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Abstract

An important approach for landcover classification in
remote sensing images is by clustering the pixels in the
spectral domain into several fuzzy partitions. In this ar-
ticle the problem of fuzzy clustering is posed as one of
searching for some suitable number of cluster centers
so that some measures of validity of the obtained parti-
tions should be optimized. In this paper a recently de-
veloped multiobjective simulated annealing based tech-
nique, AMOSA (archived multiobjective simulated an-
nealing technique), is used to perform clustering, taking
two validity measures as two objective functions. Here
two fuzzy cluster validity functions namely, well-known
XB-index and newly developed FSym-index are optimized
simultaneously to automatically evolve the appropriate
number of clusters present in an image. Thus the pro-
posed algorithm provides a set of final non-dominated
solutions, which the user can judge relatively and pick
up the most promising one according to the domain re-
quirement. The effectiveness of this proposed clustering
technique in comparison with the existing Fuzzy C-means
clustering is shown for automatically classifying two re-
mote sensing satellite images of the parts of the cities of
Kolkata and Mumbai.

Keywords: Fuzzy clustering, multiobjective optimiza-
tion (MOO), simulated annealing (SA), cluster validity
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1 Introduction

Remote sensing satellite images have significant applica-
tions in different areas like climate studies, assessment of
forest resources, examining marine environments etc. For
remote sensing applications, classification is an important
task where the pixels in the images are classified into ho-
mogeneous regions, each of which corresponds to some
particular landcover type. The problem of pixel classifi-
cation is often posed as clustering in the intensity space
[6].

Note that, in remote sensing imagery, a pixel corre-
sponds to an area of the land space, which may not nec-

essarily belong to a single type of landcover. This in turn
indicates that the pixels in a satellite image can be as-
sociated with a large amount of imprecision and uncer-
tainty. Therefore, application of the principles of fuzzy
set theory [3] appears to be natural and appropriate in
such domains. In the unsupervised pixel classification
framework, various clustering algorithms like Fuzzy C-
means [4], and statistical methods have been used for the
purpose of satellite image segmentation. Recently appli-
cation of Genetic Algorithms (GAs) in the field of pixel
classification has obtained significant attention of the re-
searchers [6].

In this article the problem of fuzzy partitioning of the
satellite images is posed as one of multiobjective opti-
mization (MOO) [5]. In MOO, search is performed over
a number of, often conflicting, objective functions. In
contrast to single objective optimization, which yields a
single best solution, in MOO the final solution set con-
tains a number of Pareto-optimal solutions, none of which
can be further improved on any one objective without de-
grading it in another. Here a real-coded multiobjective
simulated annealing (MOSA) technique is used to deter-
mine the appropriate cluster centers and the correspond-
ing fuzzy partition matrix. AMOSA [2], a recently devel-
oped MOSA is used here as an underlying optimization
strategy. Here membership values of points to different
clusters are computed based on a newly developed point
symmetry based distance [1] rather than the Euclidean
distance. The Xie-Beni (XB) index [9] and a newly devel-
oped point symmetry distance based FSym-index [8] are
used as the objective functions. Note that any other and
any number of objective functions could be used instead
of the above mentioned two. Indian remote sensing (IRS)
satellite image of the parts of the city of Mumbai and Sys-
teme Probatoire d’Observation de la Terre (SPOT) image
of a part of the city of Kolkata have been segmented using
the proposed method. Comparisons are made with those
obtained by Fuzzy C-means clustering algorithm.

2 SA Based MOO Algorithm: AMOSA

Archived multi-objective simulated annealing
(AMOSA) [2] is a generalized version of the SA
algorithm based on MOO. The AMOSA algorithm
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Figure 2. Partitioning corresponding to two
different solutions provided by AMOSA
based MO clustering technique for SPOT
Image of Kolkata

(a) (b)

Figure 3. Partitioning corresponding to two
different solutions provided by AMOSA
based MO clustering technique for IRS Im-
age of Mumbai

the result is unsatisfactory from the human visualization
judgement. It is very difficult to clearly distinguish the
Arabian sea from this segmented image (in Figure 4(b)).
A significant amount of confusion is evident in the FCM
clustering result.

5 Discussion and Conclusions

In this article, classification of satellite images into dif-
ferent landcover regions is modeled as the task of cluster-
ing the pixels in the intensity space. Consequently a mul-
tiobjective fuzzy clustering technique has been developed
for classifying the image. Here membership values are
calculated using the point symmetry based distance rather
than the Euclidean distance. In this regard, a newly devel-
oped multiobjective simulated annealing based technique,
AMOSA, has been used in this article. Two satellite im-
ages have been classified using the proposed multiobjec-
tive technique and the results are compared with those
obtained by the FCM algorithm. Much further work is
needed to investigate using different and more objectives,
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Figure 4. Partitioning obtained by Fuzzy C-
means based clustering for (a) SPOT Image
of Kolkata (b) IRS Image of Mumbai

and to test the approach still more extensively. In MOO,
the algorithms produce a large number of non-dominated
solutions in the final front. Each of these solutions pro-
vides a way of clustering the given data set. All the so-
lutions are equally important from the algorithmic point
of view. But sometimes the user may want only a single
solution. Thus some methods to choose the best solution
from the Pareto front have to be developed. Authors are
currently working in this direction.
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