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Year 1998
Abstract

Since the different nature resource have maximum reflectance in different spectral.
Therefore, a multispectral colour image, which performed by multibands imagry will act as
an important role in image interpretation. All the satellite imagery systems have the
different spectral image bands image more than three. For example, four bands for MSS or
seven bands for TM of LANDSAT-5. On the other band multispectral colour image can be
composed by only three different spectral band images. Therefore, the colour image
interpretation and classification cannot accomplish with effectiveness since it loss some
information from the other spectral bands. In this thesis, the principal component analysis
has been used to transform the all bands of satellite imagery in to a more compact set
of component which still represents the original variance. Therefore, a quality improving
of multispectral colour can be obtained by using the first three component image which
will give more than 90 percents of variance form all bands of images. The image details
are clearly shown in the resulting of colour image. Therefore, interpretation and

classification from result can be done with high accuracy and precision.
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G(.k) = [FUik)-F(ik-0)]-[FU.e+1)-F(j4)]
+ [F( k) - F(+ LE)] - [F(i - 16) - F(juk)] 3.11)
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(Quality Improving of Multispectral Colour Image via Principal Component Analysis)
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Abstract

Since the different nature resource have maximum
reflectance in different spectral. Therefore a wulti-
spectral colour image, which performed by multibands
imagery will act as an important role in image inter-
pretation. All the satellite imagery systems bave the
different spectral band images more than three. For
example, four bands for MSS or seven bands for TM of
LANDSAT 5. On the other hand multispectral colour image
is composed by only three different spectral band
image. Therefore, the image interpretation and classi-
fication cannot accomplish with high effectiveness since
it loss some information from the other spectral bands.
In this paper, the principal component analysis has
been used to transform the all bands of satellite
imagery into a more compact set of components which
still represents the original variance. Therefore, a
quality improving of multispectral colour image can be
obtained by using the first three component images
which will give more than 95 percents of total variance
from all band of images. The image details are clearly
shown in the resulting of colour image. Then, the image
interpretation and classification can be done with high
accuracy and precision.
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n397 1
Channel 1 2 3 4 5 8 7
Mean 102.35 42.98 42.08 108.81 81.29 28.31 140.38
S.D 104.87 43.95 44.89 112.73 87.72 32.79 140.57
Component. 1 2 3 4 5 8 7
Eigenvalue 136,488,480 | 51,028,812 4,094,443 3,788,155 1,451,912 509,020 327,852
% Variance 69.04 25.81 2.07 1.92 0.73 0.28 0.17
Eigenvector
Component 1 | Component 2 Component Component- 4 | Component 5§ | Component 6 Component. 7
+0.021 -0.002 +0.902 -0.430 -0.023 -0.001 +0.011
+0.085 +0.241 40.199 +0.433 -0.102 +0.761 +0.345
+0.153 +0.448 +0.285 +0.550 -0.048 -0.291 -0.564
+0.683 -0.871 +0.124 +0.298 +0.004 -0.078 +0.038
+0.872 +0.384 -0.245 -0.484 -0.093 +0.242 -0.233
+0.257 +0.79 +0.010 +0.087 -0.111 -0.521 +0.709
+0.033
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/**************************************************************/

r* Program : Histogram equalization */
r year  :1998 */
[ERRERRRR kAR KRR RRR KRR kKRR RRE R RRRR BB RRRYRRRS |
#include<stdio.n>
#include<conio.h>
#include<io.h>
#include<stdlib.h>
#include<math.h>
#include<alloc.h>
#include<ctype.h>
#define max 16384
void main()
{
intimage_Length,image_width,|,j,ch,true_length;
unsigned long int histo[256,s[256];
char file_name[14];
unsigned char buffimax];
int k,n,ind;
double nsq;
float range;

FILE *fptr,*fptr2;

clrscr();
printf(*Enter file name of image : *“);
scanf(“%s" file_name);
fptr = fopen(file_name,"rb");
if(fptr==NULL)

