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Abstract

There is a lot of interests in the field of character recognition. It conquers computer data entry
efficiency by training a computer to understand and recognize the image of character instead of retyping the
character again.

Many algorithms and heuristic were proposed. Most of them do not describe more about the
preprocessing process, the picture and text image have to be separated before the recognition. This thesis will
improve this problem by introducing a technique of the preprocessing process.

The process consists of the document analysis and character recognition. First, the process will analyze
the whole image of the document to identify its contents. Algorithm used is called Zone Detection by Using
Cellular Automata. Picture image will be separated and store as graphical image file. For text characters, each
individual character has to be segmented from sentences before passing to the recognition routine. Character
segmentation uses the technique of edge detection by contouring along edge of the character. For the
recognition, each image of the character is separated into 8 regions at its point of center of gravity. Then, by
topology properties of image of character in each region, the feature code is calculated which is represented as 9
hexadecimal numbers. Therefore, each character has its own unique feature codes storing for the recognition.
Result of the recognition process, an ascii text file is created. Saving a ot of manpower, the document is then
computerizely stored and its contents can be retrieved for further works.

The experimentation is oarried_out using microcomputer 80386 clock speed 25 MHz and document is
A4 in size containing picture images and text characters. For the process of document analysis and identification,
the time taken is approximately about 1.5 minutes. For the recognition, the accuracy is about 89 % and takes

less than 1 second for each character. Detail of the experiment is described clearly in this thesis.
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2. The Image File Directory {IFD)

Tuntle IFD aziszneuding 3 douRa Entry count, Tag A9 ustazduenn 12 luviasia

fu uazdouiazdludesumisses IFD gasiell daufleng 4 ol wandlugdii s

2 bytee

12 ytos TAQ O

TAG Y °
12 bytse

'ee0

YAQ N 7
12 bytss

4 byss |OPPONT TO NEXT D)

TAG DATA =
n bytes
(deamamined by | NOT PITTING
length * type) M A TAQ

gﬂﬁ 5 Image File Directoy

3.The Tags Field
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1. The ImageWidth Tag

ImageWidth Tag = 256(100H)

Type = SHORT or LONG

Number of distinct values = 1

Value range : All positive integers in Type

3 v = 1 = v =2 A o
ImageW[dth U@ﬂﬂqquﬂqq\jﬂ@\igﬂﬂ’]WNVUQHLﬂu Pixels AAMNNINRLEANDATNENY X UIBATN
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2. The Imagelength Tag

ImagelLength Tag = 257 (101H)

Type = SHORT or LONG

Number of distinclt values = 1

Value range : All positive interger in Type
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3. The StripOffsets Tag

StripOffsets Tag = 273 (111H)
Type = SHORT or LONG

Number of distinct values

one per strip for single plane bitmaps

number of planes x strips/plane for multi-plane bitmaps

Vulue range : All positive integers in Type

e ¢ [ —_— d’ o [ o v 3 dv o 1 i i
StripOffsets 10w Tag NdARyuazandusiamsIuAl e Tag Hazuanmundedndouzesslnm
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An Intel format 10 x 10 pixel Black and White TIFF Image
&= B
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glla
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HE
B
300 DPI Image
BINARY (Lin¢ art) image
No data compression
) INTEL byte order
Used Tag # Tag Name Value
__x__ OFEH NewSubfileType bt >
__x__ 100H ImageWidth -
__x__ 101H ImagelLength _10__
__x__ 102H BitsPerSample 1
__X__ 103H Compression 1
__x__ 106H Photometricinterp. _0_
__X__ 107H Thresholding I
_x__ 1114 StipOfisets _@198
__x__ 115H SamplesPerPixel 1
_x__ 116H RowsPerStrip _i0__
_x__ 117H  StripByteCounts _20 _
__x__ 11AH XResolution _300__
__X__ 11BH YResolution _300__
__X__ 128H ResoclutionUnit 2
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I. Header

Ottset Value
000 49 49
002 2A 00
004 08 00 00 00

\l. Image File Directory

008 0EO0O0

Offset Tag Type
Tagt O00A FECO 0400
Tag2 016 0001 0300
Tag3d 022 0101 0300
Tag4 O02E 0201 0300
Tag5 03A 0301 0300
Tag6 046 0601 0300
Tag7 052 0701 0300
Tag8 O0S5E 1101 0400
Tag9 O06A 1501 0300
Tag10 076 1601 0400
Tag 11 082 1701 0400
Tag 12 08E  1A01 0500
Tag13 09A  1B01 0500
Tag 14 0AB 2801 0300

0B2 00000000

Note byte order Is INTEL format (49 is ASCIl 'T’).

Version #42; Note byte reversal.

Offset to first IFD.

Length

01000000
01000000
01000000
010000 00
01000000
01000000
010000 00
01000000
01000000
0100 00 00
0100 0000
010000 00
01000000
01000000

(No more Image File Directories)

Ill. Extended tag information (as needed)

086
0BE

IV. Raster data (as needed)

0C6 FF CO
0oCs FFCoO
0CA 0Co00
0CC 0Co00
0CE 0C00
oDo0  0C00
ob2 0Co0
0oD4 0CO00
oD6  0CO00
obs  0CO00

Strip offset pointers (as needed)

None needed.

Strip byte counts (as needed)
None needed.

(10 black pixels)
(10 black pixels)
(2 black pixels)
(2 black pixels)
(2 black pixels)
(2 black pixels)
(2 black pixels)
(2 black pixels)
(2 black pixels)
(2 black pixels)

14 tags In this directory

Value/Offset

00 00 00 00
0A 00 00 00
0A 00 00 00
0100 00 00
0100 0000
00 00 00 00
010000 00
C6 00 00 00
010000 00
0A 00 00 00
14 00 00 00
B6 00 00 00
BE 00 00 00
0200 00 00

2C 0100 00 01 00 00 00 (300 dpi X resolution)
2C 01 00 00 01 00 02 00 (300 dpi Y resolution)

(NewSubfileType = Full Res)
(Ifmage Width = 10 pixels)
(Image Length = 10 pixels)
(BitsPerSample = 1)

(No compression, pack data)
(Black is 1)

(Thresholding type = Line Art)
(Offset to raster data)

(1 sample/pixel)

(10 Rows per Strip)

(20 Bytes per Strip)

(Offset to X resolution)
(Offset to Y resolution)
(Resolution units are inches)
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#include <stdio.h>
#include <stdlib.h>

#include <string.h>

#include <alloc.h>

#include "wtwg.h"

/* extern prototypes */

extern
extern
extern
extern
extern

extern

void readtif (char *buffer,int priox,int *width,int *length);

{UsunsNn1sMNaILUaITsUL

NAMANUIN .

Monday, June 27,

void zone(int coarse,int order);

int showzone (void) ;

void savetif (char *name, int num);

void read_zone (int

void beep(void) ;

/* extern variable */

int img_width,img_length;

n);

/* local global variable */

static

int zone no=0;

/* local prototypes */

static
static
static
static
static
static

static

void openfile (void)
void exitsys(void);
void setopt(void) ;

void calzone(void) ;

i

void displayzone (void) ;

void savezone (void)

void recog(void) ;

i

/* global local variables ¥/
char Mon(1]={1};

static
static

static

WMENU

/* mu_entry mu_£func mu_help

"Open",
reXit",
NULL,

i

WMENU

/* mu_entry mu_func mu_help

int coarse=0;
int order=0;

int prior=0;

Fmenu{] = (

openfile, "Open", NULL,
exitsys, "Bxit", NULL,
NULL, NULL, NULL,

Omenul([] = (

"sEtting", setopt, "Setting", NULL
NULL, NULL, NULL, NULL,
WMENU Zmenu[] = {

/* mu_entry mu_func

"Find zone", calzone,

"Display" , displayzone,
"Save", savezone,
NULL, NULL,

mu_help
"Find zone",
"Display",
"Save",

NULL,

Mon,
tion,
NULL,

NULL,
NULL,

mu_menu
NULL,
NULL,
NULL,
NULL,

0,

1
0,

1994

0,
0,

mu_enable mu_highlight

NULL,
NULL,
NULL,
NULL,

0,
o,
0,
0,

4:07pm

o,
X,
0

mu_menu mu_enable mu_highlight mu_key */

mu_menu mu_enable mu_highlight mu_key */
-0
0

mu_key */
g,

ipr,

s,

0
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mu_menu mu_enable mu_highlight mu_key */

/* mu_entry mu_func mu_help
"do Regonition", recog, "Do recognition", NULL, NULL, 3;
NULL, NULL, NULL, NULL, NULL, 0,
Y
WMENU topmenu[] = {
/* mu_entry mu_func mu_help mu_menu mu_enable mu_highlight
"File", NULL, "FILE", Fmenu, Mon, o,
"Option", NULL, "OPTION", Omenu, Mon, o,
"Zone", NULL, "ZONE", Zmenu, Mon, 0,
"Recognize", NULL, "RECOGNIZE", Rmenu, Mon, o,
NULL, NULL, NULL, NULL, NULL, 0,
}i
WFORM option_form(] = {
/% label user picklist format func len HOLD
"Coarseness <0-20>:", &coarse, NULL, ngim, -~ NULL, 34 O,
NULL, NULL, NULL, NULL, NULL, O, 0,
¥
//"Oxrder <l1=Row, 2=Column>:", &ordexr, NULL, ngiv, SNULL, 3, ;04
char *title="\n\
\n The Document Analysis\n\
\n and\n\
\n Character Recognition\n\
\n\n";
char *about="\n\
\n Author: Mr. Somsak Walairacht\n\

1.00\n\
1 Jan. 139%4\n\

\n Version:
\n Released:

\n\n\n";

int main(void)

