(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 7, No. 3, 2016

Color Image Segmentation via Improved K-Means
Algorithm

Ajay Kumar
Department of Computer Science & Engineering
Jaypee University of Engineering & Technology-473226,
Guna (MP), India

Abstract—Data clustering techniques are often used to
segment the real world images. Unsupervised image
segmentation algorithms that are based on the clustering suffer
from random initialization. There is a need for efficient and
effective image segmentation algorithm, which can be used in the
computer vision, object recognition, image recognition, or
compression. To address these problems, the authors present a
density-based initialization scheme to segment the color images.
In the kernel density based clustering technique, the data sample
is mapped to a high-dimensional space for the effective data
classification. The Gaussian kernel is used for the density
estimation and for the mapping of sample image into a high-
dimensional color space. The proposed initialization scheme for
the k-means clustering algorithm can homogenously segment an
image into the regions of interest with the capability of avoiding
the dead centre and the trapped centre by local minima
phenomena. The performance of the experimental result
indicates that the proposed approach is more effective, compared
to the other existing clustering-based image segmentation
algorithms. In the proposed approach, the Berkeley image
database has been used for the comparison analysis with the
recent clustering-based image segmentation algorithms like k-
means++, k-medoids and k-mode.

Keywords—k-means; k-means++; k-medoids; k-mode; kernel
density component

. INTRODUCTION

Unsupervised color image segmentation is an important
image processing technique that has a wide application in
computer vision applications, pattern recognition, image
retrieval [1], image editing [2], and medical image analysis [3].
The objective of image segmentation is to partition an image
into the homogeneous region on the basis of an application [4].

Image segmentation algorithms that are based on the
clustering can be subdivided into the hierarchical and
partitioned techniques. The hierarchical clustering is a bottom-
up approach, where a nested cluster structure is obtained by
merging the nearby data points. The partitioning clustering is
an iterative partitioning process which uses k seed value as an
input from the user and each object of the data set must be
assigned to precisely one cluster [5]. Due to simplicity and ease
of implementation, the k-means clustering [6] and partitioning
around medoids [7] are the popular choices for the performing
image segmentation.

The k-means algorithm uses the feature of an image to find
the k number of groups. The k-means algorithm aims to
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minimize an objective function [8], in order to find the groups.
For the dataset X={X,,X,,...,X,} with n observations, the
purpose of k-means clustering is to find the k groups in X as
C={C,,C,,...,C,} such that the objective function fiy, is
minimized as shown in “ (1)

2
fim = 2it1 Zt=1 Zin”Xi'Hk” )
Here, z;, is a variable defined in “(2)”.

1 if XeC,
= 2
Zin { 0 otherwise @)

Here, C, represents the k™ cluster and py represents the
mean vector of the observation C, .

The main advantage of k-means is that it always finds local
optima for any given initial centroid locations. Despite being
used in a wide array of application, the k-means algorithm is
not exempt from limitations. From a practical point of view,
the seed value of the algorithm is vital since each seed can
produce different local optima leading to the varying partitions.
The quality and efficiency of the algorithm can vary far away
from the global optimum, even under repeated random
initialization. Therefore, a good initialization is critical for
finding the globally optimal partitions. Several methods have
been documented in the literature on improving the
initialization procedure that changes the performance, both in
terms of quality and convergence properties.

In this paper, a density-based color image segmentation
technique is used to improve the results of classical partition-
based image segmentation methods, like the k-means
clustering algorithm. The k-means algorithm is enhanced, by
providing a reduced-set representation of kernelized center as
an initial seed value. In the kernel density based clustering
technique, the data sample is mapped to a high-dimensional
space for effective data classification [9]. One of the popular
choices is the Gaussian kernel, which is used in the proposed
scheme for mapping sample image into a high-dimensional
color space. Moreover, a reduced-set kernelized center can be
employed for reducing the computational complexity of
various algorithms.

