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Abstract

This thesis present the Syntactic Description of Handwritten Thai Characters
Rccé)gnition by designing computer Software for automatically controlled micro-
computer to be able analytical properties, the description for relationship drawing Line
between point of characters with the principle of trace, connection trail and Syntactic
Description of the Grammar . The result of analysis compares with a database and

shows on the screen of computer.
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MANUIN N

1ns9a313v94 Bitmap File
. a - o YA o q 9 do o
AW bitmap EAMITANUMUVWIAYEIT funezhldnwiivanuiivuie
Tugjanlddae 2w bimap szilszneulifiediussysiavesnm , diudeyaves

- P | 1 4 °
DN, VU, T, DU Hﬁgﬁ'J'Llq@]ﬁﬁﬂﬂxlﬂu?ﬂﬂ‘]Wﬁ'ﬂgunJ'mffﬂ\‘lNa

Bitmap File
Header

Bitmap
Information

Bitmap
Data

1% n.1 T3 190030 IN bitmap

1-2 File type " Must be ASCII text * BM

3-6 Size of the file In double word ( 32 bit integer )

7-10 Reserved for future use Must be zero

11 - 14 Byte offset-to bitmap data Offset from the Bitmap File Header
( i.e., the start of the file )

- A5 NN n.1 Bitmap File Header
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1-4 Number of byte in header YUIAVDIAIUNT 40 byte
5-8 Width of Bitmap ANNATIYBINMN ( pixel )
9-12 Height of bitmap ANUFIVDINN ( pixel )
13-14 Number of color planes foumny 1 t
15 - 16 Number of bit per pixel dufivenfuesnm 1=2 §,4=16
d,8=256%,24=16M @
17 - 20 Type of compression 0 = lulimsoann
1 = 8 bit per pixel
2 = 4 bit per pixel
21 -24 | Size of image 1@
25-28 Horizontal resolution hilaldam
29 - 32 Vertical resolution 111814
33-36 Number of color indexes used 1@ 195
by the bitmap
37-40 Number of color indexes i@ 14

important for displaying bitmap

M3 1N 1.2 Bitmap Information




= o a

L Blue color value ATUUIUUDINN
4 Green color value MATrIvenN
43 Red color value GRGALRULRR O
.44 Reserved for future use ﬁ’mzi‘lu 0

Remaining color palette entries

VBNMTA1 4 bit imilousy 1oy

HUANIN

AN .3 Bitmap Data

g o 1 am o
MENUATH bmp szinLyud eI 1Y ez Tdvudauuge

A4

{ o
zllﬁ .2 UFAAIMTINUNINY DS bmp
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244 &
245 &
246 b
247 o
248 <
249 &

onuszmng (n-g)
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164 f
165
166 YU
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168
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172
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174
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176
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188

189

190

191

192




DNUTSHIAY

57

sWaueah oNUTY

193 u
194 u
195 5
196 9
197 a
198

199 e
200 fl
201 y
202 o
203 Y
204 W
205 9
206 g

- N =
sauean NV

207 q
208 g
209 v
210 1
211 °1
212 -
213 =
214 =
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224 t
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226

1
227 1
228 1

229 1

230

231

232

233
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235

236
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AANUIN A

Tdsunsumismau

RECOG.CPP
/[ Written By Nopporn Kongdum 3P 37013299
// Start 01/10/96
// Last Modified 30/03/97
// Written in Borland C++ version 3.1

// Compile in Huge Model

#include <ctype.h>
#include <string.h>
#include <bios.h>
#include <graphics.h>
#include <stdio.h>
#include <mem.h>
#include <conio.h>
#include <dos.h>
#include <stdlib.h>

#define HOME 18176

#define END 20224

#define CR 7181

#define ES 283

#define TAB 3849

#define DEL 21248 ;
#define UP 18432

#define DOWN 20480

#define LEFT 19200

#define RIGHT 19712
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#define SP 14624
#define BS 3592
#define PU 18688
" #define PD 20736
#define CRT_PU 33792
#define CRT_PD 30208

#define F1 15104
#define F2  [5360
#define F3 15616
#define F4 15872
#define F5 16128
#define F6 16384
#define F7 16640
#define F8 16896
#define F9 17152
#define F10 17408

. #define INS 20992
#idefine DEL 21248
#define BS 3592

#define X_RANGE 1200 // 1500

#define Y_RANGE 1800 / 2000

#define Max_Dist 4 // old 8 distorttion line length <10
#define P_Direct 4 //old 3

#define State_Ch 3 // number of point for change direct
#define Start_P 2 // (min=2) start point for new direct
#define X 300 // 380 coordinate for display char
#define 'Y 300



61

#define Xb 60
#define Yb 60
#idefine Xn 580
#define Yn 420

#define U  (unsigned char)0x00
#define D (unsigned char)0x01
#define R (unsigned char)0x02
#define L (unsigned char)0x03

#define ND (unsigned char)0xFF

#define LEARN (int)l
#define RECOG (int)2

extern int read_image(char *st);

extern void show_image(int left,int up,int rght,int dw,int color,int back);
e;(tem void write_pattern(void);

extern void read_pattern(void);

extern void logo(void);

void about(void);

void learning(void);
_void save_ch_list(void);

void load_image(void);

void recognize(void);

unsigned char ascii[256][20];
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unsigned char thai_kb[0x54] = {

0x00,0x 1B,0x00,0x2F,0x5F,0xC0,0xB6,0xD8,0xD6,0xA4,0xB5,0xA8,xA2,0xAA,0x08,0x 09,
. 0xE6,0xE4,0xD3,0xBE,0xD0,0xD1,0xD5,0xC3,0xB9,0xC2,0x BA,0xC5,0x0D,0x00,0x BF,0xCB

?

0xA 1,0xB4,0xE0,0xE9,0xE8,0xD2,0xCA,0xC7,0xA7,0x00,0x00,0x60,0xBC,0x BB,0xE1,0xCD,
Oxl§4.0xD7,0xB7,0xC1,0XE3,0xBD,OxO0,0xZA,OxO0,0xZ0,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x37,0x38,0x39,0x2D,0x34,0x35,0x36,0x2B,0x 31,

0x32,0x33,0x30,0x2E ‘};
unsigned char thai_kbs[0x54] = {

0x00,0x 1 B,0x00,0xF1,0xF2,0xF3,0xF4,0xD9,0x DB,0xF5,0xF6,0xF7,0xF8,0xF9,0x08,0x 09,
0xF0,0x22,0xAE,0xB1,0xB8,0xEB,0xEA,0xB3,0xCF,0xAD,0xB0,0x2C,0x0D,0x00,0xC4,0x A6,
OX;ALF ,0xE2,0xAC,0xE7,0xEB,0xC9,0xC8,0xAB,0x2E,0x00,0x00,0x 7E,0x28,0x29,0x A9,0xCE,
0x25,0xEC,0x3F,0xB2,0xCC,0x3F,0x00,0x2A,0x00,0x20,0x00,0x 00,0x00,0x00,0x00,0x 00,
0x00,0x00,0XO0,0XOO}OXO0,0XO0,0x00,0xF7,0XF8,0xF9,0x2D,0xF4,0xF5 ,0xF6,0x2B,0xF1,
0xF2,0xF3,0x30,0x2E };

" struct BMPHEAD

{ .

unsigned char id[2]; // file type : must be ASCII text :'BM"-

long filesize; // Size of teh file : in double words (32 bit integers)

int reservedf2]; // Reserved for future use : must be zero

long headersize; // byte offser to bitmap data : offset from the Bitmap file header (i.