{

int key;
char buff [80];

‘R,
(o]

mu_key */
ALT_F,
ALT O,
ALT_Z,
ALT_R,

0

b W */
28739
35, 19

28, 4,

printf ("\nSelect memory management, whexe image will be stored\n");

printf ("\n\t 0.
princf ("\n\t 1.
printf ("\n\t255.

always stored on dis

printf ("\n\nYour selection: ") ;

scanf ("%d", &priox) ;

winit('G'j;

wpulldown (topmenu) ;
whelp_install ("zone");
whelp ptr="ABOUT_HELP";
wsetattr (LIGHTGRAY) ;

R.E)N;

stored o EMS RAM. If no room, items are swapped to disk.").;

never store on disk, very important data.");

Page
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wsetc (140) ;

wopen(l,wyabsmax-l,wxabsmax—22,1,48,1,112,0);

wputs (" <F1l> for Help. <Alt>+Highlight letter to Menu. ");
wabandon () ;

wopen (wxabsmax-19, wyabsmax-1,19,1,48,1,112,0) ;

wputs (" <BEsc> to exit. ");

wabandon () ; .

wsetattr(31);

wpromptc (NULL, title, NULL) ;

beep() ;
wpromptc (" About ",about,NULL) ;
beep() ;
wflush(); /* flush keyboard */
do {
key=wgetc() ;
if (key==ESCAPE) {
beep () ;
wexit () ;
}
} while(key != Q") ;
retuxn 0;

static void openfile(void)
{
char buffer(20];
int key;

buffer[0]=0;

wsetlocation (WLOC_ATCUR, 5.4) ;

wgsetattr(112);

key=wprompts (" Open Image ",

" Bnter TIFF filename:\n\n ", buffer, sizeof (buffer));
if (key==ESCAPE) retuxn;

else {
readtif (buffer, prior, &img_width,&img_length);
Omenu{0] .mu_enable="1"; /* enable setting option */
Fmenu[1] .mu_enable="1"; /* enable exit */

}

return;

static void exitsys(void)
{
beep() ;

wexit () ;

e

static void setopt (void)
wsetlocation (WLOC_ATCUR, 2,2) ;
wscanform (" ZONE OPTICN SETTING ",option_form) ;

Zmenu (0] .mu_enable="1"; /¥ enable find zone */
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return;

static void calzone(void)

{
int order=2; /*
Fmenu [0] .mu_enable=NULL; /*
Omenu (0] .mu_enable=NULL; /*
zone (coarse, order) ;
Zmenu (0] .mu_enable=NULL; /*
Zmenu [1] .mu_enable="1"; /*

return;

static void displayzone(void)

{

zone_no=showzone () ;

June 27, 1994 4:07pm

set order to row major */
disable open file */
disable setting */

disable find zone */ *
enable display zone */

zmenu (2] .mu_enable="1"; /* enable save zone */

Rmenu[0] .mu_enable="1"; /* enable recognition ¥/

return;

static void savezone (void)
{
char buffer([20];
int key;

buffgr[O]:O;
wsetlocation (WLOC_ATWIN, S5, 40) ;
wsetattr(48) ;
key=wprompts (" Save Image "

" Bnter TIFF filename:\n\n
if (key==ESCAPE) return;
else savetif (buffer,zone no);

return;

static void recog(void)

{
read_zone (zone_no) ;
beep () ;

return;

v, buffer,sizeof (buffer));

Page
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#include <stdio.h>
#include <stdlib.h>
#include <dos.h>
#include <math.h>
#include <alloc.h>
#include <string.h>
#include <conio.h>
#include <graphics.h>
#include "read.h"

#include "wtwg.h"

#define farmemcpy(dest,src,nuﬁ) \
movedata(FP_SEG(src),FP_OFF(src),PP_SEG(dest),FP_OPF(dest),num)

tyvpedef WHEAP *WHEAP_PTR;
WHEAP_PTR *hlist;
WINDOW *indicate; .

/* extern prototype */

extern void beep(void);

/* local variables */

static char masktable[B]={Ox80,0x40,0x20,0x10,0x08,0x04,0x02,0x01};
static unsigned int numbertype='II’;

static FILEINFO fi;

static char path[40];

static char pathmsg(40];

static int PriloXSEly;

/* local prototype */

void readtif (char *tiffile,int p,int *width,int *length) ;
void stymfe(char *new,char *old,char *ext);

int readheap (char *p,unsigned int n);

static int dosetup(FILEINFO! *fi);

static int doclosedown (FILEINFO *fi);

static unsigned long fgetlong(FILE *fp);

static unsigned int fgetword(FILE *fp);

static int unpacktiff(FILE *fp, FILEINFO 1 )8

static int readline (char *p,FILE *fp,int bytes, FILEINFO *£i);
static void convertline(char *dest,char *source, FILEINFO “£7) ;
static void setdefaults (FILEINFO *fi);

static void decodetag(FILEINFO *fi,FILE *£fp);

static int allocheap(long n);

static int writeheap(char *p,unsigned int n);

/* Read TIFF routine start here x/

void readtif (char *tiffile,int p,int *width,int *length)
{

FILE *fp;

strmfe (path,tiffile, "TIF");
strupxr(path) ;
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if ( (fp=fopen(path, "rb")) != NULL) {
priority=p;
fi.setup=dosetup;
fi.closedown=doclosedown;
unpacktiff (£p, &fi);
*width=£fi.width;
*length=fi.depth;

else {
beep() ;
sprintf (pathmsg, " %s not found. ", path) ;
wpromptc (" Error Open File ",pathmsg, NULL);
}
return;

/* unpack a TIFF file */
static int unpacktiff (FILE *fp, FILEINFO *£fi)

{

char *p, *pr;
unsigned long 1;

int i,3j,n;

int run=0;

wopen(wxabsmax—ls,wyabsmax—l,ls,l,112,1,112,l);
indicate=w0;

wputs (" Please wait...");

/* get the number types */
numbertype=fgetword(£p) ;

/* see if it’'s real */
if (numbertype=='II’' || numbertype=='MM") ({
/* trash the version */

fgetword (fp) ;

/* seek through the image directories */
while ((1=fgetlong(fp)) != 0L) {

fseek (£p,1, SERK_SET) ;

/* set default values */

setdefaults (fi);

/* decode all the tags */
n=fgetword (£p) ;
for(i=0;i<n;++i) decodetag(fi, fp);

/* save the file position *x/
1=ftell(£fp) ;

/* figure the bits - limit only monochrome pictures */

Page 101
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fi->bits=fi->samples*fi->bitspersample;

/* figure the bytes */

if (fi->bits <= 8)
fi->bytes=pixels2bytes(fi->width)*fi->bits;

else fi->bytes=fi->width/8;

if (fi->width != 0 &&
fi->depth != 0 &&
fi->offset != OL) (

if ( (p=malloc(fi->bytes))==NULL)
werror (1, "Brror allocate p in unpacktiff()") ;
if ((pr=malloc(fi->width))==NULL)
werror (1, "Error allocate pr in unpacktiff()");
(Ei->setup) (£1);
if (fi->count==1L) {
fseek(fp, fi->offset, SEEK_SET) ;
for(i=0;i<fi->depth;++i) {
if(1 (i%(int) (£i->depth/10))) {
wgoto(0,0) ;
wprintf ("$3d%% Completed.",xrun);

run+=10;
}
if(readline (p, £p, fi->bytes, fi) != fi->bytes) {
free(pxr) ;
free(p) ;
wheap_freeall () ;
return (BAD_READ) ;
}

convertline (pr,p, £i) ;

writeheap(pr,1i);

'l

}
else {
for(l=0;l<fi-scount;++1) {
fseek(fp,fi->offset+(1*sizeof(1ong)},SESK_SET);
fseek (fp, fgetlong(fp) , SEEK_SET) ;
for (j=0;j<(int) fi->rowsperstrip;++3j) {
if ((int) ((1*fi->rowsperstrip)+j) >= fi->dept
h) break;
if (readline (p, fp, fi->bytes, £i) != fi->bytes)
{
free(pr) ;
free(p);
wheap_freeall();
return(BAD_READ);
i
convertline (pr,p, £i);
writeheap(pr, (int) (1*fi->rowsperstxrip) +j);
}
}
}
free(pr) ;

free(p);
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wclear() ;

wputs (" <Esc> to exit. ");
wbury () ;
(fi->closedown) (£i) ;

fseek (£p, 1, SEEK_SET) ;

}

return (GOOD_READ) ;
} else return(BAD_FILE);

static void convertline(char *dest,char *source, FILEINFO *fi)

{

Ant. dy

switch(fi->bits) {

case 8:
memcpy (dest, scurce, fi->width) ;
break;
caseld:
for (i=0;i<fi->width;) {
dest [1++] = (*source>>4) & 0x0f;
dest [i++] =*source & 0x0f;
++source;
}
break;
case [1:

for(i=0;i<fi->width;++i) {

if (source [i>>3] &masktable [1&0x0007])

dest [1] =0x00;
else
dest [1i] =0x£ff;

break;

static void setdefaulcs(FILEINFO *fi)

{

int 4y

fi->width=0;
fi->depth=0;
fi->bits=0;
£i->threshhold=1;
fi->samples=1;
f£i->compressicon=1l;

fi->offset=0L;

static void decodetag (FILEINFO *fi, FILE *£fp)
long length,offset, pos;
int tag,type,i;

