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ABSTRACT

At present, the Artificial Neural Network is applied in the process of Character Recognition
to improve a recognition rate. The Feed Forward Backpropagation model is popular because it has a
few of error rate. However, the disadvantages of this model are the complexity of the model and the
long learning time.

In this method, printed English character Recognition using 1 Neural Network is proposed.
The network has a simple model and short training time. In optimization part, the pixels that have
maximum information is selected for building GRAM. GRAM, store the training values, is the
memory used for recall by Hamming Distance. Finally, the output of experiment shows that the
network can recall printed English character efficiently. In addition, it can tolerate the distorted

pattern.
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3 = d a = "
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3.2.4 waalszamifieusuueradiaanaieduya ( Multiple-Input Neuron )

W
P1 TVT
fe Wz\
P3 T n
—>
P & W3 = B Z —p f a
[ ] [ ]
] [ ]
Pr WR
b
n:; L3 = =) =
gﬂ'ﬂ 3.5 L':D'ﬁ'ﬂlli$ﬁ"]1’1lﬂUNLLUUEWﬁﬂLﬂUUWQTUﬂuwﬂ
P
1o p=ILp p; By ] (3.2)
W=[w, w, Wy ... W ] (3.3)
n= pw, + p,W,+ p,W,...,pg W + b (3.4)

viodou ldluginnmes

n= Wp+b

v
@

U

a=f(Wp+b)

o =1 dyd a 9/ -3 1 1 9/ .«:qy s/ dyd
wandszamisuiuuiianududounniunimuuneuniil  Taglaseadedii
kY ¥ ¥
ounanaBLIYLY BunauAasiduszdeumlnimin Tasiicdrnimtinudazdumuos
[ 1w = s 'q @ " :’ v ] 1A
fiawiiunie uald mendsnnidunagasuanimidaudarid )y Tagariil
= " ] = v o o o :j [~/ 1 1 a:lsJ 9
wadnsmilalumssawmnom luda mendsmnmssauduiauadua o siilgnilowd
Y g v A < 4 da o e
TalTu ioilumsdadulindqaiedlonsudinesilassu iwadiseenmiiounuuild
Tumsudilgwwndey luddudon
~ D ¢ du de v o S 9 a o wa D)
madenldmsudieseddulumsdaduloiu deeinsandnuuzauifvesdoya
a /  Aw 4 q 9 o y Sy du du & ad 1Y o
ounn uaziayanaesm e IMmmeauiumsldnu namdmesfedduiniiiogaom

wanuuusanuaas 13 lua1s1en 3.1



al o o o w i
13197 3.1 U HanFUIDUA199

20

A o o a o @ w o -
yoilandu DUNANDIANA anyal | MATLAB Function
o a=0 n<0
Hard Limit hardlim
a=1 n=0
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Saturating Linear a=n 0<n<l i satlin
a=1 n>1
A==l <=1
Symmetric Saturating Linear d= g el 74 satlins
a=1 n>1
. . 1
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3.25 11511&3#&1’46517‘1&5%4 ( Transfer Function )
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3.2.6 TnsenelszamieuuuuTAe) ( Single Layer of Neuron Network )
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dwlvgdesldimadssamioniivinnimiluraduaziduyanaeduns  laodnyazns

1 o EY - | [ [ l:l g
ﬂﬂlﬂuiﬂ'ﬁﬁﬁi"lﬁ!%ﬂ‘l_l‘uu'm HIVTUNANBUSMIADULUUUI “¥U ( Layer )

9
BUNA FuvedInsailszaminey

[ 3

f —— =

\ J I Y,

o , a -
31U 3.7 Inseodssamifouuuudu@on

P=0p p;D;.. Pyl (3.5)
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3.2.7 Insennedszannifasuuunanadys ( Multiple Layers of Neuron Network )
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Source Code

#include <vcl.h>
#include "stdio.h"
#pragma hdrstop
tinclude "Main.h"

I

#pragma package(smart_init)

#pragma resource "*.dfm"

#pragma resource "extrares.res"

const crDraw =1 ; //Define value about changing mouse pointer

bool chMouse, first=true ; //Enable Check Mouse Position

int p[64][64], blur[éfl] [64];

int x2, x1, y2, y1, ix, iy;//Border and Center of Gravity
static pn[64][64]; //Pattern Normalized

TForm1 *Forml;

/1=

__fastcall TForm1::TForm1(TComponent* Owner)

: TForm(Owner)

void __fastcall TForm1::Image1MouseMove(TObject *Sender, TShiftState Shift,

int X, intY)

Imagel->Cursor = TCursor(crDraw);
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TextX->Caption=X;
TextY->Caption=Y;
if(chMouse)
Imagel->Canvas->LineTo(X,Y);
f
/!

void __fastcall TForm1::ImagelMouseDown(TObject *Sender,

TMouseButton Button, TShiftState Shift, int X, int Y)

chMouse = true;

Imagel->Canvas->MoveTo(X,Y);

Imagel->Canvas->Pixels[X][Y]=cIBlack;
H
/!

void __fastcall TForm1::Image1MouseUp(TObject *Sender, TMouseButton Button,

TShiftState Shift, int X, int Y)

chMouse=false;

!
¥

/f

void __fastcall TForm1::FormCreate(TObject *Sender)

|
1

HINSTANCE HInst;

Hlnst = reinterpret_cast<HINSTANCE>(HInstance);

Screen->Cursors[crDraw] = LoadCursor(HInst, "DRAW");
i
/!

