHeight,blockWidth,blockHeight);

75



76

& = Y o 1 v = = & 1 Y o v & v v
nanstiluenasianulidmiunisldanuienisinwvingy ldewgnlviiluldusslevdmunisen

ldnsdllag Nedu Snehudlvidaudasienuarsiesdnsdiadvetenarsynaseniinsiluly



& = Y o 1 v = = Y 1 Y o v & v v
nanstluenasianulidmsunisidnuienisfnwivingu ldeygynlviluldusslevdaiunisen

lidnsdllag Nedu Snehudlvdaulasienuarsesdnsdiadvetenarsynaseniinmailuly



import java.awt.*;

import java.awt.image.*;

public class LoadImage extends Canvas {

private Image theImage;
privare int width=100;
private int height=100;

private boolean loadComplete=false;

public LoadImage() {
¥

public LoadImage(String fileImage) {
theImage=getToolkit().getimage(fileImage);
width=getWidth();
height=getHeight();
//loadComplete=true;

this.setSize(width,height);

public void load(String fileImage) = {
theImage=getToolkit().getimage(filelmage);
width=getWidth();
height=getHeight();
//loadComplete=true;
this.setSize(width,height);

repaint();

public boolean loadComplete() {

return theImage.getHeight(this) != -1;
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public int getHeight() {
while(theImage.getHeight(this)==-1) {}

return theImage.getHeight(this);

public int getWidth() {
while(theImage.getWidth(this)==-1) {}

return thelmage.getWidth(this);

public Image getImage() {

return theImage;

public void paint(Graphics g) ~ {

g.drawImage(theImage,0,0,this);

public int[][] convertToArray() {
int Width=getWidth();
int Height=getHeight();
int pixelArray[]=new int[Width*Height];
PixelGrabber pg=new

PixelGrabber(theImage,0,0,Width,Height,pixelArray,O,Width);

try {
pg.grabPixels();

} catch(InterruptedException €){};

Color middle_color=new Color(125,125,125);

int middle_color_int=middle_color.hashCode();

int temp[][J=new int[Height][Width];
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int count=-1;

for(int i=0;i<Height;i++)

for(int j=0;j<Width;j++) {
count++;
templi][jl=pixelArray[count];

//CONVERT COLOR HASHCODE TO B!'NARY IF COLOR >MIDDLE =1 ELSE =0
if(temp[i][j]<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>