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ABSTRACT

A segmented image always consists of small regions caused by the embed noise.
So many researches about edge preserving smoothing have been proposed. These kind of
smoothing processes try to the search proper template that will give the most homogeneity among
a certain number of proposed templates. The gray value of considered pixel is obtained by the
average of the gray level from the selected template. However, the thin regions having the width
less than 3 pixels will be destroyed. To overcome this problem, this thesis processes some
smoothing templates that can maintain the thin regions. By co-operating the new proposed
templates with the recently proposed templates, we can obtain the better result of smoothing
image. The graph theory is then applied to the smoothing image for obtaining an accurate

boundary. The result shows that the thin regions can still be maintained.
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LEVEL I : Global
AVHRR

resolution: 1.1 km

LEVEL 1I : Continental
AVHRR
Landsat Multispectral Scanner

resolution: 1.1 km — 80 m

LEVELIII : Biome
Landsat Multispectral Scanner
Thematic Mapper
Synthetic Aperture Radars
resolution : 80 m — 30 m

Deciduous Forest

LEVEL IV: Region
Thematic Mapper
High Altitude Aircraft
Large Format Camera
SPOT
resolution : 30 m — 3m +

LEVEL V : Plot
High and Low Altitude Aircraft
resolution : 3m+ — I m+

LEVEL VI : In Situ Sample Site

Surface Measurements
and Obeervations
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SEGMENTATION VIA GRAPH THEORY ON THE EDGE PRESERVING
SMOOTHING IMAGE
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F. Cheevasuvit'”?, K. Dejhan'” and S. Mitatha"”

*YFaculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520, Thailand
(*)Electro-Optics Lab, in Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang
National Electronics and Computer Technology
Bangkok 10520, Thailand

ABSTRACT

A segmented image will always consists of small regions caused by the embed noise. So many researches
about edge preserving smoothing have been proposed. These kinds of smoothing process try to search proper
template that will gives the most homogeneity among a certain number of proposed templates. The gray value of
considered pixel is obtained by the average of the gray level from the selected template. However, the thin
regions having the width less than 3 pixels will be destroyed. To overcome this problem, this paper proposes
some smoothing templates that can maintain the thin regions. By co-operating the new proposed templates with
the recently proposed templates, we can obtain the better result of smoothing image. The graph theory is then
applied to the smoothing image for obtaining an accurate boundary. The result shows that the thin regions can
still be maintained.

INTRODUCTION

Segmentation algorithm is a tool for emphasis or isolating the individual objects within an image. Therefor,
the s egmentation a lgorithm can be applied to a widespread application such as region classification, motion
estimation, automatic document reading, data compression [1] and machine understanding etc.

The resulting of segmented image always consists of many undesired small regions caused by the embed
noise pixel. These noise pixels will have the gray value different from their neighbors. By applying the
criterions of gray level thresholding or texture structure, the noise pixels will be isolated as the small regions. To
eliminate the noise pixels, here we use the algorithm of region smoothing known as edge preserving smoothing
[2,3]. The smoothing process will attempt to agglomerate the adjacent pixels together with respect to the
homogeneity criterion. The segmentation algorithm will then be efficaciously applied to the smoothing image.
Here the graph theory algorithm is used for segmenting the smoothed image.

The details of segmentation via graph theory on the edge preserving smoothing image will be described in
the following paragraphs.

EDGE-PRESERVING SMOOTHING

Region sm oothing or e dge preserving smoothing has been p resented by T omita [ 2] and Nagao [3]. The
smoothing process is tried to search the proper template which will give the most homogeneous region with
involving considered pixel (x,y). Tomita’s templates and Nagao’s templates are shown in Fig. 1(a) and (b)
respectively. Each template must be consisted of the considered pixels (x,y) which will be smoothed by
replacing the average gray value of all pixels in the selected template.

Nevertheless, the templates of Tomita and Nagao can not preserve some thin regions if their widths are less
than 3 pixels. Therefor, to overcome their shortcoming we suggest the new template as shown in Fig. 2.

To preserve the thin regions the suggested templates of Fig. 2 together with the templates of Nagao will be
employed in order to search a proper homogeneous template. The edge preserving smoothing process can be
stated as the following step.
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(a) Five rectangular templates of Tomita
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(b) Nine templates of Nagao
Fig. 1 Recently proposed templates.
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Fig. 2 New suggested templates.
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(1) Calculate the average gray level from all pixels in each template

2 1 Sy
#(ky=— > ./} k=123...N
M jes,
where N is the number of templates, S, is the subset of pixels presented in each template. The value of FAUY))

is the gray level of the pixel (i, /) and m is a number of pixels in each template.
(2) Calculate the variance ‘'of each template with respect to the considered pixel

V)=~ SUfGH- @I k=123..N

(3) Search the template with minimum variance.
(8) Assign the average gray level of the selected template to the considered pixel (x,y).
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(5) Apply step (1) to (4) to all pixels of the image.

(6) Repeat the process from step (1) to (5) iteratively until the gray level of all pixels in the image do not
change.