{
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printf("%s Does not exist. “file_name);
exit(1);
}
printf(“Enter file name for storing mapped image
scanf(*%s" &file_name);
gotoxy(1,3);
printf("
ind=access(file_name,0);
while(lind)
{
gotoxy(1,3);
printf(“File exists Wish to overwrite ? (y or n)
while(((ch=tolower(getch())) ="y )&&(ch!="n"));
putch(ch);
switch(ch)
{
case'y"
ind=1;
dreak ;
case‘n':
gotoxy(1,3);
printf(*
gotoxy(1,2);
printf(*
gotoxy(1,2);
printf("Enter file name : *);
scanf(*%s" file_name);

ind=access(file_name,0);
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}
fptr2 = fopen(file_name,"wb");
nsq = (double) filelength(filno(fptr));
printf(“\n Is this square image ? (y or n);
while(((ch=tolower(getch())) !="y)&&(ch!="n"));
putch(ch);
switch(ch)
{
case'y”
image_length = image width=sqrt(nsq);
break;
case ‘n':
printf (* Enter image  width :);
scanf(*%d",&mage_width);
image_length = (int)(nsqg/image_width);
}
printf("\n image size = %d x %d", image_length, image_width);
true_length=0.95*image_length;
/* Generate Histogram .*/
for(i=0; i < 256 ; I++)
histo[i]=0;
for(i=0;l<true_length;i++)
for (j=0;j<image_width;j++)
histo[getc(ftpr)]++
/* Generate CDF. */
s[0]=histo[0];
for(i=1; 1<256; i++ )
s[i]=s[i-1]+histo[i];

Scaling */
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range = (float)(s[255]-s[0];
for(i=1; 1<256; i++ )
s[i]=(int)((float)(s[i]-s[0]))*255.0/range;
/*Mapping into a uniform histogram. */
rewind(ftpr);
k=0;
for (i=0; i<image_length; i++)
for (j=0; j<image_width; j++);
{
ch=s[getc(fptr)];
buff{k] =(unsigned char)ch;
k=k++;
if (K==MAX||(ch==EDF))
{
for(n=0;n<k;n++);
putc((int)buff(n],fptr2;
k=0;

}
fclose(fptr);
fclose(fptr2);
printf("\n\Ndone.");
}



/***********t**************************************************/

r* Program : Principal Component Analysis */
r* by : Mr. Sart Kummool */
r* year 1998 */

/**************************************************************/

#include<stdio.h>
#include<stdlib.h>
#include<string.h>
#include<conio.h>
#include<math.h>
#include<alloc.h>
#include<time.h>
#define NPRINT
#define PSIZE 32768L

void memalloc();
void ReadData();
float Mean();
void MulMatrix();
void MemErr();
void FopenErr();

void ScaleMatrix();

int JacobiTransform(float **co_var,float **v,int n,float err,int *iter);

void Projection();
void Scaling();
void App();

void lcs();

int xsize,ysize,tb;

long tsize;
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char **fname;

float *mean_val,*std_val,**co_var,**v,
char fn[5),0fn[5],drive[3];

unsigned char far *buff;

int far *ibuff,*ibuff1;

long far *Ibuff;

main()
{

int i,j,k,n,*iter,converge,max,addi,percent;

float err,temp,peigenvalue;

long teigenvalue;

char *mes,cdrive[3];

FILE **FP,**fp;

mes = "Function main®;

clrscr();

printf("Enter total band : ");

scanf("%d",&tb);

memalloc();

FP = (FILE **) malloc(sizeof(FILE *)*tb);

fp = (FILE **) malloc(sizeof(FILE *)*tb);

if(FP == NULL && fp == NULL)

MemErr(mes);
for(i=0;i<tb;i++)
{

FP[i] = (FILE *) malloc(sizeof(FILE)*tb);
fpli] = (FILE *) malloc(sizeof(FILE)*tb);
if(FP[i] == NULL && fpli] == NULL)

MemErr(mes);
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}
if((fname = (char **)malloc(sizeof(char *)*tb)) == NULL)
MemErr(mes);
for(i=0;i<tb;i++)
if((fname[i] = (char *)malloc(sizeof(char *)*25)) == NULL)
MemErr(mes);
for(i=0;i<tb;i++)
{
printf(" band %d : *i+1);
scanf("%s",fnamefi]);
if((fpli] = fopen(fnamel[i],"rb")) == NULL)

