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The Hierarchical Image Segmentation Method Using Adaptive Sizes of Sub-Image
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Imaging Science and Engineering Laboratory, Tokyo Institution of Technology, 4259, Naga-

tsuta, Midori-ku, Yokohama 226-8503

In the analysis of medical image database aiming to formulate useful knowledge for image
diagnosis, unsupervised image processing technique without using preconceived knowledge is
required. In this paper, we propose a method for unsupervised image segmentation, suitable for
finding the features contained in the image. The proposed method takes an approach of top-down
hierarchical division procedure. In the each division procedure, many small regions (sub-images)
are acquired from whole input area of the division procedure, and the set of sub-images is
classified by clustering in the multi-dimensional vector space. The size of sub-image is automati-
cally decided depending on the input area. The performance of the proposed method is tested
using the image generated by the Markov Random Field (MRF) model and the real medical

images, photomicrographs of colon tumor.
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Fig.1 The flow of the segmentation using the entropy-
based clustering.
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Fig.2 The diagram of the division method.
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Fig.3 Test images used in the simulation of the division
method.
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(a) (b)
Fig. 4 Divided results of the Fig. 3 (a) with various sizes

of sub-image. (a)-(c) results with the sub-image size of
3X3, 5X5 and 7 X7, respectively.
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Fig.5 Divided results of the Fig. 3 (b) with various sizes
of sub-image. (a)-(c) results with the sub-image size of
3X3, 5X5 and 7 X7, respectively.
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Fig.6 The entropy in image space with the varying
pattern vector size in the simulation of Fig. 3.
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Fig.7 Hierarchical image segmentation of the multi-

regions test image. (a) original images, (b) segmented
image, (c) binary tree.
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Fig.8 The entropy in image space with the varying
pattern vector size in the simulation of Fig. 4.
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Fig.9 Experimental results. (a) original image, (b)-(d)
results of division 1-4 with adaptive pattern sizes, (e)
result of division 1 with fixed pattern size.
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Fig.11 The entropy in image space with the varying
pattern vector size in the experiment of Fig. 9.

FETEMRIL 2HOKRBETCEEAT LD TH 5.
ﬁ%%mu B2NETRE I AV I R22DODF T XY
MZOEIT BRI, BRI IFEOI Y ruE—DFZ HiC
HEOWT, ¥TEGOELUME TS XY FOEKETO
iR L, BREs Y TEEY A AOWRE L, BT A
YO 2AERERICITS. TA MERERA WY S 2
—Yarigkh, v ru—kEISWIFHIEEOER)
M EREBHESENIRTH S L OERETo /2. &5
W2, AFkEEROREZENCH 2 HSIEAR O EMSEE
BicEAL, B - REOER, BXUSERANOHEBKD
MHDTZ 2 2 L R2HER L., Iho OfERIZ, KFHEIC
I D& EREFEHIECEDS W ERERO BT
25 ZEDUREEERLTED, EAEG?S>ZEICER
EHREME T 27O OBITICH Y, AFEIFEEICH
RAGEME DB LR2RBLTWS LERTE S,

X [

1) Mt W DADREZE,
45-49.

2) R. M. Haralick, K. Shanmugan and I. Dinstein: “Textural
features for image classification,” IEEE Trans. Syst., Man,
Cybern., SMC-8 (1973) 610-621.

3) A. Baraldi and F. Parmiggiani: “An investigation of the
textural characteristic associated with gray level cooccur-
rence matrix statistical parameters,” IEEE Transaction on
Geoscience and Remote Sensing, 33 (1995) 293-304.

4) R. Bajsy: “Computer identification of visual surface,” Com-
puter Graphics and Image Processing, 2 (1973) 118-130.

5) P. C. Chen and T. Pavalidis: “Segmentation by texture
using correlation,” IEEE Trans. Patt. Anal. Machine Intell.,
5 (1983) 64-69.

6) S. Geman and D. Geman: “Stochastic relaxation, gibbs
distributions, and the bayesian restoration of images,”
IEEE Trans. Patt. Anal. Machine Intell., 6 (1984) 721-741.

7) H. Derin and H. Elliott: “Modeling and segmentation of
noisy and textured images using gibbs random fields,” IEEE
Trans. Patt. Anal. Machine Intell., 9 (1987) 39-53.

2o 1ZOREET],  (1989)

K F



8)

9)

10)

11)

12)

P. Andrey and P. Tarroux: “Unsupervised segmentation of
Markov Random Field modeled textured image using
selectionist relaxation,” IEEE Trans. Patt. Anal. Machine
Intell., 20 (1998) 252-262.

D. Dunn, W. E. Higgins and J. Wakeley: “Texture segmen-
tation using 2-D Gabor elementary functions,” IEEE Trans.
Patt. Anal. Machine Intell., 16 (1994) 130-149.

T. Hofmann, J. Puzicha and J. M. Buhmann: “Unsupervised
texture segmentation in a deterministic annealing frame-
work,” IEEE Trans. Patt. Anal. Machine Intell., 20 (1998)
803-817.

T. Chang and C.-C. Jay Kuo: “Texture analysis and
classification with tree-structured wavelet transform,”
IEEE Trans. Image Process, 2 (1993) 429-441.

J.-L. Chen and A. Kundu: “Rotation and gray scale trans-
form invariant texture identification using wavelet decom-

29 % 45 (2000)

13)

14)

15)

16)

position and hidden Markov model,” IEEE Trans. Patt.
Anal. Machine Intell., 16 (1994) 208-214.

M. Unser: “Texture classification and segmentation using
wavelet frames,” IEEE Trans. Image Process, 4 (1995)
1549-1559.

K. Ohkura, H. Nishizawa, T. Obi, M. Yamaguchi and N.
Ohyama: “Hierarchical clustering method for the segmenta-
tion of medical images,” Medical Imaging 1998, Proc.
SPIE, 3338 (1998) 1306-1313.

K. Fukunaga: Introduction to Statistical Pattern Recognition
(Academic Press, Inc., New York, 1972).

R. Chellappa, S. Chatterjee and R. Bagdazian: “Texture
synthesis and compression using Gaussian-Markov random
field models,” IEEE Trans. Sys. Man. Cybern, 15 (1985)
298-308.

249 (51)





