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Abstract: A new technique for unsupervised segmen-
tation of color images is presented here, which is based
on the anisotropic diffusion and extension of the well-
know hard C-means clustering algorithm. We suggest
exploiting the separability of color information, which is
represented in a suitable color space such as CIE(Lab)
space. The components in the 3D space are smoothed
through anisotropic diffusion. During the smoothing, the
edges of the image are preserved. A clustering algorithm,
which overcomes the problem of depending on the ini-
tializations of hard C'-means algorithm, is employed to
segment them after diffusion. Finally, an experiment is
demonstrated in the paper, which verifies effectiveness
and robustness of the method.
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1. Introduction

Image segmentation is the process by which an origi-
nal image description is partitioned into some meaning-
ful regions. It is usually assumed that the objects or
substantial parts of the objects are represented by re-
gions that are homogeneous in some sense such as color,
texture, or motion. This operation is usually preliminary
to higher-level tasks such as object recognition, classifi-
cation, and semantic interpretation. The segmentation
techniques for monochrome images can be extended to
segment color images using R, G and B or their transfor-
mations (linear/nonlinear). By comparison to gray level
images, color images contain three times as much data.
Therefore, their use allows us to get a much more robust
segmentation independent of lighting conditions and a
better accuracy with regard to the extracted regions. A
lot of segmentation techniques have been proposed for
color images [1][2].

In this paper we present a new technique for seg-
menting images on the basis of color information. The
remaining parts of the paper are organized as follows.
Color space translation and anisotropic diffusion-based

smoothing approach is presented in Section 2. In Sec-
tion 3, we introduce a new clustering algorithm for seg-
mentation. Some experiment results are demonstrated
in Section 4. Finally, Section 5 gives conclusions and
future work.

2. Color space translation and anisotropic diffu-
sion

The most common used RGB color space is suitable for
color display, but is not good for color scene segmenta-
tion and analysis because of the high correlation among
the R, G, and B components. Celenk [3] claims that it is
desirable to use a color space possessing uniform charac-
teristics, such as CIE(Lab), for segmentation. CIE (In-
ternational Commission on Illumination) defines a set of
primaries with positive color matching functions across
the entire visible spectrum. The primaries, X, Y and
7 are strictly imaginary and have no correspondence to
any monochromatic wavelengths in the visible spectrum.
The values of X, Y and Z can be computed by a linear
transformation from RGB tristimulus coordinates.
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The typical CIE(Lab) space, which we use here, can
be obtained through nonlinear transformations of the X,
Y and Z values.

L =25 (100Y/Yy)"/* — 16
a =500 [(X/X0)"/* = (v/¥y)"’]
b =200+ |(YV/Yo)"? - (Z/Zo)l/ﬂ

(2)

where (Xo ,Yo ,Zo) are X, Y, Z values for the reference
white. The difference between two colors can be calcu-
lated as the Euclidean distance between two color points
P(Lya1by) and P(Lsasgbs) in this space. The formula for
the color difference is described by:
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Diz= /(L1 — L»)? 2+ (i —b2)*  (3)

The ability to express color difference as perceived by
humans in terms of Euclidean distance is very important
to color segmentation. The CIE(Lab) space has approx-
imately uniform chromaticity scale.

Let I(z,y) : R? — R represent the color data
(normally n=3), and l(z,y) : R? — R, a(z,y) :
N2 — RTand b(z,y) : N2 — RNT its three components
in CIE(Lab) space. The lightness signal I(x,y) is em-
bedded in a one-parameter family of “derived” images
l(x,y,t)and smoothed by anisotropic diffusion [4].

+ (a1 — a2)
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where VI represents the gradient vector of function [, div
denotes the divergence, o and (3 are positive parameters
which can balance the two terms on the right of (4).
In order to preserve the edges, the function f(-) must
satisfy the following conditions:

(1) 0 < lim(/'(1)/21) = M

(i) Jim (7'(t)/2¢) = 0

(iil) f'(¢)/2t is a strictly decreasing function.

In our experiment, we chose a non-convex function
f(z) =22 /(1 + 2?), which satisfies above conditions.

The following iteration algorithm is employed to get
the solution of the formula (4):

v(n+1) =v(n) —a-fv(n) —Il(z,y,0)]

Av(n)
B NGy

(5)
z,y,t+1) = li}lnv(n)

The values of parameters o and [ are chosen to be
0.01 and 0.2 respectively in this paper.

The components of a(z,y) and b(x,y) are smoothed
using the same method. By combining the three compo-
nents, we get the smoothed color image with the edges
preserved.

3. Clustering-based unsupervised segmentation

The points in the CIE(Lab) space, after the smoothing
step of Section 2, have been conveniently represented
as vectors in a vector set X = {zy, 29, - -, xx} C N3
and need now to be clustered. The literature of pattern
recognition offers a number of different techniques for
this task [5].

