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ABSTRACT

This thesis presents Hand-printed Thai Character Recognition. It was developed and
experimented with forty-four Thai character sets of which each set contains thirty patterns of a
character. Ten selected people who repeatedly wrote three same characters created the thirty
pattems of each set. The K-L transformation was applied to create a group of forty-four Thai
characters that represent each transformed character. The fuzzy set theory applied to the group to
make all features of every element in the group to be on of the fuzzy values of 0, 0.2, 0.4, 0.6, 0.8
and 1. In the other hand, the features resolution was reduced. This new group was inputted to
designed neural networks, which were back propagation type and which contained three layers.
Their layers were composed of an input layer, a hidden layer, and an output layer. And they were
composed of 512 nodes, 100 nodes, and 44 nodes, respectively. The neural network experiments
were made on a personal computer of 166 MHz CPU, 64 MB RAM, 8 MB Harddisk.

Four experiments were made in this thesis. Each experiment was made differently in
finding the represented characters group that was eventually the input of the neural networks. The
experiments stated that the average character data method gave 80% of recognition success rate.
The K-L transformation method also gave 80% of recognition success rate. For the group that
made from the average character data method and modified to be in our designed fuzzy system
could give 85% of recognition success rate. In addition to the group that made from the K-L
transformation method and modified to be in our designed fuzzy system could give 85% of
recognition success rate. The experiment also concluded that the average character data and the K-

L transformation method gave the same rate of success. However, the fuzzy system could make

I



the experiment result more accuracy 5% and also reduce the learning time of the system.
Obviously, it showed that hand-printed Thai character recognition by the K-L transformation with
the fuzzy system give the best accuracy.

From the past research of Thai character recognition, using a back propagation neural
network leaming 87 characters of 12-pts Angsana font bitmap data, it took 13 days for the leamning
time and gave 98% accuracy. For our research, the leaning time took 6 hours yet the giv;an
acouracy was 85%. It concluded that our research could shorten the learning time and our method

accuracy was also fine.
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SIGMOIDAL FUNCTION & DERIVATIVE
OUT = F(NET) = 1/(‘1+eEXP(-net))\ / F'(NET) = OUT(1-OUT)
1
o A\ e
a8 A\ /]
a7 \ /
- /]
= [ ]
¢ /I
04
0 / ¥
(47 [,‘H"ﬁik
a X
a1 M/ e
Oéwmmwwwmgw
TR 9w 9 o7 Qo o <& w0 NET

i = & - oo J § B .
AR 4.4 ugasnsii ldnaunsgnusunasiaanilandu(Sigmoidal logistic function)

Fnvazveamsa Teafarsufinuaziiu Non-linear function 194 S-Curve 15198187
MM Afmwhedyauuymitivinadng uaznAvrodygnanse  adg
geuq Tlnmevandsadnteofes ¥ ouT ndifies “17 nszduniedygnuseuq nvauifisd
Entlovfiorild Output Tndifes “0” @ude) varfidygnanse) mawanidnald Output
ndifive “1” uazdagnamnauusg Anald Ouput 1ndifiva “0” 1wui f]mﬁ'ﬂumzunnf
a1y NON-LINEAR GAIN Ssnaendiuedn (Grossberg, 1973) Wy quidnvaiziiiiu Non-
linear gain fianNTouATEyM1 Noise-saturation dilemma 14 wasinliiseadtouiiadedy
mmsnﬁ‘la‘luﬁwu1mm§uun1ﬁn’fumnﬁyu

Faiflandudue Bnfe TewlesTufn umueus (Hyperbolic tangent) Fuseiiduoue
AR Logistic function tnziienlfiesq tumsadnlugandamaad msnszduidni

o ] & o ooy = '3 ]
aulvususadausauiion FaliguauiAndwinmusaradausd it OUT = Tanh(X)