~void __fastcall TForm1::TestClick(TObject *Sender)

{intij;
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for(i=0;i<64;i++)
for(j=0:1<64:j++){

if(Image1->Canvas->Pixels[i][j]==cIBlack){
plilljl=1;
Image2->Canvas->Pixels[i][j]=cIBlack;

i

else{
Image2->Canvas->Pixels[i][j]=clWhite;

plil(j]=0;

1

void __fastcall TForm1::BlurClick(TObject *Sender)
{intigj;
for(i=0;i<64;i++)
for(j=0;j<64;j++)
ifpli][jl==1)
blur[i+1][j]=1;
blurli+1][j-11=1;
blur[i][j-11=1;
blur[i-11(j-1]=1;
blurfi-1][j]=1;
blur[i-1][j+1]=1;
blur[i][j+1]=1;
blur[i+1][j+1]=1;
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for(i=0;i<64;i++)
for(j=0;j<64;j++){
if(blur[i][jl==1)
Image2->Canvas->Pixels[i][jl=cIBlack;
plil(i1=1;
f
else{
Image2->Canvas->Pixels[i][j]=cIWhite;
plillil=0;

¢
/"

void __fastcall TForm1::ClearClick(TObject *Sender)
i intiy;
Imagel->Stretch = true;
Imagel->Picture->LoadFromFile("blank. BMP");
Image2->Stretch = true;
Image2->Picture->LoadFromFile("blank. BMP"):
for(i=0:1<64;1++)
for(j=0;j<64;j++){
plil[j1=0;
blur[i](j]=0;

pn[i][j]=0;
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void __fastcall TForm1::PosNormClick(TObject *Sender)

1
register int i,j ; //Border
i=0; j=0;
while(p[i][j]==0)1

it
if(j==63){
J=0;
i++:

3

f
x1=i1-1; //Left bound

1=63;
=63;
while(p[i][j]==0)1

x2=i+1; //Right bound

i=0;j=0;
while(p[i][j]==0){
1++;

3

if(i==63)1{
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yl=j-1;//Uper bound

i=63:=63;
while(p[i][j]==0){
g
if(i==0){
i=63;

y2=j+1;//Lower bound

Image2->Canvas->MoveTo(x1,y1);
Image2->Canvas->LineTo(x2,y1);
Image2->Canvas->LineTo(x2,y2);
Image2->Canvas->LineTo(x1,y2);

Image2->Canvas->LineTo(x1,y1);

int A=0,B=0;// Center of Gravity
for(i=x1;i<x2;i++){
for(j=y1;j<y2:;j++){
A=A+(pLi][j1%);
B=B+(plil]);
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iy=A/B;
A=0;B=0;
for(j=y1;j<y2;j++){
for(i=x1;i<x2;i++){
A=A+(p[il(j]*i);
B=B+(p[il(j]);
i

ix=A/B;

Image2->Canvas->Pixels[ix-1][iy-1]=cIBlue;
Image2->Canvas->Pixels[ix][iy]=cIBlue;
Image2->Canvas->Pixels[ix+1][iy+1]=cIBlue;
Image2->Canvas->Pixels[ix+1][iy-1]=cIBlue;
Image2->Canvas->Pixels[ix-1][iy+1]=cIBlue:
Textix->Caption=ix;
Textiy->Caption=iy;
/[This is Moving Pattern to Center(position Normalize)
for(i=x1;i<x2;i++)
for(j=y 1;j<y2;j++){
pn(i+(32-ix)][j+(32-iy)]=p[il[j];
}
for(i=0,i<64;i++)
for(j=0;j<64;j++)1
if(pn[i][jl==1)4

Imagel->Canvas->Pixels[i][j]=cIBlack;
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elsef

Image1->Canvas->Pixels[i][j]=clWhite;

1

void __fastcall TForm1::0OptimClick(TObject *Sender)
{

OpenDialog1->DefaultExt = "des";

OpenDialogl->FileName = "*.des";

if (OpenDialogl->Execute())

{

Form1->Caption = OpenDialogl->FileName;
FILE *stream;

int handle;

/* create a file */

stream = fopen("DUMMY .FIL", "w");

/* obtain the file handle associated with the stream */

handle = fileno(stream);

/* display the handle number */

printf("handle number: %d\n", handle);

/* close the file */

fclose(stream);

1
f
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#include <sys\stat.h>
#include <string.h>
#include <stdio.h>
#include <fentl.h>
#include <io.h>
void __fastcall TForm1::BitBtn2Click(TObject *Sender)
{
if(OpenPictureDialog1->Execute()){

Image1->Picture->LoadFromFile(OpenPictureDialogl->FileName);

i
I

void __fastcall TForm1::HammingClick(TObject *Sender)
{
int pa[64][64], hamming[64][64];
int ham[78][168][168];
int a=0,b=0,c=0;
static ph[64][64];
int 1=0, j=0, k=0;
for(i=0;i<78;i++)
for(j=0;j<64;j++)
for(k=0;k<64;k++)
if(pljl[k]==0)
{ ham[i][j][k]=0; a++;
}
else tham[i][jl[k] = 1;
btk
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