Based on some measure of similarity, the vector set
X is separated into C subsets X; = {z7 2§ ... 201
respectively containing n;(j = 1,2, -+, C') vectors, which
represent the C class. In order to estimate the clustering
quality, the expectation of the sum of the squared errors

J is often defined as an objective function,

K C
TEY) = S plan) o plolen) k=l (0
k=1 j=1

where p(xy) is a sampling probability, V = {vy,vs,- -
wvel € R w5, (5 = 1,2,- - -, C), referred to as the
cluster, is deﬁned as the mean vector of the subset Xj,

Z :E(]).

If the Vector zr € Xj; is decided by the nearest-
neighbor principle, ie. fully assigning the vector xj to
the nearest cluster, the conditional probability is as fol-
lows:

1evj =

T € Xj s
Otherwise.

sl ={ g (7
and the formula (5) is the hard C-means algo-
rithm, which is used in color image segmentation by
L.Lucchese [6]. We give some randomness to the
conditional probability in order to overcome the defi-
ciency of depending on the initializations. Let H =

K c
— > plx:) Y p(vjlz;) Inp(vj|a;) denotes the random-
i=1 j=1

ness. It becomes a conditioned optimization problem.
By minimizing the following function

L=J(X,V)-\H 8)

one can get the cluster:

x
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After clustering, we obtain the set V', containing a cer-
tain number C' of representative points in the CIE(Lab)
space. At each pixel, the smoothed color xj is replaced
by the nearest cluster v; according to the formula as
follows:

(10)

2x = arg min ||y — ;]
J
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The result of such an operation is a segmented color
image in CIE(Lab) space, which can be shown as a set
of regions coded by gray level or as the original image
overlaid with the region boundaries. There are a lot of
small regions in the final result which can be eliminated
by a level-set based filter [7].

4. Experiment

All the algorithms described in the previous sections
have been implemented in Microsoft Visual C++ un-
der the operating system of Windows 2000 Server. We
have tested our algorithms on a set of images. Figure 1
demonstrates some examples with various types of im-
ages in our experiment, which bear out the effectiveness
of our method. Figure 1 shows the original images and
Figure 2 shows the segmented results.

Figure 1: original images

Figure 2: the results of segmentation

5. Conclusion

We have demonstrated a new fully automatic method
for segmenting color images. The color image first is
translated to CIE(Lab) space. Its three components are
smoothed by anisotropic diffusion, which is characterized
by the preservation of the edges. The image is then seg-
mented by a clustering algorithm, which is an improve-
ment of hard C-means algorithm. The method proposed
here increases the robustness and gets good results, but
it has a deficiency of expensive computation. Future re-
search will be focused on the reduction of computational
complexity and the combination of color and feature in-
formation for image segmentation.

-189-



Acknowledgments

The authors wish to thank Dr. Wu Yong and Dr. Yuan
Zejian for helpful discussions that greatly improved the
paper from its original form. The authors would also like
to thank Nick Pease for checking the paper for mistakes.
This work was supported by National Nature Science
Foundation of China (grant No. 60003011) and The Na-
tional High Technology Research and Development Pro-
gram of China (863 Program, grant No. 2001AA114202)

References

[1] Skarbek W. and Koschan A. “Color Image Segmenta-
tion - A Survey”, Technisher Bericht 94-32, Technical
University of Berlin, October 1994.

[2] L. Lucchese and S.K. Mitra, “Advances in Color
Image Segmentation”, Proc.of Globecom’99, Rio de
Janeiro, Brazil, Dec. 1999, pp. 2038-2044.

[3] M. Celenk, “A colour clustering technique for image
segmentation,” Computer Vision, Graphics and Im-
age Processing, Vol.52, pp. 145-170, Nov. 1990.

[4] P. Perona and J. Malik, “Scale Space and Edge De-
tection Using Anisotropic Diffusion”, IEEE Trans.
on Pattern Anal. Machine Intell., Vol. 12, No. 7
pp.629-639, 1990.

[5] M.R. Anderberg, “Cluster Analysis for Applica-
tions”, Academic Press, New York, NY, 1973.

[6] L. Lucchese and S.K. Mitra, “Unsupervised Segmen-
tation of Color Images Based on k-means Clustering
in the Chromaticity Plane”, Proc. of IEEE Work-
shop on Content-based Access of Images and Video
Libraries (CBAIVL’99), Fort Collins, CO, 22 June
1999, pp. 74-78.

[7] Cheng Bing, Zheng Nanning, Zhang Yongping,
Zhang Yuanlin, “Segmentation of Medical Volume
Data”, Proc. of IEEE Conference on M2VIP, Hong
Kong, August 2001

-190-



	PageNum187: -187-
	PageNum188: -188-
	PageNum189: -189-
	PageNum190: -190-