28

HYPERBOLIC TANGENT
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S3sudiamin1sAngeu (Traning Algorithm)
' [l o Y ' 1 o .{
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net® =2, W . i+0e (4.10)

pJ

o o

0og = £ y(net ) (4.11)
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WO (t+1)=w° O+ AW, (1) (4.12)
AWC, =T (¥,-0,)f c(net )i, @.13)
I, = (net ") (4.18)

L 4
saflszaeu 1| AedasinsiSoud TasUndmilssfianihunnuasdesndt 1 daw v,

famufhmine aonduldgieddunsedu ©, waz £ &2 pluvvde
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5.2 YunsuNISEna9Y (Training)
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Network Parameter]
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f 30 6 80.00 1 30 0 100.00
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1. Tsunsudmivmaeioudeyanewdsh T sunsuSon

Preprocessing before Training

clear

echo on

cle

% ‘This is Program main preprocessing [t is to do a step

% Read and Show Data of file.binp

%
echo off
CH= {00, 80,0 R 0, 5, 0 S, 0, e B e e e e
T ke U VLR L I o
nfile=input('number of all Charector for clasifind is *)
for nc=1:nfile

T=strcat{CH(nc),"bmp");

T=char(T);

pre;

in_vec(:,nc)=St1(;,);

end;

Pre use for This is Program preprocessing It is to do a step Read and Show Data of filebmp

echo on

cle

% This is Program preprocessing It is to do a step
% Read and Show Data of file.bxr‘xp

% —

echo off



data=imread(T);

data=pattern(data,0);

figure;

imshow(data);

echo on

cle

% Strike any key to continue...

echo off

%pause

close

echo on

cle

% Segment and Normalization 32x16

% Output is Input for KLT name InKIt

echo off

mvec=1,

[Ximage YimageJ]=size(data);

Check_§=0;

count =0;

for X=1:Ximage;

for Y=1:Yimage;
if (data(X,Y)==0);
[MinX MinY MaxX MaxY J=segment(data,X,Y);
if ((MaxX-MinX)>=2)&((MaxY-MinY)>=2) ;

ChaFdata(hdinX:MaxX,MiElY:MaxY);
figure(1);imshow(Char);
Char=pattemn(Char,1);
out=sirul(Char);
[PC,CE}=K1t3(out,4);
A=PC(;,1);
m=std(A);
PCl=convlogic(A,m);

PCl=pattern(PC1,1);
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Stp1=PCl];
PCl=reshape(PC1,16,32);
PC1=PCl’;
figure(2)
imshow(PC1)
InKlt1{:,mvec)=Stpl;
mvec=mvec+]
end;
data(MinX:MaxX,MinY:MaxY)=1;
end;
end;
end;
close all
echo on
cle

% Find concentation of this Charector using KLT

% Strike any key to continue...
echo off

%pause

[PC,CEJ=K1t3(InKlIt1,1);
A=PC(,1);
[PC1}=MemberFuzzy(A);
St1=PC1;
PCl=reshape(PC1,16,32);
PC1=PC1';figure(5);
imshow(PC1}
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Function Segmentation Return MinX,MaxX MinY MaxY is Position of Picture
Parameter data is data that you need to sent.

XY is start point

function [MinX,MinY ,MaxX MaxY ]=segment(data,X,Y)
ix=X; iy=Y;
jr=ix-1; jy=iy;
d=1;
bx=jx-ix; by=jy-iy;
round=1;
jx=ix; jy=iy;
MinX=X; MaxX=X;
MinY=Y; MaxY=Y;
while d<=8
dx=bx+by; dy=by-bx;
if(dx~=0) dx=dx/abs(dx); end;
ifldy~=0) dy=dy/abs(dy);

ix=jx+dx; iy=jy+dy;

aQ

nd;

if (data(ix,iy)==0)

if (MinX>ix) MinX=ix; end;

if MinY>iy) MinY=iy; end;

if (MaxX<ix) MaxX=ix; end;

if (MaxY<iy) MaxY=iy; end;

