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INTRODUCTION

 
Hyperspectral image analysis has bloomed into 

one of the puissant and nimblest augmenting 
technologies in remote sensing domain for recent 
years. Hyper represent giant-
wavelength band. Hyperspectral images are 
spectrally over determined; that they provide ample 
spectral information to pinpoint 
spectrally isolated materials. Normally it contains 
hundreds of spectral bands over a wide range 
typically at least 0.4 to 2.4 micrometer as perceptible 
through middle infrared ranges. Now that, 
hyperspectral image quantifies the reflectio
emission absorption of electromagnetic radiation and 
quantifies each pixel in the image. It provides a 
unique spectral signature for every pixel, which can 
be used by processing techniques to locate and 
discriminate materials. It provides the potential 
more precise and detained information extraction 
than any other type of remotely sensed data. The 
meticulous analysis of remote sensing images is a 
paramount task for myriad application such as 
precision agriculture, monitoring, and management 
of the environment, and security and defence issue. 
Despite being hyperspectral data providing more 
ingredient, image analysis are needed to summarize 
the information about that. 
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A B S T R A C T  
In this paper, the segmentation process is attentive on hyperspectral satellite images. 
The input hyperspectral image embodies of image data at peculiar frequencies over the 
electromagnetic spectrum. The existing tactics for satellite image segmentation include 
K-means, Fuzzy C-Means and Fast K-Means Weighted clustering algorithms are used. 
Besides, an integrated image segmentation process based on inter
intra-band clustering has proposed. Furthermore, the inter band clustering is performed 
by above clustering algorithms, while the intra band clustering is executed using 
Particle Swarm Segmentation (PSO) clustering algorithm. Moreover, DB (Davies 
Bouldin Index) index is pertained to determine the number of clusters for the above 
clustering processes. The hyperspectral bands are clustered and a band (maximum 
variance) from each cluster is picked out. This forms the diminished set of bands. 
Finally, PSC performs the segmentation process on the diminished bands.
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INTRODUCTION  

Hyperspectral image analysis has bloomed into 
the puissant and nimblest augmenting 

technologies in remote sensing domain for recent 
-sized measured 

wavelength band. Hyperspectral images are 
spectrally over determined; that they provide ample 

 and distinguish 
spectrally isolated materials. Normally it contains 
hundreds of spectral bands over a wide range 
typically at least 0.4 to 2.4 micrometer as perceptible 
through middle infrared ranges. Now that, 
hyperspectral image quantifies the reflection, 
emission absorption of electromagnetic radiation and 
quantifies each pixel in the image. It provides a 
unique spectral signature for every pixel, which can 
be used by processing techniques to locate and 
discriminate materials. It provides the potential for 
more precise and detained information extraction 
than any other type of remotely sensed data. The 
meticulous analysis of remote sensing images is a 
paramount task for myriad application such as 
precision agriculture, monitoring, and management 

nvironment, and security and defence issue. 
Despite being hyperspectral data providing more 
ingredient, image analysis are needed to summarize 

Segmentation is the approach of partitioning a 
digital image into multiple segments. 
of segmentation is to untangle and transfigure the 
representation of an image into something that is 
supplementary meaningful for facile to analyze. A 
plethora of segmentation techniques have been 
investigated. Myriad conclusions were drawn f
these efforts. The supervised segmentation methods 
were subject to intra and inter observer variations. 
Unsupervised techniques based upon the k
fuzzy c-means and fast k-means, with particle swarm 
clustering algorithm had shown great promise in 
satellite segmentation (Saravana Kumar, V.
2014; Saravanakumar, V. and E.R. Naganathan, 
2015). 

K-means is an iterative technique that is used to 
partition an image into K clusters. The procedure 
follows a simple and easy way to classify a given 
data set through certain number of clusters. The vital 
intension is to define k-centroids, one for each 
cluster. K-means clustering generates a specific 
number of flat clusters. 

In Fuzzy C-means clustering (FCM), data 
elements can belong to more than one clus
associated with each element is a set of membership 
levels. Fuzzy clustering is a process of stipulating 
these membership levels and then using them to allot 
data elements to one or more clusters. The aim of 
FCM is to minimize an objective function
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representation of an image into something that is 
supplementary meaningful for facile to analyze. A 
plethora of segmentation techniques have been 
investigated. Myriad conclusions were drawn from 
these efforts. The supervised segmentation methods 
were subject to intra and inter observer variations. 
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means clustering (FCM), data 
elements can belong to more than one cluster and 
associated with each element is a set of membership 
levels. Fuzzy clustering is a process of stipulating 
these membership levels and then using them to allot 
data elements to one or more clusters. The aim of 
FCM is to minimize an objective function. 
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In Fast K-Means method, partitions the vector X 
into K cluster by pertaining the widely notorious 
batch K-Means algorithm. Rows and Columns are 
congruous with points and variable respectively.  The 
output matrix C contains the cluster centroid. The k-
element output column vector D contains the 
residuary cluster distortions as quantified by total 
squared distance of cluster members from the 
centroid. In Fast K-Means weighted (FWKM), the 
cluster has to consider a weight analogous with each 
data in the computation of cluster centers. In k-means 
algorithm, every data point has an indistinguishable 
significance in pinpointing the centroid of the cluster. 
This attribute is not worked out in case of density 
based sample clustering for which each data point 
portray varied in the indigenous data. Consequently, 
the clustering algorithm has to examine a weight 
analogous with each data in the computation of 
cluster centers. This algorithm is entitled as Fast k-
means with weighted options.    

