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ABSTRACT

The thesis presents a method of image compression by segmentation method based on
graph theory. The recursive shortest spanning tree is used in the graph theory for forming the
region boundaries. Therefore, the obtained result gives the high accuracy of region boundaries.
However, to create a tree it consumes high computational time according to the nun;ber of
operation in searching step of the recursive shortest spanning tree depends on square ;}f the
number of pixels in the image. So the objective of this thesis is to improve the speed of
segmentation method. The purpose has to divide an imagé into several subimages. These
subimages will be processed in the same manner as the big image, while the total ‘number of
regions in subimages still preserve as the number of the big image. Therefore, thé sum of total
computation time for the mosaicked image will be reduced. By consequence, the limitation of

storage memory can be reduced, and a certain big size of image can be achieved.
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MARUIN 2. B.lmnwmsnmm

//***#*********"*******#*ttl!*#ttt#tttttt*********t#*’#***t

/7* Program : Recusive shortest spanning tree (RSST.C)
//* Input  : 1) Original image file.

/7* 2) Image size.
/7* 3) Output spanning tree file name.
//* 4) Number of part to separate.

//* Qutput : Spanning tree file.

P R T PR P PP

#include <rsstsmal.h>

#include  <rsstcost.ad>

#include  <stdio.h>

#include  <math.h>

#include <alloc.h>

#include <time.h>

#include  <string.h>

#include  <stdlib.h>

#define  sqgr(A) ((A)*(A))

7*** Defind grobal variable ***/

struct LinkElement {
TYPEREGIONACCESS r1,r2;
float Weight;
} huge *LinI;Array;

struct RegionRecord {
TYPEREGIONACCESS NumpPixels;
TYPELINKACCESS FirstLinkindex;
float _ mean;
} huge *RegionArray;,

struct Region_Rec {
float mean;
} huge *Region_Arr;

struct TreeEntry {
TYPEREGIONACCESS Vertex1;
char LinkDir;

} TreeRecord,



struct ListEntry {

TYPELINKACCESS LinkArrayPtr, NextListEntry;

} huge *LinkList;
clock_t start_p.end_p;
unsigned NumOnHeap, Pixelsinimage, RawLinkCount;
unsigned long Pixelsinimage_;
unsigned short Xsize, Ysize, Xsize_, Ysize_, Xseparate, Yseparate;
unsigned int Req_part, x_count, y_count;
char  progname[STRINGSIZE],ImageName[STRINGSIZE],*name_close;
char *TreeName[STRINGSIZE];
TYPELINKACCESS huge *Heap,huge *Inv,huge *AddMap;
TYPEREGIONACCESS huge *Alreadylinked, LinkedValue = 0;
TYPEREGIONACCESS LinksOutput;
FILE  *Treefile;

/******************************##**********t***t***********/

void  AllocateFailure(regsize)

register unsigned long regsize;

{
printf("Exist Memory %lu bytes, Request %lu.\n" farcoreleft(),regsize);
tprintf(stderr,"%s: failure in memory allocation”,progname);

exit(1);

/*****t*******************t***************#****************/

void  AllocateMemory()
{
unsigned long lk,la,ra,ra_,in,he,al;
unsigned long mem_free;
mem_free = farcoreleft();
printf( \nAvialable memory before allocate %lu bytes.\n",mem_free);
Ik = (4L*(long)Pixelsinimage - 2L*(long)Xsize - 2L*(long)Ysize + 1L) *
(fong)sizeof(struct ListEntry);
la = (Jlong)RawLinkCount * (long)sizeof(struct LinkElement);

ra = (long)Pixelsinimage * (long)sizeof(struct RegionRecord);



in = (long)RawLinkCount * (long)sizeof( TYPELINKACCESS);
he = (2L * (long)Pixelsinimage - (long)Xsize - (long)Ysize + 1L) *
(long)sizeof(TYPELINKACCESS);

al = (long)Pixelsinimage * (long)sizeof(TYPEREGIONACCESS);

ra_ = (long)Pixelsinimage_ * (long)sizeof(struct Region_Rec);

if((LinkList = (struct ListEntry*)farmalloc(lk)) == NULL) AllocateFailure(lk);

if((LinkArray = (struct LinkElement* )farmalloc(la)) == NULL) AllocateFailure{la);

if((RegionArray = (struct RegionRecord* )farmalloc(ra)) == NULL) AllocateFailure(ra);

if((Region_Arr = (struct Region_Rec*)farmalioc(ra_)) == NULL) AllocateFz"Jre(ra_);

if((inv = (TYPELINKACCESS* )farmalloc(in)) == NULL) AllocateFailure(in):

if((Heap = (TYPELINKACCESS*)farmalloc(he)) == NULL) AllocateFailure(he);

if((AddMap = (TYPELINKACCESS* )farmalloc((long)Pixelsinimage)) == NULL)
AllocateFailure(Pixelsinimage);

if((AlreadyLinked = (TYPEREGIONACCESS* )farmalloc(al)) == NULL) AliozzteFailure(al);

printf(“Avialable memory after allocate %Iu bytes.\n" farcoreleft());