Page
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tag=fgetword(£fp) ;

type=fgetword(£fp) ;

if (type == TIFFlong) {
length=fgetlong (fp) ;
offset=fgetlong (£fp) ;

else {

length= (unsigned long) fgetwoxrd (fp) ;

fgetword (£fp) ;
offset=(unsigned long) fgetword(fp) ;

fgetword (fp) ;

switch(tag) {

case

case

case

case

case

case

case

case

case

case

SubfileType:
break;
ImageWidth:
fi->width=(unsigned int)offset;
break;
ImageLength:
fi->depth={unsigned int)offset;
break;
RowsPerStrip:
if (type==TIFFlong) fi->rowsperstrip=offset;
else fi->rowsperstrip=offset & OxffffL;
break;
StripOffsets:
if (type==TIFFlong) fi->offset=offset;
else fi->offset=offset & OxfffflL;
fi->count=(int) length;
break;
StripByteCounts:
if (type==TIFFlong) fi->bytecount=offset;
else fi->bytecount= offset & OxffffL;
break;
SamplesPerPixel:
fi->samples=(int)offset;
break;
BitsPersSample:
if(length > 1L) {
pos=£ftell (fp) ;
fseek (£p, offset, SEEK SET) ;
fi->bitspersample=fgetword(£fp) ;
fseek (£p, pos, SEEK_SET) ;
} else fi->bitspersample=(int)offset;
break;
Threshholding:
fi->threshhold=(int)offset;
break;
Compression:

fi->compression=(int)offset;
break;
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case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

Monday, June 27, 1994 4:08pm

Group30Options:

break;
Group4Options:

break;
FillOxrder:

break;
PlanarConfiguration:

break;
Cellwidth:

break;
CellLength:

break;
MinSampleValue:

break;
MaxSampleValue:

break;
PhotometricIntexrp:

break;
GrayResponseUnit:

break;
GrayResponseCurve:

break;
ColorResponseUnit:

break;
ColorResponseCurves:

break;
XResolution:

break;
YResolution:

break;
ResoluticnUnit:

break;
Orientation:

break;
DocumentName :

break;
PageName :

break;
XPosition:

break;
YPosition:

break;
PageNumber:

break;
ImageDescription:

break;

break;
FreeOffsets:

break;
FreeByteCounts:

break;
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case ColorMap:
break;

/* read a compressed PackBits line ¥/
static int readline(char *p,FILE *fp,int bytes, FILEINFO *fi)

{
int e,1i:;n=0;
if (fi->compression==1) return(fread(p, 1,bytes, fp));
else if (fi->compression==0x8005) (
do {
c=fgetc(fp) & Ox£ff;
if(c & 0x80) {
if(c != ox80) {
i = ((~c) & Oxff)+2;
c=fgetc (fp) ;
while(i--) pln++] = cj
}
}
else {
i=(c & Oxff)+1;
while(i--) pln++] = fgetc(fp):
!
} while(n < bytes);
return(n) ;
1
else return(0) ;
}

/* get a word from a TIFF file ¥/

static unsigned int £getword(FILE *fp)

i
if (numbertype == ’'II’) return((fgetc(fp) & 0xff) + ((fgetc(fp) & Oxff) << 8));
else return(((fgetc(fp) & 0xff) << 8) + (fgetc(fp) & Oxff));

/* get a long integer from a TIFF file */
static unsigned long fgetlong(FILE *fp)
{
if (numbertype == ‘II')
return( (unsigned long) (fgetc(fp) & Oxff) +
((unsigned long) (fgetc(fp) & Oxff) << 8) =+
((unsigned long) (fgetc(Zp) & Oxff) << 16) +
((unsigned long) (fgetc(fp) & Oxff) << 24));
else
return(((unsigned long) (fgetc(fp) & Oxff) << 24) +
((unsigned long) {fgetc(fp} & Oxff) << 16) +
((unsigned long) (fgetc(fp) & Oxff) << 8) +
(unsigned long) (fgetc(fp) & Ox£ff));
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/* make file name with specific extension */
void stxrmfe(char *new,char *old,char rext)
{
while (*old != 0 && *old != ’.’) *new++=*old++;
*new++='.";
while (*ext) *new++=*ext++;
*new=0;

return;

static int writeheap(char *p,unsigned int n)

{

char *ptr=NULL;

if((ptr:wheap_access(hlist[n],0))==NULL)

retuxrn 0O;

else {
farmemcpy (ptx;p, fiswidth) ;
wheap_deaccess (hlist(n], 1);
return/1;

}

int readheap (char *p,unsigned int n)
char *ptr=NULL;

if ((ptr=wheap_access(hlist([n],1))==NULL}
retUrn” 0.

else {
farmemcpy (p, ptr, £i.width) ;
wheap_deaccess (hlist(n],0);

Teturndl;

static int allocheap(long n)

{

int 1;

if ((hlist = malloc(fi.depth*sizeof (WHEAP_PTR)))==NULL)
werror (1, "Exrror allocate hlist in allocheap()");
for(i=0; i<fi.d

D

pth; i++) {

if((hiist([i] = wheap_alloc(fi.width+l,priority,NULL))::NULL)

werror (1, "Srror allocate hlist element in allocheap()");

return 1;

static int dosetup(FILEINFO *fi)

{
if (tallocheap( (long) fi->width* (long) fi->depth))
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werror (1, "Brror allocate heap memory") ;

return 0;

static int doclosedown (FILEINFO *fi)

{

register int 1i,j;
char *p,msg(15];
float ScaleX, ScaleY, factor;

int Xpos, Ypos, color;

wopen(é,B,72,44,112,DOUBLE_BORDER,112,1):
wtitle (path);

if ((p=malloc (£i->width))==NULL) {
werror{l, "Exror allocate p in doclosedown()");
}
if (fi->width>SCREENWIDE || fi->depth>SCREENDEEP} (
ScaleX=(72*8) / (float)fi->width;
ScaleY=(44*8) / (float)fi->depth;
factor=(ScaleX < ScaleY)? ScaleX : ScaleY;
sprintf (msg, " Scale 1:%d v (int: ((1/factox)+0.2)) ;
wps (msg) ;
for (j #0 eEissldepBh, s+ ) {
readheap(p, j);
Ypos=(float)j*factor+0.5;
for{i=0; ic<fi-s>width; i++) {
color=(p[i]==0x£f)? BLACK : WHITE;
Xpos=(float)i*xfactor+0.5;
putpixel (Xpos, ¥Ypos, colorx) ;
}
if (j==£fi->depth-2) break;
}
else {

wpB ("Yg€ale ludy ") ;

for(j=0; j<fi->depth; j++) {
readheap (p, J)
for (i=0; i<fi->width; i++) {

if(pli] ==0xf£f) putpixel (i,3,BLACK) ;

else putpixel(i,j,WHITE) ;

}

free(p) ;
wabandon () ;
beep() ;

return (GOOD_READ) ;
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <errno.h>
#include <dos.h>
#include <conio.h>
#include <math.h>
#include <alloc.h>
#include <graphics.h>
#include "zone.h"
#include "read.h"
#include "wtwg.h"

/* extern prototypes & variables */

Monday, June 27, 1994 4:11pm

extern int readheap(char *p,unsigned int n);

extern int img_width, img_length;

extern WINDOW *indicate;

/* local variables =/
char *image=NULL;

char *lines=NULL;

ZONE zone_list [MAX ZONES]; /*
int zone_count; e
int lines_per_ buffer; /*
int lines_per_ page; /*
int bytes_per line; /%
int num_sample; /*
int remain_line; /*
SAMPLEINFO sample{40]; /*

FILE *z_info;

/* extern prototypes =/

extern void beep{void) ;

/* local prototypes */

this could be dynamically allocated */

index of zones x/
numbexr of lines in a buffer */

number of lines of image */

bytes in a scan line ie.,image width */

number of sample of image */

remain line after sampling */

zone extent, zone_count, line offset *x/

void zon

void ind

e(int coarseness, int order)

i
icator(char title([15],int i)

i

static void block_zones(char ¥image,int dx,int dy,int coarseness);

static void sequence_zones(char *image, int dx,int dy);

static int extract_zone(char *image,int dx,int dy,:nt X,int y,20NE *zone_ptr);
static void

static void

static char *get_page (int dx,int dy);

static void record_zone(int T

static void combine_samples(void);

static void

void zon

e{int coarseness,int order)

char *ptr;

overlap_zones (ZONE *zone_array, int *array_size);
sort_zones(int dx, int dy,int oxder);

overlap_samples (ZONE *zcne_array,int *array_size);

int dx,dy,offset;
long image_size;
unsigned int 1,3;

FILE *out_fp;
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if (coarseness < 0 || coarseness > 20) {

/* test coarseness parameter */

errno = BINVAL;

return;
}
bytes_per_line = dx = img_width;
lines_per_page = dy = img_length;
image_size=(long)img_width * (long) img_length;
if (image_size > (long)2500000) {

beep() ;

wpromptc (NULL, " Image too big to detect zone.\n", NULL) ;

return;

else {
wreopen (indicate) ;
indicate=w0;
wgoto (0, 0) ;
wputs (" Please wait...");
if (image_size > BUFFER_SIZE) {
/* sampling image along vertical =/
lines_per buffer=MAX MALLOC / bytes_per_ line;
num_sample=(float)lines_per page / (float)lines per buffer + 0.5;
remain_line=lines_pexr_ page - ((num_sample-1) * lines_per buffer);
if ( (image=malloc (MAX MALLOC) ) ==NULL)
werror (1, "Brrox allocate image in zonef{} ") ;
memset (image, 0x00, MAX MALLOC) ;
if((lines=malloc (bytes_per line))==NULL)
werror (1, "Error allocate lines in zone(}");
ptr=image;
for(i=0; i<num_sample; i++) {
offset=lines_per buffer * i;
if (i==num_sample-1) {
for (i=0; j<remain_line; j++,image+=bytes per line) {
readheap (lines,offset+3} ;
memcpy (image, lines,bytes per line);