e,the startof the file)

long infosize; // number of bytes in header : currenty 40 bytes
fong width; // width of bitmap : in pixels
long depth; // height of bitmap : in pixels

int blplanes; // number of color planese : must be set to 1
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int bits; // number of bits per pixel : valid choices are 1,4,8,24;if not 24,

determines the size of the palette

long blcompression; // type of compression : {0:no compression}{1:run legth 8 bits per
" pixel}{2:run legth 4 bits per pixel}

long bisizeimage; // size of image : in byte

long bixpelspermeter; // horizontal resolution : in pixels/meter

long biypelspermeter; // vertical resolution : in pixels/meter

long biclrused;// number of color indexes used by the bitmap : zero indicates all color

important

long biclrimportant; // number of color indexes important for displaying bitmap : a value of

size indicates all colors are important

}bmphead;

int  width;

int  Xmax,Ymax;

unsigned char x1,x2,x3,x4,x5,x6,x7,x8;

struct point{
int x;
int y;
bk
point  sect_[8],temp[50];

point hp[250]; // temp for display head after delete
int  _hp; i

struct node |{
int x_origin; // origin of section
int y_origin;

int x_start; // section which select



int y_start;

int x_old; // old coordinate
int y_old;

int X_new; // new coordinate
int y_new;

IR

node br{16];

int cb;

struct head1/
int x; // coordinate of head
int y;
int y_min; //y minimum of head
int y_max; //y maximum o head
int status; // status of head

L

~ headl head_[8];
int head;
point edge_[8]; // point of edge

int ne; // number of edge
int X_min,X_max,y_min,y_max;

struct stack{ -
int Xx; // coordinate of section
int y;

int c_b; // count of branch
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stack stack_s[8]; // save old section

point old1(8],0ld2[8);

' point sectl[8],sect2{8];

unsigned long DIRECT;
int nd; //muber of direct

int begin_branch;

struct plist{ // Link list of pattern;
unsigned long pattern;
‘unsigned char character;
plist *next;
plist *befor;
b
typedef plist *PLIST;

PLIST HO,LO;

- PLIST HI1L,L1L;
PLIST H2L,L2L;
-PLIST HIR,LIR;
PLIST H2R,LZR;

struct clist{
unsigned char character;
int  x;
it y;
clist *next;

clist -*befor;
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typedef clist *CLIST;

CLIST CH,CL;

int Lm_Rcg; // flag for leaming or recognize

unsigned char character;

unsigned char Ch_learn;

unsigned char huge binary_image[X_RANGE/$][Y_RANGE];

struct time t1,t2;

char *heacimsg = "Hand Written Thai Character Recognition";
char *help =" about save load rocognize
int maxx,maxy;

char st{30];

#include "thin.cpp”
#include "lib.cpp”

#include "rec.cpp”

yoid main()
{

unsigned ch;

int driver = DETECT,mode;

initgraph(&driver,&mode,");

exit";
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readfont();

logo();

do

ch = bioskey(0);
switch(ch) {
case F1: about();
break;
case F2: save_ch_list();
break;
case F3: load_image();
break;
case F4: recognize();
break;
}
} while(ch!=F5);
DEL_NODE();

closegraph();

void about(void)
{
board(50,1:50,460,300,103,9,3,1,1);
displaythai(70,170,YELLOW,"Hand Written Thai Chracters Recognition");
displaythai(70,190,YELLOW," Written By Nopporn Kongdun ")
displaythai(70,210,YELLOW," 3P 37013299 ")
displaythai(70,230,YELLOW," Associate Professor Dr. Chom Kimpan ");
displaythai(70,250,YELLOW," King's Mongkut Institute of Ladkrabang™);

getch();
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logo();
show_image(0,0.Xmax, Ymax,WHITE,BLUE);
}
B o e S S S S S ST ST oSS
>>
// function learning()
/ learning input image and save new pattern in database
/[ image input must write fallow asscii code from 161(Hen)
//>->>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
>>
void learning(void)
{
int xd,yd;

load_image(); // load image (BITMAP)

DEL_NODE(); // clear memory for database

read_pattern();  // read database(pattern)

Lm_Rcg = LEARN; //leamning not get from keyboard

Ch_learn = (unsigned char)161;  // start image for learning

for(int y=1;y<=Ymax;y++) // check all point in image
for(int x=1;x<=Xmax;x++)

{
f(X0x,y)) // if found part of character

{

recognizel(x,y); // recognize
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switch (character) {

case (unsigned char)173:

xd = x_max - (X_max-X_min)/4;

yd = y_max+l1;
while(X0(xd,yd)==0)
{
yd++;

if(yd==Ymax) break;
}
del_stroke(xd,yd);
break;

case (unsigned char)176:
xd = x_min + (X_max-x_min)/2;
yd = y_max+1;
while(XO(xd,yF1)=0)
{
yd++;
if(yd==Ymax) break;
}
del_stroke(xd,yd);
break;
}
} //end found character
} // end loop

write_pattern(); // save pattern
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[[>>5555555555005555O5SOSOOOOSOIISOOIIODOIDIIOIODIISDIOISSOSOISSSOODS>
J/ function save_ch_list()

// save list of character after recognize to file
[55SSOSO OOOOOOOOSOEOOOOSOOIOIIOIIOOIIOOSOOIOSOIOIDOSOOOSOSOS>>>
void save_ch_list(void)

{

FILE *fbmp;

CLIST T;

getstr(200,350,15,"FILE : ",st); // get file name

if((fomp=fopen(st,"w+b"))!=NULL) /I if cant open file
{

for(T=CH;T!=NULL;T=T->next) {
fwrite(&T->character,1,1,fbmp); // save character
fwrite(&T->x,2,1,fbmp); // save position of character

fwrite(&T->y,2,1,fbmp);

s

fclose(fbmp); // close file
I

S S S S S S S S S N oSS
// function load_image()

/! load image file to memmory(binary_image[..][..])
[[>>>555555505555055505 555D OOOOSSOOSOOSOSOOOOOOSIOIOOOIOOSISSSSOO>>

void load_image(void)
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{

logo();

getstr(200,350,15,"FILE : ",st); // get file name
* setfillstyle(1,YELLOW);

bar(110,348,498,372);

setcolor(RED);

switch(read_image(st))
{
case 1: outtextxy(210,360,"File not Found !"); // file not found
getch();
setfillstyle(1,BLUE);
bar(110,348,498,372);
show_image(0,0,Xmax, Ymax,WHITE,BLUE);
break;
case 2: outtextxy(210,360,"Not BMP File !"); // not bmp file
getch();
setfilistyle(1,BLUE);
bar(110,348,498,372);
show_image(0,0,Xmax, Ymax, WHITE,BLUE);
‘ _ break;
case 3: outtextxy(210,360,"Not 2 gray level !"); // not 2 gray level
getch();
setfillstyle(1,BLUE);
bar(110,348,498,372);
show_image(0,0,Xmax, Ymax, WHITE,BLUE);
break; —-
case 0: show_imagc(0,0,Xmax,Ymax,WfIH'E,BLUE); // can load image
fill_hole(); // fill hole

thinning(); // thinning
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show_image(0,0,Xmax, Ymax, WHITE,BLUE); // after thinning
/I write_image(st,"thin.bmp");
clip_distort(); // clip distort 2 time
clip_distort();
show_image(0,0,Xmax,Ymax,WHITE,BLUE); // after clip distort
/ write_image(st,"clip.bmp™);

break;

[[>>>555555555555555 555555555 >OSODSSOOODSSSSOSOOOOSSSSSISISOOS>SSSSS>>
// function recognize()

/! recognize all character in image

Vi and save in CH(list of output)
[[>>>>5555555555>555 555555555555 S> OS> SSSSSSSSSOSEO SOOI OSSO SSSS>>>
void recognize()

{

int xd,yd;

Lm_Rcg = RECOG; // recognize

DEL_NODE(); // clear memory for load pattern and save output

read_pattern();  // load database(pattern)

for(int y=1;y<=Ymax;y++)

for(int x=1;x<=Xmax;x¥+)

{
if(X0(x,y)) // if found parts of character

{
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recognizel(x,y); // recognize
// add output to CH(list of output after recognize)
ADDC(CH,CL,character,x_min+(X_max-X_min)/2,y_min+(y_max-y_min)/2});

switch (character) {

case (unsigned char)173:

xd = x_max - (X_max-Xx_min)/4;

yd = y_max+1;
while(X0(xd,yd)==0)
{
yd++;

if(yd==Ymax) break;
}
del_stroke(xd,yd);
break;

case (unsigned char)176:

xd = x_min + (X_max-X_min)/2;

yd = y_max+1;
while(X0(xd,yd)==0) .
{ - .
yd++;

if(yd==Ymax) break;
}
del_stroke(xd,yd);
break;

case (unsigned char)209:
xd = x_min + (X_max-X_min)/2;

yd = y_max-+1;



y_min)/2);
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while(X0(xd,yd)==0)
{
yd++;
if(yd=Ymax) break;
}
recognize1(xd,yd);
if(character==(unsigned char)209)
CL->character = (unsigned char)208;
else
{