/****t***#****#****************t******4#**#****#*#&#1##****/

void Initialise(argc,argv) .
int  argc;

char  *argv]);

{

char  *stpcpy(),*strcat();

char huge *TreeName[STRINGSIZE]);

int i, BytesPerPixel;

short shortbuffer;

FILE  *Infile;

struct Region_Rec huge *p;

strcpy(progname,argv{0]);
switch(arge) {
case 1: printf(“Input image filename: *);
scanf("%s", ImageName);
case 2: printf(“Image x size : );

scanf("%d",&Xsize_);
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case 3: printf("Image y size : *);
scanf("%d",&Ysize_);
case 4: printf("Output Tree filename: *);
scanf(*%s", &TreeName);
case 5: printf(“Separate x size : *);
scanf("%d", &Xseparate);
while( (Xsize_ % Xseparate) ) {
printf("Can’t separate X size %d Part...\n",Xseparate);
printf("Retry Separate x size : ");
scanf("%d", &Xseparate);
}
case 6: printf("Separate y size : *);
scanf("%d", &Yseparate);
while( (Ysize_ % Yseparate) ) {
printf("Can’t separate Y size %d Part..\n",Yseparate);
printf(“Retry Separate y size : );
scanf(“%d", &Yseparate);
}
case 7: break;
default: fprintf(stderr,”%s: wrong number of arguments\n”,progname);
}
if((Infile = fopen(ImageName, rb")) == NULL) {
fpr—intf(stderr,”%s: unable to open file %s\n®,progname, ImageName);

exit(1);

Xsize = Xsize_/Xseparate,
Ysize = Ysize_/Yseparate;
Req_part = Xseparate*Yseparate;
Pixelsinlmage_ = (long)Xsize_ * (long)Ysize_;
Pixelsinimage = Xsize * Ysize;
RawlinkCount = 2*Pixelsinlmage - 1;
AllocateMemory();
for(p = Region_Arr; p<Region_Arr+Pixelsinimage_; p++) {
fread((char*)&shortbutfer,1,1,Infile);

p->mean = (float)shortbuffer;



fclose(Infile);
if((Treefile = fopen(&TreeName,"wb”)) == NULL) {
fprintf(stderr,”%s: unable to open file %s\n’,progname, ImageName);
fclose(Treefile);
exit(1);

/***********#!&********itt******************************;F**/

void  SetlnitialLinks()
{ -
register TYPELINKACCESS Linkindex,LastlinkIndex;
register struct LinkElement *LinkElementPtr;
register TYPELINKACCESS LinkPtr;
register unsigned int ~ Twol;
TYPELINKACCESS i,CountLinks,LinkEntry;
LinkEntry = O;
for(i=0; i<Pixelsinlmage; i++) {
Twol =i +i;
CountLinks = O;
if(i % Xsize) {
Linkindex = ++LinkEntry;
RegionArray][i].FirstLinkindex = Linkindex;
LinkList[LinkIndex].LinkArrayPtr = Twol - 1;
Lastlinkindex = Linkindex;
CountlLinks++;
}
if(i >= Xsize) {
Linkindex = ++LinkEntry;
if(Countlinks) LinkList[LastLinkIndex].NextListEntry = Linkindex;
else RegionArray[i].FirstLinkindex = Linkindex;
LinkList[LinkIndex].LinkArrayPtr = Twol - 2*Xsize + 2;
LastLinkindex = Linkindex;

CountLinks++;
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}

it((i+1) 9% Xsize) {
Linkindex = ++LinkEntry;
if(CountLinks) LinkList[LastLinkindex].NextListEntry = Linkindex;
else RegionArrayl[i].FirstLinkindex = Linkindex;
LinkPtr = LinkList[LinkIndex].LinkArrayPtr = Twol + 1;
LinkElementPtr = &LinkArray[LinkPtr};
LinkElementPtr->r1 = i;
LinkElementPtr->r2 = i+1;
LinkElementPtr->Weight = FindInitialWeight;
LastLinkindex = Linkindex;