——

else {
for(j§=0; j<lines per buffer; j++,image+=bytes_per line) {
readheap (lines, offset+3} ;

memcpy (image, lines,bvtes_pexr line);

image=ptr;
block_zones(image,bytes_per_line,lines_per_buffer,coarseness);
sequence;zones(image‘bytes_per_line,lines_per_buffer);

record_zone(i);

\

!

ree(lines) ;

free (image) ;

/* combine zones in each sample */

combine_samples () ;
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/* find overlaped zones of each sample & combine them */
overlap_samples(zone_list,&zone_count);

sort_zones(bytes_per_line}lines_per_page,order);

else {
/* image can be stored in buffer, no need sampling */
if ( (image=get_page (dx, dy) ) ==NULL)

werror(l, "Error reading image");

block_zones (image, dx, dy, coarseness) ;
sequence_zones (image, dx, dy) ;
sort_zones (dx, dy, order) ;

}

wclear() ;

wgoto (0, 0) ;

wsetattr (48) ;

wputs (" <Esc> to exit. ");

wabandon () ;

beep () ;

retuxrn;

void indicator(char title([15],int i)

{

wgoto (0, 0) ;
wprintf ("%s %3d",title,1);
return;

Jxx xSk * Kk kXX **** % [OCAL FUNCTICNS FEXXELETHX X KX AT F [

static char *get_page(int dx,int dy)
int %

char %ing pgf *p;

if ((image=malloc(dx * dy))==NULL) {

werrox (1, "Bxror allocate image in get_page()");
}
if ((p=malloc (dx))==NULL) {

werror (1, "Error allocate p in get_page()");

o=

or(i=0,img_ptr=image; i<dy; i++,img ptr+=dx) {
readheap(p, i) ;
memcpy (img_pti, p,dx) ;

}

free(p) ;

return image;

static void block_zones(char *image, int dx,int dy, int coarseness)

Page 1
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int i,j.x,y;score;

char *line, *pixel;

for (y=1, line=image+dx ; y < dy-1 ; y++, line+=dx) {
indicator (" Block zones ",y);
/* walk through buffer scanning for neighbors */
for (x=1, pixel=line+l ; X < dx-1 ; X++, pixel++) {

score = 0;

if (*(pixel-1) & ALIVE) /* left =/
score++;

if (*(pixel+l) & ALIVE) /* right */
score++;

if {*(pixel-dx) & ALIVE) /* up */
score++;

if (*(pixel+dx) & ALIVE) /* down */
score++;

if (*pixel == WHITE && score >= LIFE_SCORE)
*pixel = PREGNANT;

else if (*pixel == BLACK && score <= DEATH_SCORE)

¥oixel =0SIEK;

}
for (pixel = image ; pixel < image + dy * dx ; pixel++) {
/* birth and bury */

if (*pixel == PREGNANT)
*pixel = BLACK;
else if (*pixel == SICK)
*pixel = WHITE;
}
if (coarseness <= 0) /* no need to coalesce */
return;
/* coalesce regions, based on coarseness, i.e. coarseness == 2

* will close all horizontal/vertical gaps of 2 pixels */
for (y=0, line=image+l ; v < dy ; y++, line+=dx) {
/* coalesce horizontally */
for (x=1, pixel=line ; x < dx-coarseness ; X++, pixel++) {
TE && *(pixel-1i) == BLACK)

gy
1 ; i <= coarseness ; i++)
£

if (*pixel == WHI
fox\ (ilt=

if (*(pixel+i)) {
for (i = 0 ; 1 < coarseness ; i++, pixel++)
*pixel = BLACK;
pixelz=;
X += coarseness-ly

break;

s

\

!
for (x=0, line=image+dx ; x < dx ; X++, line++) {
/* coalesce vertically */
for (y=1, pixel=line ; v < dy-coarseness ; y++, pixel+=dx)
if (*pixel == WHITE && *{pixel-dx) == BLACK) {

Page 11

2



GETZONE.C Monday, June 27, 1994 4:11lpm Page 113

for (i=1, j=dx ; i <= coarseness ; i++, j+=dx) {
if (*(pixel+j)) {
for (i = 0 ; 1 < coarseness ; i++, pixel+=dx)
*pixel = BLACK;
pixel -= dx;
y += (coarseness-1);
break;

static void sequence_zones(char *image,int dx,int dy)
ARk X, ¥
char *ptr;

for (y=0,zone_count=0 ; y < dy && zone_count < MAX ZONES ; y+=MIN_Y_ ZONE) {
/* extract zones from block images in y order */
ptr = image + y * dx;
for (x = 0 § X < dx ; x += MIN X ZONE)
if (*(ptr+x)) { /* found point ¥/
if (zone_count >= MAX ZONES)
break;
while (x > 0 && *(ptr+x-1)) /* back up to left side */
b <
if (extract_zone(image,dx,dy,X,y,zone_list+zone_count)) {
indicator (" Extract zones", zone_count) ;

zZone_count++; /* get zone */

—

}

/* remove overlaping zones */
overlap_zones(zcne_list,&zone_count);

return;

static void sort_zones(int dx,int dy,int order
int x,y,1i,j,index, fudge_x, fudge_ y;z=0;

ZONE temp;

if (order == COLUMN_MAJOR) {
for (i = 0 ; i < zone_count-1 ; i++) {
indicator(" Sorting zones ",z+i);
/* sort on xi ¥/
for (j = i+l ; j < zone_count ; j++) {
if (zone_list({j].x1 < zone_list(i].x1) {

temp = zone_list(i];
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zone_list[i] = zone_list([j];
zone_list [j] = temp;
} .
}
}
for (i = 0 ; i < zone_count-1 ; i++) {

/* order zones left to right, up to down */
indicator (" Sorting zones ",z+1i);
X = zone_list([i].x2;
y = zone_list([i].y1;
fudge_x = zone_list [i].x1+dx/20; /* 5% slippage on alignment */
for (j = i+1l, index = -1 ; j < zone_count ; j++) {
/* find any zones above and within x extent of zone_list [i] */
if (zone_list([j].x1 > x)
break;
if (zone_ list([j].yl < y && zone_list[j].x1 <= fudge_x) {
X = zone_list [J]%as,
y = zeone list[j].y1;
index = j;

}

if (index t= -1) {
temp = zone_ list[i];
zone_list [i] = zone list [index];
zone_list{index] = temp;

}
else { /* ROW_MAJOR */
/* already sorted in yl order */
for (i = 0 ; 1 < zone_count-1 ; i++) {
indicator (" Sorting zones ",z+i);
/* order zones up to down, left to right */
= sgrieshi sk W ORI

X = zone. list[i].x1;
fudge_y = zone_list(i].yi+dy/20; /* 5% slippage on alignment */
for (j = i+1, dindex = -1 ; j < zone count ; j++) {

/* find any zones left of and within y extent of zone_ list[i] */
if . (zone list[j].y1 s y)

break;
if (zone_list[j].x1 < x && zone_list[j].yl <= fudge_y) {

y = zone_list[j].y2;

x = zone_list([j].x1;

ded 1

if (index != -1) {
temp = zone_list([i];
zone_list([i] = zone_list [index];

zone_list [index] = temp;

return;
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static int extract_zone(char *image,int dx,int dy,int x,int y, ZONE *zone_ptr)

{

int ix,iy,minx,miny,maxx,maxy; /* perimeter variables & min/max values */

HEADING dir; /* current direction */
char *previous, *next, *here; /* buffer pointers */
minx = maxx = ix = Xx; /* preset min/max x/y and perimeter vars */
miny = maxy = iy = yi
dir = GOING_UP; /* starting direction */
do /* walk perimeter, recording min/max of rectangular region */
{
if (ix < minx) /* update min/max */

minx = 1ix;
if (ix > maxx)
maxx = 1ix;
if (iy < miny)
wminy = iy;
if (iy > maxy)
maxy = iy;
here = image + iy * dx + ix; /* where are we? */
next = here + dx;
previous = here - dx;
switch (dir) /* based on current direction, */
{ /* look around for next direction */
case GOING_UP:
if (ix > 0 && * (here-1))
{
2= - ;
dir = GOING_LEFT;
break;
!
if (iy > 0 && *previous)
{
iy=-;
break;
}
if (ix < dx-1 && *(here+1))
{
ix++;
di¥y £ GOING RIGHT;
break;

}

if (iy < dy-1 && *next)
1y++;
dir = GOING_DOWN;
break;

break;

case GOING_RIGHT:

if (iy > 0 && *previous)
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{
iy--;
dir = GOING_UP;
break;
}
if (ix < dx-1 && *(here+l))
{
ix++;
break;
}
if (iy < dy-1 && *next)
{
iy++;
dir = GOING_DOWN;
break;
}
if (ix > 0 && *(here-1))
{
ix>ey
dir = GOING_LEFT;
break;
}
break;

case GOING_DOWN:
if (ix < dx-1 && *(here+l))

{
ix++;
dir = GOING RIGHT;
break;
}
if (iy < dy-1 && *next)
{
iy++;
break;
}
if (ix > 0 && *(here-1))
{
ix--;
dir = GOING_LEFT;
break;
}

£ (iy > 0 && *previous)

o oy

TR
dir = GOING_UP;
break;
}
break;
case GOING_LEFT:
if (iy < dy-1 && =*next)
{
iy++;
dir = GOING_DCWN;

break;
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}
if (ix > 0 && *(here-1))
{

ix=--;

break;

if (iy > 0 && *previous)

dap~g
dir = GOING_UP;
break;

}

if (ix < dx-1 && *(here+1))