ADDC(CH,CL,character,x_min-+(x_max-x_min)/2,y_min+(y_max-

}
break;

case (unsigned char)224:

¥_min)/2);

xd = x_min+1;
yd = y_min+(y_max-y_min)/2;
while(X0(xd,yd)==0)
{
xd++;
if(xd == Xmax) break;l
}
recognizel(xd,yd);
if(character==(unsigned char)224)
CL->character = (unsigned char)225;
else
{

ADDC(CH,CL,character,x_min+(X_max-x_min)/2,y_min+(y_max-



(y_max-y_min)/2);
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xd = x_min-1;
yd = y_min+(y_max-y_min)/2;
while(X0(xd,yd)==0)
{
xd--;
if(xd == 1) break;
}
recognizel (xd,yd);
if(character==(unsigned char)224)
(CL->befor)->character = (unsigned char)225;
else
{

ADDC(CH,CL character,x_min+(x_max-x_min)/2,y_min+

break;

} //end switch

} // end if

} // end for

write_pattern();
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REC.CPP
// Written By Nopporn Kongdum 3P 37013299
// Start 01/10/96
.// Last Modified 30/3/97

#define true (unsigned char)0x01
#define false (unsigned char)0x00
#define h_right 0x01 // status of head
#define h_left 0x00

#define HIGH_CH 8  // for detect character which same pattern

extern unsigned char get_kb(int x,int y,int color,int back);
extern unsigned char x1,x2,x3,x4,x5,x6,x7,x8;

extern unsigned char X0(int &x,int &y);

extern unsigned char X1_X8(int &x,int &y); :

extern void clear_b(int &x,int &y);

extern void set_b(int &x,int &y);

extern int Xmax,Ymax;

extern void show_int(int value);

extern void displaychar(int x, int y ,int color, int ch);

extern. void show_win(int Ift,int up,int rght,int dw,int bx,int by,

int color,int back,int type);

extern node br{16];
extern int cb;

extern headl head_[8];
extern int head;
extern PLIST HO,LO;
extern PLIST HIL,L1L;
extern PLIST H2L,1.2L;



77

extern PLIST HIR,LIR;

extern PLIST H2R L2R;

extern CLIST CHAR;

extern int n_ch;

extern unsigned char character;

extern unsigned char Ch_learn;

extern int Lm_Rcg;

extern point edge_[8];

extern int ne;

extern unsigned long DIRECT;

extern int nd;

exfern int x_min,x_max,y_min,y_max;
extern stack stack_s[8]; // save old section
extern point old1[8],0ld2{8]; // save old point which delete

extern point sect1[8],sect2[8]; // save branch of section

extern point hp[250];

extern int  _hp;

void del_head(int x,int y);

void del_stroke(int x,int y);

unsigned char line_direct(int &x,int &y);

void recognize3();

void recognize2(); )

void recognizel(int &x,int &y);

int find_start(int &x,'mt. &y); // if return 1 input is loop

void check_head(int &n);

void addnode(int x_or,int y_or,int x_s,int y_s,int X_o,int y_o,int X_n,int y_n);

void delnode(int n);
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[[>>>>0555555555555555>55555555OSOSOOOSOSDISOOISOIOOOSSOOSOSOSOOOSS>>>

/f Function recognizel(x,y)

// Analysis chracter by find head status of head and direct
.// of line stroke

// Input

/ X,y -> point of found image charater

// Output

/ charracter -> alphabet of image charater

// X_min,y_min -> X,y minimum of character

/l X_max,y_max -> X,y maximum of character

/14<<<<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

void recognizel(int &x,int &y)

{
int
int
int
int
int

int

X_OL,y_Or,X_S,y_S;
X_or2,y_or2x_s2,y_s2,x_n2y_n2;

ni,n2; // count old point which delete(for restor)
bl,b2; // count branch of section; :
r1,r2; // used for for loop

cp ; // count point;

/[ oldvect = getvect(0Ox1c);

/] setvect(0x1c,newint);

START:

_hp=0; // >>>>>>>>>>>>>>>for display head after delete only<<<<<<<<<<<<<

ne = 0; // number of edge

if(find_start(x,y)) ; //if return 1 then character input is loop
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X_min = X_max = X;

y_min = y_max = y;

head = 0; // count head

¢

cb =0;

cp =0;

addnode(x,y,X,y,X,y,%.y); // first point

while(cb>0)
{
for(int n=1;n<=cb;)
{
cp++; /[ increment point

clear_b(br{n].x_old,br[n].y_old); // don't use old point for search

if((br[n].x_new)>x_max) x_max=br{n].x_new;
else if((br[n].x_new)<x_min) x_min=br[n}].x_new;
if((br[n].y_new)>y_max) y_max=br[n].y_new;

else if((br[n].y_new)<y_min) y_min=br[n].y_new;

X1-8(br[n].x_new,br[n].y_new); // find neighbour (8 direct)

bl = 0; // find new branch

if(x1) { bl4++;sectl[bl]x=(br[n] x_new)+1;sectl[bl].y=(br[n].y_new)-1;}
if(x2) { bi++;sectl[bl].x=(br[n].x_new) ;sectl[bl].y=(br[n].y_new)-1;}

if(x3) { bl++;sectl{bl].x=(br[n].x_new)-1;sectl[bl].y=(br[n].y_new)-1;}
if(x4) { bl++;sectl[bl].x=(br[n].x_new)-1;sectl[bl].y=(br[n].y_new);}
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if(x5) { bl4++;sectl[bl].x=(br{n].x_new)-1;sectl[bl].y=(br[n].y _new)+1;}
if(x6) { bl++;sectl[bl].x=(br[n].x_new) ;sectl[bl].y=(br[n]l.y_new)+1;}

if(x7) { bl++;sectl[bl].x=(br[n].x_new)+1;sectl[bl].y=(br{n].y_new)+1;}
if(x8) { bl4+;sectl[bl].x=(br[n].x_new)+1;sectl[bl].y=(br[n].y new);}

Jif(bl==0) { // don't have path for new search [edge]
set_b(br{n].x_old,br[n].y_old); // restor old point
ne++;
edge_[ne].x = br[n].x_new;
edge_[nel.y = br[n].y_new;
delnode(n);

else if(b1==1) { // have 1 path
set_b(br{n].x_old,br[n].y_old); // restore old point
br[n].x_old = br[n].x_new; brin].y_old = br{n].y_new;
br{n].x_new = sect1[1]1.x; br[n]l.y_new = sectl[1].y;
check_head(n);

}

else // is case of found section

{
nl = 1; old1[n1].x = br[n].x_old; old1{nl].y = br[n].y_old; .
clear_b(old1[n1].x,0ld1[nl].y); // clear_b point which found section
++nl; old1[nl].x = br[n].x_new; old1{nl].y = br[n].y_new; // save point
clear_b(old1[nl]x,0ld1[nl1].y); // clear_b point which found section
// test for find orgin of section
if(x1&x2&x3) { //if current is not origin change to origin