The experimental results were compared by using the four
types of evaluation measures: Probabilistic Rand Index (NPR),
Global Consistency Error (GCE), and Variation of Information
(\VOI) on the Berkeley image database. The performance of the
experimental result indicates that the proposed approach is
more effective as compared to other existing clustering-based
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image segmentation algorithms such as the k-means, k-
means++, k-medoids and k-mode.

The rest of the paper is framed as follows: Section 2
describes the related works. Section 3 provides the proposed
approach for Image segmentation via a density-based
initialization of k-means algorithm and validation measures.
Result and comparative analysis are discussed in Section 4.
Finally, the conclusion has been presented in section 5.

Il.  RELATED WORK

The k-means class of algorithms suffers from the random
selection of initial cluster centers. The arbitrary choice of initial
cluster centers leads to the non-repeatable clustering results
that may be difficult to comprehend. The results of partition-
based image segmentation algorithms are better when the
initial partitions are close to the final solution. A short review
of the existing work is included in this section for clustering-
based image segmentation and computing an initial seed value
for the k-means algorithm which is used for the color image
segmentation.

T. Pavlidis in 1982 shows the image segmentation process
from a wide perspective. It summarizes the use of different
methods such as clustering, edge-based segmentation, graph-
based approaches, region growing, probabilistic or Bayesian
approaches and other approaches for the image segmentation
[10].

Chan, et al. in 2001 introduced a region-based method
known as Chan-Vese or CV model [11]. This method
formulates the image segmentation problem as a k-means
clustering model. As pointed out in [12], a global method, the
CV model cannot solve the intensity irregularity problem in a
better way. Wang et al. in 2010 pointed out that the local
binary fitting (LBF) method is sensitive to the initialization. To
prevent this, they introduced the local order method [13].
Besides improving global methods into local versions, many
researchers focus on the convexity of the segmentation models.

Arthur and Vassilvitskii in 2007 introduced the k-means++
algorithm to find the initial centers with probability
proportional to the distance to the nearest center [14]. Maitra,
in 2009, used the local modes present in the data set to
initialize the k-means algorithm which is used for the
segmentation [15].

In the k-medoids [7] methods, a cluster is represented by
one of its points. N-medoids are selected from the given data
and clusters are defined as the subset of points close to the
respective medoids. Two early versions of the k-medoids
methods, the partitioning around medoids (PAM) algorithm
and the clustering large applications (CLARA) are a popular
choice for the image segmentation. PAM is an iterative
optimization that combines the relocation of the points between
the perspective clusters with re-nominating the points as
potential medoids.

Zhiding et al. in 2010 documented an adaptive
unsupervised method for the color image segmentation. The
algorithm clusters the pixel in 3D, RGB color space by using
the ant colony-fuzzy c-means hybrid algorithm (AFHA), which
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uses an ant system for intelligent initialization of the cluster
centroids [16].

Khan et al,. in 2013, introduced a novel initialization
scheme to determine the number of clusters and obtain the
initial cluster centers for the fuzzy C-means algorithm to
segment any kind of color images. The hierarchical approach
has been used to integrate the splitting and merging techniques
in order to obtain an initialization for FCM [17].

S. Khan et al., in 2013, presented a solution for the
randomized initialization of the k-mode algorithm. A
prominent attribute selection method has been used to find an
initial cluster center. It performs multiple clustering of the data
based on the attribute values to obtain a deterministic mode.
These modes are used for initialization [18].

The k-modes [19] algorithm allows the user to work with a
kernel density estimate of bandwidth “c” but produces exactly
k clusters. It finds the centroids that are valid patterns and lie in
the high-density area. The k-modes algorithm uses local
bandwidth at each point rather than a global one.

A good initialization scheme will improve the results of
clustering. Thus, following in the same direction, a new
initialization technique for color image segmentation has been
proposed. The k-mean, k-means++, k-medoids, and k-modes
are cumulatively used to demonstrate the effectiveness of the
proposed approach.