{

ix++;
dir = GOING_RIGHT;
break;
}
break;
}
} while (ix != x || iy !=y); /* until we return to the start */

for (iy=miny, here=image+miny*dx+minx; iy<=maxy; iy++,here+=dx)
memset (here, WHITE, maxx-minx+1) ; /* white out the region */

if ((maxx-minx+1 < MIN_X ZONE) || (maxy-miny+l < MIN_Y ZONE))
return 0; /* big enough? */

if (minx > 0) /* expand dimensions by one pixel */
minx--;

if (maxx < dx-1)
maxx++ ;

if (miny > 0)

miny--;
if (maxy < dy-1)
maxy++;
zone_ptr->x1 = minx; /* save zone */

zone_ptr->yl = miny;
zone_ptr->X2 = maxx;
zone_ptr->y2 = maxy;

return 1;

static void overlap_zones (ZONE *zone_array,int *array_size)

int 1i,j,ax1,ayl,ax2,ay2,bxl,byl,bx2,by2;

for (i = 0 ; i < *array_size-1"jmi++)
{ /* compare each zone against the rest ¥/
indicator (" Overlap zones",j);
axl = (zone_array+i)->x1;
ayl = (zone_array+i)->yl;
ax2 = (zone_array+i)->x2;
ay2 = (zone_array+i)->y2;

{

for (j = i+1 ; j < *array size ; j++)
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bxl = (zone_array+j)->x1;

byl = (zone_array+j)->yl;

bx2 = (zone_array+j)->x2 ;

by2 = (zone_array+j)->y2;

if ((bxl>=ax2) || (axl>=bx2) || (byl>=ay2) || (ayl>=by2))
continue; /* no overlap */

bxl = min(bx1,ax1) ; /* combine zones */

byl = min(byl,ayl);

bx2 = max(bx2,ax2);

by2 = max(by2,ay2);

(zone_array+i)->x1 = bxl;

(zone_array+i) ->yl = byl;

(zone_array+i) ->x2 = bx2;

(zone_array+i) ->y2 = by2;

(*array size)--; /* new zone count */

memmove ( (char *) (zone_array+j), (char *) (zone_array+j+1),
sizeof (ZONE) * (*array_size-j)); /* shift array to remove zone */

i= -1; /* start all over */

return;

static void overlap samples(ZONE *zone_array,int *array size)

{

int 1i,3j,ax1, ayl, ax2,ay2,bxl,byl, bx2,by2;

for (i = 0 ; i < *array size-1 ; i++)
{ /* compare each zone against the rest */
axl = (zone__array+i) ->x1;
ayl = (zone array+i)->yl;
ax2 = (zone_array+i) ->X2;
ay2 = (zone_array+i) ->y2;

/* expand zone down (y2) by one pixel */
if(ay2 < img length-1)

ay2++;

Sor £ls=, 141 ; J Kk anratlaiBe G 5++)
bxl = (zone_array+j)->x1;
byl = (zone_array+j)->yl;
bx2 = (zone_array+j)->x2;
by2 = (zone_array+j)->y2;

/* expand zone up (yl) by one pixel */
if{byl > 0)

byl--;

if {((bxis>=ax2) || (axl>=bx2) || (byls>=ay2) || (ayl>=by2))
continue; /* no overlap */

bxl = min(bxl,axl) ; /* combine zones */

byl = min(byl,ayl);
bx2 = max(bx2,ax2) ;
by2 = max(by2,ay2);
(zone_array+i) ->x1 = bxl;

(zone_array+i) ->yl = byl;
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(zone_arxray+i)->x2 = bx2;
by2;
(*array_size)--; /* new zone count */
memmove ( (char *) (zone_array+j), (char *) (zone_array+j+1),
sizeof (ZONE) * (*rarray_size-j)); /* shift array to remove zone */
i = -1; /* start all over */
break;

(zone_array+i) ->y2

return;

static void record zone(int n)

{

int 1i;

sample [n] .zones = zone_count;

sample [n] .line_no = n * lines_per buffer;

for(i=0; i<zone_count; i++) {
sample[n].zone_info[i].xl=zone_list[i].x1;
sample [n] .zone_info[i] .x2=zone_list({i].x2;
sample [n] .zone_info[i] .yl=zone_list[i].yl;
sample [n] .zone_info[i].y2=zone_list[i].y2;

returmnm;

static void combine_ samples(void)

{

ing &, jFk;

for(i=1; i<num_sample; i++) {
for(j=0; j<sample(i].zones; j++) {
sample[i] .zone_info[j].y1 += sample[i].iine_no;
sample [i] .zone_info([j].y2 += sample[i].line no;

}
for(k=0,zone_count=0; k<num_sample; k++) (

zone count+=sample [k] .zones;

TR

for(j=0; j<num_sample; j++)
for(k=0; k<sample(j].zones; k++) {
zone_list[i].x1=sample[j] .zone_info[k] .x1;
zone_list[i].x2=samp1e[j].zone_info[k].x2;
zone_list [i] .yl=sample[j].zone_info (k] .y1;
zone_list [i] .y2=sample[j].zone_info (k] .y2;

i++;

)
} while(i!=zone_count);

return;
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#include <conio.h>
#include <graphics.h>
#include <string.h>
#include <alloc.h>
#include "zone.h"
#include "wtwg.h"

/* extern variables & prototypes */
extern ZONE zone_list [MAX ZONES] ;
extern int zone_count;

extern int img_width;

extern WINDOW *zone_win;

extern int readheap(char *p,unsigned int n);

extern void beep (void) ;

/* local prototype */
int showzone (void) ;
static void dispzone(int n);

int showzone (void)

{
int i,n,key,ch,number;
char buff [30], **choices;

if ((choices=(char **)malloc(MAX_ ZONES))==NULL) {
werror (1, "Brror allocate number of choices") ;
1
for(i=0; i<zone count; i++) {
if ((choices (i]=(char *)malloc(13))==NULL)
werror (1, "Exrror allocate size of choices");
sprintf (choices[i]," zone ... %2d4",1i);
}
choices [zone_count] =NULL;
wopen(32,10,40,30,112,DOUBL8_BORDBR,48,1);
wtitle (" Detected Zone Image ");
sprintf (buff, "\n Detected %2d zone(s).",zone_count) ;
wputs (buff) ;
do {
wflush () ;
wsetlocation (WLOC_ATWIN, 10,5) ;
n=wpicklist (" Select zone ",choices);
if (choices [n]==NULL) {
break;
}
else {
dispzone(n) ;
number=n;
1
} while (key!=ESCAPE) ;
ffee(choices);
wabandon () ;
return (number) ;
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static void dispzone (int n)

{

register int 1i,j;

int x1,x2,y1,y2;

char *p,buff [20];

int zonewidth, zonelength;
float sx, sy, fact;

int ¢, xp,yp,np;

sprintf (buff, " ZONE No. %2d ",n);
wps (buff) ;

xl=zone_list[n].x1; /* column offset */
x2=zone_list [n] .x2;
yl=zone_list([n].yl; /* row offset */
y2=zone_list[n].y2;
zonewidth=x2-x1+1;
zonelength=y2-y1+1;
if ((p=malloc (img_ width) ) ==NULL) {
werror (1, "Exror allocate p in display zone()");

}
if (zonewidth > (39*8) || zonelength > (29%8)) {
sx=(39*8) / (float)zonewidth;
- sy=(29*8) / (float) zonelength;
fact=(sx<sy)? sx : sy;
RR= (EHCH<1 it RGEROL 9l 1ok ;
wclear() ;
for(j=0; j<zonelength; j++) {
readheap (p, j+y1) ;
yp=(float)j*fact+0.5;
for(i=0; i<zonewidth; i++) {
R (b NRITITEI T AT PIIWRIWET { BACKE
xp= (float)i*fact+0.5;
putpixel (xp,yp,c);
}
}
}
else {
wclear() ;
for(j=0; j<zonelength; j++) {
readheap (p, j+y1) ;
for(i=0; i<zonewidth; i++) {
if(p[i+x1] == Oxff) putpixel(i,j,WHITE);
else putpixel(i,j,BLACK) ;
}
}
}
beep() ;
free(p) ;
return;
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#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>
#include <conio.h>
#include <string.h>
#include "read.h"
#include "zone.h"
#include "wtwg.h"

/* extern prototypes */

extexrn void strmfe(char *new,char *old,char rext);
extern int readheap(char *p,unsigned int n);
extern ZONE zone_list [MAX_ZONES] ;

extern int img_width;

/* local prototypes */

void savetif (char *name,int num) ;

int fputword(FILE *fp,int n);

int fputlong(FILE *fp,long n);

static void tif2disk (FILE *fp,int left,int top,int right,int bottom) ;
static int writetiftag(FILE *fp,int tag,int type, long length, long offset);
static void packmonoline (char *dest,char *source,int offset,int width);

FILE *outtiff;

void savetif (char *savename,int num)
int x1,x2,y1,y2,key=0;

char name[20] ;

xl=zone_list [num].x1;

x2=zone_list [num] .x2;

yl=zone_list [num].y1l;

y2=zone_list [num] .y2;

stxrmfe (name, savename, "TIF") ;

strupr (name) ;

if ((outtiff=fopen (name, "wb")) != NULL) {.
tif2disk (outtiff,x1,y1l,x2,y2);
fclose (outtiff);

}

else (

werror (5, "Bxror creating TIFF");

return;

/* write a TIFF file ¥/
static void tif2disk(FILE *fp,int left,int top,int right, int bottom)
{

char *p, *pr;

long pos;

int i, j,bytes,width, depth;

width=right-left+1;
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depth=bottom-top+1;
bytes=(width+7)/8;

/* allocate a line buffer */

if ((p=malloc(img_width)) == NULL)
werror (1, "Brror allocate p in tif2disk");
if ((pr=malloc(bytes)) == NULL )

werror (1, "Error allocate pr in tif2disk");

