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Abstract

An important approach for image segmentation is clus-
tering the pixels based on their spectral properties. In this
paper, a newly developed point symmetry distance is used to
propose a new cluster validity index named S-index (Sym-
metry distance based index) which can provide a measure
of goodness of clustering on different partitions of a data
set. We have used one genetic clustering algorithm for par-
titioning the data set. Results demonstrating the superiority
of the S-index in appropriately determining the number of
clusters as compared to two other recently proposed mea-
sures, namely the PS index and PBM index, are provided
for automatically classifying different landcover regions in
remote sensing imagery.
Keywords: Unsupervised classification, cluster validity in-
dex, symmetry, point symmetry based distance, Kd tree, re-
mote sensing imagery

1 Introduction

Clustering [3] is a fundamental problem. It is also an im-
portant approach for image segmentation, where clustering
is performed in the intensity space of the pixels. In order to
mathematically identify clusters in a data set, it is usually
necessary to first define a measure of similarity or proxim-
ity which will establish a rule for assigning patterns to the
domain of a particular cluster centroid. One of the basic
feature of shapes and objects is symmetry. Su and Chou
have proposed a point symmetry (PS) distance based simi-
larity measure [9]. This work is extended in [2] in order to
overcome some of the limitations existing in [9].

Determining the appropriate number of clusters, and the
validity of an obtained partitioning are two important con-
siderations in clustering. The measure of validity of the
clusters should be such that it will able to impose an or-

dering of the clusters in terms of its goodness. Most of
the validity measures usually assume a certain geometri-
cal structure in the cluster shapes. But if several different
structures exist in the same data set, these have often been
found to fail. In [2], Chou et al. proposed a validity measure
called PS-index, which is based on modified PS distance
and it is capable of taking into account the variability of the
cluster shapes. It has been shown in [1] that the PS dis-
tance proposed in [2] has some serious drawbacks. Conse-
quently we conjecture here that the PS-index will be unable
to identify the proper clustering in certain situations since
it is based on the PS-distance which itself has some limi-
tations. This is also demonstrated here experimentally. In
order to overcome the limitations of the PS-index, we pro-
pose a new cluster validity index named S-index (symmetry
based cluster validity index) that uses a new PS distance
(dps). This distance, dps is able to remove the drawbacks
of the PS distances proposed in [9] and [2]. If the number
of clusters, K, is varied within some range, and an under-
lying clustering technique is used to partition the data, then
the value of K corresponding to the minimum value of S-
index will indicate the correct number of clusters present in
the data. Detecting the proper number of landcover regions
is a difficult problem in remote sensing images. In this re-
gard, the effectiveness of using the S-index, as compared
to PS-index [9] and a recently proposed PBM-index [6], for
automatic segmentation is demonstrated for satellite images
of parts of the cities of Kolkata and Mumbai.

2 S-index: The Proposed Symmetry Based
Cluster Validity Index

A newly symmetry based distance, dps, is first described
in this section. A technique for reducing the computational
complexity of dps is mentioned. Finally a new cluster va-
lidity index is proposed that is based on dps.
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2.1 Symmetry Based Distance

In order to overcome the limitation of symmetry based
distance proposed in [2], a new PS distance called dps(x, c)
corresponding to point x with respect to center c is defined
as follows: Let a point be x. The symmetrical (reflected)
point of x with respect to a particular center c is 2 ∗ c − x.
Let us denote this by x∗. Let the first and second unique
nearest neighbors of x∗ be at an Euclidean distance of d1

and d2 respectively. Then

d∗ps(x, c) =
(d1 + d2)

2
∗ de(x, c) (1)

where de(x, c) is the Euclidean distance between the point
x and c.

The computation of point symmetry based distance is
highly complex. In order to compute the nearest neighbor
distance of the reflected point of a particular data point with
respect to a cluster center efficiently, we have used Kd-tree
based nearest neighbor search. ANN (Approximate Nearest
Neighbor), which is a library written in C++ [5], is used for
this purpose. Here ANN is used to find d1 and d2 in Equa-
tion 1 efficiently. The Kd-tree structure can be constructed
in O(nlogn) time and takes O(n) space.

2.2 The Proposed Cluster Validity Mea-
sure

2.2.1 Definition

Consider a partition of the data set X = {xj : j =
1, 2, . . . n} and the center of each cluster ci can be com-
puted by using

ci =

∑ni

j=1 xj

ni
(2)

where ni (i = 1, 2, . . . ,K) is the number of points in cluster
i. The new cluster validity index (S-index) is defined as:

S − index(K) =
K∑

i=1

Si

Di
(3)

where K is the number of clusters. Here,

Si =
ni∑

j=1

d∗ps(xij
, ci) (4)

and
Di = minK

j=1‖ci − cj‖ (5)

Di is the minimum Euclidean distance between ith clus-
ter centre and all other centres. d∗ps(xi, ci) is computed by
Equation 1. Smaller the value of S-index(K) better is the
clustering solution. While computing d∗ps(xi, ci) we should

note that the first and the second nearest neighbors of the
reflected point x∗ of the point xi with respect to c and xi

should belong to the same cluster. Finally, the smallest S-
index(K) indeed indicates a valid optimal partition to differ-
ent partitions with the optimal cluster number K.

