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ABSTRACT

Mosaicing of satellite image are very necessary and usefully for the cloud cover problem.
Forsome task, such as for forest fire tracking, the complete scene image are required,but sometime
the other orbits of the same satellite is too late for the use. Hence, the images with different
resolutions from another satellite which acquired in contiguous time will be replaced the cloud covered
regions. To merge the different solution images together, the resampling process must be applied.
The obtained mosaiced image is already removed the noise pixels without blurring edges and also
unified  the common regions in the connecting boundaries. To detect the boundaries of the
interested region, the graph theory will be applied onto the smoothed mosaiced image for

obtaining accurate region boundaries.
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Segmentation via graph theory on the edge preserving smoothing

of multiresolution mosaiced image
S. Chitwong, F. Cheevasuvit, K. Dejhan, S. Mitatha, and P. Phophongviwat
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520, Thailand
Phone: 662-3267346, Fax: 662-3267347, E-mail : kcsakrey@kmitl.ac.th

ABSTRACT

Mosaicing of satellite image are very necessary and usefully for the cloud cover problem. For some task, such as for forest
fire tracking, the complete scene image are required. But sometime the other orbits of the same satellite is too late for the
use. Hence, the images with different resolutions from another satellite which acquired in contiguous time will be replaced
the cloud covered regions. To merge the different solution images together, the resampling process must be applied. The
obtained mosaicing image will be smoothed image in order to remove the noise pixels without blurring edges and also to
unify the common regions in the connecting boundaries. To detect the boundaries of the interested region, the graph theory
will be applied onto the smoothed mosaiced image for obtaining accurate region boundaries.

1. INTRODUCTION

Since the cloud cover problem always exists in the equator countries. Therefore, some acquired satellite images will lose a
huge of land used information due to the cover of cloud. This will be caused the decreasing of efficiency is the utilization of
satellite images especially for the forest fire tracking. Sometimes, it is too late to waiting the next orbits of the same
satellite. Thus, the images from another satellite with different resolutions are required to inspect the region covered by
cloud. For better follow up the area of interest, these image are merged together to obtain a mosaicing image. Consequently,
the resampling process is applied in order to push the images in the same resolution. Before resampling the mosaiced image
for detecting the boundaries of the interested region, the smoothing process is applied. Two objectives of smoothing process
have been established. First is to remove the noise pixels while preserving edges. The second is to unify the connecting
regions in different resolution images from mosaiced image. Finally, the graph theory will be used to detect the boundaries
of the homogeneous region. The details of image mosaicing, edge preserving smoothing and segmenting will be described
in the following subheadings.

2. MULTIRESOLUTION IMAGE MOSAICING

Mosaiced image can be obtained from the same resolution images. But, the aim of this paper is to merge the different
resolution images for forming a mosaiced image. However, the overlap regions must be presented in each other. The
process of multiresolution image mosaicing will be consisted of the following steps. '

1) Geometic registration. The corresponding of ground control points in each image of the overlap region have been
selected. The geometric registration can be performed by using the method of curve fitting with a second order polynomial.
Then the Bihaminic spline interpolation from MATH LAB Version 4.2 is applied in order to obtain the pixel’s coordinate
in integer form.

2) Brightness adjusment. Normally, the brightness over the overlap region in each image is quite different from one another.
Hence, the brightness adjustment will be used for smoothing the brightness of connecting regions. The brightness
adjustment function is expressed by

R

o o,
y=|—"|x+m | = |m
o o

“ a

(M

The subscript R refers to a reference image, while @ referes to any image which need to change the brightness. From the

equation (1), V' is the new gray value a pixel which has X as old gray value of any image. Where m, and O, are stand
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for mean and standard deviation of reference image, while 72, and O represent the mean and standard deviation of any

image.
3) Seam removal. Since the mosaiced image still has a slight discontinuity of contrast over the overlap region. Therefore, a
linear weighting function from [1] is applied to scale the brightness in the overlap region as shown in Fig. 1. The function

can be expressed by

0O (i, )) for m <i<m,
N(i, j)=1/.0)0,G )+ f,()O,,j) for m, <i<m, )
0,(i, ) for m <i<m,

where O, (7, j) and O, (i, j) are the old brightness of pixel in image A and B respectively. For m, to m, are the

coordinates of pixel in the vertical direction.

Image A

overlap region :

Fig. I Linear weight function for seam removal

From the mentioned steps, the resulting of masaiced image can be represented in Fig. 2.

