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Abstract

In this paper, a new image segmentation method reducing efficiently contour information causing
bottleneck problem at segmentation-based very low bit rate coding is proposed, while preserving
objective and subjective quality. It consists of 4-level hierarchical image segmentation based on
mathematical morphology and i-level region merging structure using contrast of two adjacent regions.
For two adjacent region pairs at the fourth level included in each region of the third level, contrast
is calculated. Among the pairs of two adjacent regions with less value than threshold, two adjacent
regions having the minimum contrast are merged first. After region merging, texture of the merged
region is updated. This procedure is performed recursively for all the adjacent region pairs at the
fourth level included in each region of the third level. Compared with the previous method, the
objective and subjective image qualities are similar. But it reduces 46.65% texture information on the
average by decreasing total region number to be transmitted. Specially, it shows reduction of the
23.95% contour information on the average. Thus, it can improve efficiently the bottleneck problem at
segmentation-based very low bit rate coding.
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Fig. 7. The hierarchical image segmentation
result by conventional method for Claire
image. (a) the segmentation result at the
first level (b) the segmentation result at
the second level (c) the segmentation
result at the third level (d) the
segmentation result at the fourth level.
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Fig. 8. The contour images for each image of
Fig. 7.
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Fig. 9. The simulation results by the proposed
region merging algorithm. (a) the result
by the proposed algorithm for fig. 7(d) (b)
the contour image of (a).

@ (b

(c) (d)

38 10. Foreman %34t digk 7189 A=2 g4t
& (a) DA Ay 23 A3 (b) 2
WA Azore] ¥& A} (C) 39 A=
Mo B Ax} (d) 485 AlZelAy B

¥ A
Fig. 10. The hierarchical image segmentation
result by conventional method for

Foreman image. (a) the segmentation
result at the first level (b) the
segmentation result at the second level
(c) the segmentation result at the third
level (d) the segmentation result at the
fourth level.
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Fig. 11. The contour images for each image of
Fig. 10.
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Fig. 12. The simulation results by the proposed
region merging algorithm. (a) the result
by the proposed algorithm for Fig. 7(d)
(b) the contour image of (a).
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Table 1. PSNR, region number and the
number of contour pixel by
conventional  hierarchical image

segmentation algorithm for Claire
and Foreman image

e Fig. 7 Fig. 10
Meas @ | B[ | @& ]| d

Pﬁg}‘ 20 |244|%2| 276 | 20 | 29| 87| 57

region
number 7 12 {67 | 18] 9 14 | 42 | 215

contour
pixel [1,960|3,751 9,145 13,756 | 3456 | 4584 | 7,714 | 13,988
number '

E 294+ Claire %Akl disle] 71589 ubgdl 9
T FHF £ Angl a3 7(d)e}h A} vhdel] 9%
713 9(a), 28T Foreman °34] oigh 7]&e] 1
Holl o3} & B3 Al a7 10(d)e} Ak W
well o3 23 12(a)ell W3l PSNR, <9%9] 7l
2 54 skl 8] wlastadrt. Claire <34l
tisle] Aekgt whHe] PSNRE 3# 0.1dB 2o}
FAQ e AHEEE £E 3k 580l Fde] A9
ool Ao vsghe & & Adsch &9 why
o ojsle] HhAgH g MNeE 100%= o A2t
T e A7 AHRE JEgeR ALY Ay
489%2] Au=F 7kAE Jepdol 24 AH o
sl 71&2e] dweElEst A/’ daelES vlaspd
Alekgt okme)Eo] HF 25.2% Huzk 7HA4AE ekl
t} ol Aokt dwElEL W2t 3 ¥ ooy
Aol sl 49 Whg Sy FHH AL
2epEA B A4 33 o’ S84 A
By Az ARE Q3 HE dAs aFoz S

i OEMAE SIEOF IR 111

g 4 9082 uYepdttk Foreman <Akel] sl
PSNR2 Aokt uhge] < 0.1dB wgkert, <3¢
AFE B8A3) £ 71ES] wel v A7 ARe
BT 44.4%, 2 ARE JF 227% EL 5 9l
o] A& 333} 7Y EHYE & 5 Sk

£t 2. Claire ¥ Foreman %Atel] oigk 7]
£ ups Al e H89E
o} PSNR, <39¢] 7i4 2 424 8
A vl

Table 2. Comparison of the PSNR, region
number and the number of contour
pixel by conventional and the
proposed methods for Claire and
Foreman image.

thod Measure ’Hg;cggoilg t\;laelue Conventional | The proposed
Tmage region merging method method
5 276 N5
PSNR 6 216 2152
[dB] 7 76 2751
8 776 750
. 5 181000 | %(E30D)
.| region 6 1801000 | 976300
Clire | muber ™ 183100 | 914979
8 1801000 | 89(4869)
5 13756(100) | 10473(76.13)
contour
pixel 6 13,756(100) | 10415(75.71)
number 7 13756(100) | 10170(73.99)
%) 8 13,756(100) | 10,098(7341)
5 %57 %61
PSNR 6 2.7 2561
{dB] 7 5.7 2560
8 %7 %559
_ 5 215100) | 137637
region 6 215100) | 124(5767)
Foreman | nufrber 7 2151000 | 111(5162)
8 21501000 | 106(493)
contour 5 13.988(100) | 11,363(8L.23)
pixel 6 13.983(100) | 10,864(77.66)
muber 7 13.988100) | 10807(77.25)
%9 8 13988(100) | 10212(7300)

g8

V.