CountlLinks++;

else if(i I= Pixelsinimage-1) LinkArray[Twol+ 1].Weight = -1.0;
if(i < Pixelsinlmage - Xsize) {
Linkindex = ++LinkEntry;
LinkList[LastLinkindex].NextListEntry = Linkindex;
LinkPtr = LinkList[Linkindex].LinkArrayPtr = Twol + 2;
LinkElementPtr = &LinkArray[LinkPtr};
LinkElementPtr->r1 = |
LinkElementPtr->r2 = i + Xsize;
LinkElementPtr->Weight = FindInitialWeight;
Lasttinkindex = Linkindex;
CountLinks++;
} -
else if(i != Pixelsinimage-1) LinkArray[Twol+2].Weight = ~1.0;
LinkList[LastLinkIndex].NextListEntfy = 0;

/************************#********#**#!**#t‘#*‘*t*#**#*#**t/

void PQDownHeap(k)
register TYPELINKACCESS k;

{
register unsigned int j,.HalfNumOnHeap;
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register unsigned int: HeapOfj,HeapOfjPlus1;
unsigned int v,
register float vvalue;
v = Heaplk];
vvalue = LinkArray[v].Weight;
HalfNumOnHeap = NumOnHeap/2;
while (k <= HalfNumOnHeap) {
j=k+k
HeapOfj = Heap]j};-
HeapOfjPlus1 = Heap[j+1];
if(jxNumOnHeap)
if(LinkArray[HeapOfj]. Weight > LinkArray[HeapOfjPlus1}.Weight) {
j¥+; . ‘
HeapOfj = HeapOfjPlus1;
}
if(vvalue <= LinkArray[HeapOfj].Weight ) break;
Heaplk] = HeapOfj;
Inv[HeapOfj] = k;

k=j;

| .
Heaplk] = v;
Invlv] = k;

/*****##******'*!********##*****************tt**#**#*##****/

void PQConstruct()
{
register unsigned int k;
NumOnHeap = O;
Heap[0] = O;
LinkArray[0].Weight = -1.0;
for(k=1; k<RawLinkCount; k++)
if(LinkArray[k].Weight >= 0.0) {
Heap[++NumOnHeap] = k;
Invlk] = NumOnHeap;
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}
for(k = NumOnHeap/2; k>=1;k--) .
PQDownHeap(k);

P L Ll E LY

void  PQUpHeap(k)
register unsigned int k;
{
register unsigned int v,Halfk,HalfHeapOfk;
register float LinkvWeight; B
v = Heaplk];
Halfk = k/2;
HalfHeapOfk = Heap{Halfk];
LinkvWeight = LinkArray[v].Weight;
while(LinkArray[HalfHeapOfk].Weight > LinkvWeight) {
Heap[k] = HalfHeapOfk;
Inv[HalfHeapOfk] = k;
k = Halfk;
Haltk = k/2;
HalfHeapOfk = Heap[Halfk];
}
Heaplk] = v;

inviv] = k;

/#**********************#*t******************************#*/

unsigned int  PQRemove()
{
register int LinkNumber;
LinkNumber = Heap[1];
Heap[1] = Heap[NumOnHeap];
if(- -NumOnHeap) PQDownHeap(1);

return(LinkNumber);



/*#***********************t#*‘?t******************tt#******/

void PQChange(LinkID)

register unsigned int LinkiD;

{
register unsigned int K;
k = Inv[LinkID};
if(LinkArray[Heap{k/2]].Weight > LinkArray[Heap[k]]. Weight)
PQUpHeap(k);
else  PQDownHeap(k);
}

/*********************##*******‘*********************#t****/

void  PQRid(LinkID)
register unsigned int LinkID;
{
‘ register unsigned int k;
k = Inv[LinkID];
Inv[Heaplk]] = k;
if(k == NumOnHeap) NumOnHeap--;

else
{
Heap[k] = Heap[NumOnHeap--];
PQDownHeap(k);
}

}

/******************f********************************l******/

void  OutputLink(LinkNumber)
register unsigned int LinkNumber;
{
TreeRecord.Vertex1 = (LinkNumber-1)/2;
if(LinkNumber % 2) TreeRecord.LinkDir = 0;
else
TreeRecord.LinkDir = 1;
(void) fwrite(&TreeRecord,sizeof(struct TreeEntry),1,Treefile);
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/**#**tt#t*******#****tttttt*irtn:trwu:naa:tt**#*****tt***)

"void

register unsigned int RegionNumber,IndexToRemove;

{

register unsigned int  Stepindex,LastStepindex;
register struct ListEntry  huge *LinkListPtr:
char FirstLink;
FirstLink = 1;
Steplndéx = RegionArray[RegionNumber].FirstLinkindex;
LinkListPtr = &LinkList[Step!ndex];
while(LinkListPtr->LinkArrayPtr 1= IndexToRemove) {
Firstlink = O;

ReviseOtherRegionList( RegionNumber,IndexToRemove)