FopenErr(mes);

printf("Size of datas  :\n");
printf("  X-size :");
scanf("%d",&xsize);
printf("  Y-size :");
scanf("%d", &ysize);
tsize = (long)ysize*xsize;
printf('Total size  : %ld" tsize);
printf(\nSave result at drive <c:/d:> ->");
scanf(*%s",cdrive);
strcpy(drive,cdrive);
for(i=0;i<tb;i++)
{
printf("\nmeaning band %d...",i+1);
mean_val[i] = Mean(fplil);

printf("%+.3f",mean_val[i]);



#ifdef PRINT
fprintf(stdprn,"\n");
fprintf(stdprn,"mean ");
forintf(stdprn,"%+.3f\t",mean_val[i]);
#endif
fclose(fplil);
}
for(i=0;i<tb;i++)
{
App(drive,fn,i);
FP[i] = fopen(fn,“Wb");
if(FP[i] == NULL)
FopenErr(mes);
if((fp[i] = fopen(fnamefi},"rb")) == NULL)
FopenErr(mes);
printf("\nscaling matric band %d...",i+1);
ScaleMatrix(fp[i],FP[il.i);
fclose(fpli]);
fclose(FP[i]);
}

printf("\ncalculating covariance matric...");
MulMatrix(co_var);
printf("\ndisplay covariance matric...");
for(j=0;j<tb;j++)

{

printf("\n");

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

{
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printf("%+.3A\t",co_var[j][i]);

#ifdef PRINT
forintf(stdpm,"%+.3f\t",co_var{jI[i]);

#endif

}

n =1tb;
*iter = 0;
err =0.0000000001;
printf("\ncalculating eigenvectors...");
JacobiTransform(co_var,v,n,err,iter);
printf("\nBefore sort\n");
printf("\ndisplay eigenvalues...\n");
for(i=0;i<n;i++)

printf("%+.3f\t",fabs(co_varfilfi]));
printf("\ndisplay eigenvectors ");
for(j=0;j<n;j++)

¢

printf("\n");

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

printf("%-+.3f\t" v[j1[i]);

}
for(j=0;j<n;j++)

{

temp = co_var{jI[j];

max =j;

for(i=j;i<n-1;i++)

{
ifttemp < co_var{i+1][i+1])
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{
temp = co_var[i+1][i+1];
max =i+1;
}
}
temp = co_varjl[j];
co_varj]{j] = co_var[max][max];
co_varmax][max] = temp;
for(i=0;i<n;i++)
{
temp = v[i][j};
viil[j] = vlillmax];

v[il[max] = temp;

}

teigenvalue = OL;

peigenvalue = 0.0;

for(i=0;i<n;i++)
teigenvalue += (long)co_var{il[i];

printf("\nAfter sort\n");

printf("\ndisplay eigenvalues\n");

for(i=0;i<n;i++)
{
peigenvalue = (100.0*co_var[i][i])/teigenvalue;
printf("%+.3f[%.3f]\t",fabs(co_var[i][i]).fabs(peigenvalue));
#ifdef PRINT ¢

fprintf(stdprm,"%+.3[%.3f]\t",fabs(co_var[il[i]).fabs(peigenvalue));

#endif
}
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printf("\ndisplay eigenvectors ");
for(j=0;j<n;j++)
{
printf("\n");
#ifdef PRINT
fprintf(stdprn,"\n*);
#endif
for(i=0;i<n;i++)
{
printf("%-+.3A\t" v{jl[il);
#ifdef PRINT
forintf(stdprn,"%+.3f\t",v[j1[i1);
#endif
}
}
Projection();
Scaling();
printf("\n\nprocessing complete...");

getch();

/* *****************************/

/* Allocation memory %/
[RRRR AR RS RRRRRR K
void memalloc()
{

inti;

long psize;

char *mes;
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mes = "function memalloc”;

psize = PSIZE;

if((co_var = (float **) malloc(sizeof(float *)*tb)) == NULL)
MemErr(mes);

for(i=0;i<tb;i++)
if((co_var(i] = (float *) malloc(sizeof(float)*tb)) == NULL)
MemErr(mes);

if((v = (float **) malloc(sizeof(float *)*tb)) == NULL)
MemErr(mes);

for(i=0;i<tb;i++)
if((v[i] = (float *) malloc(sizeof(float)*tb)) == NULL)
MemErr(mes);

if((mean_val = (float *) malloc(sizeof(float)*tb)) == NULL)
MemErr(mes);

if((std_val = (float *) malloc(sizeof(float)*tb)) == NULL)
MemErr(mes);

if((buff = (unsigned char far *) farmalloc(32768L)) == NULL)
MemErr(mes);

if((ibuff = (int far *) farmalloc(65536L)) == NULL)