--(br[n).y_new); clear_b(br{n].x_new,br[n].y_new);

if((br{n}].y_new)>y_max) y_max=br[n].y_new;
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else if((br{n].y_new)<y_min) y_min=br{n].y_new;
++nl; old1[n1].x = br{n].x_new; old1[nl].y = br[n].y_new;
}
else if(x3&;(4&x5) { //if current is not origin change
--(br{n].x_new); clear_b(br[n].x_new,br[n].y_new);
if((br{n).x_new)>x_max) x_max=br[n].x_new;
else if((br[n].Xx_new)<x_min) X_min=br{n].x_new;
++nl; old1[nl]x = br[n].x_new; old1[nl].y = br[n].y_new;
}
else if(x5&x6&x7) { //if current is not origin change
++(brn].y_new); clear_b(br[n].x_new,br[n].y_new);
if((br{n].y_new)>y_max) y_max=br[n].y_new;
else if((br[n].y_new)<y_min) y_min=br{n]l.y_new;
++nl; old1[nl].x = br[n].x_new; old1[nll.y = br[n].y_new;
}
else Hf(x7&x8&x1) { /fif current is not origin change
++(brin].x_new); clear_b(br{n].x_new,br[n].y_new);
if((br[n] x_new)>X_max) x_max=br{n].x_new;
else if((br{n].x_new)<x_min) X_min=br(n].x_new;
++nl; old1[nl]).x = br[n].x_new; old1[nl].y = br[n].y_new;
) 7.
if((xl&x2&x3)ll(x3&x4&x5)ll(x5&x6&x7)l|(x7&x8&xlj) { /I if change origin find new
branch again
X1_8(br[n].x_new,br{n].y_new);
bl =0;
if(x1) { bl4++;sectl[bl].x=(br[n].x_new)+1;sectl[bl].y=(br[n].y_new)-1;}
if(x2) { bl++;sectl[bl]x=(br[n].x_new) ;sectl[bl].y=(br[n].y_new)-1;}
if(x3) { bl4+;sectl[bl].x=(br[n].x_new)-1;sectl[bl].y=(br[n].y_new)-1;}
if(x4) { bl++;sectl[b1]x=(br[n].x_new)-1;sectl[bl].y=(br[n].y_new);}
if(x5) | bil++;sectl[bl].x=(br[n].x_new)-1;sectl[bl].y=(br[n].y_new)+1;}
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if(x6) { bl++;sectl[bl].x=(br[n].x_new) ;sectl[bl].y=(br[n].y_new)+1;}
if(x7) { bl++;sectl[bl].x=(br[n].x_new)+1;sectl{bl].y=(br[n].y_new)+1;}
if(x8) { bl++;sectl[bl].x=(br[n].x_new)+1;sectl[bl].y=(br[n].y _new);}

} // end find origin of section and new branch

x_or = brn].x_new; [/ set_b origin of section

y_or = br[n].y_new;

delnode(n);

for(rl=1;rl<=bl;rl++) // clear_b all branch befor find new branch

clear_b(sectl[rl].x,sectl[rl].y);

for(rl=1;rl<=bl;rl++) { // find new branch of all branch
x_s = sectlrl].x; y_s = sectl[rl].y;
if(x_s>Xx_max) X_max=x_s;
else if(x_s<x_min) x_min=x_s;
if(y_s>y_max) y_max=y_s;

else if(y_s<y_min) y_min=y_s;

X1_8(x_s,y_s);

b2 = 0;

if(x1) { b2++;sect2[b2]x=(x_s)+1;sect2[b2].y=(y_s)-1;}
if(x2) | b2++;sect2[b2].x=(x_s) ;sect2[b2].y=(y_s)-1;}
if(x3) { b2++;sect2[b2].x=(x_s)-1;sect2[b2].y=(y_s)-1;}
if(x4) { b2++;sect2[b2].x=(x_s)-1;sect2[b2].y=(y_s);}
if(x5) { b2++;sect2[b2] x=(x_s)-1;sect2[b2].y=(y_s)+1;}
if(x6) { b2++;sect2[b2].x=(x_s) ;sect2[b2].y=(y_s)+1;}
if(x7) { b2++;sect2[b2].x=(x_s)+1;sect2[b2].y=(y_s)+1;}
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if(x8) { b2++;sect2[b2].x=(x_s)+1;sect2[b2].y=(y_s);}
if(62==1) { [/ if new branch is not section add start node
addnode(x_or,y_or,x_s,y_s,x_s,y_s,sect2[1].x,sect2[1].y);
n++;
}
else // in case of found section after branch from old section
{
Xx_or2=x_s; y_or2 =y_s;
n2 =0;
if(x1&x2&x3) |
--(y_or2); clear_b(x_or2,y_or2);
if((y_or2)>y_max) y_max=y_or2;
else if((y_or2)<y_min) y_min=y_or2;
++n2; old2[n2] x = x_or2; old2[n2].y = y_or2;
}
else if(x3&x4&x5) {
--(x_or2); clear_b(x_or2,y_or2);
f((x_or2)>x_max) X_max=x_or2;
else if((x_or2)<x_min) Xx_min=x_or2;
++n2; old2[n2].x = x_or2; old2[n2].y = y_or2;

o

}
else if(x5&x6&x7) |

++(y_or2); clear_b(x_or2,y_or2);
if((y_or2)>y_max) y_max=y_or2;
else if((y_or2)<y_min) y_min=y_or2;
++n2; old2[n2].x = x_or2; old2[n2].y = y_or2;
}
else if(x7&x8&x1) {
++(x_or2); clear_b(x_or2,y_or2);

if((x_or2)>x_max) x_max=x_or2;
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else if((x_or2)<x_min) x_min=x_or2;
++n2; old2[n2].x = x_or2; old2[n2].y = y_or2;
}

if((x 1 &x2&x3)M(x3&x4&XSM(x5&X6&X T(xT&x8&x1)) {
X1_8(x_or2,y_or2),
b2 = 0;
if(x1) { b24+;sect2[b2].x=(x_or2)+1;sect2[b2].y=(y_or2)-1;}
if(x2) { b2++;sect2[b2] x=(x_or2) ;sect2[b2].y=(y_or2)-1;}
if(x3) { b2++;sect2[b2] x=(x_or2)-1;sect2[b2].y=(y__or2)-1;}
if(x4) { b2++;sect2[b2].x=(x_or2)-1;sect2[b2].y=(y_or2);}
if(xS) { b2++;sect2[b2].x=(x_or2)-1;sect2[b2].y=(y_or2)+1;}
if(x6) { b2++;sect2[b2]x=(x_or2) ;sect2[b2].y=(y_or2)+1;}
if(x7) { b2++;sect2[b2].x=(x_or2)+1;sect2[b2].y=(y_or2)+1;}
if(x8) { b2++;sect2[b2].x=(x_or2)+1;sect2[b2].y=(y_or2);}

for(r2=1;r2<=b2;r2++)

clear_b(sect2[r2] x,sect2[r2].y);

for(r2=1;r2<=b2;r2++) {
X_s2 = sect2[r2]x; y_s2 = sect2[r2].y;
if(x_s2>x_max) X_max=x_s2;
else if(x_s2<x_min) x_min=xX_s2;
if(y_s2>y_max) y_max=y_s2; -
else if(y_s2<y_min) y_min=y_s2;
X1_8(x_s2,y_s2);
if(x1) { x_n2=x_s2+1;y_n2=y_s2-1;}
if(x2) { x_n2=x_s2 ;y_n2=y_s2-1;}
if(x3) { x_n2=x_s2-1;y_n2=y_s2-1;}
if(x4) { x_n2=x_s2-1;y_n2=y_s2;}
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if(x5) { x_n2=x_s2-1;y_n2=y_s2+1;}

if(x6) { x_n2=x_s2 ;y_n2=y_s2+1;}

if(x7) { x_n2=x_s2+1;y_n2=y_s2+1;}

if(x8) { x_n2=x_s2+1;y_n2=y_s2;}
addnode(x_or2,y_or2.x_s2,y_s2,x_s2,y_s2,x_n2,y_n2);
n+;

}  // end for loop 12

for(r2=1;r2<=b2;r2++)
set_b(sect2[r2].x,sect2[r2].y);

for(r2=1;r2<=n2;r2++)
set_b(old2[r2].x,0ld2[r2].y);

} // end in case of found new section after branch from section
} // end loop rl (loop all branch which have

for(rl=1;rl<=bl;r14++) // restor all neighbour of section

set_b(sectl[r1].x,sectlr1].y);

for(rl=1;rl<=nl;rl4++) // restor old point and orgin of section

set_b(old1{r1].x,0ld1[r1].y);
} // end case of section
}; // end for search new point for all node

}:// end while

X = X_max; y = y_min;
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if(cp<Max_Dist) { // distortion not character
del_stroke(br{1].x_origin,br[1].y_origin); // delete distort
for(;y<=Ymax;y++) // and find new character
for(x=1;x<=Xmax;x++)
if(X0(x,y)) goto START;
}
else { // chracter
recognize2(); // find direct pattern of character
recognize3(); // find pattern of chz;racter in database
}