PSO is working on the swarming behaviour of 
animals and human social behaviour. A particle 
swarm is a population of particles, in which each 
particle is a moving object which could move 
through the search space and could be attracted to the 
advantageous positions. PSO should have a fitness 
evaluation function to decide the preferable and 
superlative positions, the function could take the 
particle’s position and assigns it a fitness value. Then 
the objective is to optimize the fitness function. 
Obviously, the fitness function is pre-defined and is 
depend on the problem. Each particle has own 
coordinate and velocity to change the flying direction 
in the search space. Besides, all particles move 
through the search space by following the current 
optimum particles. Each particles embraces of a 
stance vector z, which could represent the candidate 
solution to the problem, a velocity vector v, and a 
memory vector pid, which is the better candidate 
solution encountered by a particle. 

The clustering process could be fulfilled by K-
Means, FCM, and FWKM clustering, where the 
former is an iterative technique that is used to 
partition an image into K clusters deployed on the 
centroid, later one is manoeuvred to split the data 
into distinct clusters, and the last one is wielded to 
split the data based on weight option. The given 
input with 103 band of the hyperspectral image is 
diminished to 17 bands i.e. one band is picked out 
according to maximum variance from each cluster. 
PSC is handled the segmentation process on the 
diminished bands. 

The enduring part of the paper is organized as 
follows: Section II speculates a brief description of 
the works related. Section III presumes the 
description of the proposed method. Experimental 
results are portrayed in Section IV; Furthermore 
Section V concludes this paper. 

 
1. Related Work: 

In (Plaza, A. et al, 2009), a pioneering view on 
recent advances in techniques for hyperspectral 
image processing was furnished. In (Saravana Kumar 
V. and E.R. Naganathan, 2015), a survey of 
hyperspectral image segmentations techniques for 
multiband reduction is illustrated. Fuzzy C-means is 
one of the customaries clustering methods (Li, C.H. 
et al., 2008) where each data point was enumerated 
by membership grades. The inter band and intra band 
clustering was expounded as the intra- cluster 
distance measure (Ray, S. and R.H Turi, 1999), 
which is merely the distance between a point and its 
cluster centers, and minimum value was obtained. In 
(Pal, S.K. and P. Mitral, 2002), the multispectral 
natures of most remote sensing images fabricate 
pixel classification the natural for segmentation was 
debated. In (Jain, A.K. et al., 1999), the sundry steps 
in clustering algorithm were analyzed and many 
segment used menstruation which are both spectral 
and spatial. In (Estlick, M. et al., 2001), a 
hyperspectral image data are growingly get- at-able 
from a variety of sources, encompassing satellites 
were narrated. In (Jun, L. et al., 2012), it was 
instigating a new supervised segmentation algorithm 
for remotely sensed hyperspectral image data which 
integrated the spectral and spatial information. 
Hyperspectral images are considerably large most of 
the time so using a high speed and coherent 
algorithm is highly preferable was narrated in 
(Ghamisi, P. et al., 2012). In (Theiler, J.P. and G. 
Gisler, 1997), it was debated with the recent and 
pursuing construction of multi band image and 
hyperspectral images which would furnish detailed 
data cubes with information in both the spatial and 
spectral domain. In (Plaza, A. et al., 2006), the 
examination of different parallel strategized for 
hyperspectral image analysis on high 
accomplishment system; with the purpose of 
evaluating the possibility of procuring results in valid 
response times were illustrated. In (Remund, Q.P. et 
al., 2000), the PSO and various evolutionary 
methods have been use for hyperspectral band 
clustering was discussed. 