MemErr(mes);

if((ibufft = (int far **) farmalloc(sizeof(int far *)*tb)) == NULL)
MemErr(mes);

for(i=0;i<tb;i++)
if((ibuff1(i] = (int far *) farmalloc(65536L)) == NULL)

MemErr(mes);
if((buff = (long far *) farmalloc(sizeof(long)*tb)) == NULL)

MemErr(mes);
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/***********************************************/

™ Calculation mean value Wi

[k RR R RR A RRR R R R R AR AR RNk
float Mean(FILE *fp)

A

float sum,mean,count;

unsigned int i,j;

long size1,size2,psize;

char *mes;

mes = "function mean";

psize = PSIZE;

size1 = ((long)xsize)*((long)ysize);

size2 = sizel;
count =0.0;
sum = 0.0;
do

{

fread(buff,sizeof(unsigned char),psize,fp);
for(i=0;i<psize && size1 > OL;i++,size1--,count++)
sum += (float)buff[i];
size2 -= (long)psize;
if(size2 < (long)psize)
psize = (int)size2;
Jwhile(size1 > 0L);
mean = sum/count;
return(mean);

}



/************************************/

r* Scaling matric */

/***********************************/

void ScaleMatrix(FILE *f,FILE *F,int p)
{
long ij;
long count,size1,size2;
double stsize;
long psize;
char *mes;
extern float *mean_val;
mes = "function scaling matric";
psize = PSIZE;
count = OL;
stsize = tsize;
stsize = sqrt(stsize);
size1 = ((long)xsize)*((long)ysize);
size2 = size1;
do
{

fread(buff,sizeof(unsigned char),psize,f);
for(i=0;i<psize && size1 > OL;i++,size1--,count++)
ibuff1[0][i] = (int)((int)buffli] - mean_val[p]);
fwrite(ibuff1[0],sizeof(int),psize,F);
size2 -= (long)psize;
if(size2 < (long)psize)
psize = (int)size2;

Jwhile(size1 > 0L);
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}

/* ************************************************/
I Calculation covariance matric *
r or calculation eigenvalue */

/*************************************************/

void MutMatrix(float **a)
{
unsigned int i,j,k;
long psize;
long size1,size2,size3,count;
float sum;
char *mes;
FILE **fp1,**fp2;
mes = "function multifier matric”,
size1 = ((long)xsize)*((long)ysize);
psize = PSIZE;
fp1 = (FILE **) malloc(sizeof(FILE *)*tb);
fp2 = (FILE **) malloc(sizeof (FILE *)*tb);
iftfp1 == NULL && fp2 == NULL)
MemErr(mes);
for(i=0;i<tb;i++)
{
fp1[i] = (FILE *) malloc(sizeof (FILE)*tb);
fp2[i] = (FILE *) malloc(sizeof(FILE)*tb);
if(fp1[i] == NULL && fp2[i] == NULL)
MemErr(mes);
}
for(k=0;k<tb;k++)
{



App(drive,fn,k);
fp1[k] = fopen(fn,"rb");
if(fp1[k] == NULL)
FopenErr(mes);
for(j=0;j<tb;j++)
{
printf("\nmultifier matric row %d col %d..."j,k);
count =0L;
size2 = size1;
size3 = sizel;
psize = 32768;
sum = 0.0;
App(drive,fn,j);
fp2[j] = fopen(fn,"rb");
if(fp2(j] == NULL)
FopenErr{mes);
do
{
fread(ibuff1{0],sizeof(int),(int)psize,fp1[k]);
fread(ibuff1[1],sizeof(int),(int)psize,fp2[j);
for(i=0;i<psize && size2 > OL;i++,size2--,count++)
sum += (float)(ibuff1[0][i1*ibuff1[1][i]);
size3 -= psize;
if(size3 < psize)
psize = size3;
Jwhile(size2 > OL);
afj][k] = sum; /*/(tsize-1.0);*/
printf("%+.3M\[%!d]",aljl[k],count);
rewind(fp1[k]);
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fclose(fp2(j}):
}
fclose(fp1Lk]);
}