.’-A r g v s VTR nNar
(a) Image from satellite JERS-I (b) Image from satellite MOS-1 (c) Masaiced lmage
with resolution of 18m x 24m with resolution of 50m x 50m

(selected as reference image)
Fig. 2 Multiresolution mosaiced image.

3. EDGE PRESERVING SMOOTHING

Generally, the segmented image is consisted of many small regions which may be effected by noise pixels. To eliminate
these noise pixels, here we proposed to use the edge preserving smoothing process. The process tries to remove the noise
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which the edges of regions still maintain. The masks for edge preserving smoothing process have been research by [2,3].
However their masks as shown in Fig. 3(a) and (b) can not preserve the thin regions with the width less than 3 pixels.
Therefore we propose another masks as shown in Fig. 3(c) for maintaining the thin regions in the smoothing process. The
edge preserving smoothing process can be elucidated as the following steps.

(a) Masks of [2] (b) Masks of [3]

= 0OC

th}rF‘Lim
RSN

(c) Proposed masks
Fig. 3 the masks for edge preserving smoothing process

L e ]

1) Calculate the mean value of all pixels in each mask by

1 :
m(k)=— Zf(l,j) k=123,...M 3)
N;c 1,JES,
M is the number of templates, S, is the subset of pixels in the k™ mask. N, is the number of pixels in k™ mask and
[ (i, J) is the gray value of pixel (i, j).
2) Calculate the variance of each mask with respect to consider pixel f(x,)) by

NL QLGN k=123, M @)

&

V(k)=

3) Seek the minimum variance mask.

4) Assign the mean value of the selected mask to the pixel (X,Y).

5) Repeat step 1) to 4) to all pixels of the image.

6) lterate the process from step 1) to 5) until the gray level of all pixels is unchanged.

By cooperating the proposed masks with the mask of [2] and [3] and applied the smoothing process onto the image of Fig. 2
(c). We can obtain edge preserving smoothing image as shown in Fig. 4,
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o

Fig. 4 Edge presering smoothing image

4. IMAGE SEGMENTATION BASED ON GRAPH THEORY
Graph theory are widely used in data compression [4], scene analysis [5] and etc. Here, we propose to use the graph theory
for image segmentation, since it can provide the high acculate boundaries of segmented homogeneous regions. The
algorithm of image segmentation based on graph theory is
1) Mapping an image onto a graph. Each gray value of pixel will be mapped onto the corresponding vertex of graph as
shown in Fig. 5. Each vertex of the graph will be connected to the adjacent vertics in 4 perpendicular direction by the links.

pixel
Ld
56 [ T o4
S0 2 3 mn
a) Image (b) Graph
& p

Fig. 5 Mapping an image onto a graph

2) Calculate the link weights. The weight of each link in the graph is obtained by the absolute different of vertex weight
from the two connected vertices. This value will be used to measure the resemblance vertices.

3) Remove the link and merge two vertices together. The links of the graph will be removed sequentially from minimum
link weight to the maximum link weight. Each time of link removal, the connected vertices will be merged together. The
common weight of merged vertices will be replaced by their average vertex weights. Then the link weights around the
merged vertices must be recalculated.

4) Assign the number of segmented regions. In order to obtain M +1 segmented regions, we have to assign the value M to
the process for cutting the lastest M links.

5. EXPERIMENTAL RESULTS

By applying the graph theory onto the edge preserving smoothing image of Fig. 4, the segmented image will be resulted as
demonstrated in Fig. 6 with 1000 regions.

6. CONCLUSION
This paper has been described a method for segmenting the multispectral mosaiced image which obtained by edge
preserving smoothing process. The result of segmented image shows clearly that the thin regions can be maintained and the
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boundary of each region quite accurate. Therefore, the problem of cloud cover can be conquered and the tracking regions
can be followed up.
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/* PROGRAM

/* DESCRIPTION
/* Modify by

/* Date

/* REFERENCE
/* COMPILER
/* PRESENT AT

#include <stdio.h>
#include <malloc.h>
#include <stdlib.h>
#include <conio.h>
#include <string.h>

#include <math.h>

#define uc unsigned char

#define ul unsigned long

T LT

int TP=3;

int LP=10;
char name[20];
char oname[20];
long x5=256;
long ys=256;

T
long imgsize;
uc *img,*out;

void merror(char *txt);

int a[|[5][5]= {

:PNAGA.CPP

: Edge proserving smoothing by modified Nagao's alg.