 
2. Proposed Method: 
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Fig. 1: Flow of Hyperspectral image segmentation 

 
In (Tarabalka, Y. et al., 2009), it was proposed a 

new spectral-spatial classification scheme for 
hyperspectral data. In (Celik, T., 2009), change 
detection technique was developed by conducting K-
means clustering on feature vectors and the proposed 
algorithm was simple in computation yet effective in 
identifying meaningful changes which makes it 
suitable for real-time applications. In (Mandal, A.K. 
et al., 2005), a major barricade for many 
computationally expensive clustering techniques was 
solved. A lightweight swarm clustering solution 
called RCE had materially quickened optimization 
time of its predecessors. In (Szabo, A. and L.N. de 
Castro, 2013), it was discussed with predominant 

structural difference between the PSO and PSC 
algorithms. In (Zhang, B., 2000), it was narrated with 
fast k-means with weight option approach. In [19], it 
was narrated with segmentation based on PSO. In 
(Mingrui, Z., et al., 2002), Knowledge guided image 
segmentation and labelling approach using Fuzzy C-
Means clustering algorithm was elucidated and in 
this paper, an approach that is felicitous to any set of 
multi feature images of the corresponding location 
was derived. In (Saravanakumar, V. and E.R. 
Naganathan, 2015), Hyperspectral image 
segmentation based on particle swarm method is 
demonstrated.

 

 
Satellites are used to ensure the hyperspectral 

image of the field area. The data set contains verity 
of scenes such as Indian pines, Salinas, Salinas A, 
Pavia, and Pavia University. The feature of 
hyperspectral image is input into the K-means or 
FCM or FWKM clustering algorithm i.e. Mean or 
Median Absolute Deviation (MAD), Standard 
Deviation (STD), Variance (VAR). K-Means 
clustering algorithm might be sensitive to the initial 
centers. DB (Davies Bouldin index) is used to 
cognize the number of clusters. 

The clustering process could be carried out by 
clustering methods that is used to pick out one band 

from each cluster (103 band of the hyperspectral 
image are diminished to 17 bands i.e. one band is 
preferred according to paramount variance from each 
cluster). In particle swarm clustering algorithm, the 
segmentation is carried on the diminished bands that 
got from clustering algorithms.  

 
2.1 K-Means to reduce the band: 

K-Means is one of the unpretentious 
unsupervised learning algorithms to solve the well-
known clustering problem. The aspiration of K-
Means method is to pare down the sum of squared 
distances between all points and the cluster center. 
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K-means is an iterative modus operandi at is used to 
parting the hyperspectral feature matrix into k 
clusters. 

Procure the hyperspectral feature matrix and the 
number of cluster (determined from DB index). The 
K initial cluster centers could be opting behind which 
the new cluster is enumerated. 103 bands of the 
hyperspectral matrix are diminished to 17 bands i.e. 
one band is picked out according to the paramount 
variance from each cluster. Moreover, the diminished 
set of bands is carried out. 

 
2.2 Fuzzy C-means to reduce the band: 

Fuzzy C-Means is an iterative technique that is 
used to partition the hyperspectral feature matrix into 
membership levels. In Fuzzy c-means clustering, 
data elements could belong to more than one cluster, 
and associated with each elements is a set of 
membership levels. Fuzzy clustering is a process of 
assigning these membership levels and then using 
them to assign data elements to one or more clusters. 

Procure the hyperspectral feature matrix and the 
number of cluster (determined from DB index). 
Initialize the membership matrix after which fuzzy 
cluster is found out. Besides membership matrix is 
updated. 103 bands of the hyperspectral matrix are 
diminished to 17 bands i.e. one band is selected 
according to paramount variance from each cluster. 
Eventually, the diminished set of band is obtained. 
The flow chart for diminishing set of band using K-
Means and Fuzzy C-Means had explained in our 
previous works (Saravana Kumar, V. et al., 2014) 
and (Plaza, A. et al, 2009). 

 
2.3 Algorithm: Fast K-Means with weighted option: 

Fast K-means partitions the vectors in the n-by-p 
matrix X into k clusters by applying the well known 
batch K-means algorithm. Rows of X correspond to 
points, columns correspond to variables. The output 
k-by-p matrix C contains the cluster centroids. The n-
element output column vector L contains the cluster 
label of each point. The k-element output column 
vector D contains the residual cluster distortions as 
measured by total squared distance of cluster 
members from the centroid.   The n-by-1 weight 
vector used to adjust centroid and distortion 
calculations. Weights should be positive. 

Input: A set of feature matrix and number of 
cluster (K) 

Output: Centroids of the K-clusters 
1. Initialize the K cluster centers 
2. Repeat 
Assign each data point to its nearest cluster 

center according to the membership function, 
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where w(xi) is the weighted associated with each 
data point. 