/* write the header */

fputword(fp,II’); /* INTRL format */

fputword (fp, 42) ; /* Version #42; Note byte reversal */
fputlong (fp,8L) ; /* Offset to first IFD */
fputword(fp,10); /* 10 tags in this directory */

writetiftag(£p, NewSubFile, TIFFshort, 1L, 1L);
writetiftag(fp,Imagewidth,TIFFshort,lL,(1ong)width);
writeciftag(fp,ImageLength,TIFFshort,1L,(long)depth);
writetiftag (fp,BitsPerSample, TIFFshort, 1L, 1L) ;
writetiftag (£fp, Compression, TIFFshort,1L,1L) ;
writetiftag(fp,PhotometricInterp,TIFFshort,1L,1L);
writetiftag(fp, Threshholding, TIFFshort, 1L, 1L);
writetiftag (fp,Stripoffsets, TIFFlong, 1L, 150L);
writetiftag (fp, SamplesPerPixel, TIFFshort, 1L, 1L) ;
writetiftag(fp,RowsPersStrip, TIFFlong, 1L, (long)depth);

fputlong(fp,0L) ; /* No more Image File Directories */

/* Extended tag information, X-Y resolution */
fRr fi=07 i<k ity)

fputlong(fp, OL) ;

/* write the bitmap */

for(i=0;i<depth;++i) {
readheap(p, i+top) ;
packmonoline (pr, p,left,width) ;
fwrite (pr, 1,bytes, £p) ;

}

free(pr) ;

free (p) ;

putch (0x07) ;

return;

/* write one TIFF tag to the IFD */

static int writetiftag(FILE *fp,int tag,int type,long length, long offset)

{

fputword (fp, tag) ;
fputword (fp, type) ;
fputlong (fp,length) ;
fputlong (fp,offset) ;
return (ferror(fp)) ;
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int fputword(FILE *fp,int n)

fputc((n >> 8),fp);

return (ferror(fp)) ;

fputc((n >> 8),fp);
fputc((n >> 16),£fp);
fputc((n >> 24),fp);
return (ferror(fp));

{
fputc(n, £p) ;
}
int fputlong(FILE *fp,long n)
{
fputc(n, £fp) ;
}

4:17pm

void packmonoline (char *dest,char *source,int offset,int width)

{

int 4i;

char masktable[8]={Ox80,0x40,0x20,0x10,0x08,0x04,0x02,0x01};

for(i=0;i<width;++i) {

return;

if (source[i+offset] ==0x00)

dest[i>>3] |= masktable{i&0x0007];
else if(sourxce[i+offset]==0x£ff)

dest[i>>3] &= -masktable [i&0x0007] ;
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#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>
#include <conio.h>
#include <mem.h>
#include <dos.h>
#include <string.h>
#include <graphics.h>
#include "read.h"
#include "zone.h"
#include "chr.h"

#include "wtwg.h"

Monday, June 27,

/* extern variables & prototypes */
extern ZONE Zone_list[MAX_ZONBS];

extern int zone_count;

extern int img_width;

extern int readheap(char *p,unsigned int n);

extern void display_char(char =ch,int <X ing\ ey 1

1994

4:19pm

extern char searchcode(char *ch,int cx,int cy, char *codecg) ;

extern int get_kb(void);
extern void beep(void) ;

extern void sort_pos(CHAR_INFO *st,int index);

void read_zone(int n);

static void raster scan(char *image,int dx,int dy) ;

static void extract (char *image,int dx,int dy,int x,int y);
static void reccharinfo(int width, int height,int x,int y,char *codecg,char chxtype) ;

static char gcode(char *p,int cx,int cy,char *codecg) ;

FILE *txt; /* output text file pointer */

WINDOW *char_win, *recog_win;

unsigned int index; /* number of char segmented */
CHAR_INFO st[100]; /* array stores chars recognized */

char *msg="\n\

\n Zone image too big to fit memoxy.\n\

\n Save this zone and continue later.\n\

\n\n";

void read_zone(int n)
int 4,35
int x1i,x2,y1,¥Y2;
char *p, *ptr;

int zonewidth, zoneheight;

unsigned long mem_left;

x1=zone_list [n] .x1;
x2=zone_list [n] .x2;
yl=zone_list [n] .y1;

y2=zone_list[n] .y2;

zonewidth=x2-x1+1;
zoneheight=y2-y1+1;

/* column offset */

/* row offset */
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mem_left=farcoreleft () ;

if(mem_left < (long)zonewidth * (long) zorteheight) {
beep () ;
wpromptc (NULL, msg, NULL) ;

return;

else {
if ((ptr=malloc(zonewidth * zoneheight))==NULL)

werror (1, "Error allocate image in read zone()");

if ((p=malloc (img_width) ) ==NULL)

werror (1, "Brror allocate p in read_zone()");

2
for(i=0; i<zoneheight; i++) {
readheap(p, i+y1) ;
for(j=0; j<zonewidth; j++) {
ptr(i*zonewidth+j]=p[j+x1];

}

free(p) i

raster scan(ptr,zonewidth, zoneheight);
free (ptr) ;

wreopen (char_win); wclose();
sort_pos(st,index) ;

wreopen (recog_win) ; wabandon () ;

return;

static void raster_ scan(char *image,int dx,int dy)

{

igk B, 97
char *ptxr;

wopen(8,10,20,20,112,DOUBLB_BORDER,48,1);
wtitle (" Character ");

char_win=w0;

wopen(8,44,64,5,112,DOUBLE_BORDER,9$,1);
wtitle (" Recognized Output ");

recog_win=w0;

index=0;
for(y=0; y<dy; y++) {
ptr = image + y * dx;
for(x=0; x<dx; x++) {
if (* (ptr+x)) { /* found point */
extract (image, dx, dy, x,vy) i

return;
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static void extract(char *image, int dx,int dy,int x,int y)

{

int ix, iy, minx,miny,maxx,maxy; /* perimeter variables & min/max values */
HEADING dir; /* current direction */

char *previous, *next, rhere; /* buffer pointers ¥/

int i,3,ex,cy;

ing idi,33:

char =*ch,code(9], type;

minx = maxx = ix = X; /* preset min/max x/y and perimeter vars */
miny = maxy = iy = y;
GOING_UP; /* starting direction */

[o%
s
R
1

/* walk perimeter, recording min/max of rectangular region x/
do {
/* update min/max */
if (ix < minx)
nipk =#Tx;
if (ix > maxx)
maxx = 1iX;
if (iy < miny)
miny = iy;
if (iy > maxy)
maxy = iy;
here = image + iy * dx + ix; /* where are we? */
next = here + dx;
previous = here - dx;
switch (dir) { /* based on current direction, */
/¥ look around for next direction *x/
case GOING_UP:
if (ix > 0 && *(here-1)) {
pla )
dir = GOING_LEFT;
break;

if (iy > 0 && *previous) {
Tk - -y
break;

if (ix < dx-1 && *(here+l)) {
ix++;
dir = GOING_RIGHT;

break;

He e

£ (iy <dy-1 && *next) {
1y++;
dir = GOING_DCWN;
break;
}
break;
case GOING_RIGHT:
if (iy > 0 && *previous) {
iy~--i
dir = GOING_UP;
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break;

}

if (ix < dx-1 && * (here+l)) (
ixX++;
break;

}

if (iy < dy-1 && *next) {
1y++;
dir = GOING_DOWN;
break;

}

if (ix > 0 && *(here-1)) {
ix--;
dir = GOING_LEFT;
break;

}
break;
case GOING_DOWN:
if (ix < dx-1 && *(here+1)) {

1x++;
dir = GOING_RIGHT;
break;

)

if (iy < dy-1 && *next) {
iy++;
break;

}

if (ix > 0 && *(here-1)) (
ix--;
dir = GOING_LEFT;
break;

}

if (iy > 0 && *previous) {
iy--; '
dir = GOING_UP;
break;

}

break;

case GOING_LEFT:
if (iy < dy-1 && *next) {
1y++;
dir = GOING_DOWN;
break;

HY

£ (ix > 0 && x(here-1)) {
ix--;

break;

if (iy > 0 && *previous) {
iy--;
dir = GOING_UP;
break;

[N

£ (ix < dx-1 && *(here+1)) {
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ix++;
dir = GOING_RIGHT;
break;
}
break;
}
} while(ix !'= x || iy != y); /* until we return to the start */
/* big enough? */
if ((maxx-minx+l < 5) || (maxy-miny+1 < 5)) {

here=image+miny*dx+minx;
for (iy=miny; iy<=maxy; iy++,here+=dx) {
memset (here, WHITE, maxx-minx+1) ;

else {
cx=maxx-minx+1;
cy=maxy-miny+1;
if ((ch=malloc (cx*cy))==NULL) {
werror (1, "Brror allocate ch in extract_char()");
}
/* write buffer & white out the charactexr */
for(j=0,jj=miny; j<ey; j++,ij++) {
for(i=0,ii=minx; i<cx; i++,ii++) {

ch(j*cx+il = image(jj¥dx+ii];

}

here=image+miny*dx+minx;

for(i=miny; i<maxy; i++, here+=dx) {
memset (here, WHITE, cx) ;

}

display_char(ch, cx, cy) ;

type=qcode (ch, cx, cy, code) ;

reccharinfo(cx, cy, x,y, code, type) ;

free(ch) ;

return;

static void reccharinfo(int width,int height,int xpos,int ypos,chaxr *codecg, char

{

int 1i;

st [index] .width = width;
st [index] .height = height;
st [index] .x = xpos;
st {index] .y = ypos;
for(i=0; i<9; i++)
st [index] .c[i] = codecg(il;
st [index] .type = chrtype;
index++;

return;
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static char gcode(char *p,int cx,int cy,char *codecg)