2.2.2 Explanation

As formulated in Equation 3, S-index(K) is the summation
of a ratio computed for each cluster over all the clusters.
The numerator of the ratio, Si, is computed from Equa-
tion 4 which is the summation of symmetrical distances of
all points belonging to that particular cluster with respect
to its centre. If the generated cluster is internally symmet-
ric then Si will be the smallest. As summation over all the
points is considered so it will increase with total number of
points in it. Si will decrease when larger symmetric clus-
ter gets divided into smaller symmetric clusters. But in or-
der to prevent excessive division, the denominator is incor-
porated. The denominator term is the distance between a
particular cluster centre to its nearest cluster centre. If a
compact symmetric cluster is divided into smaller clusters,
the minimum distance between these newly formed clusters
will decrease, and as a result the ratio Si

Di
will increase. On

the other hand the denominator term will get the maximum
value when clusters are well separated. So it is clear that
when the clusters formed are internally symmetric and well-
separated, the numerator term will be the minimum while
the denominator term will be the maximum. Maximization
of the denominator and minimization of the numerator lead
to minimization of Si

Di
for a particular cluster, and hence the

associated S-index value will be the minimum.

3 Application of the Proposed Index in Image
Segmentation

The newly proposed cluster validity index along with
two other indices are used along with the GAK-means clus-
tering [4] for segmenting remote sensing satellite images
of parts of the Kolkata and Mumbai. The parameters of
the algorithm are as follows: population size is equal to 10,
crossover and mutation probabilities are kept to be 0.8 and
0.01 respectively. The algorithm is executed for a maximum
of 10 iterations.

3.1 SPOT Image of Calcutta

Fig. 1 shows the 512 × 512 SPOT [8] image of a part of
the city of Calcutta in the near infra red band. GAK-means
clustering is applied on this image data set while varying the
number of clusters K from 2 to 10, and for each obtained
partitioning the values of three cluster validity indices (S-
index, PS-index and PBM-index) are calculated. As iden-
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tified in [7] the above satellite image has seven classes tur-
bid water, concrete, pure water, vegetation, habitation, open
space and roads (including bridges). S-index obtained its
optimal value with K = 6 and the corresponding partition-
ing is shown in Figure 2. Similarly PS-index and PBM-
index obtained their optimum values for K = 3 and K = 8
respectively and the corresponding partitions are shown in
Figure 3 and 4 respectively. The partitionings correspond-
ing to optimum values of S-index and PBM-index are able
to separate almost all the regions equally well.

3.2 IRS Image of Mumbai

The IRS image of Mumbai was obtained using the LISS-
II sensor. Fig. 5 shows the IRS image of a part of Mumbai
in the near infra red band.

After application of GAK-means algorithm with the
same parameter setting as for the Kolkata image, S-index
gets its optimal value for K = 6 where as PS-index and
PBM index get their optimum values for K = 3 and K = 4
respectively. The corresponding partitionings are shown in
Figure 6, 7 and 8 respectively. It can be seen from the fig-
ures that partition corresponding to optimum value of S-
index is able to differenciate more regions much better than
that of the partitions corresponding to two other indices. In-
terestingly, in this case the bridge connecting Mumbai to
the mainland has also been identified reasonably well (Fig-
ure 6), while this is missed in the other two (Figure 7 and
8).

4 Conclusion

A new symmetry based cluster validity index is proposed
in this article that is able to indicate both the appropriate
number of clusters as well as the proper clustering. Its ef-
fectiveness is demonstrated for two remote sensing images
where determining the different types of landcovers is of
great importance. Genetic algorithm based K-means clus-
tering algorithm is used as the underlying partitioning meth-
ods. Future work includes development of some algorithm
based on symmetry based distance which will automatically
detect the number of clusters present in the data sets.
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Figure 1. SPOT image of Kolkata in the NIR
band with histogram equalization
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Figure 2. Clustered image of Kolkata corre-
sponding to optimal value of S-index attained
for K=6
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Figure 3. Clustered image of Kolkata corre-
sponding to optimal value of PS-index at-
tained for K=3
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Figure 4. Clustered image of Kolkata corre-
sponding to optimal value of PBM-index at-
tained for K=8

Figure 5. IRS image of Mumbai in the NIR
band with histogram equalization
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Figure 6. Clustered image of Mumbai corre-
sponding to optimal value of S-index attained
for K=6
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Figure 7. Clustered image of Mumbai cor-
responding to optimal value of PS-index at-
tained for K=3
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Figure 8. Clustered image of Mumbai corre-
sponding to optimal value of PBM-index at-
tained for K=4
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