if (ix=X)&{iy=Y)&(round==2)
break;

clse '
if (ix=X)&(iy==Y)&(round==1) round=2; end;
bx=jx-ix; by=jy-iy;
x=ix;  jy=iy;
da=1;

end;



else
bx=dx; by=dy; d=d+1;
end;

end;
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Function Pattern use of convert Picture

function Dataln=pattern(DataInPut,Di)
% Di is'0" or '1' that you want is charactor
[SizeTR,SizeTC)= size(DatalnPut);
if (DatalnPut(1,1==Di) |(DatalnPut(l,SizeTC)==Di)...
(DatalnPut(SizeTR,1)==Di)|(DatalnPut(Size TR,Size TC)==Di)
for STC=1 :§izeTC
for STR=1:SizeTR
if DataInPut(STR,STC)==Di
DataIn(STR,STC)=1-Di;
else
Dataln(STR,STC)=Dj;
end;
end;
end;
else
Dataln=DatalnPut;

end;

Function Slrul use Shife Left, Right , Top and Botton

function-out=slrul(inp)

sh=shife(inp,0,1);
sh=imresize(sh,[32 16],'nearest’);

s=reshape(sh’,1,512);



sh=shife(inp,1,1);
sh=imresize(sh,[32 16],'nearest");

sll=reshape(sh',1,512);

sh=shife(inp,1,2);
sh=imresize(sh,[32 16],'nearest’);

sl2=reshape(sh’,1,512);

sh=shife(inp,2,1);
sh=imresize(sh,[32 16],"nearest’);

srl=reshape(sh’,1,512);

sh=shife(inp,2,2);
sh=imresize(sh,[32 16],'nearest"):;

sr2=reshape(sh',1,512):

sh=shife(inp,3,1);
sh=imresize(sh,[32 16],'nearest");

sul=reshape(sh’,1,512);

sh=shife(inp,3,2);
sh=imresize(sh,[32 16],'mearest’);

su2=reshape(sh',1,512);

sh=shife(inp,4,1);
sh=imresize(sh,[32 16],'nearest");

sd1=reshape(sh',1,512);

sh=shife(inp,4,1);
sh=imresize(sh,{32 16), nearest");

sd2=reshape(sh',1,512);
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out=[s",sl1',s12",sr1",512',sul’,su2',;sd1',sd2'];

Function Shife use for make enhancement Character

function sh=shife(inp,p,nu)
[m,n]=size(inp);
in=zeros(m,n);
in(,:y=inp(:,:);

sh=zeros(m,n);

if p==0
sh=in;

end

ifp=1
a=zeros(m,n+nu};
for i=1:n
a(s,i)=in(;,D);
end
for i=1:n
sh(:,i)=a(:,i+nu);

end

end

if p==2
a=zeros{m,n+nu); .
for i=n:-1:1
a(:,i+nu)=in(:,i);
end
fori=1:n
sh(;,i)=a(:,i);
end

end



if p==3

a=zeros(m+nu,n};

fori=1:m
a(i,)=in(i,:);

end

for i=1:m
sh(i,;)=a(i+nu,:);

end

f)

end

i

if p—4
a=zeros{m-+nu,n};
for i=m:-1:1

a(i+nu,)=in(i,);

end
fori=l:m
sh(i,:)=a(i,:);
end
end
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Function XL uses Transform by K-L Transform

function [PC,CE]=kIt3{X,P)

%%% Karhurnen-Lovev Tranfomati’cm %%%

% Xisinput

% X must be a NxL matrix of N vectors in L dimensions.
% P is number of principle component

% chk input dimention N x L (L must more than N}



[N,L]=size(X);
A=zeros(N,L);
ACD=XG);
X=A;
ifL>N;
X=X';

end;

% covariance matyix

[m,n] = size(X) ;% n = number of row ,m = number of collume
c=X'*X; % covariance matrix