The smoothing image by edge preserving smoothing is denoted as the Fig. 3. The resulting image indicates
clearly that the proposed templates cooperating with the Nagao’s templates can be better preserving the thin
regions.

(a) Original image
Fig. 3 Resulting image from edge preserving smoothing process.

SEGMENTATION VIA GRAPH THEORY

Many segmentation algorithms have been researched such as the method of split-and-merge from [4,5]. The
split-and-merge algorithm needs the pixel gray value and pixel position for forming homogeneous regions. The
process will attempt to group the adjacent pixels together by which their gray levels are not too different.
However the shape of segmented regions is depended on the scanning direction. To defeat the mentioned defect,
graph theory developed by [6,7,8], will be applied to segment the smoothed image. The procedure of image
segmentation based on graph theory can be presented as the following step.

(1) Construct a graph by mapping each pixel of the image onto a vertex of the graph where the vertex
weights correspond to pixel intensities. Each vertex links to its neighbor by 4 perpendicular directions as shown
in Fig. 4.

(2) Calculate each link weight by the absolute different of gray value from two adjacent pixels in
perpendicular direction. This link weight will be used for measuring the similarity of the adjacent vertices.

Iinkweight\
- 52 }2( 50 }8( 56 }24(108 v.ertex
52 | 50 | 56 |108 T3 Lo e STa— ik
60 | 72 | 76 | 105|Pixel { 60 12072 Y2( 76 Y2105
55 | 74 | 103|102 e S 3
55 112( 74 Y24 103102
70 | 79 | 78 | 101 by Sl -

70 Y2 79 Y 78 Y2101

(a) Image (b) Graph
Fig. 4 Mapping an image onto a graph.
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(3) Remove the links of the graph in succession from the least link weight to the maximum link weight.
When a link is removed, the adjacent vertices connected by this link will be merged together. The weight of
these vertices will be replaced by their average value. The link weights around these vertices will be updated.

(4) Cut the last M links of the graph to obtain M+1 segmented regions.

IMPLEMENTATION EXAMPLE

By applying the segmentation based on graph theory to the smoothing image of Fig. 3(b), the resulting of
segmented image can be illustrated as Fig. 5(a). When the segmented image is superimposed onto the original
image of Fig. 3(a), we can obtain the segmented image as presented in Fig. 5(b).

CONCLUSION

A method of segmentation via graph theory on the edge preserving smoothing image has been mentioned.
The proposed method consists of two main objectives. The first is noise removal while preserving edge, and the
second is segmenting image with an accurate region boundary. The resulting of segmented image will be shown
clearly that the thin regions still preserve.

3 h e

(a) Segmented region (b) Superimposed segmented region
onto the original image
Fig. 5 Resulting of segmented image for M =999.
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/* PROGRAM :HNAGA.C

/* DESCRIPTION : Edge proserving smoothing

I#

*
/)
)
*/

#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
#define DimOfTemp 9

int TP=29;

int LP=10;

char name[20];

char oname[20];

long xs=256;

long ys=256;

long imgsize;

uc *img,*out;

void merror(char *txt);

int N[={7,7,7,7,2.7,7,7,9,1,1,,7,1,7,7,7,7,7,7,7};

static int a[][9][9]= {

{ {0:011’():0} J“'I
{0’0.1’0‘0}’
{0)011 7010},
{0,0,1,0,0},
{0,0,1,0,0} },

{{0,0,0,0,0},//1-2
{0,0,0,0,0},
{LLLL1},
{0,0,0,0,03,
{0,0,00.0}},

{{1,0,0,0,0} //2-1
{0,1,0,0,03,
{0,0,1,0,0},
{0,0,0,1,0},
{0,0,0,0,1}},

{10,0,0,0,1} /12-2
{0,0,0,1,0},
{O!OI 1 !O)O} ?
{0,1,0,0,0},
{1,0,0,0,0}},

{{1,0,0,0,0} //3-1
{0,1,0,0,03,
{1,1,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,1} /732
{0,0,0,1,0},
{010’1 l‘l‘l }'
{0,0,0,0,0},
{0,0,0,0,0}},

i

2

13

Ha

15

16

{{0,0,0,0,0}//3-3
{0,0,0,0,0},
{010’1!1 ’] }D
{0,0,0,1,0},
{0,0,0,0,1}},

{{0,0,0,0,0} //3-4
{0,0,0,0,0%,
{1,1,1,0,0},

{0,1 1010,0} »
{1,0,0,0,0}},

{11,0,0,0,1} //4-1
{0,1,0,1,0},
{0,0,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{10,0,0,0,1} //4-2
{0,0,0,1,0},
{0,0,1,0,0},
‘0’0!0’] 10} 2
10,0,0,0,1}},

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

{O’I )Oil \0} 3
{1,0,0,0,1}},

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

{{1,1,0,0,0},//5-1
{1,1,1,0,0},
{0,1,1,0,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{10,0,0,1,1} //5-2
{0,0,1,1,1},
{0,0,1,1,0},
{0,0,0,0,0},
{0,0,0,0,0}},