// setvect(0Ox1c,oldvect);

}

[[>O555000555505555B5SDOSSOOOSOOOIOOIOBSOSEDOSSSSSSEEEOSSOOOSESSS>5>

// Function recognize2

/! find direct pattern of character

// Input

/l ) edge_[..] ->point of all edge of character
i head_[..] -> point of head and status of head

// Output

I

[]<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
void recognize2()
{ .
int x,y;" // start Yind
int c,j;
int n = 0; //top stack;
int status_;
// int begin_branch;

unsigned long direct;
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unsigned long PATTERN;

] >35555>55555555>>>>DISPLA Y <<<<<<<<L<LL L
setfillstyle(1,CYAN);
bar(X-20,Y-20,X+320,Y+140);
show_win(x_min,y_minx_max,y_max, WHITE,BLUE,1);
[] >>>5555555555>55505555555OSOOSSSSOOSSSSSDISSISOSOIIIDO>I>S>
for(j=1;j<=_hp;j++) [/ DIPLAY HEAD
putpixel(hp(j].x-x_min+X,hp[jl.y-y_min+Y,WHITE);
//<<<<LLLLLLLLLLLLLLLLLLLL L LLLLLLLLLLLLLL L LLLLLLLLLLLLLLLLL LKL
setcolor(RED);
moveto(X+80,Y);
outtext("Head = ");
setcolor(YELLOW);
show_int(head);
for(int r1=1,r2=Y+20;rl<=head;r1++,r2+=20) {
moveto(X+80,r2);
setcolor(RED);
outtext("coordinate = ");
setcolor(YELLOW);
show_int(head_[ri].x);
setcolor(RED);
outtext(",");
setcolor(YELLOW);
show_intthead_[r1].y);
r2+=20;
moveto(X+100,r2);
setcolor(YELLOW);
ifthead_[rl].status==h_left)

outtext(" Head left™);
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else outtext(" Head right™);
}
moveto(X,Y+120);
setcolor(RED);
outtext("DIRECT = ");
setcolor(YELLOW);

[l >>>>>>>>>5>>>>>>>>>>DISPLA Y <<<<<<g<LLLLLLLLLLLLLLLLLLLLLLL

if(head==0) {
X = edge_[1]x;
y = edge_[ll.y;
for(j=2;j<=ne;j++)
if((edge_[j]x) < x) {
x = edge_[jl.-x;
y = edge_[jl.y;

}
else ifthead=—=1) {
X = head_[1].x;
y = head_[1Ly;
} : -
else {
X1_8(head_[1].x,head_[1].y);
H(x1+x2+X3+x4+x5+x64+x7+x8)==1) |
X1_8(head_[2]x,head_[2].y);
(1 4x24+X3+x 44X 5+x6+x 7+x8)==1) {
if(thead_[1].x<head_[2]x) {
x = head_[1].x;

y = head_[1].y;
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else {
X = head_[2].x;
y = head_[2].y;
status_ = head_[1].status;
head_[1].status = head_[2].status;

head_[2].status = status_;

!

else {
x = head_[1].x;
y = head_[1].y;
}
}
else {
x = head_[2].x;
y = head_[2]y;

status_ = head_[1].status;
head_[1].status = head_[2].status;

head_{2].status = status_; -

nd = 0; // number of direct;

do{

clear_b(x,y);

[ >O3555555555555555 555D IOOOSSODOOOIOOOSOSOISSOSSS,

//putpixel(x-x _min+X,y-y_min+Y ,BLUE);
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//delay(10);

P S S S S ST

X1_8(x,y);
¢ = (int)(x 1 +x2+x3+x4+x5+X6+x7+x8);

begin_branch = 0;
if(c>1) { // section

if(x 1 &x2&x%3) --y;

else f(x3&x4&x5) --x;
else if(x5&x6&x7) ++y;
else if(x7&x8&x1) ++x;

clear_b(x,y);
X1_8(x.y);

if(x8) { n++;temp[n].x=x+1;temp[n].y=y;clear_b(temp[n].x,temp[n].y); }
if(x7) { n++temp[n] x=x+1;temp[n].y=y+1;clear_b(temp(n].x,temp[n].y); }
if(x6) { nt++temp[n].x=x ;temp[n].y=y+1;clear_b(temp[n].x,temp[n].y); }
if(x5) { n<l—|-;temp[n].x=x-l;tem;;[n].y=y+1;clear_b(temp[n].x,temp[n].y);}
B if(x4) { n++;temp[n]x=x-1;te1£p[n].y=y;clear__b(temp[n].x,temp[n].y);}
if(x3) { n++temp[n].x=x-1;temp[n].y=y-1;clear_b(temp[n].x,temp[n].y); }
if(x2) { n++;temp[n].x=x ;temp[n].y=y-1;clear_b(temp[n].x,temp{n].y); }

if(x1) { n++;temp[n].x=x+1;temp[n].y=y-1;clear_b(temp[n].x,temp[n].y); }

X = temp[n].x; y = temp[nl.y; --n;
c=1;

begin_branch = 1;
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}
if(c==0) {
if(n>0) {
X = temp[n].x; y = temp[nl.y; --n;
¢ =l;
begin_branch = 1;

}

if(c==1) {
direct = (unsigned long)line_direct(x,y); .
[[ >>>>55>>555555>>> SOSOSEOISEESZSOIOISSOZOOSIOSSIOSOZO>,
if((direct!=(unsigned long)ND)&&(nd<32)) {
if(nd==0) {
PATTERN = direct;
nd+=2;
}
else if((direct!=(unsigned long)(PATTERN>>(nd-2)))
li(begin_branch)) {
PATTERNI=(unsigned long)(direct<<nd);

nd+=2;

}
}while(c!=0);

/* if((PATTERN&(unsigned long)0x03)==(unsigned long)0x01) { // | start D
if((PATTERN&(unsigned long)0xfff)==(unsigned long)0x989) { //I_/A\ |
PATTERN>>=12;
PATTERN<<=6;
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PATTERNI=(unsigned long)0x11;
nd-=6;
}
else if(PATTERN&(unsigned long)0x3ff)==(unsigned long)0x189) |
PATTERN>>=10;
PATTERN<<=6;
PATTERNI=(unsigned long)0x11;
nd-=4;
}
else if((PATTERN&(unsigned long)0x3ff)==(unsigned long)0x261) |
PATTERN>>=10;
PATTERN<<=6;
PATTERNI=(unsigned long)0x11;
nﬁ-=4;
|
else if((PATTERN&(unsigned long)0xff)==(unsigned long)0x91) |{
PATTERN>>=8;
PATTERN<<=6;
PATTERNI=(unsigned long)0x11;
nd-=2;
}
else if(PATTERN&(unsigned long)0xff)==(unsigned long)0x61) {
PATTERN>>=8§;
PATTERN<<=6; -
PATTERNI=(unsigned long)0x11;
nd-=2;
}
else if(PATTERN&(unsigned long)0xff)==(unsigned long)0x49) {
PATTERN>>=8;
PATTERN<<=6;
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PATTERNI=(unsigned long)0x11;
nd-=2;

else if((PATTERN&(unsigned long)0xff)==(unsigned long)0x89) { //\_/-
PATTERN>>=8;
PATTERN<<=4;
PATTERNI=(unsigned long)0x01;
}
else if((PATTERN&(unsigned long)0x3f)==(unsigned long)0x21) { //V-
PATTERN>>=8;
PATTERN>>=6;
PATTERN<<=4;
PATTERNI=(unsigned long)0x01;
nde=2;
}
else if(PATTERN&(unsigned long)0x3f)==(unsigned long)0x09) { //\_/
PATTERN>>=6;
PATTERN<<=4;
PATTERNI=(unsigned long)0x01;
nd-=2;
}
else if(PATTERN&(unsigned long)Oxff)==(unsigned long)0xd9) { //\/
PATTERN>>=S8; -
PATTERN<<=6;
PATTERNI=(unsigned long)0x39;
nd-=2;
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else if(PATTERN&(unsigned long)0x03)==(unsigned long)0x02) { // - start R