: Phot

-1 March 2002

: Segmentation on the edge preserving smoothing image
:WC 10.0

: SPIE 2000 San Diego Ca USA

*/
*
*/
*/
]
)
*/
*/
*/
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{{1,1,1,0,0},/0-0 /N
{1,1,1,0,0},
{1,1,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,1,1,1} //0-1 /12
{0,0,1,1,1},
{0,0,1,1,1},
{0,0,0,0,0},
{0,0,0,0,0}},
{{0,0,0,0,0},4/0-3 /i3
{0,0,0,0,0},
{1,1,1,0,0},
{1,1,1,0,0},
{1,1,1,0,0}},

{{0,0,0,0,0},//0-2  //4
{0,0,0,0,0},
{0,0,1,1,1},
{0,0,1,1,1},
{0,0,1,1,1}},

{{0,0,0,0,0} //0-4  /I5
{0,1,1,1,0},
{0,1,1,1,0},
{0,1,1,1,0},
{0,0,0,0,0}},

{{1,1,0,0,0},//1-0  //6
{1,1,1,0,0},
{0,1,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{10,0,01,1}1-1 /7
{0,0,1,1,1},
{0,0,1,1,0},
{0,0,0,0,0},
{0,0,0,0,0}},
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/lmodify tp

{10,0,0,0,0},/1-3 /I8
{0,0,0,0,0},
{0,1,1,0,0},
{1,1,1,0,0},
{1,1,0,0,0}},

{10,0,0,0,0},/1-2 /19
{0,0,0,0,0},
{0,0,1,1,0},
10,0,1,1,1},
10,0,0,1,1}},

{{0,1,1,1,0},/2-0 /110
{0,1,1,1,0},
{0,0,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,0},//2-3  //11
{1,1,0,0,0},
{1.1,1,0,0},
{1,1,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,0},/72-1 /12
10,0,0,1,1},
{0,0,1,1,1},
{0,0,0,1,1},
{0,0,0,0,0} },

{{0,0,0,0,0}//2-2 /113
{0,0,0,0,0},
{0,0,1,0,0},
{0,1,1,1,0},
{0,1,1,1,0}},

{{1,0,0,0,0},//5-0  //14
10,1,0,0,04,
11,1,1,0,0},
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{0,0,0,0,0},
{0,0,0,0,0}},
{10,0,0,0,1},//5-1
{0,0,0,1,0},
{0,0,1,1,1},
{0,0,0,0,0},
{0,0,0,0,0}},
{10,0,0,0,0},/5-3
{0,0,0,0,0},
{1,1,1.0.0},
{0,1,0,0,0},
{1,0,0,0,0}},
{{0,0,0,0,0},//5-2
{0,0,0,0,0},
{0,0,1,1,1},
{0,0,0,1,0},
{0,0,0,0,1}},

{{1,0,0,0,1},//6-1
{0,1,0,1,0},
{0,0,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{1,0,0,0,0},//6-0
{0,1,0,0,0},
{0,0,1,0,0},
{0,1,0,0,0},
{1,0,0,0,0}},

{{0,0,0,0,1}//6-2
{0,0,0,1,0},
{0,0,1,0,0},
{0,0,0,1,0},
{0,0,0,0,1}},

{{0,0,0,0,0},//6-3
{0,0,0,0,0},

15

/16

ni

/118

/19

/120

/121
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{0,0,1,0,0},
{0,1,0,1,0},
{1,0,0,0,1}},

{{0,0,1,0,0},//6-1
{0,0,1,0,0},
{1,1,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,1,0,0},//6-0
{0,0,1,0,0},
{0,0,1,1,1},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,0} //6-2
{0,0,0,0,0},
{1,1,1,0,0},
{0,0,1,0,0},
{0,0,1,0,0}},

{{0,0,0,0,0},//6-3
{0,0,0,0,0},
{0,0,1,1,1},
{0,0,1,0,0},
{0,0,1,0,0}},

{{0,1,1,1,0} //6-1
{0,0,1,0,0},
{0,0,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,0},//6-0
{1,0,0,0,0},
{1,1,1,0,0},
{1,0,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,0},//6-2

1122

1123

1124

1125

1126

1127

1128
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{0,0,0,0,0},
{0,0,1,0,0},
{0,0,1,0,0},
{0,1,1,1,0}},
{{0,0,0,0,0} //6-3 /129
{0,0,0,0,1},
{0,0,1,1,1},
{0,0,0,0,1},
{0,0,0,0,0}},
{{0,0,1,0,0},//3-0  //30
{0,0,1,0,0},
{0,0,1,0,0},
{0,0,1,0,0},
{0,0,1,0,0}},
{{0,0,0,0,0},//3-1 /131
{0,0,0,0,0},
{1,1,1,1,1},
{0,0,0,0,0},
{0,0,0,0,0}},
{{1,0,0,0,0},//4-0 /32
{0,1,0,0,0},
{0,0,1,0,0},
{0,0,0,1,0},
{0,0,0,0,1}},
{{0,0,0,0,1},//4-1 /133
{0,0,0,1,0},
{0,0,1,0,0},
{0,1,0,0,0},
{1,0,0,0,0}},
};

void merror(char *txt)