{{0,0,0,0,0},//5-3
{0,0,0,0,0},
{0,0,1,1,0},
‘0,0,I,],l }l
{0,0,0,1,1}},

{10,0,0,0,0} //5-4
{0,0,0,0,0},
{0,1,1,0,0,
{1,1,1,0,03,
{1,1,0,0,0}},

{10,1,1,1,0},//6-1
{0,1,1,1,0},
{0,0,1,0,0},
{0,0,0,0,0,
{0,0,0,0,0}},

il

i

8

9

/110

1

nn2

/N3

/na

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

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

{O,I ’111,0’ »
{0'1,]51 lo}}I

{{0,0,0,0,0},//6-4
{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} ,//7-1
{0,1,1,1,0},
{O,I ’11‘,0}‘
{0,1,1,1,0},
{0,0,0,0,0}},

{ {1’111’0;0}7”7'2
{1,1,1,0,0},
{1,1,1,0,03,
{0,0,0,0,0},
{0=030s0’0‘}}p

{10,0,1,1,1},//7-3
{00,111},
{0,0,1,1,1},
{0,0,0,0,0},
{0,0,0,0,03},

{{0,0,0,0,0} //7-4
{0,0,0,0,03,
{0,0,1,1,1},
{0,0,1,1,1},
{0,0,1,1,1}},

{{0,0,0,0,0} /17-5
{0,0,0,0,0},
{1,1,1,0,0},
{1,1,1,0,0},
{1,1,1,0,0}},

B

void merror(char *txt)

{

printf{"\n%s\n" txt);
exit(1);

}

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

{

int x,y,1,J,k;

FILE *fh;

float vari,mean;

int tpcount{21],tpnum,meani;
float sumx,sumxx;

int loop;

if(arge<7)

/18

9

/120

1121

22

123

/1124

1125

merror("hnaga iname.img oname.img xsize ysize
NUMTP<29> LOOP");

sprintf(name,”%s" ,argv[1]);
sprintf{oname,"%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=%ld" xs);
fprintf{stdout, "\nysize=%Id",ys);
fprintf(stdout,\nnumber of template=%d",TP);
fprintf{stdout,"\nnumber of loop =%d\n",LP);
imgsize=xs*ys;
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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");

if((fh = 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(fh);

for(k=0:k<TP;k++)
tpcount{k]=0;

for(loop=0;loop<LP;loop++)

{
for(y=(int)(DimOfTemp/2);y<ys-(int)
(DimOfTemp/2);y++)
for(x=(int)(DimOfTemp/2);x<xs-(int)
(DimOfTemp/2);x++)
{
float minvari=9999999.0;
tpnum=0;
meani=0;
”#i‘*lﬁl*#t#*‘ﬁ*tiﬂ***'t**liit*#‘.
/{ Calculate mean and variance
,/.#***#i.**.‘#U***l‘**ll.tlt.'.‘*
for(k=0;k<TP;k++)
{
int temp,cmask;
sumx=0.0;
cmask=0;
// calculate mean value
for(j=0;j<DimOfTemp;j++)
for(i=0;i<DimOfTemp;i++)

{
ifga{k][i][i]———l)
temp=a[K][j][i]*(*(img+(y+j-

(int)(DimOfTemp/2))*(size_t)xs+x-+i-(int)
(DimOfTemp/2)));

sumxx=0.0;

sumx=sumx+(float)temp;
cmask=cmask+1;

i

mean=sumx/(float)cmask;



// calculate variance value
cmask=0;
for(j=0;j<DimOfTemp;j++)
for(i=0;i<DimOfTemp;i++)
{
int temp;

iftalk]G](==1)

{
temp=(*(img+(y+j-
(int)(DimOfT emp/2))*(size_t)xs+x-+i-(int)
(DimOfTemp/2)))-(int)mean;
sumxx=sumxx+
(temp*temp);
cmask=cmask+1;

}

sumx=sumxx/(float)cmask;
vari=sqrt(sumx);
if(vari<minvari)
{
minvari=vari;
tpnum=k;
meani=(int)mean;
if{meani>255)
meani=255;
else if(meani<0) meani=0;
}
}
tpcount[tpnum}++;
*(out-+y*(size_t)xst+x)=meani;
}
for(y=(int)(DimOfTemp/2);y<ys-(int)
(DimOfTemp/2);y++)
for(x=(int)( DimOfTemp/2);x<xs-(int)
(DimOfTemp/2);x++)

int temp;
temp="*(out+y*(size_t)xs+x);
*(img+y*(size_t)xs+x)=temp;
}
}

if{(fh = fopen(oname,"wb")) == NULL)
merror("open file error");
for(y=0;y<ys;y++)
fwrite(out+(size_t)(y*xs).sizeof(cha:),(size_t)xs,fh);
fclose(fh);
for(k=0;k<TP;k++)
fprintf(stdout,"tpcount| %d]=%d\n" k,tpcount([k]);

free(img);
free(out);
}
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