LastStepindex = Stepindex;
Stepindex = LinkListPtr->NextLis:Entry;
LinkListPtr = &LinkList[StepIndex]:

if(FirstLink)

RegionArray[RegionNumber].FirstLinkindex = LinkListPtr->NextListEntry;

else

LinkList[LastStepIndex].NextListEntry = LinkListPtr->NextListEntry;

/********************************#****lllIII***************/

void  MergeRegions(LinkNumber)

unsigned int LinkNumber,;

{

#define mean1
#define mean2
#define Num1

#define Num2

RegionArray[LinkArray[LinkNumber].r 1].mean
RegionArray[LinkArray[LinkNumber].r2].mean
RegionArray[LinkArray[LinkNumber].r 1]1.NumPixels
RegionArray[LinkArray{LinkNumber].r2].NumPixels

#define Linkindex1 RegionArray[LinkArray[LinkNumber].r 1].FirstLinkindex
#define Linkindex2 RegionArray[LinkArray[LinkNumber].r2].FirstLinkindex

register unsigned int LLINextListEntry LLILinkArrayPtr,Linkindex,

LastlLinkindex = O;
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unsigned int TotalPiiels,CountLinks,OtherRegion;
char FinishedList,RegionBIsFirst;
struct ListEntry  *LinkListindex;

TotalPixels = Num1 + Num2;

mean1 = (mean1*Num1 + mean2*Num?2)/TotalPixels;
Num1 = TotalPixels;

LinkedValue++;

CountlLinks = O;

FinishedList = O;

Linkindex = Linkindex1;

LinkListindex = &LinkList[Linkindex];

LLINextListEntry = LinkListindex->NextListEntry,
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;

while(!FinishedList) {
if((LLINextListEntry == 0) && (LLILinkArrayPtr == LinkNumber)) {

}

if(CountLinks) LinkList[LastLinkIndex].NextListEntry = Linkindex2;
else Linkindex1 = Linkindex2;

Linkindex = Linkindex2;

LinkListindex = &LinkList[LinkIndex};

LLINextListEntry = LinkListindex->NextListEntry;

LLILinkArrayPtr = LinkListindex->LinkArrayPtr;

FinishedList = 1,

else if(LLILinkArrayPtr == LinkNumber) {

Linkindex = LLINextListEntry;

LinkListindex = &LinkList{Linkindex];

LLINextListEntry = LinkListindex->NextListEntry;
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;

if(CountLinks )LinkList[LastLinkIndex].NextListEntry = Linkindex;

else Linkindex1 = Linkindex;

}

else

{

LinkArray[LLILinkArrayPtr].Weight = FindWeight(LLILinkArrayPtr);
PQChange(LLILinkArrayPtr);

»®
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if(LinkArray[LinkNumber].r1 == LinkArray[LLILinkArrayPtr].r1)
OtherRegion = LinkArray[LLILinkArrayPtr].r2;
else

OtherRegion = LinkArray[LLILinkArrayPtr].r1;
AlreadyLinked[OtherRegion] = LinkedValue;
CountLinks++;

if(LLINextListEntry == 0) {
Lastlinkindex = Linkindex;
LinkListindex ~>NextListEntry = Linkindex2;
Linkindex = Linkindex2;
LinkListindex = &LinkList[Linkindex];
LLINextListEntry = LinkListindex->NextListEntry;
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;
FinishedList = 1,

}

else

{
LastLinkindex = Linkindex;
Linkindex = LLINextListEntry;
LinkListindex = &LinkList[Linkindex];
LLINextListEntry = LinkListindex->NexiListEntry;
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;

} N

FinishedList = O;
while(!FinishedList) {
if((LLINextListEntry == 0)&&(LLILinkArrayPtr == LinkNumber)) {
LinkList[LastLinkindex].NextListEntry = O;
FinishedList = 1;
)

%

*

else

if(LLILinkArrayPtr == LinkNumber) {
Linkindex = LLINextListEntry;
LinkListindex = &LinkList[LinkIndex];



LLINextListEntry = LinkListindex->NextListEntry;
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;
if(CountLinks) LinkList[LastLinkindex].NextListEntry = Linkindex;
else Linkindex1 = Linkindex;
}
else
{
if(LinkArray[LinkNumber].r2 == LinkArray[LLILinkArrayPtr].r1) {
OtherRegion = LinkArray[LLILinkArrayPtr].r2;
RegionBlsFirst = 1;

else
( g
OtherRegion = LinkArray[LLILinkArrayPtr].r1;
RegionBlsFirst = O;
}

if(AlreadyLinked[OtherRegion] == LinkedValue) {
PQRid(LLILinkArrayPtr);

ReviseOtherRegionList(OtherRegion,LLILinkArrayPtr);
if(LLINextListEntry == 0) {
LinkList[LastLinkindex].NextListEntry = O;
FinishedList = 1;

else
{
Linkindex = LLINextListEntry;
LinkListindex = &LinkList[LinkIndex];
LLINextListEntry = LinkListindex->NextListEntry;
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;
LinkList[LastLinkIndex].NextListEntry = Linkindex;

}

else

{
if(RegionBlsFirst)
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LinkArray{LLiLinkArrayPtr].r1 = LinkArray[LinkNumber].r1;
else
LinkArray[LLILinkArrayPtr].r2 = LinkArray[LinkNumber].r1;
LinkArray[LLILinkArrayPtr]. Weight = FindWeight(LLILinkArrayPtr);
PQChange(LLILinkArrayPtr);
CountLinks++,
if(LLINextListEntry == 0) Finishedest = 1;
"else
{
LastLinkindex = Linkindex;
Linkindex = LLINextListEntry;
LinkListindex = &LinkList[LinkIndex];
LLINextListEntry = LinkListindex->NextListEntry;
LLILinkArrayPtr = LinkListindex->LinkArrayPtr;

/***************************?t##***##*****t****************/

void  DoKruskalOnLowestWeights()
{
unsigned int SmallestLink;
LinksQutput = 0;
while(LinksOutput < Pixelsinimage = 1) {
SmallestLink = PQRemove();
LinksOutput++;
OutputLink(SmallestLink);
MergeRegions(SmallestLink);

/************************t#‘*#*ﬂ***‘***##'l*#t********#****/

void Separate()



{
register TYPELINKACCESS  i,j,Start,add;

int X;
struct RegionRecord huge *p;
Start = (Xsize_*Ysize*y_count) + (Xsize*x_count);
add=0;
p=RegionArray;
for (j=0'; j<Ysize ; j++ ) { /* count Ysize */
for ( i=Start ; i<(Start+Xsize) ; i++ ) { /* count Xsize */
- = AddMap[add++] = i;
p->mean = Region_Arr{il.mean;
p->NumPixels =1 ;
++p
}
Start = Start+Xsize_ ;

}
for(x=0; i<Pixelsinimage; x++) AlreadyLinked[x] = O;

/****************#********t********************#*******#/

/* Main program
T T T T PPy
main(argc,argv)
int argc;
char *argvi);
{
unsigned int Part;
Initialise(argc,argv);
Part = 0;
start_p = clock() ;
printf("Computing..\n");
for( y_count = 0 ; y_count < Yseparate ; y_count++ ) {
for( x_count = O ; x_count < Xseparate ; x_count++ ) {
printf("--> Part %d\r" Part);
Separate();
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SetinitialLinks();
PQConstruct(.);
DoKruskalOnLowestWeights();

Part++;

end_p = clock();
fclose(Treefile);
printf("\n\nTotal of Processing used %f clock\n’,(end_p-start_p)/CLK_TCK);

} _
/*** End program RSST.C ***/
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//***t*********#*****#***t#t#*****t'l.lt##t*!tt*t‘***#*l#***

//* Program : SEGMENT.C

//* Decription : Genarate image segment from spanning tree.

//* Input 1) Original image file.

/7% 2) Image side.

/7" 3) Spanning file name.

V7 4) Number of part to separate.

/r* 5) Output image segment file name.
//* Output  : Image segment file.

//*************************#********tl*"‘!!****************

#include <stdio.h> Q

#include <alloc.h>

#include <math.h>

#define STRSIZE 50

/*** Defind grobal variable ***/

char  *LinkArray,*MarkerArray, progname[STRSIZE}; '
char  ImageFile[STRSIZE], TreeFile[STRSIZE] ,SegFile[STRSIZE],
int  *PixelStack, Inclmagelndex[9], RequiredRegions;
int  Maxint = -32000, Minint = 32000;

double x_bar_totél;

unsigned char *ImageArray,*ImageArray_:

unsigned short Xsize,Ysize Xsize_,Ysize_;

unsigned int Req_part, x_count, y_count,Xseparate,Yseparate, Part;

unsigned long TotalPixels_;
unsigned TotalPixels;
FILE  *inTreeFile,*QOutFile;
struct Regions_varance
{ int Array;
double Varance;
double Integer;
double Fraction;
unsigned double x_bar_array;
unsigned t_pixels,

int  min_varance,
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int max_varance;
int flag;
} huge *Region;

/*##***********#********#*********#******#**t*##t#*#*t*t##t/

void AllocFailure()

{
fprintf(stderr,”%s: Failure to allocate memory\n”,progname);
exit(1);

/*#***************t**********#***********#****tt#tt#*#‘t#‘*/

void GetSpace()
{
long m;
unsigned long mem_free; ¥
1p = (long)Req_part * (long)sizeof(struct Regions_varance);
mem_free = farcoreleft();
* printf("\nMemory avialable %!u bytes.\n",mem_free);
if((ImageArray =-(long*)farmalloc((long)TotalPixels*

(long)sizeof(short)))== NULL) AlfocFailure();
printf(“ImageArray used %lu bytes.\n",mem_free-farcoreleft());
mem_free = farcoreleft();

if((ImageArray_-= farmalloc( TotalPixels_*

(unsigned long)sizeof(char)))== NULL) AllocFailure();
printf("imageArray_ used %lu bytes.\n",mem_free-farcoreleft());
mem_free = farcoreleft();
if((LinkArray = (long)farmalloc((long)TotalPixels* .

(long)sizeof(char)))== NULL) AllocFailure();
printf("LinkArray used %lu bytes.\n",mem_free-farcoreleft());
mem_free = farcoreleft();

if((MarkerArray = (long)farmalloc((long)TotalPixels*

(long)sizeof(char))})== NULL) AllocFailure();

printf(“MarkerArray used %lu bytes.\n",mem_free-farcoreleft()):

mem_free = farcoreleft();
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if((PixelStack = (long)farmalloc( (long) TotalPixels*
(Iong)sizeof(cha}))) == NULL) AllocFailure();

printf(“PixelStack used %lu bytes.\n",mem_free-farcoreleft());

mem_free = farcoreleft();

if((Region = (struct Reginos_varance* )farmalloc(rp)) == NULL)

AllocFailure();

printf(“Region used %lu bytes.\n",mem_free-farcoreleft());

/****************************************t***‘***t****t****/
void Getinputs(argc,argv)
register int arge;

register char *argv(];

{
register int i;
char  buff;
FILE  *InFile;

strcpy(progname,argv(0});
switch(arge) {
case 1: printf(*Original image filename: *);
scanf("%s",ImageFile);
if((InFile = fopen(imageFile,’rb”)) == NULL) {
fprintf(stderr,"\n%s: Error cannot open file %s\n",progname,ImageFile);
exit(1);
}
case 2: printf(“Image X size: *);
scanf(“%d",&Xsize_);
case 3: printf(“Image Y size: *); |
scanf("%d" ,&Ysize_);
case 4: printf(“Tree filename: );
scanf("%s",TreeFile);
if((InTreeFile = fopen(TreeFile,"rb*)) == NULL) {
fprintf(stderr,"\n%s: Error cannot open file %s\n”,progname,TreeFile);

exit(1);
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case 5: printf(“Separate X size : *);
scant("%d", &Xseparate);
while( (Xsize_ % Xseparate) ) {
printf(“Can’t separate X size %d Part..\n",Xseparate };
printf(“Retry Separate X size : *); '
scanf("%d’, &Xseparate);
}
case 6: printf(“Separate Y size : *);
scanf("%d", &Yseparate);
while( (Ysize_ % Yseparate) ) {
printf("Can't separate Y size %d Part...\n",Yseparate);
printt(“Retry Separate Y size : *);
scanf("%d", &Yseparate);
}
case 7: printf("Output filename: *);
scanf("%s",SegFile);
if((OutFile = fopen(SegFile,"wb")) == NULL) {
fprintf(stderr,"\n%s: Error cannot open file %s\n",progname,SegFile);
exit(1);
}
case 8: printf(“Required no. of regions: *);
scanf("%d",&RequiredRegions);
if( RequiredRegions < (Xseparate*Yseparate).) {
~ fprintf(stderr,"\n%s: Error number of regions less than number of part.\n',progném.e);
exit(1);
}
case 9: break;

default: fprintf(stderr,”%s: wrong number of arquments\n”,progname);

Xsize = Xsize_/Xseparate;

Ysize = Ysize_/Yseparate;

Req_part = Xseparate*Yseparate;
TotalPixels_ = (long)Xsize_ * (long)Ysize_;
TotalPixels = Xsize * Ysize;

GetSpace();
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/** Read Image File **/
x_bar_total = O;
for(i=0; i<TotalPixels_; i++) {
fread((char*)&buff,1,1,InFile);
ImageArray_[i] = buff;
x_bar_total += ImageArray_[i];
}

X_bar_total = x_bar_total/TotalPixels_;
fclose(InFile);
Incimagelndex{1] = -Xsize;
Inclmagelndex{2] = 1;
Incimagelndex[4] = Xsize;

Inclmagelndex[8] = - 1;

/***********************************************#t**#*****#/

void ReadLinks()

{

register long i,NumLinks;
struct SmallTreeEntry {
unsigned int Vertext;
char-  LinkDir;
} SmadliBuffer;
if( Region|[Part].Integer < 1) {
fprintf(stderr,"\n%s: Error region set less than Zero\n®,progname);
exit(1);

NumLinks = (long)TotalPixels - (long)Region[Part].Integer ;
for(i=0; i<NumLinks; i++) {

if(fread((char*)&SmallBuffer,sizeof(struct SmallTreeEntry),1,InTreeFile) 1= 1)
{
fprintf(stderr,"\n%s: Error in reading file %s\n" progriame, TreeFile);
exit(1);
}

if(SmallBuffer.LinkDir)



{
LinkArray[SmallBuffer.Vertext] |= 4,

LinkArray[SmallBuffer.Vertext + Xsize] |= 1;
}

else
{
LinkArray[SmallBuffer.Vertext] |= 2;
LinkArray[SmaliBuffer.Vertext + 1] |= 8;

}

}
for( i=0 ; i<((long)Region[Part].Integer-1) ; i++) {
if(fread((char*)&SmallButfer,sizeof(struct SmaliTreeEntry),1,InTreeFile) != 1)

{

fprintf(stderr,"\n%s: Error in reading Part %d file %s\n",progname,Part,TreeFile);:

exit(1);
}

/******************************************t********f******/

int FindMean(Index)

register long Index;

{

register long int Totalintensity, NumInRegion;
register long StackPointer = 0,CheckPixel;

register char  LookAround;

MarkerArray[Index] = 1;

Totalintensity = (int)imageArray[index];
NuminRegion = 1;

do

{
for(LookAround=1; LookAround<16; LookAround<<=1)

{
if(LinkArrayfindex] & LookAround)
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{

CheckPixel = Index + Inclmageindex[LookAround];
if(\MarkerArray[CheckPixel])
{
MarkerArray[CheckPixel] = 1;
Totallntensity += (int)imageArray[CheckPixel];
NuminRegion++;

PixelStack[++StackPointer] = CheckPixel;

}
Index = PixelStack[StackPointer--];

} while (StackPointer >= 0);
return((short) ((Totallntensity+NuminRegion/ 2 }/NuminRegion));

/*****************#**!It*t*********************************/

void SetMean(Index,MeanValue)

register long Index;

register int MeanValue;

{

register long  CheckPixel,StackPointer = O;
register char  LookAround; -
MarkerArray{index] = 2;
ImageArray[index] = MeanValue;
do
{
for(LockAround=1; LookAround<16; LookAround<<=1)
if(LinkArray[index] & LookAround)
{
CheckPixe! = Index + Incimagelndex[LookAround];
if(MarkerArray[CheckPixel]==1)
{
MarkerArray[CheckPixel] = 2,

ImageArray|CheckPixel] = MeanValue;
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PixelStack[++StackPointer] = CheckPixel;
} .
}
Index = PixelStack[StackPointer--J;
} while (StackPointer >= 0);

/******#**********y#********#******************************/

void GetSegmentation()
{

register long Pixel;

int Meanintensity; _

for(Pixel=0; Pixel<(long)TotalPixels; Pixel++j

if(\MarkerArray[Pixel])

{
Meanintensity = FindMean(Pixel);
SetMean(Pixel,Meanintensity);
if(MaxInt<Meanintensity) Maxint = Meanintensity;

if(Minint>Meanlntensity) Minint = MeanlIntensity;

/********tf***********************************#******#*****/

void Storelmage()
{
register unsigned long add, Start, i;
register unsigned short j;
Start = (Xsize_*Ysize*y_count) + (Xsize*x_count);
add = O;
for( j=0 ; j<Ysize ; j++ ) {
for( i=Start ; i<(Start+(long)Xsize) ; i++ ) {
ImageArray_|[i} = ImageArray{add++];
}
Start = Start+(long)Xsize_;
}



if( Part == Req_part-1 ) {
if(fwrite((char*)imageArray_,2,TotalPixels_/2,0utFile)==NULL)
printf("\n Error write out file part 1.\n");

/***************‘*#***‘***************t**ltt#ttt‘t*#*ttt##t/

void Seperate()
{
register long add,i,j,Start,count;
Start = (Xsize_*Ysize*y_count) + (Xsize*x_count);
add = O, count = O;
for( j=0 ; j<(long)Ysize ; j++ ) {
for( i=Start ; i<(Start+(long)Xsize) ; i++ ) {
ImageArray[add++] = ImageArray_][i];
LinkArray[count] = O;
MarkerArray[count++] = O;

}
Start = Start+Xsize_;

/**********l*******************************y*t!t****#t*****/

/* The Bubble sort. */

void bubble(item,count)

register struct Regions_varance huge *item;

register unsigned int count;