% eigenvaluedeigenvector of covriance matrix
{Vi, Si] = eig(c) ;
[1, idx] = sort(diag(Si)") ;
1 = fliple(l) ;
idx = fliplr(idx) ;
Vi=Vi(,idx);%PC= V(;,1:P);
for i=1:n;
V(,D=(1./sqrt(1())). *(X*Vi(.,D);

end;

%PC is principal components (P is number of principal components)

PC=V(,1:P);

% PC is principal components (P is number of principal components)
%for i=1:P

% PC(,i)=(1./sqrt(1(x))).*(X*PCC(:,i));

%end



%CE is coefficient of principal component

CE=PC*X;
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Function ConvertLogic use Convert Picture

function DaLogic=convlogic(DatalnPut,Ind)
[SizeTR,SizeTC)= size(DatalnPut);
for STC=1:SizeTC
for STR=1 :SizeTR_
if DatalnPut(STR,STC)<=Ind
DaLogic(STR,STC)=0;
else
DaLogic(STR,STC)=1;
end;
end;

end;

Function DMF use for fine Member Shift Function of Fuzzy Logic

function mf=dmf(IP)

% dmf is function for decide for Fuzzy memberzip
vmif(1,1) = evalmf(IP,[-1 0.25 0.3),'trimf);
vmf(2,1) = evalmf(IP,{0.275 0.35 0.425],'trimf');
vmf(3,1) = evalmf(IP,[0.375 0.45 0.525],'trimf");
vmf(4,1) = evalmf{IP,[0.475 0.55 0.625],'trimf’);
vinf(5,1) = evalmf(IP,[0.575 0.65 0.725),'trimf");
vmf(6,1) = evalmf(IP,[0.7 0.75 2],'trimf’);

I=find{(vmf);



[ir,ic] = size(l);

switch ir
case 1
switch I(1,1)
case 1
mf=0; break;
case 2
mf = 0.2; break;
case 3
mf = 0.4; break;
case 4
mf = 0.6; break;
case 5
mf = (.8; break;
case 6
mf=1; break;
otherwise
mf=2; break;
end;
break;
case 2
if (101, D==1)&(1(2,1)==2)
if (vmf(1,1)<=vmf(2,1})
mf=0;
else
mf=10.2;
end;
elseif (I(1,1)==2)&(1(2,1)==3)
if (vmf(2,1)<=vmnf(3,1))
mf=0.2;
else
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mf=04;
end;
elseif (I(1,D)==3)&(1(2,1)=4) -
if (vmf(3,1)<=vmf(4,1))
mf=0.4;
else
mf = 0.6;
end;
elseif (1(1,1)==4)&(I(2,1)=>5)
if (vinf(4,1)<=vmf{5,1))
mf = 0.6;
else
mf=0.8;
end;
elseif (I(1,1)==5)&{1(2,1)==6)
if (vinf(5,1)<=vmf(6,1)}
mf = (.8;
else
mf=1,
end;
end;
otherwise
mf=2;

end;

2. TusunsumsSoudddnusdamoiionnnlne

Part Program use for Training Neural Network

function [w1,b1,w2,b2]=mtbpnn(in_vec)
echo on

clc
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% This is Program main trining backpropegretion Neurul Netwoke It is to do a step

echo off

[InPN,CoI]=size(in_ve_c);

HiDN=input(‘number of Hinden Layer Node is ')
OuPN=input('number of Output Layer Node is ')
out_vec=moutvec(QuPN)

w1l = RANDOM('t',5,HiDN,InPN);

w2 = RANDOM('t',5,0uPN,HiDN);

b1 = RANDOM(Y,10,HiDN,1);

b2 = RANDOM('t,10,0uPN,1);
[wl,bl,w2,b2]=tbpnn(in_vec,out vec,wl,w2,b1,b2);
save d:/users/tong/ocr/Thesis_SaKun/weight] wl w2 bl b2

This Function use for Training Neural Network by Back propagation

function [w1,bl,w2,b2]=tbpnn(in_vec,out_vec,wl,w2,b1,b2)
df=10; % Frequency of progress displays (in epochs).
me = 100000; % Maximum number of epochs to train.
eg=0.1; % Sum-squared error goal.

mc=10.95; % Momentum constant.