if((PATTERN&(unsigned long)0x3ff)=(unsigned long)0x226) { // \_/-
PATTERN>>=10;
PATTERN<<=4;
PATTERNI=(unsigned long)0x01;
nd-=6;
}
else if(PATTERN&(unsigned long)dxff)-—=(unsigned long)0x26) { // \J
PATTERN>>=8;
PATTERN<<=4;
PATTERNI=(unsigned long)0x01;
nd-=4;
}
else if(PATTERN&(unsigned long)0x3f)==(unsigned long)0x06) { // -Y
PATTERN>>=6;
PATTERN<<=4;
PATTERNI=(unsigned long)0x01;
nd-=2;

else if((PATTERN&(unsigned long)0x03)==(unsigned long)0x00) { // | start U

if(PATTERN&(unsigned long)0x3ff)==(unsigned long)0x0c8) { //
PATTERN>>=10;
PATTERN<<=6;
PATTERNI=(unsigned long)0x38;
nd-=4;
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}
else if(PATTERN&(unsigned long)0xff)==(unsigned long)0xc8) { //
PATTERN>>=8;
PATTERN<<=6;
PATTERNI=(unsigned long)0x38;
nd-=2;
}
else if(PATTERN&(unsigned long)0xff)==(unsigned long)0x38) { // -V
PATTERN>>=$;
PATTERN<<=6;
PATTERNI=(unsigned long)0x38;

*/
// PATTERN I= (unsigned long)(Oxffffffff<<nd);
PATTERN I= (direct<<30);

DIRECT = PATTERN;

for(c=0;c<nd;c+=2) {

unsigned char a;

a = (unsigned char)((PATTERN&((unsigned long)(0x03)<<c))>>(c));
- if(a==U) outtext("U ");

else if(a==D) outtext("D ");

else if(a==L) outtext("L ");

else if(a==R) outtext("R *);
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»

[[>>>>>500550000500005555O00SDDOOOSSSSOODD5SSSDSOSSOISODODDDSSSOSDSO>>>

// Function recognize3

/! analysis character by used head status of head and direct
/

// Input

/ head -> head of character

/! head_[..] -> coordinate and status of character

/ DIRECT  -> direct pattern of character

i Database

I HO -> list patern of no head character

/ HIL -> list patern of 1 head character and head status = left
/ HIR -> list patern of 1 head character and head status = right
/! * H2L -> list patern of 2 head character and head status = left
// H2R -> list patern of 2 head character and head status = right
// Output

/! character -> ascii code of image character

1/<<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL

void recognize3()
“

int ifound=0;
PLIST T; -
if(head == 0) {

for(T=HO; T!=NULL;T=T->next)
if(T->pattern=DIRECT) {
found = 1;
character = T->character;

break;
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else if(head == 1) {
if(head_[1].status==h_left) {
for(T=H1L;T!=NULL;T=T->next)
if(T->pattern=DIRECT) {
found = 1;
character = T->character;

break;

}

else {
for(T=HIR;T!=NULL;T=T->next)
if(T->pattern==DIRECT) {
found = 1;
character = T->character;

break;

}
else if(head==2) {
if(head_[1].status==h_left) {
for(T=H2L;T!=NULL;T=T->next)
if(T->pattern—DIRECT) |{
found = 1;
character = T->character;

break;

}

else |

for(T=H2R; T!=NULL;T=T->next)



98

if(T->pattern==DIRECT) {
found = 1;
character = T->character;

break;

if(found == 0) |{
if(Lrn_Rcg == RECOG)
{
character = get_kb(X+20,Y+90,WHITE,CYAN);

else
character = Ch_leamn;

switch (Ch_learn) {

case (unsigned char)162 : Ch_learn=(unsigned char)164;
. break;

case (unsigned char)1_64 : Ch_learn=(unsigned char)166;
| break;

case (unsigned char)207 : Ch_learn=(unsigned char)209;
break;

case (unsigned éhar)217 : Ch_leam=(unsigned char)224;
break;

case (unsigned char)224 : Ch_learn=(unsigned char)226;
break;

case (unsigned char)228 : Ch_learn=(unsigned char)230;

break;
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case (unsigned char)236 : Ch_learn=(unsigned char)240;
break;

default : Ch_learn++;

if(head==0) |

ADDP(H0,L0,DIRECT character);
}
else if(head==1) {

if(head_[1].status==h_left) {

ADDP(H1L,L1L,DIRECT character);
}
else |

ADDP(HIR,L1R,DIRECT,character);

}
else if(head=2) {
if(head_[1].status==h_left) {
ADDP(H2L,L2L,DIRECT,character);
}

else {

ADDP(H2R,L2R,DIRECT character);

switch (character) {
case (unsigned char)162: [/ k
if(y_min<(head_[1].y_min-HIGH_CH))
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character = (unsigned char)187; // p
else {
float ratio = (float)(((float)y_max-(float)y_min)/
((float)x _max-(float)x_min));
if(ratio<1.5)
character = (unsigned char)186; // b

}
break;

case (unsigned char)187: //p
if(y_min>(head_[1].y_min-HIGH_CH)) {
float ratio = (float)(((float)y_max-(float)y_min)/
((float)x_max-(float)x_min));
if(ratio<1.5)
character = (unsigned char)186; // b
else
character = (unsigned char)162; // k
}
break;

case (unsigned char)186: // k
if(y_min<(head_[1].y_min-HIGH_CH))
character = (unsigned char)187; //p
else {
float ratio = (float)(((float)y_max-(float)y _min)/
((float)x _max-(float)x_min));
if(ratio>1.5)

character = (unsigned char)162; // b

break;
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case (unsigned char)167:
if(y_min<head_[1].y_min)
character = (unsigned char)168;

break;

case (unsigned char)168:
if(y_min==head_[1].y_min)
character = (unsigned char)167;

break;

case (unsigned char)172:
if(head_[2].status==h_right)
character = (unsigned char)179;

break;

case (unsigned char)179:
if(head_[2].status==h_left)
character = (unsigned char)172;

break;

case (unsigned char)182:
if(y_max>(head_[1].y_max+HIGH_CH))
‘character = (unsigned char)196;

break;

case (unsigned char)196:
if(y_max<(head_[1].y_max+HIGH_CH))
character = (unsigned char)182;

break;
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case (unsigned char)185:
if(head_[2].status==h_left)
character = (unsigned char)193;

break;

case (unsigned char)193:
if(head_[2].status==h_right)
character = (unsigned char)185;

break;

case (unsigned char)188:
if(y_min<(head_[1].y_min-HIGH_CH))
character = (unsigned char)189;

break;

case (unsigned char)189:
if(y_min>(head_{1].y_min-HIGH_CH))
character = (unsigned char)188;

break;

case (unsigned char)190:
if(y_min<(head_[1].y_min-HIGH_CH))
character = (unsigned char)191;

break;

case (unsigned char)191:
if(y_min>(head_[1].y_min-HIGH_CH))
character = (unsigned char)190;

break;
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displaychar(X+20,Y+90,WHITE,character);
delay(350);
displaychar(X+20,Y+90,BLUE,character);

//>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

// Function Find_Start(x,y)

/f Find start point for search Head and scope of character
/f start point must Edge or origin of Section
// Input

/l X,y -> point of found Character(Black point)
// Output
/i X,y -> coordinate of Edge or origin of section of character
// Return code
/ 1 -> input character is circle(loop)
/! 0 -> not loop
[1<<<LLLLLLLLLLLL LKL LKL L LKL LKLLL L LL L L L L LLL L L LL L LLLLL LKL LKL LKL
int find_start(int &x,int &y) -
{
int x_start=x, y_start=y; // old coordinate
int x_old =x, y_old =y;