{

printf{"\n%s\n", txt);

exit(1);

}
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void main(int arge,char *argv(])

{

int x,y,1,5,k;

FILE *th;

float vari,mean;

mnt tpcount[33], tpnum,meani;
float sumx,sumxx;

it loop;

iflarge<7)

merror("pnaga iname.img oname.img xsize ysize NUMTP LOOP");

sprintf(name,"%s",argv[1]);
sprintf{loname,"%s",argv[2]);
xs=atol(argv[3]);
ys=atol(argv[4]);
TP=atoi(argv[5]);
LP=atoi(argv([6]);

fprintf(stdout,"\ninpname=%s",name);
fprintf{stdout,"\noutname=%s" oname);
fprintf(stdout,"\nxsize=%I1d" xs);
fprintf(stdout,"\nysize=%Id",ys);
fprintf{stdout,"\nNUM TEMPLATE=%d",TP);
fprintf(stdout,"\aNUM LOOP =%d\n",LP);
/I getch();

//ALLOCATE

imgsize=xs*ys;

if{(img = (uc*)calloc((size_t)imgsize,sizeof(char))) == NULL)
merror("alloc [uc *img] error");

if((out = (uc*)calloc((size_t)imgsize,sizeof(char))) == NULL)

merror("alloc [uc *out] error");
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//READ INPUT
if{(th = fopen(name,"rb")) == NULL)

merror("open file error");

for(y=0;y<ys;y++)
{
fread(img+(size_t)(y*xs),sizeof(char),(size_t)xs,fh);
}

fclose(th);

T

//PROCESS

for(k=0;k<33;k++)
tpcount[k|=0;

for(loop=0;loop<LP;loop++)
{
for(y=2;y<ys-2;y++)
for(x=2;x<xs-2;x++)
{
float minvan=9999999.0;
tpnum=0;
meani=0);
A R AR R R K
// Calculate mean and variance

[ ok sk ok ok sk ok ok ok K ok ok ok ok o ok ok ok o

for(k=0;k<TP;k++)
{
int temp,cmask;
sumx=0.0;
sumxx=0.0;
cmask=0;

/I calculate mean value
for(j=0;j<5;++)
for(1i=0;1<5;1++)

{
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// it temp;
iftalk][j]lil==1)

{
temp=a[k][j][1]*(*(imgH(y+j-2)*(size_t)xs+x+i-2));
sumx=sumx-+(float)temp;
cmask=cmask+1;

/I sumxx=sumxx+temp*(float)temp;

}

}
mean=sumx/(float)cmask;
// calculate variance value
cmask=0;
for(j=0j<5;++)

for(1=0;1<5;1++)

{
int temp;
iftalkIG]li]==1)
{
temp=(*(img+(y+j-2)*(size_t)xs+x+i-2))-(int)mean;
// sumxx+=pow(temp,2.0);
sumxx=sumxx-+(temp*temp);
cmask=cmask+1;
}
i

sumx=sumxx/(float)cmask;
vari=sqrt(sumx);
iflvari<minvari)

{

minvari=vari;

tpnum=k;

meani=(int)mean;
iflmeani>255) meani=255;
else 1flmeani<0) meani=0;

}
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H******#*************************
tpcount|tpnum|++;
*(out+ty*(size t)xstx)=meani;
}
for(y=2;y<ys-2;y++)
for(x=2;x<xs-2;x++)
{
int temp;
temp="*(outty*(size t)xs+x);
*(img+y*(size t)xs+x)=temp;
}
/1 if(kbhit()) goto pass;
}
/] pass:

M
//IWRITE RESULT

if((th = fopen(oname,"wb")) == NULL)

merror("open file error");

for(y=0;y<ys;y++)
{
fwrite(out+(size_t)(y*xs),sizeof(char),(size_t)xs,fh);
i

fclose(th);

//fprintf("\nloop=%d\n" loop);

for(k=0;k<TP;k++)
fprintf{stdout,"tpcount[%d]=%d" k,tpcount[k]);

free(img);
free(out);

}
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