Ir=0.1

tp = [df me eg Ir NaN NaN mc);

%  Training begin...

flops(0), tic

[wl,bl,w2,b2,bp ep] = trainbp(w1,bl,logsig',w2,b2,'logsig’,in_vec,out_vec,tp);

bp_flops = flops;



bp_time = toc;
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This Function use for define QutPut Note

function out_vec=moutvec(nout)

out_vec=eye(nout);

3. TdsunsudMiumInaaedueaR It Ny NABINTINS

Part Program use for test recognition

clear

echo on

cle

% This is main Program test

% Thai Printed Character Recognition Using Karhunen-Loeve Tranformation
% and Neural Network

%

% Print file name 'filename.bmp'
% figure 1 show all charecter in file name

% figure 2 show testing charecter

echo off

T=input('filename.bmp is ','s")
data=imread(T);
data=pattern(data,0); ;
show_data=data;

figure(1);imshow(show_data);

cle
echo on

% This is main Program test



%
%
%

Thai Printed Character Recognition Using Karhunen-Loeve Tranformation

and Neural Network
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%
%
%

Print file name 'filename.bmp'
figure 1 show all charecter in file name

figure 2 show testing charecter

echo off

mvec=];

[Ximage Yimage)=size(data);

Check_8 = 0;

count =0;

for X=1:Ximage;

%
%
%
%

for Y=1:Yimage;

if (data(X,Y)==0);
[MinX MinY MaxX MaxY ]=segment(data, X,Y);
if (MaxX-MinX)>=2)&((MaxY-MinY }>=2) ;
show_data(MinX:MaxX MinY:MaxY)=1;
figure(1);imshow(show_data);
cle
echo on
This is main Program test
Thai Printed Character Recognition Using Karhunen-Loeve Tranformation

and Neural Network

%
%
%

Print file name 'filename bmp’
figure 1 show all charecter in file name

figure 2 show testing charecter



echo off

Char=data(MinX:MaxX ,MinY:MaxY);
figure(2);imshow(Char);
Char=pattern(Char, 1);
Char=imresize(Char,[32 16],'nearest’};
Char=Char’;
in_vec(:,mvec)=reshape(Char,512,1};

mvec=mvec+]

echo on

% This is main Program test

% Thai Printed Character Recognition Using Karhunen-Loeve Tranformation
% and Neural Network

%

% Print file name 'filename.bmp'
% figure 1 show all charecter in file name
% figure 2 show testing charecter

%

%

% WHAT IS CHARECTER
% Strike any key to continue...

echo off

test_ bpan(in_vec);
pause
end;
data(MinX:MaxX MinY:MaxY)=1;
end;

end;
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end;

This Function is subprogram for test recognition

function test_bpnn(in_vec)

for: STLTRTIC TSI VG UG WA T T VG LT T T PAL WG AL T AN TR TVR T IR TR 1A
e 7 R D U U VARG e VA AT

%CHS={"n1" vl alul" a9 Al 'yl ¥l el g1, 1, 'g 1,y il e, al 'l el 'l
VLR FURTR DT W1 U Yo R VR DU AT DA T A7) R Al DA DI 3 M YRR § DT D U6 LRI O S U B
load weight100;

[al,a2] = simuff(in_vec,wl,bl,'tansig',w2,b2, "tansig");

[L, idx] = sort(a2) ;
[r,c}=size(a2);
idxch=idx(r,c};

THIS_CHARECTER_IS = CH(idxch)

clear

End of Program
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Abstract

In this paper an attempt has been made to use the
concept of fuzzy similarity measurement as a tool for
classification of printed Thai characters. The features
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