{

register int a,b;

register struct Regions_varance t;

for(a=1; a<count; ++a)
for(b=count-1; b>=a; --b) {
if(item[b-1].Fraction > item[b].Fraction) {

/* exchange element */

t = item-1};

[y
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item[b-1] = item(b];
item[b] = t;

}

}

/*******#**********#*********************#*********“‘#'ﬁt**l

Findvariance()
{
register int j,loop,start;
register unsigned i&?\g i
register double total_varance;
double buff,add; )
register unsigned fong x_cnt,y_cnt;
for(j=0;j<Reqpart; j++ ) { /* Initial Valiabel */
Region[j].}xrray = 0;
Region([j].min_varance = O;
Region[j].max_varance = 255;
Reg.ion[j].fIaQ =0;
}
for( loop = O ; loop < 2 ; loop#+ ) { /* NORNAL ERROR SELECT 2 */
for(j = 0;j<Req_part;j++ ) {
_Region[j].x_bar_array = 0;
Region[j}.t_pixels = O;
Region[j].Varance = O;
Region[j).Integer = O;
Region[j).Fraction = O;

/* Xbar */
start = O;
for( y_cnt = 0 ; y_cnt < Ysize ; y_cnt++ ) {
for( x_cnt = start ; x_cnt < (start+Xsize) ; x_cnt++ ) {
for( j=0 ; j<Req_part ; j++) {
if( ImageArray_[x_cnt+(j*Xsize)] >= Region[j].min_varance &&

imageArray_{x_cnt+(j*Xsize)] <= Region{j].max_varance) {



Region{ﬂ.x__bar_array += ImageArray_[x_cnt+(j*Xsize)];
Region[jl.t_pixels++,
}
}
}
start = start + Xsize_;
}
for(j=0;j<Req_part;j++ ){
Region[j].-x_bar_array = Region[j].x_bar_array/Region[j}.t_pixels;

7* sum(Xi-Xbar)2 */
start = 0;
for( y_cnt = 0 ;y_cnt < Ysize ; y_cnt++ ) {
for( x_cnt = start ; x_cnt < (start+Xsize) ; x_cnt++ ) {
for (j=0 ; j<Req_part ; j++) {
if( ImageArray_[x_cnt+(j*Xsize)] >= Region[j}.min_varance &&
ImageArray_[x_cnt+(j*Xsize)] <= Region[j.max_varance) {
Region(j}.Varance+=(double) pow(abs(ImageArray_[x_cnt+(j*Xsize)]
- Regionl[j].x_bar_array),2);
}
}
}
start = start + Xsize_;
}
/* root( sum/n ) */
total_varance = O;
for( j=0 ; j<Req_part ; j++) {
Region(j}.Varance = (int long)sqrt(Region]j}.Varance/Region{j].t_pixels);
total_varance += Region]j].Varance;
Region{j].min_varance = Regionj].x_bar_array - (2*Region[j].Varance);

Region(j.max_varance = Region[j].x_bar_array + (2*Region[j].Varance);

/* devide equally varance " */

for( j=0 ; j<Req_part ; j++) {
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}

Region[j].Array=j;
Region][j]-Varance=Region[j). Varance*RequiredRegions/total_varance;
Region(j].Fraction=modf(Region[j].Varance,&Region[].Integer);
) .
bubble(Region,Req_part);
i=0;j=Req_part- 1;buff=0;
do {
while( Region]i].Integer == 0) {
buff -= Region[i].Fraction;
Region[i].Integer++;
Region|i].Fraction=Region[i].Array;
Regionfil.flag=1; ad
i++;
}
if( (buff+Region(i].Fraction)<1 && Region(i}.flag =1 ) {
buff += Region[i].Fraction;
Regionli].Fraction=Region(i}.Array;
Region(i].flag=1;
i++;
}
while((buff+Region]j].Fraction)>=1 && Region[j}.flag =1 ) {
buff = modf(Region[j}.Fraction+buff,&add);
Region[j}.integer++;
Region(j].Fraction=Region[j].Array;
Region(j].flag=1;
)=

}
} while( Regionj).flag 1=1 && it=j );
if( buff > 0.5 ) Region[--i].Integer++ ; -

bubble(Region,Req_part);
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/#***********4*********#*t#**“****t*****************####**t*t#/

/* Main program . ) */
P Ty
main(argc,argv)
int arge;
char  argv(};
{
Getlnputs(argc,argv);
Findvariance();
Part = O;
for( y_count = O ; y_count < Yseparate ; y_count++ ) {
for( x_count = O ; x_count < Xseparate ; x_count++ ) {
Seperate();
ReadLinks();
GetSegmentation();
Storelmage();

Part++;

fclose(InTreeFile);
fclose(OutFile);
return(0);

}
/*** End program SEGMENT.C ***/
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