/*******************************************************************/

r* Calculation eigenvectors by Jacobi mathod

/******************************************************************/

int JacobiTransform(float **h,float **v,int n float err,int *iter)

{
inti,j,m,l,p,g,converge,it;
float vo,U,Uf,*a,*d,"e;
float c,s,f,alpha,beta;
a = (float *) malloc(sizeof(float)*n);
d = (float *) malloc(sizeof(float)*n);
e = (float *) malloc(sizeof(float)*n);
if(a == NULL && d == NULL && e == NULL)
return(NULL);
vo =0.0;
for(i=0;i<n;i++)
for(j=0;j<n;j++)
if(it=j)
vo += (h[iJGI*h{il{):
for(i=0;i<n;i++)
for(j=0;j<n;j++)
if(i==j)
v[il[j] = 1.0;

else
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Vil = 0.0;
U =sqrt(vo)/n;
Uf = U*err;

converge = 0;

for(I=0;i<n+1;l++)

for(m=I+1;m<n;m++)

{
if(fabs(h[1J[m]) >= U)
{
p=5
gqg=m;
for(i=0;i<n;i++)
{
a[i] = h(plli);
dlil = nhllp];
e[i] = viillp];
}
f = hlpllpl);
alpha = (h[p][p] - h[ql[al)/2.0;
beta = sqrt(h[p][al*h[p][a] + alpha*alpha);
¢ = sqrt(0.5 + fabs(alpha)/(2*beta));

s = (alpha*(-h[p][a]))}/(2.0*beta*(fabs(alpha))*c);

for(j=0;j<n;j++)
{
if(ji=p &&j!=q)
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hpIfj] = c*hlpl[] - s*h[a]li;
hlallj] = s*aljl + c*hlall;
h[jllp] = c*h(jlip] - s*h(jllql;
h{jlla] =s*d[j} + c*h[jllql;
\ .
v[jllp] = c*v{jllp] - s*viilgl:
v[jlla} =s*e[j] + c*vijllalk
}
h[p]lp] = (c*c)*hlpllp] + (s*s)*h[qllal - 2.0*c*s*h[p][al;
hlalla] = (s*s)*f + (c*c)*hiqllq] + 2.0*c*s*h[p]lal;
h{pllal = 0.0;
h[qllp] = 0.0;

}
if(U <= Uf)
converge = 1,
else
{
it++:
*iter = it;
U=U/n;
}
Jwhile(!((converge) || it > 200));
free(a);
free(d);

free(e);
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/*********************************************/

/* Projection image [X]*[Ai] */

R RRRRR R R RRRRR R KR KRR R
void Projection()
{
unsigned int i,j,k,addi;
long psize;
long |,size1,size2,size3,count;
float sum;
FILE **fp1,**p2;
char *mes;
mes = "function projection”;
fp1 = (FILE **) malloc(sizeof(FILE *)*tb);
fp2 = (FILE **) malloc(sizeof(FILE *)*tb);
if(fp1 == NULL && fp2 == NULL)
MemErr(mes);
for(i=0L;i<tb;i++)
{
fp1[i] = (FILE *) malloc(sizeof(FILE)*tb);
fp2[i] = (FILE *) malloc(sizeof(FILE)*tb);
if(fp1[i] == NULL && fp2[i] == NULL)
MemErr(mes);
}
psize = 1024L,;
size1 = ((long)xsize)*((long)ysize);
for(k=0:k<tb;k++)
{
addi = k+tb;



106

App(drive,fn,addi);

fp2[k] = fopen(fn,"wb");

if(fp2[k] == NULL)
FopenErr(mes);

for(i=0:i<tb;i++)
Ibuff{i] = OL;

printf("\nprojection band %d..." k+1);

count = 0L;

size2 = sizel,

size3 = sizel;

psize = 1024L;

do

App(drive,fn,j);
fp1[j] = fopen(fn,"rb");
if(fp1[j] == NULL)