{

int i,key status,x,y;

char ¢, chr,ch;
FILE *code_file;

chr=searchcode (p, cx, cy, codecg) ;

if (chr=

else {

}

=0x00) {

beep () ;
if((code_file:fopen(“qcode.cod","a+t"))==NULL)
werror (0, "Error appending gcode.cod");
wopen(8,34,20,6,112,DOUBLB_BORDER,31,1);
wtitle(" Leaxrn ");
for(i=0; 1i<9; i++)
fputc (codecg[i], code_file);
wprintf ("\n Qcode:= %s\n", codecg) ;
wprintf ("\n Identify as:= ");
x=wherex() ;
v=wherey () ;
do {
whgh HPITE1 o W
c=get_kb() ;
wgoto (X,y);
switch(c) {
casSeng,
wps (" Bng ");
wflush () ;
c=wgetc () ;
if(c!=0x29) wputc(c);
break;
default
wputc(c) ;
break;
}
wflush () ;
ch=wgetc(); /* wait for enter key */
if (ch==BACKSPACE)
wgoto(x,y) i
wputc (0x££) ;
)
} while (i (ch==ENTER)) ;
for(i=0;i<7 ix+)
fputc (0x20,code file) ;
fputc(c, code_file) ;
fprintf {code_file, "\n");
wclose () ;
fclose(code_file);

chr=c;

wreopen (recog_win) ;

wputc (chr) ;

return chr;
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#include
#include

#include

c Monday, June 27, 1994 4:23pm

<stdio.h>
<string.h>

"wtwg.h"

/* extern prototype */

extern void binary(char *p,int width,int height);

extern void div_tchaxr(void);

extern void get_code(char *code);

/* local

prototype */

char searchcode(char *p,int width,int height,char *code) ;

char searchcode (char *p,int width,int height,char *code)

{

char type,buf [9], dummy;
FILE *cfp;

char ch;

int i, flag=0;

if ((cfp=fopen("gcode.cod", "a+b")) ==NULL)
werror (1, "Brror opening gcode.cod") ;

rewind (c£p) ;

binary(p,width, height) ;

div_tchar();

get_code(code);

do {

for(i=0; i<9; i++)

buf [i] =getc (cfDp) ; /* qcode from dictionary */

for(d=0g 1<7;( ++)
© dummy=getc (cfp) ; /* skip tab 0x20 */

type=getc(cfp);
dummy=getc (cfp) ; /* get "OD" x/
dummy=getc(cip) ; /* get "OA" *x/
if (! (memcmp (buf,code,9))) { /* matched #*/

flag=1;

}

else {
if (feof (cfp)) { /* end of file x/
type=0x00;
flag=1;

}
} while(!£flag);
fclose (cfp) ;
retuxn type;
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#include <stdio.h>
#include <math.h>
#include <alloc.h>
#include <conio.h>
#include <stdlib.h>
#include "wtwg.h"

/* local prototype */

void binary(char *p,int dx,int dy);

void div_tchar(void) ;

void get_code (char *buf);

static char cal_sub_cg(int line,int col,char *p,int q);

static char *table;
static wide, deep;
static char code[10] ;

void binary(char *p,int dx,int dy)

{

int .95

if ((table=malloc (dx*dy) ) ==NULL)
’ werror (0, "Exrror allocate table in binary()");
for(j=0; j<dv; j++) {
for(i=0; i<dx; i++) {
if (plj*dx+i] == Oxff) table[j*dx+i] = '1';
else table[j*dx+i] = '0’;

wide=dx;
deep=dy;

return;

void div_tchax(void)

{
char *subtable, *ptr=table;
int col[3],1line{3];
int r,cRk N, VA5

int guadrant;

col[0] = col[1l] = wide/2;

line{0] = line[1] = deep/2;

if((int) fmod(wide,2.0))
col[1]++;

if ((int) fmod(deep,2.0))
line [1] ++;

col[2] = col[0] + col[l1];

line (2] = line[0] + line(1];

for(xr=0; r<3; r++)
for(c=0; c<3; c++) {

switch(x) {
case l:ptr += widexline[0]; break;
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switch(c) {

4:25pm

case 1l:ptr += col[0]; break;

!

z = line[r]*collc];
subtable = malloc(z);
y=0;

for(k=0; k<line(x]; k++) {

for(v=0; v<col[cl; v++,ptr++)
subtable [y++] = *ptr;

)

switch(c) {

case 0: ptr += col[1]; break;

case 1: ptr += col[0]; break;

}

quadrant = 3*x+c;

code [quadrant] = cal_sub_cg(line[r],col[c],subtable.quadrant);

free (subtable) ;
ptr=table;

}
code[9]="\0";
free(table) ;

return;

static char cal_sub_cg(int line,int col,char *p,int q)
int total=0,cgx,cgy,direct,n, flag;
int r,c,X,Y¥;
char *ptr=p, *pr, *pl=p;
long tempx=0,tempy=0;

for(r=0; r<line; r++) {
for(c=0; c<col; c++,ptr++)
1ECIEBET) o=/ 17

total++; /* sum number of '1°
tempx+=c; /* sum coordinate of
tempy+=x; /* sum coordinate of ‘1’

}

if(total!=0) {
cgx=tempx/total;
if (fmod (tempx, total) >=total/2)
CgX++;
cgy=tempy/total;
if (fmod (tempy, total) >=total/2)
cgy++;

else {
cgx=col/2;
if (fmod(col,2.0)==1)

CgX++;

found on quadrant */
‘1’ on column */

on row */
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cgy=line/2;

if (fmod(line,2.0)==1)

egx-=-}

}

cgy++;

egy==;

p += cgy*col+cgx;
/* adjust CG to point '0’ ¥/

if (*p=='1") {

X=ogx;

Y=co¥.;

switch(q) {

* (pr-col)=="1') break;

* (pr-col)=='1’) break;

case
case
case
case
case

case

0:
1:
35
4:
6:

Monday, June 27, 1994
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7: n=1; flag=0;

for (direct=0,pr=p; direct<2; direct++) {
switch(direct) {
case 0: if (flag) break;
g if((x:ch+n) > col-1) break;
else {

pr=pl; /* reset */
pr+=y*col+x;

if (xpr=='0") {

if (* (pr+col)=='1' ||

else {
cgx=X;
flag=1;

break;

}

} /* end else */

case 1: if{flag) break;

if ((x=cgx-n) < 0) break;

else {
pr=pl; /* reset */
pr+=y*col+x;
if (*pr=='0") {

if (* (pr+col)=='1' ||

else {
cgx=x;
flag=1;

break;

!
} /* end else */
} /* end switch direction */
}
if (cgx+n>col-1 && cgx-n<0) flag=1l;

else n++;

) while(!flag);
break; /* end case g=0,1,3,4,6,7 */
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case 2:
case 5: n=1; flag=0;
do {
for (direct=0,pr=p; direct<2; direct++) {
switch (direct) {
case 0: if(flag) break;
if ((y=cgy-n) < 0) break;
else {
pr=pl; /* reset */
pr+=y*col+x;
if (*pr=="0")

if (% (pr+x)=='1' || *
(pr-x)=='1") break;
else {
cgy=yi
flag=1;
break;

}

} /* end else */
case 1: if(flag) break;
if ((y=cgy+n) > line-1) break; -
else {
pr=pl; /* reset */
pr+=y*col+x;
if (*pr=='0")

if (* (pr+x)=='1"' || *
(pxr-x)=="1") break;
else {
cgy=yi
flag=1;
break;

}

} /* end else */
} /* end switch direction */
}
if (egy-n<0 && cgy+n>line-1) flag=1l;
else n++;
} while(!flag);
break; /* end case g=2,5 ¥/
case 8: n=1; flag=0;
do {
for(direct=0,pr=p; direct<4; direct++) {
switch{direct) {
case 0: if(flag) break;
if ((x=cgx+n) > col-1) break;
else {
pr=pl; /* reset ¥/
pr+=y*col+x;
if (*pr=='0‘) {
cYx=X;
flag=1;
break;
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\
!

} /* end else */
case 1: if(flag) break;
if ((y=cgy-n) < 0) break;
else {
pr=pl; /* reset */
pr+=y*col+x;
if (*pr=="0") {
cgy=Yi
flag=1;
break;
}
} /* end else */
case 2: if (flag) break;
if ((x=cgx-n) < 0) break;
else {
pr=pl; /* reset */
pr+=y*col+x;
if (xpr=='0")
CgR=X;)
flag=1;
break;
}
} /* end else %/
case 3: if(flag) brezak;
if ((y=cgy+n) > line-1) break;
else {
PY=pi ;i * Teset */
pri=y*col+x;
if (¢pr=='0") {
COE—N’
flagel;
break;
)
} /* end else */
} /*x end switch direction */
}
if (egx+n>col-1 && cygx-n<0 && cgy-n<0 && cgy+n>line-1)
flag=1;
else n++;
} while(!flag);
break; /* end case g=8 */
} /* end switch g */
p=pr; /* update CG point */
}
/* calculate Q-code at CG */
tempy=0; tempx=0; ptr = p;
ptr++;
for(c=cgx+l; c<col && tempy==0; c++,ptr++} {
if(*ptr=="'1") {
tempx+=8;
tempy++;



CODECG.C

tempy=0; ptr = p;
ptr-=col;
for(c=cgy-1; c>=0 && tempy==0;
if (vptr=='1") {
tempx+=4;

tempy++;

}
tempy=0; ptr = p;
ptr--;
for(c=cgx-1; c>=0 && tempy==0;
if (*ptr=='1) {
tempx+=2;

tempy++;