Ill.  PROPOSED METHOD

The pixel of a color is represented by the three values
corresponding to the R (red), G (green), and B (blue). By using
either linear or nonlinear transform on the RGB scale, one can
find the color models such as intensity, saturation, and hue.

Each color space has its own characteristic. In the color-
based clustering technique, it is desirable that the selected color
features are defined in a uniform color space [20]. In order to
get the uniform color space, kernel density estimation has been
used for estimating the probability density function of a
continuous random variable [21]. In the proposed method, a
Gaussian kernel based initialization scheme for color image
segmentation is used. Unlike the standard k-means, the
proposed algorithm uses a density estimate to select an initial
cluster center from the color space.

In the following section, the algorithm to select initial seed
value for the k-means algorithm that has a high impact on the
color image segmentations is presented. These initial points are
selected from the denser region of the data sets.

The algorithm starts by choosing the attribute value in a
nxm data matrix, having maximum variance. A Gaussian
kernel is placed over each data point of the selected attribute
for the estimation of density. Further, the first seed point is
selected, where the density is maximum. The next probable
point is selected, that has a density equivalent to the initially
selected point. In this way, the k points are obtained, having a
similar density with respect to each other.

The kernel density technique is used to estimate the
probability density function of a continuous random variable.
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Let {X;,X,,...,X,} be a sample from a variable P, then the
kernel density estimate is a "sum of n kernel functions". In this
paper, the popular Gaussian kernels have been used.

Each Gaussian kernel function is centered on a sample data
point with the variance h, which is defined as the bandwidth
and it is used to control the level of smoothing. The density of
the data points depends on the width of Gaussian kernel, so a
proper value of h is obtained from the Silverman

approximation rule for which, h =1.06x3|P|"">, where & is the
standard deviation of the sample points P [22].

In one-dimensional case, the density estimator is defined as
follows:

[xp]”
l -
P(x)= szpsp e 3

For the d-dimensional case, the kernel function is the
product of d Gaussian functions, each with its own bandwidth
h; henceforth; the density estimator is defined as follows:

(x.Dj-p.Dj)2
1 } 2
P)=——F—perllie ™ (4)
Pl [2712 [T, by
Where a d-dimensional point p is denoted by

{P.D,,P.D,,......P.D;} .

The proposed algorithm is briefly described in the
following steps:

Stepl.
Step2.

The data set is first normalized.

The attribute which has the maximum variance is
selected.

Step3. The density estimate for the selected attribute is
computed by using the Gaussian window. For
multidimensional data, the kernel function is
computed as the product of d Gaussian function, each
with its own bandwidth h; and the density estimator is

given in “(4)”.

Stepd. The first point is selected where the density is
maximum. The next (k-1) points are selected from the
other denser regions of the data set, so as the density
of the points are similar or equivalent with respect to

each other.

Step5. The indices of selected k data points are used for the

initialization purpose.

Step6. The k-means algorithm is executed with the help of

initial seed value, computed in the previous step.

The motive behind the above method is to find the initial
points from the denser area of the given dataset. In this way,
the selected data points represent the common characteristics of
the entire dataset and are used for the initialization.

The modified k-means algorithm now used to segment any
color image. A color image is passed to the modified algorithm
and a suitable value of the number of a segment is also set to
get the desired segmented image. In proposed algorithm, the
images from the Berkeley Image Database [26] are used to test
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the validity of the proposed method. Nine images are used
though it possible to test it over all the images.

A. Validation Measures

The Normalized Probabilistic Rand (NPR) index, Variation
of Information (VOI), Global Consistency Error (GCE), and
peak signal to noise ratio (PSNR) is used as the validity
measure to check the quality of the segmented image. It is
important to evaluate the quality of a segmented image
obtained by various clustering algorithm because the results of
various clustering algorithms gives different results. The NPR
index [23] is the generalized version of rand index, which is
used to measure the quality of clustering results. The NPR uses
the hand-labeled set of ground-truth segmentation to perform a
comparison between two image segmentation algorithms. The
value of NPR is in the range of -1 to 1, where the high value
indicates better segmentation.

The GCE measures the consistency level between the
outputs of two segmentation algorithm applied to a given
image. It also shows whether there is a refinement relation
between the two segments or a possible overlap of pixels. The
range of the GCE is between 0 and 1. A value close to zero
represents better segmentation.

The Variation of Information metric defines the
information gain or information loss between the two
segments. It also measures the degree of randomness in the
given segment. The range of VOI is [0, ==], a smaller value
indicates better results [24]. The PSNR value represents the
region homogeneity between image and its segmented image.
The higher value indicates the better segmentation results.

IV. RESULTS AND DISCUSSION

For each algorithm, its correctness is measured by the NPR
index, GCE, VOI, and PSNR as well as its stability with
respect to changes in the parameter settings and with respect to
the different images. An algorithm which produces correct
segmentation results with a wide array of parameters on any
image, as well as accurate segmentation results on multiple
images with the same parameters, will be useful for the pre-
processing step in a larger system.

The results are based on the Berkeley image segmentation
database [25], which contains 300 natural images along with
several ground truth hand segmentations for each image [26].
In contrast to the results presented in this database, the
proposed algorithm uses the same image feature (position and
color) for segmentation, thereby making their output directly
comparable.

The proposed method can be applied directly to the
321x481 images taken from the Berkeley database. Due to a
few homogeneous groups in an image, it is efficient to reduce
the image size for the computation of centroids. Also the
MATLAB implementations of k-mode and k-medoids
clustering encounter memory errors for the high value of image
resolution (running 32-bit MATLAB on a machine with 2GB
RAM). Hence, the images are downsized to 64x64.

Nine images from Berkeley image segmentation database
are used. The images are segmented (Figure “a” to Figure “i”)
for k=2 and k=3 value, see fig. 1.
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Fig. 1. Segmentation results (Each row from left to right: original image, human segment, test image, k-means based segmentation, k-means++ based

segmentation, k-medoids based segmentation, k-mode based segmentation, proposed algorithm)
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Four validation tests have been performed for comparative
analysis on each image (NPR = Probabilistic Rand Index, VOI
= Variation of Information GCE = Global Consistency Error
and PSNR).

The Value k=3 represents the number of color segments
present in an image. The value k=3 is used because the
database itself segmented it into three regions. In order to
compare the results of the proposed method with the human
segmented image, the value of k as three is used. That is why
the value of k=3 is used for an image a, d, e, f, g, i and k=2 for
the image b, ¢, and h.

In Figure 1, the first column is the true images, the second
column is for the human segmented images, the third column
contains the test images, and all other columns are the output of
the various algorithm used in the paper.

The result of comparative analysis of recent clustering
based image segmentation is presented in the Tables 1-9. A
histogram comparison of the validation test is also included for
better visualization; see Figures 2-10.

After analysing the results, it is also observed that the
proposed approach (kernel) performed better compared to the
recent clustering based color image segmentation. The NPR
results indicate that the proposed algorithm is better in 8 out of
nine images used for segmentation and it is equivalent to an
image (h), which can be seen in Tables 1-9 and Figures 2-10.
The PSNR results show that the algorithm is better in 8 out of
nine cases with respect to other algorithm used for comparison.
Only for the image (f), the proposed algorithm gives poorer
results. The GCE and VOI validation test shows that the
proposed method is better in 7 out of 9 cases and equivalent in
two cases, see Tables 1-9 and Figures 2-10. It can also be
observed that the proposed algorithm gives significantly better
results in terms of PSNR and NPR but for other two validation
measure results are not significant. The NPR and PSNR value
indicate that the proposed method is useful for color image
segmentation.

TABLE I. VALIDATION TEST RESULTS ON IMAGE (A)
k-means  k-means++ k-medoids k-mode  Proposed
NPR 0.291 0.290 0.297 0.291 0.300
\/e]| 0.229 0.230 0.229 0.230 0.220
GCE 5.256 5.303 5.256 5.416 5.244
PSNR  3.784 4.009 3.784 4.773 5.856
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. 2. Comparison of validation results on image (a) for k=3

TABLE Il.  VALIDATION TEST RESULTS ON IMAGE (B)

k-means  k-means++ k-medoids k-mode  Proposed

NPR 0.375 0.374 0.375 0.334 0.385
VOI 0.259 0.258 0.259 0.258 0.258
GCE 3.851 3.873 3.850 4.368 3.850
PSNR 2.748 3.141 2.748 2.908 3.747
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. 3. Comparison of validation results on image on image (b) for k=2
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Fig. 4. Comparison of validation results on image on image (c) for k=2

TABLE Ill.  VALIDATION TEST RESULTS ON IMAGE (C) T T
k-means  k-means++ k-medoids  k-mode Proposed ;
NPR 0.317 0.317 0.316 0.318 0.319
VOI 0.246 0.245 0.245 0.245 0.245
GCE 4427 4414 4.427 4.410 4.404 % -
PSNR  2.909 2.873 2.908 2.863 2911 /
] k-mcans : I ; ! ' ! b /
o Nkmeanst i S ] A i
[2228] k-medoids : i : i (I
E=]k-mode | I B e 7 N ey 1 -
I]]]I]]]Proposed i 7—
o TR N— e =4 Bl
=il = Y IS NN SO S / B
T . N =i 1
I E 4 [ . S et -
: 1 N N E i /
P9 OURU URIOS AU SO 3 - ‘
Nal o .
.............................................. - NPR VoI GCE PSNR
-4 (O \ N7 _ Fig. 5. Comparison of validation results on image on image (d) for k=3
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TABLE IV.  VALIDATION TEST RESULTS ON IMAGE (D)

k-means  k-means++ k-medoids  k-mode Proposed e % n
NPR 0.313 0.315 0.316 0.316 0.317
VOI 0.245 0.245 0.245 0.246 0.246 [ /
GCE 5.028 4.989 5.000 5.025 5.016
PSNR  5.690 4.003 4.257 5.222 5.797 - %% 1
TABLE V.  VALIDATION TEST RESULTS ON IMAGE (E) 7
k-means  k-means++  k-medoids k-mode Proposed ke / \\\ —
NPR 0.323 0.323 0.323 0.318 0.325
\Y/e]| 0.259 0.259 0.259 0.258 0.259
GCE 4.865 4.856 4.875 5.527 4.823
PSNR 5.214 3.707 4.642 3.897 5.373 ke /\ -
TABLE VI.  VALIDATION TEST RESULTS ON IMAGE (F)
k-means k-means++ k-medoids  k-mode  Proposed ; i '
NPR 0.372 0.375 0.374 0.373 0.380 NPR Vol GCE PSNR
\Y/e]| 0.232 0.232 0.233 0.232 0.233
GCE 3.398 3.371 3.373 3.408 3.341 Fig. 6. Comparison of validation results on image on image (e) for k=3
PSNR  7.077 2.977 7.422 6.978 4.263
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Fig. 9. Comparison of validation results on image on image (h) for k=2

TABLE IX.  VALIDATION TEST RESULTS ON IMAGE (l)

k-means  k-means++ k-medoids k-mode Proposed

T . il
VoI GCE PSNR
Fig. 7. Comparison of validation results on image on image (f) for k=3
TABLE VII. VALIDATION TEST RESULTS ON IMAGE (G)
k-means  k-means++  k-medoids  k-mode Proposed
NPR 0.285 0.262 0.283 0.284 0.286
VOI 0.192 0.191 0.191 0.192 0.191
GCE 4.304 5.025 4.286 4.383 4.277
PSNR  5.198 4.433 3.771 4.467 5.368
TABLE VIII. VALIDATION TEST RESULTS ON IMAGE (H)
k-means k-means++  k-medoids k-mode Proposed
NPR 0.504 0.271 0.270 0.500 0.504
VOI 0.165 0.166 0.166 0.165 0.164
GCE 2.125 3.940 3.940 2.1655 2121
PSNR 2478 2.817 2.863 3.232 3.478
6 T T T T T T T
777 k-means ] 3 3
@ k-means++ i i ‘:
F22% k-mod : ]
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Fig. 8. Comparison of validation results on image on image (g) for k=3

NPR 0.393 0.393 0.393 0.383 0.395
VOI 0.326 0.326 0.326 0.327 0.326
GCE 4.807 4.796 4.852 4.972 4.852
PSNR 3.872 3.617 5.860 5.310 5.880
| ! | ! | ! |
6 _ h

i
>

H i \\
2
[T

=

\

GCE PSNR

Fig. 10. Comparison of validation results on image on image (i) for k=3

Numerical experiments on the images from the Berkeley
database shows that the proposed method is able to perform
competitively against the popular clustering-based image
segmentation algorithms and often give a close solution with
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respect to human segmented images. Therefore, the proposed
technique can be used for effective image segmentation.

V. CONCLUSIONS

A density-based algorithm for initializing the k-means
algorithm has been proposed and used in the color image
segmentation.  Four  popular  clustering-based  image
segmentation techniques are used for comparison of the results.
The list does not include every possible strategy proposed in
the literature. Indeed, it is not practical to compare every
method available. However, the work provides a starting point
in refining and evaluating new strategies for the k-means
algorithm used in the image segmentation.

The Image is first segmented with the k-means algorithm
and then with k-means++, k-medoids, k-mode and at last with
the proposed method. The results of the segmentation are
compared with the help of four validation measures. On the
performance basis, the proposed method is better than the k-
means and other partitioned based segmentation techniques.
The only difference between these techniques is the way of
getting initial seed pixel: in the k-means random selection is
used while in k-means++ pixels are generated by the weighted
probability distribution of the spectrum while the proposed
method uses the density of the pixel.

REFERENCES

[1] Santhosh P. Mathew, Valentina E. Balas, Zachariah K. P, Philip Samuel,
“A Content-based Image Retrieval System Based on Polar Raster Edge
Sampling Signature,” Acta Polytechnica Hungarica, Journal of Applied
Sciences, Vol. 11, No. 3, 2014, pp. 25-36.

[2] C. Jaisin, S. Pathaveerat and A. Terdwongworakul, “Determining the
Size and Location of Longans in Bunches by Image Processing
Technique,” Maejo International Journal of Science and Technology,
2013, pp. 444-455.

[3] Hind R.M Shaaban, Farah Abbas Obaid and Ali Abdulkarem Habib,
“Performance Evaluation of K-Mean and Fuzzy C-Mean Image
Segmentation Based Clustering Classifier” International Journal of
Advanced Computer Science and Applications (IJACSA), 6(12), 2015,
pp. 176-183.

[4] CW Bong and M Rajeswari, “Muti-objective Nature-inspired Clustering
and Classification Techniques for Image Segmentation,” Applied Soft
Computing, 2011, pp. 3271-3282.

[5] Krisztian Kési, “Method of Data Center Classifications,”
Polytechnica Hungarica Vol. 9, No. 5, 2012, pp. 127-137.

[6] J. B. MacQueen, “Some Methods for Classification and Analysis of
Multivariate Observation,” Proceedings of 5th Berkeley Symposium on
Mathematical Statistics and Probability, 1967, pp. 281-297.

[71 L. Kaufman and P. J. Rousseeuw, Finding Groups in Data: An
Introduction to Cluster Analysis, Wiley, New York, 1990.

[8] Paul S. Bradley and Usama M. Fayyad, “Refining Initial Points for K-

Acta

(9]

[10]
(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

(23]

[24]

[25]

[26]

Vol. 7, No. 3, 2016

Means Clustering,” In Proceedings of the Fifteenth International
Conference on Machine Learning, Morgan Kaufmann Publishers Inc.,
San Francisco, CA, USA, 1998, pp. 91-99.

Liang Liao, Yanning Zhang, “MRI Image Segmentation Based on Fast
Kernel Clustering Analysis,” Frontiers of Electrical and Electronic
Engineering in China, 2011, Volume 6, Number 2, 2011, pp. 363-373.

T. Pavlidis, Algorithm for Graphics and Image Processing, Computer
Science Press, Berlin, 1982.

T. F. Chan and L. A. Vese, “Active Contours without Edges,” IEEE
Transaction Image Processing, 2001, pp. 266-277.

Chunming Li, Chiu-Yen Kao, J.C. Gore and Z. Ding, “ Minimization of
Region-Scalable Fitting Energy for Image Segmentation,” IEEE Trans.
Image Process., 2008, pp. 1940-1949.

L. Wang, Z. Yu, and C. Pan, “Medical Image Segmentation Based on
Novel Local Order Energy,” Proceedings of the 10th Asian Conference
on Computer Vision, Queenstown, New Zealand, 2010, pp. 148-159.

D. Arthur and S. Vassilvitskii, “k-means++: the advantages of careful
seeding,” In Proceedings of the eighteenth annual ACM-SIAM
symposium on Discrete algorithms, Society for Industrial and Applied
Mathematics, Philadelphia, PA, USA, 2007, pp. 1027-1035.

R. Maitra, “Initializing Partition-Optimization Algorithm,” IEEE/ACM
Transaction on Computational Biology and Bioinformatics, 2009, pp.
144-157.

Zhiding Yu, Oscar C. Au, Ruobing Zou, Weiyu Yu and J. Tian, “An
Adaptive Unsupervised Approached Toward Pixel Clustering and Color
Image Segmentation,” Pattern Recognition, 2010, pp. 1889-1906.

K. S. Tan, W. H. Lim, N. A. M. Isa, “Novel Initialization Scheme for
Fuzzy C-Means Algorithm on Color Image Segmentation,” Applied Soft
Computing, 2013, pp. 1832-1852.

S. S. Khan and A. Ahmad, “Cluster Center Initialization Algorithm for
K-Mode Clustering, Expert Systems with Applications,” 2013, pp. 7444-
7456, 2013.

L. Bai, J. Liang, “The K-Modes Type Clustering Plus Between-Cluster
Information for Categorical Data,” Neurocomputing, 2014, pp.111-121.

H. D. Cheng, X. H. Jiang, Y. Sun and J. Wang, “Color Image
Segmentation: Advances and Prospects,” Pattern recognition, 2001, pp.
2259-2281.

D. Scott, Multivariate Density Estimation, Theory, Practice and
Visualization, Wiley, 1992.

B. W. Silverman, Density Estimation for Statistics and Data Analysis,
Chapman and Hall, 1986.

R. Unnikrishnan, C. Pantofaru and M. Hebert, “A Measure for Objective
Evaluation of Image Segmentation Algorithms,” CVPR workshop on
Empirical Evaluation Methods in computer vision, 2005, pp. 394-400.
M. Meila, “Comparing Clustering: An Axiomatic view,” Proceedings of
the 22nd International Conference on Machine learning. ICML 05, New
York, 2005, pp. 577-584.

D. Martin, C. Fowlkes, D. Tal and J. Malik, “A Database of Human
Segmented Natural Images and its Application to Evaluating
Segmentation Algorithms and Measuring Ecological ~Statistics,”
Proceedings of 8th Intl. Conf. Computer Vision, 2001, pp. 416-423.

D. Martin and C. Fowlkes: Retrieved from http:// www.cs. berkeley.
edu/ projects/vision/grouping/segbench, Accessed: October 2015.

53|Page

www.ijacsa.thesai.org