4. Until there is no reassignments of data points 
to new cluster centers. 

 

 
Fig. 5: Flow chart for diminished set of band – Fast k-means with weighted option 
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2.4 The algorithm of Enhanced Estimation of 
Centroid: 

We have worked a lightweight clustering 
algorithm entitled as Enhanced Estimation of 
Centroid (EEoC). EEoC is commonly analogous to a 
concept of individual decision making according to 
expected utility. We propound that a curtailment in 
the frequency of Distance Matrix (DM) restore 
would materially diminished the computation time. It 
is a sensible way to reduce the Distance Matrix (DM) 
update which is used to diminish the frequency of 
movement update. In order to shorten the time 
complexity we propound a permuted version of the 
centroid estimation entitled as the Enhances 
Estimation of Centroid. Based on the expected utility 
hypothesis, decisions are made based on the 
assessment of utility and menace of every 
combination of available choices. In every decision 
made there are denouements which will sway not the 
decision maker but also the environs to which the 
decision maker interacts. The decision maker will 
have a proclivity towards a peculiar choice which is 
impressionistic led hazardous. The EEoC had 
discussed in our previous work (Saravana Kumar, V. 
et al., 2014) that applied in Salinas A scene. Here we 
are going to apply this algorithm into various scenes 
such as Pavia University, Indians Pines and Salinas 
encompasses include K-means, FCM, and FWKM to 
scrutinize the performance of it. In EEoC (Saravana 
Kumar, V. et al., 2014), the term posture f is 
analogous to decision making behaviour of an 
individual and the influence of the environment that 
causes the individual to make a decision to change 
their behaviour. Inspired by the logical paradigm 
presented in this proposal, we incorporate this 
mindset in the reinstatement scheme.  

The restoring rule of EEoC could be 
summarized as follow. The particle velocity is 
bounded by Maxv. fi (t) denotes the position and the 
best position of a particle i in relation to the input 
pattern j. cj(t) represents the position of a particle 
that has been proximate to the input pattern. For each 
iteration, each particle posture is restored only once. 
This arrives after all possible data points which are 
proximate to the particle have been individually 
consider by the particle. This means posture update 
eventuate occurs only i items per iteration, where i is 
the number of particles in the set. The Distance 
Matrix (DM) is reinstated only once per iteration. 
The overall rock bottom computation is defined to 
store the best posture combination. fi(m) and ai (m) 
denotes position and best position of a particle i in 
relation to the input pattern. Ci(m) represents the 
position of a particle that has been closest to the 
input pattered j. S(m) represents the best position 
combination that has achieved overall minimum 
according to a given fitness function ft(m). δx is 
defined by using the following equation (3) and (4). 
δfi (m +1) = w (t) δxi (m)                     (3) 

fi (m+1) = fi (m) + δfi(m +1)    (4) 
 where w (m) is the inertia weight. 
Algorithm: 
P = EEoC (data_matrix, iter_funcmax, maxv, pc, 

ϕ) 
Initialize the number of particles as pc 
Calculate the distances of each particles position 

‘a’ and the input pattern of the particles position as c 
Update the distance and velocity until t < 

iter_funcmax 
Find the closest particle (i, j) 
DM = e (gi, fi) : Π i, j /* Distance Matrix 
J = min (e (gi, fi)): i  {1,2,….pc} 

Restore the special and overall best of the 
particle 

aDM (m +1 ) = 

������ �� 	 
�� , ������ < 	 
�� , ������ 
 �����    ��ℎ	����	                        �             

 ���� + 1� = 

������ �� 	 
�� , ������ < 	 
�� , ������ 
 �����    ��ℎ	����	                        � 

   
  
Restore the velocity and the position 
 m = m +1 
fi (m + 1) = fi (m) + δfi (m) 
  
Find the closest data point for each particle 
│DMf min (m) Jf min│ = min (DM, i) 
  
Find the particle for each data point 
│DMg min (m) Jg min│ = min (DM, i) 
Update ai(m), ci(m) 
 ��(m +1): � i 

=����� !��� ��  "#��� !��� < "#��� !�� − 1�
�����                                                ��ℎ	����	 % 

  
 ��(m +1): � j 

=���&� !��� ��  "#��� !��� < "#��� !�� − 1�
�����                                                ��ℎ	����	 % 

 
S (m+1) = 

������: � �      ��      �����  ���:  � �� < ��()���*)���                                  ��ℎ	����	        % 

 
Find the winning particle 
f win (m) = f(m)  min (e(ai (m)- fi(m))): Πi 

for each particle f obtain the elements of the 
centroid  cluster 

gi 
cluster  = Πg Є fi(m) 

Ci = size (gi 
cluster) 

Compute the updated position 
end 
m = m +1 
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3. Experimental Results: 

The fulfilment of EEoC algorithm is analyzed 
and experimented in various hyperspectral image 
such as Indian Pines, Salinas A, Salinas, and Pavia 
University. There are seven enlightenment classes in 
the given data sets such as Roofs, Roads, Paths, 
Shadows, