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ABSTRACT

Image data compression is the technique to reduce the number of
image data ,but still preserves the most detail and the sharpness of
the image. Image Data Compression Via Image Segmented Coding is
presented in this thesis. The advantage of our method when compares
with Discrete Cosine Transform (DCT) at higher bit rate is the more
sharpness of region or the edge of image objects.

Image Data Compression Via Image Segmented Coding is the method
that used recursive shortest spanning tree (RSST) based on graph
theory as image segmentation algorithm to decompose image into
several region. The decomposed image then encoded, and within each
region there are three kinds of code. Which are a list of edge start
tracing coordinates, the edge description and gray level information.
The edge regions are encoded by Freeman’s chain code and run length
of such edge. The segmented image can be transmitted over low capacity

transmission channels. With this technique, a lot of transmitting time

can be saved .
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/%
/%
/%

/¥—
/%
/¥
/*
/%
/%
/¥
/%
/%

aaNIn 1. Tﬂiuﬂ?uﬂﬂﬁnﬂaﬂﬁ

Body of rsst program.

This is common to all size and cost function, which may be
altered by changing the last two
rsstsmall.h contains ndefinitions necessary for small images
rsstmed.h contains ndefinitions necessary for medium images

rsstbig.h contains ndefinitions necessary for large
rsstcost.ad absolute difference, mean intensitys.

"include" files.

NONON N NN

images %/

¥/
*/

/%

#include <stdio.h>
#include <math.h>
#include <alloc.h>
#include <time.h>
#include "rsstsmal.h"
#include "rsstcost.ad"

#tdefine sqr(A) ((A)¥(A))

¥/

Grobal Variable

*/

struct  LinkElement{
TYPEREGIONACCESS ri,r2;
float Weight;

}  huge ¥LinkArray;

struct RegionRecord{

float means;
TYPEREGIONACCESS  NumPixelss;
TYPELINKACCESS
) huge *RegionArray;
struct, TreeEntry{
TYPEREGIONACCESS Vertexis;
char LinkDir;
} TreeRecord;

FirstLinkindex;
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struct ListEntry{

TYPELINKACCESS LinkArrayPtr, NextListEntry;
} huge #LinkList;

TYPELINKACCESS *Heap, huge *Inv;

unsigned NumOnHeap, PixelsInImage, RawLinkCount;
unsigned short Xsize, Ysizes
TYPEREGIONACCESS #AlreadyLinked, LinkedValue = 03
char prognamel STRINGSIZE];
TYPEREGIONACCESS LinksOutput;
FILE *Treefiles )
/% */
/% AllocateFailure */
/% ¥/
void AllocateFailure()
{
fprintf (stderr,"%s: failure in memory allocation",progname);
exit(1);
}
/% */ ~
/% Allocate Memory */
/% ) */
void AllocateMemory ()
{

long 1k, la,ra,in,he,al;

1k = (41*PixelsInlmage - 2L¥Xsize - 2L¥Ysize + 1L) *
sizeof (struct ListEntry);

la = RawLinkCount * sizeof (struct LinkElement);

ra = PixelsInImage % sizeof (struct RegionRecord);

in = RawLinkCount % sizeof (TYPELINKACCESS);

he = (2L % PixelsInImage - Xsize - Ysize + 1L)  *
sizeof (TYPELINKACCESS) ;

al = (long)PixelsInImage ¥ (long)sizeof (TYPEREGIONACCESS) 3

if ((LinkList = (struct ListEntry¥)farmalloc(lk)) == NULL)

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

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

AllocateFailure();
if ((Inv = (TYPELINKACCESS*)farmalloc(in)) == NULL)

|
AllocateFailure(); ,
if ((Heap = (TYPELINKACCESS¥)farmallocthe)) == NULL) ;

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

AllocateFailure();

/¥ */
/% Initial Vvariable and Constant ¥/
/%— */

void Initialise(argc,argv)
int argces
char ¥argvlil;
{

char ImageName[STRINGSIZE], TreeNamel STRINGSIZED;
FILE ¥Infile;

struct RegionRecord huge *p;

int i, BytesPerPixel,Jj;

short shortbuffer;

strepy (progname, argvl03) 3
switch(arge) '
{ {
case 1: printf("Input image filename: ")
scanf ("#s", ImageName);

case 2: printf("Output Tree filename: ");

scanf ("#s", TreeName);

case 3: printf("Image x size : ");

scanf ("¥d",&Xsize) ;"

case 4: printf("Image y size : "); ' |
scanf ("¥d",&Ysize);

case 5: break;
default:fprintf (stderr, "#s: wrong number of arguments\n",progname);

}
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switchtarge) .
{ N
case 5: sscanf (argv[4], "#d",&¥size);
case 4: sscanf (argv[3], "#d",8Xsize);
case 3: strcpy(TreeName,argvi2]l);
case 2: strecpy(ImageName,argvl1]);
default.: break;
}
if ((Infile = fopen(ImageName, "rb")) == NULL)
{
fprintf (stderr, "%4s: iunable to open file #s\n",
progname, ImageName);
exit (1)
}
PixelsInImage = Xsize * Ysize;
RawLinkCount = 2¥PixelsInlmage - 13
AllocateMemory ()3
i=0s
for(p = RegionArrays p<RegionArray+PixelsInImage; p++)
{
fread( (char*)&shortbuffer,1,1,Infile)s
p->mean = (float)shortbuffers;
p->NumPixels = 13
}
fclose(Infile)s
if ((Treefile = fopen(TreeName, "wb")) == NULL)
{
fprintf (stderr,"%s: unable to open file #s\n",
progname, ImageName);

exit(1);
}
for(i=0; i<PixelsInImage; i++) AlreadyLinked(il = O;
}
/¥~ */
/% Map Image array to Graph array */
/% */

void SetInitialLinks()
{
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register TYPELINKACCESSLinklIndex,LastLinkIndex;
register structLinkElement *LinkElementPtr;
register TYPELINKACCESSLinkPir;

register unsigned intTwoIls;

TYPELINKACCESS1, Count.Links, LinkEntrys;

LinkEntry = 0O;
for(i=0; i{PixelsInImage; i++)
{
Twol = 1 + i3
CountLinks = 03
if (i % Xsize)
{
LinkIndex = +4+LinkEntry;
RegionArray[il.FirstLinkIndex = LinkIndex;
LinkListI[LinkIndex].LinkArrayPtr = Twol - 13
LastLinkIndex = LinkIndex;
CountLinks++3
}
if (i >= Xsize)
{
LinkIndex = ++LinkEntrys;

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

else RegionArraylil.FirstLinkIndex = LinkIndex;
LinkList[LinkIndex].LinkArrayPtr = Twol - 2¥Xsize + 2;
LastLinkIndex = LinkIndex;
CountLinks++s

}

if ((i+1) % Xsize)

{
LinkIndex = ++LinkEntry;
if (CountLinks) LinkListl[LastLinkIndex].NextListEntry
else RegionArrayCil.FirstLinkIndex = LinkIndex;
LinkPtr = LinkList[LinkIndex].LinkArrayPtr = Twol + 1;
LinkElementPtr = &LinkArray[LinkPtrl;
LinkElementPtr->r1 = i;
LinkElementPtr->r2 = i+1;
LinkElementPtr->Weight = FindInitialWeight;
LastLinkIndex = LinkIndex;
CountLinks++;

LinkIn

dexs
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}
else if (i != PixelsInlmage-1) LinkArray[TwoI+1].Weight = -1.0
if (i < PixelsInIlmage -~ Xsize)

{

LinkIndex = ++LinkEntry;

LinkList[LastLinkIndex).NextListEntry = LinkIndex;

LinkPtr = LinkList[LinkIndex].LinkArrayPtr = Twol + 23

LinkElementPtr = &LinkArray[LinkPtrl;

LinkElementPtr->r1 = i3

LinkElementPtr->r2 = i + Xsizes;

LinkElementPtr->Weight = FindInitialWeight;

LastLinkIndex = LinkIndex;

CountLinks++; -

}
else if(i != PixelsInImage-1) LinkArray[TwoI+2].Weight = -1.0
LinkList[LastLinkIndexl.NextListEntry = 03

}
/% */
/ H— */

void PQDownHeap (k)

register TYPELINKACCESSK;

{

register unsigned intJj,HalfNumOnHeaps
register unsigned intHeapOfJj,HeapOf jPlus1;
unsigned intv;

register floatvvalue;

v = Heaplkl;

vvalue = LinkArray[vl.Weight;
HalfNumOnHeap = NumOnHeap/2;
while (k <= HalfNumOnHeap)

{

J=k+ ks

HeapOfJj = HeaplJjl;

HeapOf jPlus1l = HeaplLJj+11;

if (J<NumOnHeap)

if (LinkArrayCHeapOf j1.Weight > LinkArray[HeapOf jPlus1].Weight

-
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{
RS H
HeapOfj = HeapOf jPlusi;
}
if(vvalue <= LinkArray[HeapOfJjl.Weight ) break;
Heapfkl = HeapOfj;
InviHeapOfJjl = k;
k= Js
}
Heaplkl = v;

Invivl = k;

}
/% ¥/
/% Construct and sort the heap */
/% ¥/

void PQConstruct ()
{
register unsigned intk;

NumOnHeap = 0;

HeaplO] = 03
LinkArrayl[0l.Weight = -1.0;
for(k=1; k<(RawLinkCount; k++)
if (LinkArraylk].Weight >= 0.0)
{

Heap[ ++NumOnHeap] = k;

Invlk] = NumOnHeaps;
}

for(k = NumOnHeap/2; k>=1;k--)

PQDownHeap (k) 3

/% i %/
/% */

void PQUpHeap (k)
register unsigned int k;
{
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register unsigned intv,Halfk,HalfHeapOfk;
register floatLinkvWeight;

v = HeaplLk];

Halfk = k/2;

HalfHeapOfk = Heap[Halfkl;

LinkvWeight = LinkArray[v].Weight;
while(LinkArray[HalfHeapOfkl.Weight > LinkvWeight)

Heaplkl = HalfHeapOfk;

Inv[HalfHeapOfkl = ks

k = Halfk;

Halfk = k/2;

HalfHeapOfk = HeapCHalfkl;
}

Heaplk]l = v3
Invivl = ks
}
/% %/
/% Remove duplicate link */
/% ¥/
unsigned int PQRemove()
{
register intLinkNumbers;
LinkNumber = Heapl1l;
Heap[13 = Heap[NumOnHeapl;
if (--NumOnHeap) PQDownHeap(1)3
return{LinkNumber) ;
}
/% */
/% */

void PQChange (LinkID)
register unsigned int LinkID;

{
register unsigned int k;
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k = 03

if (LinkArray[HeaplCk/2]].Weight > LinkArray[Heapl[kll.Weight)
PQUpHeap (k) ;

else PQDownHeap(k);

}

/% */
/% */
void PQRid(LinkID)

register unsigned int LinkID;

{

register unsigned int k;

k = Inv[LinkIDJ;

Inv[HeapCkll = k;

if (k == NumOnHeap) NumOnHeap--3

else

{
Heaplkl = Heap[NumOnHeap--1;
PQDownHeap(k) 3
}

}
/% %/
/% Save out put link %/
/% */
void OutputLink(LinkNumber)

register unsigned int LinkNumbers;

{

TreeRecord.Vertexl = (LinkNumber-1)/2;

if (LinkNumber % 2) TreeRecord.LinkDir = O3

else TreeRecord.LinkDir = 1;

fwrite(&TreeRecord,sizeof (struct TreeEntry),1,Treefile)s;

}
/% */
/% */
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void ReviseOtherRegionList (RegionNumber, IndexToRemove)
register unsigned int RegionNumber, IndexToRemove;
{
register unsigned int StepIndex,LastStepIndex;
register struct ListEntry huge ¥LinkListPtr;
char FirstLink;
FirstLink = 1;
StepIndex = RegionArray[RegionNumber].FirstLinkIndex;
LinkListPtr = &LinkList[StepIndex];
while(LinkListPtr->LinkArrayPtr != IndexToRemove)

FirstLink = O3
LastStepIndex = StepIndex;
StepIndex = LinkListPtr->NextListEntrys;-
LinkListPtr = &LinkList[StepIndexls;
}
if (FirstLink)
RegionArray[RegionNumberl.FirstLinkIndex

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

LinkListPtr->NextListEntry;

/% : ¥
* %/

void MergeRegions (LinkNumber)
unsigned int LinkNumbers;
{

#define meani RegionArray[LinkArraylLinkNumberl.r1].mean
#tdef ine mean2 RegionArray[LinkArray[LinkNumberl.r2].mean
#tdefine Numil RegionArray[LinkArray[LinkNumberl.r1].NunPixels
#define Num2 RegionArray[LinkArray[LinkNumberl.r2l.NumPixels

#define LinkIndexl RegionArrayCLinkArray[LinkNumberl.r1l.FirstLinkIndex
#define LinkIndex2 RegionArraylfLinkArray[LinkNumberl.r2].FirstLinkIndex

register unsigned int LLINextListEntry,LLILinkArrayPtr,LinkIndex,
LastLinkIndex;

unsigned int TotalPixels, CountLinks,OtherRegion;

char FinishedList,RegionBIsFirst; '

struct ListEntry #*LinkListIndex;
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TotalPixels = Numl + NumZ;

meanl = (meanl*Numl + mean2¥Num2)/TotalPixels;
Numl = TotalPixels;

LinkedvValue++;

CountLinks = O3

FinishedList = 0;

LinkIndex = LinkIndex1;

LinkListIndex = &LinkList[LinkIndex3];
‘LLINextListEntry = LinkListIndex->NextListEntry;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtrs;

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

{
if (CountLinks) LinkList[LastLinkIndex].NextListEntry =
LinkIndex2;
else LinkIndexl = LinkIndex2;
LinkIndex = LinkIndex2;
LinkListIndex = &LinkList[LinkIndex1;
LLINextListEntry = LinkListIndex->NextListEntry;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtrs;
FinishedList = 13
}
else if (LLILinkArrayPtr == LinkNumber)
{
LinkIndex = LLINextListEntrys;
LinkListIndex = &LinkListCLinkIndexJ;
LLINextListEntry = LinkListIndex->NextListEntrys;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtr;

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

else LinkIndexl = LinkIndex;
}
else
{

LinkArrayCLLILinkArrayPtrl.Weight = Findweight (LLILinkArrayPtr);

PQChange (LLILinkArrayPtr) ;

if(LinkArray[L;nkNumberJ.r1 == LinkArray[LLILinkArrayPtrl.rl)
OtherRegion = LinkArray[LLILinkArrayPtrl.r2;

else
OtherRegion

LinkArrayCLLILinkArrayPtrl.ri;

I
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AlreadyLinkedCOlherRegion] = LinkedvValues;

CountLinks++;

if (LLINextListEntry == 0)

{

LastLinkIndex = LinkIndex;
LinkListIndex->NextListEntry = LinkIndex2;
LinkIndex = LinkIndex2;
LinkListIndex = &LinkList[LinkIndex3;
LLINextListEntry = LinkListIndex->NextListEntry;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtr;

FinishedList = 13
else

LastLinkIndex = LinkIndex;

LinkIndex = LLINextListEntry;

LinkListIndex = &LinkListCLinkIndex1;
LLINextListEntry = LinkListIndex->NextListEntrys;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtr;

FinishedList = 0;
while(!FinishedList)
{
if ((LLINextListEntry == 0)&&(LLILinkArrayPtr == LinkNumber))
{
LinkList[LastLinkIndex].NextListEntry = 0;
FinishedList = 1;
3
else
if (LLILinkArrayPtr == LinkNumber)
{
LinkIndex = LLINextListEntrys;
LinkListIndex = &LinkList[LinkIndexJs
LLINextListEntry = LinkListIndex->NextListEntry;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtrs;
if (CountLinks) LinkList[LastLinkIndexJ.NextListEntry =
LinkIndex;
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else LinkIndexl = LinkIndex;
3
else
{
if (LinkArray[LinkNumberl.r2==LinkArray[LLILinkArrayPtrl.r1)
{
OtherRegion = LinkArray[lLILinkArrayPtrl.r2;
RegionBIsFirst = 1;
3
else
{
OtherRegion = LinkArray[LLILinkArrayPtrl.ri;
RegionBIsFirst = 03
}
if (AlreadyLinked[OtherRegionl == LinkedValue)
{
PQRid (LLILinkArrayPtr);
ReviseOtherRegionList (OtherRegion, LLILinkArrayPtr);
if (LLINextListEntry == 0)
{
LinkListCLastLinkIndex].NextListEntry = 03
FinishedList = 13
3
else
{
LinkIndex = LLINextListEntry;
LinkListIndex = &LinkList[LinkIndexJ;
LLINextListEntry = LinkListIndex->NextListEntry;
LLILinkArrayPtr = LinkList.Index->LinkArrayPtr;
LinkList[LastLinkIndex].NextListEntry = LinkIndex;
,
}
else
{
if (RegionBIsFirst)
LinkArraylLLILinkArrayPtrl.ri1

else
LinkArray[LLILinkArrayPtrl.r2 = LinkArray[LinkNumberl.r1;

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

LinkArray[CLinkNumberl.ri;
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CountLinks++;

if (LLINextListEntry == 0) FinishedList = 1;

else

{

LastLinkIndex = LinkIndex;

LinkIndex = LLINextListEntry;

LinkListIndex = &LinkList[LinkIndexJ;
LLINextListEntry = LinkListIndex->NextListEntry;
LLILinkArrayPtr = LinkListIndex->LinkArrayPtr;

/% - */
/% Do Kruskal Algorithm */
/% */

void DoKruskalOnLowestWeights()

{
unsigned intSmallestLink;

LinksOutput = 03
while(LinksOutput < PixelsInImage -~ 1)
{

SmallestLink = PQRemove();
LinksOutput++3;
outputLink(SmallestLink);
MergeRegions (SmallestLink);

fclose(Treefile)s
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/% */
/% Main */
/% %/
main(argc,argv)

int argcs;

char *argv[];

{

int i3

Initialise(argc,argv);
SetInitialLinks ()3

PQConstruct. ()3

printf("<< Kruskal computing >> "3
DoKruskalOnLowestWeights ()}
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/% %/
/% Programe to generate segmented image %/
/% frome the original image and a %/
/% spanning tree %/
/% %/

#include <stdio.h>

#include <alloc.h>

#tdefine STRSIZE 50

char prognamel[STRSIZE];

char ImageFilelSTRSIZE],TreeFilc[STRSIZE]

unsigned char *ImageArrays

unsigned char #*LinkArray,*MarkerArray;

long int ¥Pixelstack;

long int IncImageIndex{81;

long int RequiredRegionss;

int XSize,YSizes

int MaxInt = -32000, MinInt = 320003

long int TotalPixels;

FILE *¥InFiles
/% %/
/% */

void AllocFailure()

{

,SegFile[STRSIZE];

fprintf (stderr,"#s: Failure to allocate memory\n", progname) 3

exit(1)s
}

*/

/%

%/

/%

void GetSpace()

{
int i

if ((ImageArray=(short*)malloc(TotalPixelsksizeof (short)) == 'NULL)
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AllocFailure();

if ((LinkArray = malloc(TotalPixelsksizeof (char))) == NULL)
AllocFailure();

if ((MarkerArray = malloc(TotalPixels¥sizeof (char))) == NULL)
AllocFailure();

if ((PixelStack = (int¥)malloc(TotalPixélsksizeof (int))) == NULL)
AllocFailure();

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

{
LinkArrayrfil = 03
MarkerArraylCil = 0;

}
/% ¥/
/% */
void GetInputs(argc,argv)

int argc;

char *argv[l;
{

long 1,33
char buff;

strepy (progname, argviol) s

switch(argc)
{
case 1: printf("Original image filename: ");
scanf ("%s", ImageFile);
case 2: printf ("X size: ");
scanf ("#4",&XSize) ;
case 3: printf("Y size: ");
scanf ("#d",&YSize);
case 4: printf("Tree filename: ");
scanf ("#s", TreeFile);
case 5: printf("Output filename: ");
scanf ("%s",SegFile);
case 6: printf("Required no. of regions: ");
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scanf ("#d",&RequiredRegions);
case 7: break;

default: fprintf(stderr,"#s: wrong nuﬁber of arquments\ﬁ",

progname) ;
}

switch(argce)
{
case T: sscanf (argv[6l, "#d",&RequiredRegions’;
case 6: strepy(SegFile,argvi5l);
case 5: strepy(TreeFile,argviald);
case 4: sscanf (argvi3l,"%d",&YSize);
case 3: sscanf(argvi2],"#d",&XSize);
case 2: strcpy(ImageFiie, argvl1l); %3
default: breaks ‘
}

if ((InFile = fopen(ImageFile,"rb")) == NULL)

{

fprintf (stderr, "#¥s: cannot open file %s\n", progname, InageFile);
exit (s

}

TotalPixels = XSize #* YSize;
GetSpace();

Read Image File ##/

for(i=0; i<TotalPixelss i++)
{
fread((charf)&buff,1,1,InFile);
ImageArrayCil = buff;
}

IncImageIndex{1] = -XSize;
Inclmagelndexf21 = 1L;
IncImageIndex[4] = XSize;
IncImagelndex[81 = -1L;

}



-96-

/% */
/% : */

void ReadLinks(TreeFileName,Regions)
char *TreeFileName;
long Regions;
{
register int i,NumLinks;
FILE ¥InTreeFile;
structSmallTreeEntry
{
unsigned int Vertext;
char LinkDir;
%h } SmallBuffer;

if ((InTreeFile = fopen(TreeFileName, "rb")) == NULL)
{

fprintf (stderr, "#s: cannot open file %s\n", progname, TreeFileNane) 3

exit (1)

}

NumLinks = TotalPixels - Regions;
for(i=0; i<NumLinks; i++)

{

if(fread((char*)&SmallBuffer,sizeof(SmallTreeEntry),1,InTreeFile) !

{
fprintf(stderr,"#s: error in reading file %s\n",
progname, TreeFileName) ;
exit(1);
}
if (SmallBuffer.LinkDir)
{
LinkArraylSmallBuffer.Vertextl i= 43
LinkArrayCSmallBuffer.Vertext + XSizel != 1;
}
else
{
LinkArraylSmallBuffer.Vertextl != 2;
LinkArrayCSmallBuffer.Vertext + 11 !
}
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fclose(TreeFileName);
}

/% */
/¥ %/

int, FindMean (Index)

register int intIndex;

!
4

register int CheckPixel, StackPointer = 0,Totallntensity,NumInRegion;
register char LookAround;

MarkerArraylLIndexd = 1;

Totallntensity = (int)ImageArraylIndex];

NumInRegion = 13

do
{
for (LookAround=1; LookAround<16; LookAround<<=1)
{
if (LinkArray(Index] & LookAround) - -
{ .
CheckPixel = Index + IncImageIndexCLookAroundl;
if (!MarkerArrayCCheckPixéll)
{
MarkerArrayLCheckPixell = 13
TotalIntensity += (int)ImageArraylCheckPixell;
NumInRegion++;
PixelStackl[++StackPointer] = CheckPixel;
}

Index = PixelsStack(StackPointer--3;
} while (StackPointer >= 0);
return((short) ((TotalIntensity+NumInRegion/2)/NumInRegion));
} .
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/%

%/

void SetMean(Index,MeanValue)

register int int Index;

register int MeanValue;

{

register int CheckPixel,StackPointer = O;
register char LookAround;

MarkerArrayCIndexl = 2;
ImageArraylLIndex] = MeanValues
do
{ ' é\
for (LookAround=1; LookAround<16; LookAround<<=1)
if (LinkArrayCLIndex] & LookAround)
{
CheckPixel = Index + InclmageIndex[LookAroundl;
if (MarkerArrayLCheckPixell==1)
{
MarkerArrayl[CheckPixell = 23
ImageArray[CheckPixell = MeanValue;
PixelStackl[++StackPointerl = CheckPixels;
¥
}
Index = PixelStackiStackPointer--J3
} while (StackPointer >= 03

}
/e e e */ -
J7 */
void GetSegmentation()

{
register int Pixels;
int MeanIntensitys;

for(Pixel=0; Pixel<TotalPixels; Pixel++)
if (!MarkerArray[Pixell)
{
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MeanIntensity = FindMean(Pixel);
SetMean (Pixel,MeanIntensity)s

if (MaxInt<MeanIntensity) MaxInt = MeanIntensity;
if (MinInt>MeanIntensity) MinInt = MeanIntensity;
}

}

/% ¥/

/% - */

\Y

void StoreImage(FileName,Image)
char *FileName;
int Imagel1s
{
FILE #*OutFile;
int ErrNo,X,¥,1,J3

if (¢OutFile = fopen(FileName, "wb")) == NULL)

{

fprintf (stderr, "%s: cannot open file %s\n",progname, FileName) ;
exit (1)

}

if((x = fwrite((char¥)Image,1,XSize¥YSize,OutFile))==NULL)
printf (" Error \n");

/% */

/¥ Segmented Main %/

/% ¥/

main(argc,argv) . -
‘intargcs
charargv(l;

{

clrscr(;

Get Inputs(argc,argv);

ReadLinks (TreeFile,RequiredRegions);
GetSegmentation();
Storelmage(SegFile, ImageArray);
return(0);

}
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/¥ %/
/¥ Program Segmented Image Contour Line ¥/
/% Coding */
/% */ -

#include <stdio.h>
#include <alloc.h>
#include <stdlib.h>
#include <dir.h>
#include <io.h>
#include <math.hd

struct edge-code *make-edge ()3
struct region-code *mark-region();

struct region-code {
char ave;
unsigned pix-starts;
struct region-code *next;
33
struct edge-code {
char edgings;
struct. edge-code #next;
}3
unsigned  *index,maxindex=0;
struct region-code *region, *last-regions
struct edge-code *edge, *¥last-edge;
unsigned int xsi,ysi,count;
unsigned int w,linkcounts;
unsigned char code; 3 ~
FILE *out s
char out-filel301, in-filel30];

‘void initial(argc,argv)
int.  argces;
char #argv(]l;
{
int is
clrscr();
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NULL
NULL

1
i

region last-region
edge last-edge
switch(arge) {
case 1: printf(" Input Image Segment File : ");
scanf ("%s", in-file);
case 2: printf(" Image Size Xi= ")3
scanf ("%d",&xsi);
case 3: printf(" Image Size Y = ")3;
scanf ("#d",&ysi)s
case 4: breaks;
}
switch(argc)

case 4: sscanf(argvi3], "#d",&ysi);

case 3: sscanf (argvl2],”#d",&xsi);

case 2: strcpy(in-file,argvl1l);

default: breaks;

)

if ((index = tint*)farmalloc(6000L ¥ (long)sizeof (int)))==

allo-err(1); v
count = w = ctode = 03
}

/% */
/% - - allocate memory */
/% ¥/
void allo-err(d)
int ds
{
printf ("memory allocate failure..(*d) .. \n",d);
exit (1)
}
/¥ —— allocate memory for input image-———-—- %/
char *space(image)

unsigned char *image;

{

if ((image = (char¥)malloc(xsikysi))==NULL)
allo-err(2);
return(image);

NULL)
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/%

free memory

void freem()

{

free(image);
free(nark);
farfree(index);
}

/%

void

read-image */
read-image( image)

unsigned char *image;

{

FILE *infile;

long f-size,temp,templ, ks

int xi,yis

f-size = (long)xsik(long)ysis
if ((infile = fopen(in-file,"rb™)) == NULL)
printf(" Open file error..\n");
exit(1);
3
k= 0;5
temp = 327683 -
if (f-size > 32768)
do {
fread(image+k, 1,temp, infile)s
templ = f-size-temps;
f-size = templ;
k 4= temps
if (templ<temp) temp = templs;.

} while (!(templ <= 0))3;
else

fread(image+k,1,f-size, infile);
fclose(infile)s
}

/%~-——-—save output code %/
void save-data()

{
FILE #*outfs;

*/
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char namef353;

int 1,33

struct region-code ¥ps
struct edge-code %q3

clrser(Os

printf (" Enter output file name.. ")3

scanf ("%s",name) ;

if ((outf = fopen(name, "wb"))==NULL) {

printf("Cann’t open file %s \n",name);
exit (1)

}

fwrite(&count,2,1,0utf);

p = regions

do {

> fwrite(p,3,1,0utf);

p = p->nexts

Ywhile(p)s

q = edge;

do {
fvrite(q,1,1,0utf);
q = g->nexts

-Ywhile(q)s 3

fclose(outf)s

}

/% %/
/% display output image */
/% */
[ ¥m e black and white monitor display---—- %/

void bw-dis(buff)
unsigned char huge #*buff;
{
long i,33
out.portb(0x300,0x61) 3
for(i=0;i<ysi;i++)
for(j=0;3i<xsisj++)
pokeb(0xd000, (i%256)+j,buf L (Tong)xsiki + j1)3
outportb(0x300,0x81) 5



/%¥—---VGA moniter display----- */
display (x,y,xposi,yposi,image)
int y,x,xposi,yposis;
unsigned char *image;

{

long i,J,f;

for (i=0;icysi++)
for (J=03j<xs3i++){
f = ix(long)x+Jjs
put (imagelf1/4464,0, (int)j+xposi, (int)i+yposi);
}

/% ¥/
void blank-display (x,y,xpo,ypo,val)
int y,%,xpo,ypo,val;
{
long i,J,f;

for (i=03icysi++)

for (j=03j<x3Jj++){
f = ix(long)x+js _ y \.
put (val,0, (int) j+xpo, (int) i+ypo);

void set-gray-REG ()
{
int i, J=0;
for (i=64;i<128;i++)
{
wrcolor (i,3,d,J)3
J++3
}
}
/% */
void wrcolor (int regnum,int red, int green,int blue)
{




~-BX = regnums
-DH = red;
-CH = green;
-CL = blue;
-AX = 0x10103

geninterrupt (0x10)3

setVGA (char mode)
{
-AH = 03
—-AL = mode;
w»  geninterrupt (0x10)3

put (¢, P, X%,Y)
int c,p,X,¥3
{
-AH =
=AlL =
-BH =
~CX =
-DX =
geninterrupt (0x10);

..2‘.'?.9.%’)
&

e

/%
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*/

/% Read input image

code */
*/

/%

void input-segment ()

{
FILE *infile;
struct ffblk file;
int i,J,byte,true;
char fi-namef50],c3

do {
true = 03
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printf (" Enter input code file name AL H
scanf ("%s",fi-name);
infile = fopen(fi-name,"rb");
if (infile==NULL) { _
printf(" File %s not found \n",fi-name);
printf (" Again press any key or Exit press ESC \n")3
¢ = getchQ)s
if (c == Ox1b)

exit (1)
else
true = O3

}

else true = 13 .
} while (!true); / ﬁg
if (findfirst (fi-name,&file,0xff)==0) -
byte = (int)file.ff-fsize;
printf(" %*d byte \n",byte);
fread(&count,2,1,infile)s
mean-code = (struct region-code*¥)malloc

(count*sizeof (struct region-code));

edge-code = (char¥)malloc (byte-(count¥3)-2);
fread (mean-code, sizeof (struct région-code),count,infile);
fread (edge-code, 1, (byte-(count*3)-2), infile);
fclosetinfile);

/% ——%/
/% Contour chain coding %/
/% */
/¥ scan image array-————- */

void chain~code()

{

unsigned char *image, mark;
unsigned long 1i,J3

image = space(image);

mark space (mark) 3

for(i=0; i<xsi¥ysi; i++){ markCil = 120; imagel[il=03}
setVGA (0x13)3

n
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set-gray-REG O3
read-image (image) 3
display (xsi,ysi,60,0,image);
setVGA (0x3)3
i=0s
trace(i, image,mark) ;
for(i=0; iKysi; it++)
for(j=0; Jj<xsis Jj++)

if (markC (long)xsi*i + j1 != 1000

trace((long)xsi¥i + Jj,image,mark);

save-data();
free(image);
free(mark);
¥

/¥~-—-trace border----- %/
void trace(xy, image,mark)
unsigned long xys;
unsigned char #*image,
{

long xy0,maxpix,stackpointer=0,1,J3
1

*marks

char mean,m =
maxpix = xsizekysize;
count.++3

xy0 = X3

mean imagelxyls

last-region =

cou++;
switch(m) {
case 0: if (! ((xy+D)¥xsi)) |
m=33
str-1ink(3);
}
else
JifC xy<xsi && imagelxy+1]
m=03
str-1ink(0);

/% start coordinate

mark-region(xy,mean);
- do { - -

*/

/% right edge */

== mean) { /% top edge and next ¥/
/% pixel is same region¥/
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Xy = Xy+1s
}
else
if (imagelxy+1] != mean) { /% not top edge and next %/
m=3; /% pixel isn’t the same region %/
str-1ink(3);

}
else
if (imagelxy-xsi+1] == mean) {
m=13
str-link(1);
Xy = Xy-xXsi+1;
}
else { Q%
m=0; °
str-1ink(0);
Xy = Xy+1s
}
break;
case 1: if(xy<xsi) { /% top edge %/
m=03 -
str-1link(0);
} . -
else
if (1 (xy%xsi) && imagelxy-xsil == mean) {
m=13
str-1link(1);
Xy = Xy-xsis;
}
else "
if (imagelxy-xsil != mean) {
m=03
str-1ink(0);
}
else
if (imagelxy-xsi-11 == mean) {
m=23
str-link(2);
Xy = xy-xsi-1;
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else {
m=13
str-link(1);
Xy = Xy -~ xsis
}
break;
case 2: if (! (xy¥xsi)) ( /% left edge %/
B=13
str-link(1);
}
else
if (xy>=maxpix-xsi && imagelxy-1] == mean) { /% bottom edge %/
m=23
str-link(2);
Xy = xy-13
}
else
if (imagelxy-11 != mean) {

B

Oy
*

m=13
str-link(1);
}
else
if (image[xy+xsi-11 == mean) {
m=33
str-1ink(3);
Xy = Xy+xsi-1;

else {
m=23
str-link(2);
Xy = xy-13

}

break;

case 3: if (xy>maxpix-xsi) { /¥ bottom edge */

n=23 '
str-link(2);

}

else

if O (xy+r%xsi) && imagelxy+xsil == mean) {
m=33
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str-1ink(3);
Xy = Xy+xsis
3
else
if (imagelxy+xsil!=mean) {
n=23
str-1ink(2);
}
else
if (imagelxy+xsitll==mean) {
m=03
str-1ink(0);
Xy = Xy + xs81 +13 \
} [ ™
else { )
m = 33
str-1ink(3);
Xy = Xy + xsis
3
breaks;
}
cout+; .
} while ({(m==0 && Xy==xy0));

cou = O3
mark[xyl = 100;
do {
if(xy>=xsi 88 imagelxy-xsil==mean) /% not top edge %/
if (marklxy-xsil =100}
indexC++stackpointer] = xy-xsis -
if (Oy+D)¥xsi & imagelxy+1l==mean) /% not right edge %/
if (markCxy+11!=100)
indexC++stackpointer] = xy + 13
if (xy¥xsi && (imagelxy-1]==mean)) /% not left edge %/
if (mark[xy-11!=100)
indexC++stackpointerl = xy - 13

if (xy<maxpix-xsi && image[xy+xsil==mean) /% not bottom edge */
if (markixy+xsil!=100)
indexC++stackpointer]l = xy + xsi;
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xy = indexCstackpointer--1;
mark[xyl = 100;
} while(stackpointer >= Q)5
}
/% */
/% create link-list */
/% %/
void str-link(m)
char m;
{
switch(m) {
case 0: code =§gode ! 0x00;3
if (linkcount<3) = code = code << 23
breaks
case 1: code = code | Ox01;
if (linkcount<3) code = code << 23
breaks;
case 2: code = code | 0x02;
if (linkcount<3) code = code <K 23
breaks;
case 3: code = code | O0Ox033
if (linkcount<3)  code = code << 23
break; '
}s
linkcount += 13
if (linkcount==4)
{
wo+= 13
linkcount = O3
last-edge = make-edge(code);
code = O3
}
3
/% ¥/

struct region-code

unsigned long xyos

far *mark-region(xyo,m)
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§
unsigned char m; /% make list for gray and start of a region %/

{
struct region-code #newptrs;

if ((newptr = (struct region-code*)malloc(sizeof (struct region-code)))==NULL)
{
printf ("internal memory for coordinate not enough..\n");
exit (1)
}
if (region==NULL) region = newptrs;
if (last-region!=NULL) last-region->next = newptr;

newptr->ave = (char)ms
newptr->pix-start = (unsigned)xyos;
newptr->next, = NULL3; f %k
return(newptr); .
}
/% ¥/
struct edge-code far *make-edge(e) /% edge code storring */

char e;
{
struct edge-code far #newptr;

if ((newptr = (struct edge-code¥)malloc(sizeof (struct edge-code) ) )==NULL)
{
printf ("internal memory for edge not enough..\n");
exit (1)
}
if (edge==NULL) edge = newptr;
if (last-edge != NULL) last-edge->next = newptr;
newptr->edging = e;
newptr->next = NULL;
return(newptr);



—-113-

/¥~ #/
/% image decode */
/¥~ ‘ %*/
void decode()

{

unsigned char *image, *mark,mean;

int datar431,bit,d,1,m,m1,k;

long numpix, i,xy,xy0,stackpointer=0;
struct edge-code *restor();

n

image = space(image);

mark space(mark) ;

for(i=0; i<xsikysi; i++){ mark[il = 0; imagel[il=0;3)
numpix iz (long)xsi*(long)ysis

d =05\

bit = 03

edge = restor(edge,data);

for(1=0; l<count; 1++)

{

n

Xy = xy0 = region->pix-start;
mean = region->ave;
region = region->next;

ml = 03
do {

m = datalbitls
switch(m) {
" case 0x00: if(m1==0x00) {
Xy = Xy+1s
if (xy>=xs1i)
image[xy-xéi]=1;
}
else
if (m1==0x40) {
if (xy>=xs1)
imagelxy-xsil=1;
}
else {
Xy = xy + 13
imagelxy+11=1;
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Xy = Xy + xsis

}
breaks;’
case 0x40:
Xy = Xy-xsi;
imagelxyl=1;
Xy = Xy+1;
}
else
if (m1==0x40)
Xy = xy-xsi
if (xy%xsi)
imagelxy-11=1;
}
else {
if (xy#%xsi)
imagelxy-131=13
}
break;
case 0x80:
Xy = Xy-13
imagelxyl=13
Xy = Xy-xsis
}
else
if (m1==0x80)
Xy = Xy-1;

if (m1==0x00) {

.
t4

if (m1==0x40) {

{

if Gy<numpix—xsi)

imagelxy+xsil=1;
}
else {
if (xy<numpix-xsi)
imagelxy+xsil=1;
}
breaks;
case 0Oxc0:
if (Oy+1)%xs
imagelxy+11=1;
}
else

if (m1==0x00) {
i)
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if (m1==0x80) { .
Xy = Xy+xsis
imagelxyl=13
Xy = xy-1;

}
else {
Xy = Xy+xsis
if ((xy+1)%xsi)
imagelxy+11=1;
}
break;
3

ml = m3
bit += 15 ™
if (bit == 4){

bit = 03

d +=1;

edge = restor(edge,data)s

}

} while(! (xXy==xy0 && m==0))3; :

markixyl = mean;

do{
if (xy>=xsi & imagelxy-xsil != 1) { /% not top */
indexC++stackpointerl = xy - xsi;
}
if (y+1)%xs1 & imagelxy+11 != 1) { /% not. right %/
indexC++stackpointerl = xy + 1;
}
Af (xy<numpix-xsi &&. imagelxy+xsil != 1) { /% not bottom %/

index[++stackpointer] = xy + xsis
}
if (xy¥*xsi && imagelxy-1] != 1 A /% not left %/
indexC++stackpointer] = xy-13
}
xy = indexCstackpointer--1;
mark{xyl = mean;
imagelxyl = 13
Ywhile(stackpointer >= 0);
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Xy = xy0s

stackpointer

imagelxyl = 03

do{

if (xy>=xsi && imagelxy-xsil != 0)
indexC++stackpointerl = xy - xsi3

0s

o~

/% not top */

}
if ((xy+1)%xsi && imagelxy+1] != 0) { /% not right */
indexC++stackpointer] = xy + 13
}
if (xy<numpix-xsi & imagelxy+xsil != 0) { /% not. bottom %/
indexC++stackpointerl = xy + xsi;
}
if (xy¥xsi &% imagalxy~11 1='0) A /% not left %/
index[++stackpointerl = xy-1;
}

xy = indexCstackpointer--1;
imagelxyl = 03
}whilestackpointer >= 0);

set.VGA (0x13)3

set—-gray-REG ()3

display (xsi,ysi,60,0,mark); -
getch()s

*/

struct edge-code *restor(b,data)
struct edge-code %b; ’
int datalls

{
int k,ds
d = b->edging;

for(k=03k<4s:k++)
{

if (k==0)
datafk] = d & 0OxcO;
else
datalkl = (d<<=2) & OxcO0;
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i

edge = b->nexts;

return(edge);
}
/% */
/% Main Program */
/¥~ */

void main(argc,argv)
int argcs
char *argv(ls;
{
int 1,J,ks

initial(argc,argv);
chain-code()s;
decode() s

}
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JikkkisisbbRobllbokicokkk /
/% PROGRAM */
/% NON-BACK TRACE LINE CODING */
skiopislisbiciskisiskbliskiokibslicpiiok /

#include <stdio.h>
#tinclude <alloc.h>
#include <dos.h>

struct st {
unsigned char x;
unsigned char ys
unsigned char m;
} *stacks

unsigned char #kmark,**imagels

unsigned char *codes

int xsize,ysize,count=0,code-num,segment;
unsigned char *images;

AlloFai()

printf(" failure to allocate memory \n")s;
exit(1);

unsigned char *markib()

{
unsigned char *as
if((a=(char¥)calloc(xsize+1,1))==NULL) AlloFai(); _

return(a)s;

unsigned char %index1D()

{
struct st *a;s
if ((a=(struct st¥)malloc(1000%sizeof (struct st)))==NULL)

return(a)s;

AlloFai();
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unsigned char *imagelD()
{

unsigned char ¥a;
if ( (a=(char¥)malloc(xsize*ysize) )==NULL) AlloFai();

return(a)s

unsigned char *¥mark2D()
{
unsigned char #kb;
unsigned 1i;
if((b=(char**)malloc((ysize+1)*sizeof(char*)))==NULL) AlloFai();
for(i=0; icysize+1l; i++) bLil = marklDO;
return(b); :

}
getspace()
{
mark = mark2DQ)3;
'stack = index1DO 3
imagel= mark2D();
)

/**********************************/ vl '3 T
/**********************************/
readJimage()
{
FILE *infs
char namel501;
long 1i,J3
int x,¥3
.printf("Enter input image file <..™)3
scanf ("#s",name) 3
if ((inf = fopen(name,"rb"))==NULL){
printf("Open file fail \n")s;
exit(1);
}
for(i=0;i<ysizes;i++)
fread(imagellil, 1,xsize, inf)3;
fclose(inf) s
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JRkkikislRRlkiokRok /
/Rl /
writelimage()

{

FILE *outf;

char namel50];

long i,J3

printf ("Enter output file name <..")s;

scanf ("%4s",name) 3

if ((outf = fopen(name, "wb"))==NULL) {

printf ("Open file fail n\n')s
exit(1);

}

j = (long)xsizek(longlysize;
if(j>32768) 4

i = 327683
fwrite(image,1,i,0utf);

}

else{

fwrite(image, 1,J,0utf);
i=0;

}

if(it=001{

i=J -1
furite(image+32768,1,J,0utf);
}

fclose(outf)s

/**********************************/
/% Find Line Diagram %/
/**********************************/

scanlimage()
{
int x,ys

for(y=0; y<ysize; y+H){
for(x=0; x<{xsize; x++) {
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=

if((imagel[y][x]—imagel[y][x+1])!=0)
mark{yl[x+11 = 13

if((imagel[y][xJ—image1Cy+1]£x])!=0)
markCy+13[x31 =

if((imagel[y][x]—imagel[y][x+1])1=0 ke (imagel[y][xj—image1[y+1][x3)!=0)
parkCy+130x+1] =

}

}

/**********************************/
/% Specifi Edge Direct.ion */
/**********************************/

unsigned direction(unsigned y,unsigned x,unsigned m)

{

unsigned i,J;

switch(m) {
case 0:if (markCy-131{x1==1 28 mark(ylix+1l==1 && markly+131Lx]==

(m = 43markCylix31=03}

else if (markly-13{x]1==1 && markfyllx+13==1)

breaks;

P d {m = 5;markCylCx3=05} _

else if (markfyl[x+1l1==1 && parkCy+11[x3==1)

{m = 63mark{ylCx1=03}
else if (markfy-11[xJ==1 & mark{y+13[x1==1)
(m = T:;markCyl[x1=03}
else if (markly-13C{x1==1)
(m = 1;markCyl{x3=03}
else if (markCy+131Cx3==1)
' {m

3;marklylCx31=03}
else m = 83

case 1:if (mark(ylCx-11==1 && markl(y-11Cx3==1 && parkCyl[x+11==1)

{(m = 43;markfyl(x3=03}

else if (markfyl{x-11==1 && markly-13Cx1==1)

{m = S5;markl[yl[x3=03)
else if (markfy-11{xJ==1 && markfylIx+1l==
(m = 6;markCyl[x1=03}
else if (marklyl[x-131==1 && marklyl{x+1l==
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{m = T3mark(ylCx3=03}
else if (marklfyl[x-11==1) *
{m = 2;markl{ylCx3=03}
else if tmarklyllx+13==1)
{m = O3;marklyl{x3=03}
else m = 83
breaks;
case 2:if (mark[y+11[x]==1 && markCylix-11==1 && markfy-11CxJ3==1)
{m = 4;markfyl[x3=03}
else if(markly+1J[x]==1 && markfylix-1]==1)
{m = 53markCylCx1=03}
else if (markfyl[x-11==1 && mark[y-13[xJ]==1)
{m = 63marklylCx1=03)
else if (park[y+11[x3==1 && markCy-11[X ==1)
{m = T;mark[ylCx1=03}
else if (markCy+13[x]1==1)
{m = 33;markLyl[x3=03}
else if (markly-11[x31==1)
{m = 1;markfylCx3=03}
else m = 83
breaks;
case 3:if (marklylix+11==1 && markCy+11LxJ==1 &% mark[ylfx-11==1)
- z {m = 4;markC[yl[x3=03} -
else if (markCylCx+11==1 && mark[y+11[X ==1)
{m = 5;markCylCx3=03}
else if (markfy+11{xJ==1 && marklylix-13==1)
{m = 6;markCy3Cx3=03}
else if (markC{ylix+1J==1 && mark(ylCx-1J==1)
{m = T3;mark[yl[x1=03}
else if (marklylIx+13==1)
{m = O3markCyl[x31=03}
else if (markCylCx-11==1)
2;marklyl[x31=03}
83

{m

1]

else m
breaks;
}
return(m);
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I
/WW*W******W*****/
/% trace line diagram */
Jbisiioicislibibioiclibsobiokibibsliolosk /

trace(unsigned char y,unsigned char x)
{
int start,stackpointer = 03
unsigned char mi,m;
unsigned dir, length=0;
unsigned char bytes

if (count==0) {
codeL0]
codel1]
count, = 23

}

else {
codefcount++1= O3
codelcount++1= O3
codeflcount++1= x3
codefcount++1= y3
}

non
&< X
ws e

if (markCyJCx+11==1 && markLy+11[(x1==1) {
stackpointer += 13

stack[stackpointerl.x = x+15
) stacklstackpointerl.y = ¥;
stacklstackpointerl.m = O3
m = 33
dir = 13 >
}
else if (marklylCx+11==1){m = 03 dir = 05 }
else {m = 3; dir = 15 }
do {

switch(m) {
case 0¢ while(markC{y-13[xJ!=1 && markCyl{xl==1 && markly+1J{x1!=1)
{

length += 13
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marklyl[x3=0;3
put (0,0,x+50,y) ;delay(10) 3

if (x{xsize-1)
X += 13
}
breaks

case 1: while(mark{ylC{x-11!=1 && mark[yJ{x3==1 &% markCyl{x+11!=1)
{

length += 13
narklyJ[x1=0;
put (0,0,x+50,y) 3delay(10) 3
if (y>0)
y -= 13
)
" breaks
case 2: while(mark[y+11{xJ!=1 && markfyl{x1==1 && markl{y-13{x3!=1)
{
length += 13
marklylCx31=03
put.<0,0,x+50,¥) sdelay(1) 3
if (x>0)
X -= 13
} A [ -
break; )
case 3: while(mark[yl{x+11!=1 &% mark[j][x]==1 %2 marklyl{x-11!=1)
{
length 4= 13
markLyl[x3=03
put. (0,0,x+50,y)3delay (1)
if (y<ysize-1)
y += 13
}
breaks
}

length += 13
ml = direction(y,x,m)3 /%
if (m1<4) {
if (length»1268) byte = 1273
else byte = (char)length;

check direction and junction */
/% turn left and right case */
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if (dir) byte = byte | 0x80;
else byte = byte & Ox7f;
codelfcount++] = byte;

length = O3
m = ml;
switch(ml) {
case 0: if(m==1) dir = 13
else dir = O3
if (x¢xsize~1) x++3
break;
case 1: if(m==0) dir = O3
else dir = 13
if (y>0) y——3
breaks
case 2: if(m==1) dir = 03
else dir = 13
if (x>0) x--3
breaks;
case 3: if(m==0) dir = 13
else dir = 03
if (y¢ysize-1) y++3
breaks;
.}
}

else if (m1<8) {
switch(ml) {

case 43

if(m==0) {

if (length>126) byte = 1273
else byte = (char)length;
if(dixr) byte = byte | 0x80;
else byte = byte & Ox7f;
codelcount.++] = byte;
length = 03

codelcount++] = 0x80;
stackpointer += 13
stacklstackpointerl.x = X3
stackCstackpointerl.y = y+13
stack(stackpointerl.m = 33
stackpointer += 13

stackCstackpointerl.x = x+1;3
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stacklstackpointerl.y = ¥s
stackCstackpointerl.m = 03
dir = 15

m = 13

if (y>0) y—-3

}

else if(m==1) {
if (length>126) byte = 1273
else byte = (char) length;
if (dir) byte = byte | 0x803
else byte = byte & ox7{s
codelcount++] = byte;
length = 03
codelcount++1 = 0x803:
stackpointer += 13
stack[stackpointerl.x = x+13
stackCstackpointerl.y
stacklstackpointerl.m
stackpointer += 13
stacklstackpointerl.x
stacklstackpointerl.y =
stacklstackpointerl.m
dir = 15 - b -
m = 25
if (x>0) x--3

I
S

il
4
we

woot
- <
we I

e

}

else if (m==2) {
if (length>126) byte = 1273
else byte = (char) lengths;
if(dir) byte = byte ! 0x80;
else byte = byte & ox7{s
codelcount++] = bytes

length = O3

codefcount++] = 0x80;
stackpointer += 13
stackCstackpointerl.x = X3
stackCstackpointerd.y = y+13
stackistackpointerl.m = 13
stackpointer += 13
stackCstackpointerl.x = x-13
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[

stacklstackpointerl.y = ¥;
stackCstackpointerl.m = 23
dir = 13
m = 33

if (y<ysize-1) y++3

else {
if (length>126) byte = 1273
else byte = (char)length;
if (dir) byte = byte i 0x80;3
else byte = byte & Ox7f;
codelcount++1 = bytes;
length = 03
codelcount++] = 0x803
stackpointer += 1;
stackistackpointerl.x = x-13
stacklstackpointerl.y = y3
stackistackpointerl.m = 23
stackpointer += 13
stackfstackpointerl.x = X3
stackistackpointerl.y = y+13
stacklstackpointerl.m = 33
dir = 13- "
m = 03
if (x{xsize-1) x++3
}

break;

case 5: if(m==0) {
if (length>126) byte = 1273
else byte = (char)length;
if(dir) byte = byte | 0x803
else byte = byte & Ox7{;
codelcount++]1 = bytes;
length = O3
codelcount++l = Ox003
stackpointer += 13
stackCstackpointerl.x = x+1;
stackCstackpointerl.y =
stackistackpointerl.m =
dir = O m = 13

O «
PYE)
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if(y>0) y--3

else if(m==1) {

if (length>126) byte = 127;
else byte = (char)length;
if(dir) byte = byte { 0x80;
else byte = byte & Ox7f;
codelcount++] = bytes
length = 03

codelcount++] = 0x00;
stackpointer += 13
stackCstackpointerl.x = x3
stackCstackpointerl.y = y-1;
stacklstackpointerl.m = 13
dir = O3 m =23

if (x>0) x--3

if (m==2) {

if (length>126) byte = 127;
else byte = (char)length;

if (dir) byte = byte | 0x803
else byte = byte & OX7f;
codelcount++] = bytes

length = 03

codelcount++] = 0x003
stackpointer += 13
stacklstackpointerl.x = x-13

stackCstackpointerl.y = y;
stacklCstackpointerl.m = 23
dir = O3 m = 33 ‘

if(y<ysize-1) y++;

{

if (length>126) byte = 1273
else byte = (char)lengths
if(dir) byte = byte | 0x80;
else byte = byte & Ox7{;
codelcount++] = byte;
length = 03

codelcount++] = Ox00;
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stackpointer += 13

stackCstackpointerl.x = X3
stackistackpointerd.y = y+1;
stackCstackpointerl.m = 3;
dir = 0; m = 03
if (x<{xsize-1) x++3

}

breaks;

case 68: if(m==0) {
if (length>126) byte = 1273
else byte = (char)lengths;
if (dir) byte = byte | 0x80;
else byte = byte & Ox7f;
codefcount++] = bybte;
length = 03
codelcount++] = 0x00;
stackpointer += 13
stacklstackpointerl.x = X3
stackCstackpointerl.y = y+13
stack[stackpointér].m = 33
dir = 1z m = 03
if (xKxsize-1) xX++3

else if(m==1) {
if (length>126) byte = 1273
else byte = (char)lengths;
if(dir) byte = byte i 0x80;
else byte = byte & O0x7f;
codelcount++1 = bytes
length = 05 B}
codelcount++1 = 0x00;
stackpointer += 13
stackCstackpointerl.x = x+13

stackCstackpointerl.y = ¥3
stackfstackpointerl.m = 03
dir = 15 n = 13

if(y>0) y—3

else if (m==2) {
if (1ength>126) byte = 1273
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else byte = (char)length;
if(dir) byte = byte | 0x80;
else byte = byte & Ox7f; '
codeleount++1 > bytes;
length = 03
codelcount++] = 0x00;3
stackpointer += 13
stacklstackpointerl.x = x;
stackCstackpointerl.y = y-1;
stackfstackpointeri.m = 13
dir = 1; m = 23
if (x>0) x--3
}
else { E‘aﬁ
if (length>126) byte = 127;
else byte = (char)lengths
if (dir) byte = byte | 0x80;
else byte = byte & Ox7f;
codelcount++1 = byte;
length = 03
codelcount++] = 0x00;
stackpointer += 1;

stackistackpointerl.x = x-13;
stacklstackpointerl.y = y3
stacklstackpointerl.m = 23
dir = 15 m = 33

if(y<ysize-1) y++;

break;

case 7: if (m==0) { ; .
if (length>126) byte = 127;
else byte = (char)lengths;
if (dir) byte = byte | 0x80;
else byte = byte & OX7f;
codelcount++1 = bytes:
length = 03
codelcount++1 = 0x80;
stackpointer += 13
stackistackpointerl.x = x3
stack[stackpointerl.y = y+1;
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stack[stackpointer].m & 33
dir = O m = 13
if (y>0) y—-3

.else if (m==1) {

if (length>126) byte = 1273
else byte = (char)length;
if(dir) byte = byte | 0x803
else byte = byte & Ox7f;
codelcount++1 = bytes;

length = O3

codefcount++] = 0x803
stackpointer += 13
stackCstackpointerl}.x = x+13

stackistackpointerl.y = ¥3
stackCstackpointerl.m = O3
dir = O:; m = 23

if (x>0) x--3

else if(m==2) {

if (length>126) byte = 1275
else byte = (char)lengths;
if (dir) byte = byte | 0x80;3
else byte = byte & Ox7f;
codelcount++1 = bytes
length = 03

codelcount++] = 0x803
stackpointer += 13
stacklstackpointerl.x = X3
stackCstackpointerl.y = y-15 -
stackistackpointerl.m = 13
dir = O3 m = 33

if (y<ysize-1) y++3

else (
if (length>126) byte = 127
else byte = (char)length;

if(dir) byte = byte | 0x80;

else byte = byte & Ox7f;
codelcount++] = bytes
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length = 03
codefcount++] = 0x80;
stackpointer += 13

stackfstackpointerl.x = x-13
stacklstackpointerl.y = ¥;
stackistackpointerl.m = 23
dir = 0; m = 03

if (x{xsize-1) X++3
break;

}
else {

. if (length>126) byte = 127;
else byte = (char)lengths
if (dir) byte = byte | 0x80;
else byte = byte & 0x7f3
codelcount++] = byte;
length = 03

-
™
'

x = stackCstackpointerl.x;
y = stack[stackpointerl.y;
m = stacklstackpointerl.m;

stackpointer -= 13

1}

}
} while (stackpointer>= 0);

Jkkpickkriobibkisbiblaicislciolclok /

/% . Edge Coding %/
/************************#***********/
edge]codeg)

{
unsigned x,¥3

for(y=0; y<{ysize; y++)
for(x=0; x<xsize; x++)
if (markCylCx3 == 1)
trace(y,x);
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/5 IR IR RISk /
/% MAIN */
I, BRIk /

main()
{

int 1,J,r,p,t3

clrsecrQ)s

xsize = 2003

ysize = 200;

getspace(); ) s
readlimage(); ‘
scanlimage();

edgelcode() s