FopenErr(mes);
rewind(fp1(j]);
fseek(fp1[j],Ibuff(j], SEEK_SET);
fread(ibuff1[j],sizeof(int),(int)psize,fp1[j]);
Ibuff(j] += (float)(psize*2L);
fclose(fp1[j1);
e+
Jwhile(j < tb);

for(i=0;i<(int)psize && size2 > OL;i++,size2--,count++)

{
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sum = 0.0;
for(j=0;j<tb;j++)

sum += (float)(ibuff1 [j][iT*v{jilkD);
ibuff[i} = (int)sum;

}
fwrite(ibuff,sizeof(int),(int)psize,fp2[k]);
size3 -= (long)psize;
if(size3 < (long)psize)

psize = (int)size3;

Jwhile(size2 > OL);
fclose(fp2[k]);
}

/* ****************************************/

r* Scaling image 256 level ~ */
[RRRRRR AR R AR RS Rk AR XX
void Scaling()
{

unsigned int i,addiKk;

long psize;

long l,count,size1,size2,size3,;

float temp,max,min;

int ch[1];

FILE **fp1,**fp2;

char *mes;

mes = "function scaling";

fp1 = (FILE **) malloc(sizeof(FILE *)*tb);

fp2 = (FILE **) malloc(sizeof(FILE *)*tb);
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if(fp1 == NULL && fp2 == NULL)
MemErr(mes);
for(i=0;i<tb;i++)

{

fp1[i] = (FILE *) malloc(sizeof(FILE)*tb);
fp2[i] = (FILE *) malloc(sizeof(FILE)*tb);
if(fp1[i] == NULL && fp2[i] == NULL)
MemErr(mes);
}
psize = PSIZE;
size1 = ((long)xsize)*((long)ysize);
for(k=0:;k<tb;k++)
{
printf("\nscaling gray scale band %d..." k+1);
printf(“search max. & min...");
addi = k+tb;
App(drive,fn,addi);
fp2[k] = fopen(fn,"rb");
if(fp2[K] == NULL)
FopenErr(mes);
size? = size1;
size3 = sizel;
psize = 32768;
fread(ch,sizeof(int),1,fp2[k]);
max = (float)ch[0];
min = (float)ch[0];
rewind(fp2[k]);

count = 0L;



do

fread(ibuff,sizeof(int),psize,fp2[k]);

for(i=0;i<psize && size2 > OL;i++,size2--,count++)
{
temp = (float)ibuff[i];
if(temp > max) max = temp;
if(temp < min) min = temp;
}

size3 -= (long)psize;

if(size3 < (long)psize)

psize = (int)size3;
Jwhile(size2 > 0L);
rewind(fp2[k]);
App(drive,fn,k);
remove(fn);
fp1{k] = fopen(fn,"wb");
if(fp1[k] == NULL)
FopenErr(mes);
printf("scaling...”);
size2 = sizet,
size3 = size1;
psize = 32768;
count = 0OL;
do
{
fread(ibuff,sizeof(int),psize,fp2[k]);

for(i=0;i<psize && size2 > OL;i++,size2--,count++)
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{
temp = (float)ibuffli];

buff[i] = (int)(255.0*(temp-min)/(max-min));

}
fwrite(buff,sizeof(char),psize,fp1[k]);
size3 -= (long)psize;
if(size3 < (long)psize)

psize = (int)size3;

Jwhile(size2 > 0L);
fclose(fp1ik]);
fclose(fp2[k]);

}

void App(a,b,c)
char *a,*b;
intc;

{

intij;
char p1[5],p2[5];
strepy(p1,a);
i=0;
do
{
i++;
Jwhile(p1[i] != NULL);
if(p1[i] == NULL)
itoa(c+1,p2,10);
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for(j=0;p2[j] != NULL;j++)
p10i+j] = p2[jl;
p1[i+j] = NULL;
strcpy(b,p1);
}

void MemErr(char *m)

{

clrscr();

printf("memory allocation error in %s",m);
getch();

exit(1);

}

void FopenErr(char *m)

{

clrscr();

printf("file open error in %s",m);
getch();

exit(1);

}
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