-

int branch=0; // count of neighbour

X1_8(x,y) // don't use old point

branch = (int)(x1+x2+x3+x4+x5+x6+x7+x8); // branch = 1 is edge

if(branch!=1) // if in line or section find start of line or
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{ // origin of section

if(x1) { x++ y-; } // set_b new point = new neighbour

else if(x2) { y--; } /[ protect = xy start

else if(x3) { x--;y--; } // in loop do if xy_new = xy start is loop;
else if(x4) { x--; }

else if(x5) { x--;y++; }

else if(x6) { y++; }

else if(x7) { x++y++; }

else if(x8) { x++; }

do {
clear_b(x_old,y_old); // clear_b old point
/l for find status of neighbour

X1_8(x.y); /[ don't use old point
set_b(x_old,y_old); // restor old point in image

x_old = x; // old point = current point

y_old = y;

branch = (int)(x 14+X2+X3+x4+x5+X6+x7+x8);
t
if(branch==1) /[ if new neighbour = 1
{
if(x1) { x++ y- } // set_b new point = new neighbour
else if(x2) { y--; }
else if(x3) { x--y--; }
else if(x4) { x--; }
else if(x5) { x--;y++; }
else if(x6) { y++; }
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else if(x7) { x++y++; }
else if(x8) { x++; |
if((x==x_start)&&(y==y_start)) return(l); // is head only
}
else if(branch>1){
if(x1&&x2) { y--; } // find origin of section
else if(x2&&x3) { y--; }
else if(x3&&x4) { x--; }
else if(x4&&x5) { x--; }
else if(x5&&x6) { y++; }
else if(x6&&x7) | y++; |
else if(x7&&x8) { x++; }
else if(x8&&x1) [ x-++; }
}
} while(branch==1); // repeat until found edge(cn=0) or section(cn>1)
}
if((branch==1)ll(branch==0)) { // found edge
ne++;
edge_[ne].); =X ; edge_[nel.y = y;
}
return(0);
}
[[>>>55555555555555555 550555555055 55555O 5SSOSO IOSOIDSOOSSOSSSSSSS>>

// Function addnode(x_or;y_oax_s,y_s,x_o,y___o,x_n,y_n)

/! add new branch for search

/! Input

/! x_or,y_or -> origin of this branched(or section)
i X_s,y_s -> start point of this branched

/! X_0,y_o -> old point which searched

// X_ny_n -> new point for search
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{// Output
/l cb -> count of all branched(must increment)
/! br[..] -> save all branched

//<<<<<<LLLLLLLLLLLLLLLLLLLLLLL L L LLLLLLL L L L L LKL L L LKL L L LLLLLLLLLLLLLLLL
void addnode(int x_or.int y_or,int X_s,int y_s,int X_o,int y_o,

int x_n,int y_n)

++cb;

br{cb].x_origin = x_or; // origin of section
br{cb].y_origin = y_or;

br[cb].x_start = x_s; // section which select
br[cbl.y_start = y_s;

br{cb].x_old = x_o; // old coordinate
br{cb].y_old = y_o;

bricb].x_new = x_n; // new coordinate

br{cbl.y_new = y_n;

[[>>>>>5555555555555005 5550555555055 S 0SSOSO OSSO OSSO SIS SOSSSISO>>>>

// Function delnode(n)

/l delete branched which search ready

// Input

IF n -> number of branched which search ready
// Output

It cb -> count of branch must decrement

[ <L LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL L L L LKL LLL LKL L LLLLL LKL LKL
void delnode(int n)
{

for(int r=n;r<cb;r++) {
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br{r}.x_origin = br{r+1].x_origin; // origin of section
br(r].y_origin = br[r+1].y_origin;
brrl.x_start = brr+1].x_start; // section which select

brir].y_start = br{r+1].y_start;

br(r].x_old = brfr+1].x_old; /| old coordinate
brfrl.y_old = br{r+1].y_old;
br{rlx_new = br{r+1].x_new; // new coordinate
brirl.y_new = brr+1].y_new;

}

--cb;

//>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

// Function check_head(n)

/A check occured head(loop)

/ if new point of this branch(n) = old point of other branch

// and delete branched which occure head(2 branch)

// Input

/ n -> number of branch which change to new point

// output

/l if occured head -
/ head -> increment number of head

/i head_][..] -> save coordinate of head and status of head

J/<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLL L LLLLLLLLL L L L L L L L L LLLLLL L L LLLLLLLL
void check_head(int &n)
{

int xn,yn,l,x0,yo;

int branch,bl=0,b2=0r1;
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for(int t=1;t<=cb;t++) {

if(((br[t].x_old)=(br[n].x_ncw))&&((br[t].y__old)=(br[n].y__new))) {

X1_8(br{n].x_origin,br[n].y_origin);

sectl[bl].x=(br[n].x_origin); sectl[bl].y=(br[n].y_origin);
sect2[b2].x=(br[t].x_origin); sect2[b2].y=(br(t].y_origin);

if(x1) { bl++;sectl[bl].x=(br[n].x_origin)+1;sectl[b1].y=(br{n].y_origin)-1;}
if(x2) { bl++;sect1[bl].x=(br[n].x_origin) ;sectl[bl].y=(br[n]'.y_origin)-l;}
if(x3) { bl++;sectl[bl].x=(br[n].x_origin)-1;sect1[bl].y=(br[n] .y_origin)-1;}
if(x4) { bl4+;sectl[bl].x=(br[n].x_origin)-1;sect1[bl].y=(br[n] .y_origin); }
. if(x5) { bl++;sectl [bl].x=(br[n].x_origin)-1;sectl[bl].y=(br[n].y_origin)+1; |
if(x6) { bl++;sectl[bl].x=(br[n].x_origin) ;sectl [b1].y=(br[n).y_origin)+1;}
if(x7) { bl++;sectl[bl].x=(br[n].x_origin)+1;sectl[bl].y=(br[n] .y_origin)+l;}
if(x8) { bl++;sectl[bl].x=(br[n].x_origin)+1;sectl[bl].y=(br[n] .y_origin); }

for(r1=0;ri<=b1;rl1++)

clear_b(sectlfrl]xsectlfrlly); , -
if (((br{t].x_origin)!=(br{n].x _origin))ll((br(t].y__origin)!=(br[n].y_origin))) {
X1_8(br{t]x_origin,br{t].y_origin);
if(x1) { b2++;sect2[b2].x=(br{t]x_origin)+1;sect2[b2].y=(br{t].y_origin)-1;}
if(x2) { b2++;sect2[b2].x=(br[t].x_origin) ;sect2[b2].y=(br(t].y_origin)-1;}

if(x3) { b2++;sect2[b2].x=(br{t].x_origin)-1;sect2[b2].y=(br(t).y_origin)-1;}
if(x4) | b2++;sect2[b2].x=(br[t].x_origin)-1;sect2[b2].y=(br[t].y__origin);}
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if(x5) { b2++;sect2[b2].x=(br(t].x_origin)-1;sect2[b2].y=(br[t].y_origin)+1;}
if(x6) { b2++;sect2[b2].x=(br{t].x_origin) ;sect2[b2].y=(br{t].y_origin)+1;}
if(x7) { b2++;sect2[b2].x=(br{t].x_origin)+1;sect2[b2].y=(br{t].y_origin)+1; }
if(x8) { b2++;sect2[b2].x=(br(t].x_origin)+1;sect2[b2].y=(br(t].y_origin); }

for(ri=0;r1<=b2;rl++)
élear_b(seth[rl].x,seth[rl];y);
head++; // increment count of head
del_head(br{n].x_start,br[n].y_start); // del head

for(r1=0;r1<=bl;r1++)

set_b(sectl[r1].x,sectl[rl].y);

for(r1=0;r1<=b2;rl++)

set_b(sect2[r1].x,sect2[r1].y);

clear_b(br[n].x_start,br[n].y_start);
clear_b(brft].x_start,br[t] .y_start);

if(((br{t].x_origin)!=(br[n].x _origin))l((br{t].y _origin)!=(br[n].y_origin))) {

if(thick1(br{t].x_origin,br[t].y_origin))

clear_b(br[t].x_origin,br{t].y_origin);

if(thick1(br[n].x_origin,br[n].y_origin))

clear_b(br[n}.x_origin,br{n].y_origin);
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if((br[n].y_origin)<(br{t].y_origin)) { // select maxy
head_[head].x = br{n}.x_origin;
head_[head].y = br{n].y_origin;

else { head_fhead].x = br{t].x_origin;

head_[head].y = br[t].y_origin;

}
else {
xo=xn=br(n].x_origin ; yo=yn=br[n].y_origin; // mothode 2
1=0;
do {
clear_b(xo,yo);
X1_8(xn,yn);
set_b(xo,yo);
X0 = Xn; yo = yn;
branch = 0;
H+;
if(x1) { ++xn;--yn;++branch; }
if(x2) { --yn;++branch; }
if(x3) { --xn;--yn;++branch; }
if(x4) { --xn;++branch; }
if(x5) { --xn;++yn;++branch; }
if(x6) { ++yn;++branch; }
if(x7) { ++xn;++yn;++branch; }
if(x8) { ++xn;++branch; }
if(branch==1) { temp(l].x = xo0; temp(l].y = yo;}
} while((branch==1)&&(1<4)); // 3 point for check

if(branch>1) { // clip distort length 1-3 (<4)
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for(branch = (I-1) ; branch>0; branch--)

clear_b(temp[branch].x,temp[branch].y);

else { xo=br[n].x_origin ; yo=br(n].y_origin; }

if((x1&x2)lI(x2&x3)) {clear_b(xo,yo);--yo;}

else if((x3&x4)ll(x4&x5)){ clear_b(x0,yo);--x0; } .
else if((x5&x6)(x6&x7)){ clear_b(xo,yo);++yo; }
else if((x7&x8)lI(x8&x1)){ clear_b(xo,yo);++x0; }

head_[head].x = xo; head_[head].y = yo;

if(thick1(head_[head].x,head_[head].y))
clear_b(head_[head].x,head_[head].y);
} /] else
if((br{n].x_new)>(head_[head].x)) head_[head].status = h_right;

else head_[head].status = h_left;

" N if(n>t) { delnode(n); delnode(t); n--; goto end_chk; }
, }clse 1 delnode(t); delnode(n); goto end_chk; }
} // if found
} // loop while
n++;

end_chk:

[[>>>>>5>55505550 5555555555555 DSOS S OSSOSO OSSOSO OSSIOOISSSSSSSSSSSD
// Function line_direct(x,y)

/! find direct of line
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// Tnput

/l X,y -> start point for find direct
// Output
Wi x,y -> end point of direct

// Return code of direct

/i U -> up direct

I D -> down direct

/ L > left direct

/I R -> right direct

i ND -> not enough point for direct

/! <LLLLLLLLLLLLLLLKL K LLL LKL L LLLLLLLLLL LKL L L LKL LKL L LLL L L L LLLLLLLLLLLLLL LKL,

unsigned char line_direct(int &x,int &y)

{
unsigned char u=false,|=false,r=false,d=false;
int up=0,down=0,left=0,right=0;
int ¢

int c_p=0;

do{
clear_b(x,y);
[] >>>5555055505555555555 55555 OOOSDOSOSOISSSOOSSISS>>.
//putpixel(x-x_min+X,y-y_min+Y,BLUE);
//delay(10);
[] SS555550555555555555555055SODOSSOOIOOISOIOSISSOOSSD>
X1_8(x,y);

¢ = (Int)(X1+x2+X3+x4+X5+x6+x7+x8);

if(c==1) {
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f(x1) { ++x;--y;}

else if(x2) { --y;}

else if(x3) { --x;--y;}
else if(x4) { --x;}

else if(x5) { --x;++y;}
else if(x6) { ++y;}
else if(x7) { ++x;++y;)

else if(x8) { ++x;}

C_p+t;

if(begin_branch==1) {
if(c_p==Start_P) {
c_p=0;
begin_branch = 2;

}
else {
if((uldllir)=false) {
if(x1x2Ix3) {
up++; down = 0;
if(up==State_Ch) {
u=true;

up = left = right = 0;

}
else if(x51x6Ix7) {

down++; up = 0;

if(down==State_Ch) {
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=true;

down = left = right = 0;

}
if(x31x4Ix5) {
left++; right = 0;
if(left==State_Ch) {
I=true;

up = down = left = 0;

else if(x11x81x7) {
right++; left = 0;
if(right==State_Ch) {
r=true;

up = down = right = 0;

else {
f(x2) Up++;
else if(x6) down++;
else if(x4) left++;

else if(x8) right++;

if(u==true) {
if((x5Ix6lx7)l(left==Start_P)l(right==Start_P))

return(U);
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}
else if(d==true) {
if((x11x2Ix3)l(left==Start_P)l(right=Start_P))
return(D);
}
else if(l==true) {
if(x11x8Ix7)l(up==Start_P)I(down==Start_P))
return(L);
}
else if(r==true) {
if((x31x4ix5)l(up==Start_P)l(down==Start_P))

return(R);

}
}while(c==1);

if(c_p>P_Direct) {
if(u==true) return(U);
else if(d=true? return(D);
else if(l==true) return(L.);
else if(r=true) return(R);
else return(ND);

}

else return(ND);
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//>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

// Function del_stroke(x,y)

/! delelte stroke of character(all point of character)
// Input

/ X,y -> any point of character

/[ Output

i None

J1< <L LKL LKL L L LLL L L L L LKL L L L L L L L LLLLLLLLLLLLL L
void del_stroke(int x,int y)
{

int c,j;

int n = 0; //top stack; °

dof
clear_b(x,y);
X1_8(x.y);

¢ = (Int)(X14+X2+X3+X4+XS+X6+XT+x8);

if(c==1) {

if(x1) { ++x;--y;)

else if(x2) { --y;}

else if(x3) { --x;--y;}
else if(x4) { --x;}

else if(x5) { --x;++y;}
else if(x6) { ++y;}
else if(x7) { ++x;++y; )

else if(x8) | ++x;}
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else if(c>1) { // section

if(x1&x2&x3) --y;

else if(x3&x4&x5) --x;
else if(x5&x6&x7) ++y;
else if(x7&x8&x1) ++x;

clear_b(x,y);
X1_8(x,y);

if(x1) { n++;temp[n].x=x+1;temp[n].y=y-1;clear_b(temp[n].x,temp[n].y); }
if(x2) { n++temp[n].x=x ;temp[n].y=y-1;clear_b(temp[n].x,temp[n].y); }
if(x3) { n++;temp[n].x=x-1;temp[n].y=y-1;clear_b(temp{n].x,temp[n].y); }
if(x4) { n++;temp[n].x= -1;temp(n].y=y;clear_b(temp[n].x,temp[n].y); }
if(x5) { n++;temp[n].x=x-1;temp[n}.y=y+1;clear_b(temp[n].x,temp[n].y); }
if(x6) { n++;temp[n].x=x ;temp[n].y=y+1;clear_b(temp([n].x,temp[n].y); }
if(x7) { n++;temp[n].x=x+1;temp[n].y=y+1;clear_b(temp[n].x,temp[n].y); }
if(x8) { n+-;-;temp[n].x=x+1;temp[n]’.y=y;clear__b(temp[n].x,temp[n].y);}

x = temp[n] X; y = temp[n].y; --n;

}
else if(c==0) {
if(n>0) | . R
X = temp(n].Xx; y = temp(n].y; --n;

c=1;

} .
}while(c!=0);
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[[5>5555005550000055555 5555555 ED DSOS IIIODIOSIIISSDIISSSISIISODD>

// Function del_head(x,y)

/! delete line at position x,y until end of line(head)
{// Input

/4 X,y -> start of line

// Output

/l None

//<<<<<<<<<<<<<<<<<<<<<<<<-<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
void del_head(int x,int y)
{

head_[head].y_min = head_[head].y_max = y;

do|
X1_8(x.y);
clear_b(x,y);

/] >>>>>>>>>>>>>>>>>5>>>FOR DISPLAY HEAD ONL Y <<<<<<<<LLLLl

_hp++;
hp[_hpl.x = x;
hp[_hply =y;

1 >>>>>>5>>>>>55>>>>>>>CAN DELETES>>55>5555555555 555 5555>>>>

if(x1) { ++x;--y;}

else if(x2) { --y;}

else if(x3) { --x;--y;}

else if(x4) { --x;}

else if(x5) { --x;++y;}

else if(x6) { ++y;}

else if(x7) { +x;++y;}

else if(x8) { ++x;}
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if(y<head_[head].y_min) head_[head].y_min = y;

else if(y>head_[head].y_max) head_[head].y_max =y;

}while(X0(x,y));
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