}
tempy=0; ptr = p;
ptr+=col;

for(c=cgy+l; c<line && tempy==0; c++,ptr+=col) {

if (*ptr=='1") {
tempx+=1;

tempy++;

}

return (char)tempx;

void get_code (char *buf)

{

igtlic;

for(c=0; c<9; c++) {
switch (codeic]) {
case 10:
case 11:
cage/ \12:
case 13:
case 14:
case 15:
buf [c]

break;

default:
buf [c]

break;

}

retuxn;

Monday, June 27, 1994 4:25pm
c--,ptr-=col)
c--,ptr--) {
/* code =
/* code =
/* code =
/* code =
/* code =
= code [c]+55; /* code =
= code [c]+48; /* code =

A7
il
»
b
A

rq

y A
=7
2/
*/
*

v/

Y

*/
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#include <bios.h>
#include <dos.h>

#define RIGHT 0x01
#define LEFT 0x02

typedef unsigned char BYTE;

typedef unsigned int WORD;

#define LOWORD (1) ((WORD) (1))

#define HIWORD (1) ( (WORD) (( (DWORD) (1) >> 16) & OXFFFF))
#define LOBYTE(w) ((BYTE) (w))

#define HIBYTE(w) ((BYTE) (((WORD) (w) >> 8) & OXxFF))
static char thai_kb[0x54] = {

0x00, 0x1B, 0x00, 0x2F, 0X5F, 0xC0, 0xB6, 0XD8, 0xD6 , 0xA4, 0xB5, 0xA8, 0XA2, 0XAA, 0x08, 009,
0xE6, 0xE4, 0xD3, O0xXBE, 0XDO0, 0xD1, 0xD5, 0xXC3, 0xBY, 6XC2, 0XBA, 0XC5, 0X0D, 0x00, 0XBF, OXCB,
0xA1, 0xB4,0xE0, 0xE9, 0xE8, 0xD2, 0XCA, 0xC7, 0xA7,0x00, 0x00, 0x60, 0xBC, 0xBB, 0xE1, 0XCD,
0xD4, 0xD7, 0xB7, 0xC1, 0XE3, 0XBD, 0x00, 0x2A, 0x00, 0x20, 0x00, 0x00,0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00,0x00, 0x00, 0x00, 0x00, 0x37, 0x38,0x3¢, 0x2D, 0x34, 0x35, 0x36, 0x2B, 0x31,
0x%22,0x33,0%30,0x2E};

static char thai_kbs[0x54] = {
0x00,0xlB,DxO0,0xF1,0xF2,0xF3,0xF4,0xDB,0xDB,OxFS,0xF6,0xF7,0xFe,OkFS,Oxoe,0x09,
0xF0,0x22, 0XAE, 0XB1, 0xB8, 0XEB, 0x5A, 0xB3, 0XCF, 0XAD, 0xB0, 0x2C, 0X0D, 0x00, 0xC4, OXAS,
OXAR, 0xE2, 0XAC, 0xE7 , 0XBB, 0XCS, 0xC8, 0xAB, 0x2E, 0x00, 0X00, 0X7E, 0x28, 0x29, 0xA9, OxCE,
0x25, OXEC, 0x3F, 0xB2, 0xCC, 0x3¥, 0x00, 0x22, 0x00, 0x20, 000, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00,0x00, 0x00, 0X0C, 0%00, 0x00, 0XF7, 0xF8, 0XF9, 0x2D, 0xF4, OXF5, 0xF6,0x2B, OXF1,
0%F2, 0XF3,0xF0, 0x2E};

/* prototype */
int get_kb(void);
void beep(void);

int get_kb(void)

{
int key,modifiers;
int thai_key=1l, eng_key=0;
int last_key=0;

key=bioskey (0) ;
if (HIBYTE (key) ==0%29 && !eng key) {
thai_key=!thai_key;
return 0;
}
if (LOBYTE (key) 1=0) {
if(thai_key && (LOBYTE (key)>32)) {
nodifiers=bioskey(2) ;
if ((modifiers & RIGHT) || (modifiers & LEFT)) {
return(last_key=thai_kbs [HIBYTE(kxey)]);
}

return (last_key=thai_kb [HIBYTE (key)]) ;

else
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return(last_key=LOBYTE (key)) ;
) -
return (last_key=key) ;

}

void beep(void)

{

long tm;

sound (2000) ;

tm=biostime (0, 0L) ;

tm+=1;

while (biostime (0, OL) <=tm) ;
nosound() ;

return; -
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#include <stdio.h>
#include "chr.h"

#include "wtwg.h"

/* Extern variable */

extern WINDOW *recog_win;

/* Prototype */
veid sort_pos (CHAR_INFO *st,int count);

void sort_pos(CHAR_INFO *st,int count)
int x,y,1i,3j,index, fudge_x;
CHAR_INFO temp;
FILE *outtxt;

if ((outtxt=fopen("text.txt","at"))==NULL)
werror (1, "Brror creating text.txt");
for(i=0; i<count-1; i++) {
/* sort on x */
for(j=i+1l; j<count; j++) {
if(st[§1.x < st[i].x) {
temp = st[i];
st (i) = st(j];
st (j] = temp;

B
J

for(i=0; i<count-1; i++) {

1994  4:31pm

/* order of char: left to right, up to down */

% 5 Q1T

V= 'stiil .7

/* 5% slippage on alignment */
fudge_x = st(il.x+st[i].width/20;
for(j=i+1l, index=-1; j<count; j++) {

/* find any chars above and within x extent of st([i] */

if (aclid x\o %)

break;
if(st[jl.y <y && st[j).x <= fudge x) {
x = stljl.x;
v = stN] ¥y
index = j;
}
}
if (index !'= -1) {
temp = st[i];
st[i] = st{index];
st [index] = temp;

}

wcleax () ;

for(i=0; i<count; i++) (
wprintf ("%c", st [i] .type);
fpurtc (st [i] .type,outtxt) ;

i

fprintf (outtxt, "\n");
fclose (outtxt) ;
return;
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#define
#define
#define
#define
#define
#define
#define

#define
#define
4define

#define
#define
#define
#define
4define

#define

/* TIFF
#define
#define
#define
#define

#define

/* TIFF
#define
#define
#define
#define
#define
#define
#define
4define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
4define

#define

GOOD_READ
GOOD_WRITE
BAD_FILE
BAD_WRITE
BAD_READ
MEMORY_ERROR
WRONG_BITS

SCREENWIDE
SCREENDEEP
STEP

HOME
CURSOR_UP
CURSOR_LEFT
CURSOR_RIGHT
END
CURSOR_DOWN

object sizes */
TIFFbyte
TIFFascii
TIFFshort
TIFFlong

TIFFrational

tag names */
NewSubFile
SubfileType
ImageWidth
ImageLength
RowsPersStrip
Stripoffsets
StripByteCounts
SamplesPexPixel
BitsPerSample
Compression
PlanarConfiguration
Group30Options
Group4Options
FillOxder
Threshholding
Cellwidth
CellLength
MinSamplevValue
MaxSampleValue
PhotometricInterp
GrayResponseUnit
GrayResponseCurve
ColorResponseUnit
ColorResponseCuxves
XResolution
YResolution
ResolutionUnit

Monday, June 27, 1994 4:32pm

» W N H P O O

640
480
64

0x4700
0x4800
0x4b00
0x4d00
0x4£f00
0x5000

Vvl W R

254
255
256
25
278
273
279
277
258
259
284
292
293
266
263
264
265
280
281
262
290
291
3¢0
301
282
283
296

/* return codes */

/* mode 11,2-color VGA screen dimensions */
/* size of a step when panning */

/* cursor control codes */
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
4define
#define

#define

#define

typedef

Monday,

Orientation 274
DocumentName 269
PageName 285
XPosition 286
YPosition 287
PageNumber 297
ImageDescription 270
Make 271
Model 272
FreeOffsets 288
FreeByteCounts 289
ColoxMap 320
Artist 315
DateTime 306
HostComputex 316
ImageDescription 270
Software 305
pixels2byvtes (n) ((a+7)/8)

struct {
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned

June 27,

int width, depth,bytes, bits;

int flags;

int rowsperstrip;
int count;

int samples;

int threshhold;
int compression;
int bitspersauple;
long bytecount;
1oHdgy oL fgeey

int (*setup) ();

int (*clesedown) () ;
} FILEINFO;

1994

4:32pm
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/* definitions */
#define MAX MALLOC Oxffee /* maximum malloc size */
#define BUFFER_SIZE 0xfe00

/* blocking */

#define WHITE 0x00 /* white color in sample */
#define BLACK Oxff /* black color in sample */
#define PREGNANT 0x01 /* ready to be black */
#define SICK Oxfe /* ready to be white */
#define ALIVE 0x80 /* still alive */

#define LIFE_SCORE 2 /* neighbors for birth */
#define DEATH_SCORE 0 /* neighbors for death */

/* sequencing */

#define MIN X_ZONE 1 /* minimum allowable x extent for a zone */
#define MIN_ Y ZONE 1 /* minimum allowable y extent' for a zone */
#define MAX ZONES 200 /* maximum number of zones */

#define COLUMN_MAJOR 1 /* order zones with columns dominate */
#define ROW_MAJOR 2 /* order zones with rows dominate */

typedef struct { int x1,y1,x2,y2; } ZONE;
typedef enum { GOING_UP,GOING_RIGHT,GOING DOWN,GOING LEFT } HEADING;
typedef struct { short x,y,width,height; } DISPLAY BOX;
typedef struct (
ZONE zone_info [MAX ZONES];
int zones;
int line_no;
} SAMPLEINFO;

CHR.H Monday, June 27, 1994 4:35pm

typedef ‘struct {
int width,height;
int x,v;
char (9] ;
char type;
} czar INFO;