2 ERolE 47 Weish] Sl ASH 94
24 e} 3eizhe] ozl Flele] T4 2 A
B o] AstE WRSRA, FE ) 3534
Shgsls Foi #34 ARE BRHeE Fole A
28 94 BT LS AdDh AP APE
AZd B F2E ol4slmR 7 AR ¥zA

(1287)



A WE ANe fishs Ao

Folxle] F o 9zt HzE olgsld dixr)
] #oolElel F A dAF x| dxE vehd
T A9E A 9 HHEx o)F wEAHeE &
et ALY T J1Ee whEe wag o
PSNR 37 0.1dBAE o} F4el 3zl 4
Abeiict aela Agseld Az Are H¥
46.65%2 ALsord ArF s ek &
8] Afalobd f3A AR AT 2395% Y &
Ak ol di&rt 2 QAT F 4L I

93 27t 3F g olEkal of dHEF FHao o

(o3

A sl Az ARE NG F o) ukg
2 eagtogs Izt Azl WzsHA] ok ddE
AT dHo= Wikslaly] dielch AdRt why
G 2A4E F33)e] HE S AN 5
o} Bk 244 ¥-sslel] a9 & 5 ok

% 7 =2

re

[1] P. Salembier, "Hierarchical Morphological
Segmentation for Image Sequence Coding,”
IEEE Trans. Image Processing vol. 3. no.
5 pp. 639-651, Sept. 1994.

[2] D. Cortez, P. Nunes, M. M. Sequeira, and F.
Pereira, "Image Segmentation towards New
Image Representation Methods”, Signal
Processing: Image Communication 6, pp.
485-498, 1995.

[3] P. Salembier, "Morphological Multiscale
Segmentation for Image Coding,” Signal
Processing 38, pp. 359-386, 1994.

[4] M. and P. Salembier, "3D
Morphological Segmentation and Motion
Estimation for Image Sequence,” Signal
Processing 38, pp. 31-43, 1994.

[5] C.Guand M Kunt, "Contour Simplification
and Motion Compensated Coding,” Signal

Pardas

Prodessing: Image Communication 7, pp.

(1288)

4% 99 Wit A% d4 ¥

23
BE 79 B2E ol EMHeE

AR 5t

279-296, 1995.
[6] P. Salembier and P Brigger, "Morphological
Video
Image

Image and
Compression,” IEEE Trans.
Processing, vol. 5, no 6, June, 1996.

[7] W. Li and M. Kunt, "Morphological
Segmentation Applied to Displaced Frmae
Difference Coding,” Signal Processing 38,
pp. 45-56, 1994.

[8] J. R. Casas and L. Torres "Coding of
Details in Very Low Bit-Rate Video
System,” IEEE Trans. CSVT, vol. 4, no. 3,
June, 1994.

[9] L. Vincent and P. Soille, "Watersheds in
Digital Space,” IEEE Trans. PAMI, vol.
13, no. 6, pp. 583-598, June, 1994.

[10] Bart M. ter Haar Romeny, Geometry_
Driven Diffusion in Computer Vision — vol.
I, Kluwer Academic Publishers, Nether—
lands, 1994.

[11] Jean Serra and Pierce Soille, Mathematical

Operator for

Morphology and Its Application to Image
Processing, vol II, Kluwer Academic
Publishers, Netherlands, 1994.
{121 J. Serra, Image Analysis and Mathematical
Theoretical
Advances, Academic Press, London, 1988.
[13] J. Serra, Image Analysis and Mathematical
Morphology - vol I,

Morphology - vol I,

Theoretical
Advances, Academic Press, London, 1988.

[14]1 S. L. Horowitz and T. Pavlidis, "Picture
Segmentation by a Tree Traversal
Algorithm,” Journal of the ACM, vol 23,
no. 2, pp. 368-388, Apr. 1976.

[1510. J. Morris, M. D. Lee, and A. G.
Constantinides, "Graph Theory for Image
Analysis ¢ An Approach Based on the
Shortest Spanning Tree,” IEE Proc, vol.
133, no. 2, pp. 146-152, Apr. 1986.

[16]1 N.  Christofides, Graph Theory: an
Algorithmic Approach, Academic Press,
1975.



19974 115 BFILEHGE £ 34 % SHE H 11 % 113

& X 2 7
® B EERR # 34% S 5 T 28 & & HEGR %318 S8 B TH 3%
) AR AR o QA A AR T
A A st QYA

F Bt Y(EFHR)

19729 14 394, 19959 29 73
Hojsta Faoist Ayt &4
(ZFAP. 19979 29 AUEw
di3kd AalgEt SQ(FIHAD.
19979 34~3A) : AR of
g AxlEet A, FEA
Fof 1 AArR-53], AlEAe], e 8AS

i3 REGR) 5 34% SR & TH 2
dA Ak AAEss 0
A g

_1

A CEERR) 8 34% SR 8 I BR
A Auhea AT

e

(1289)



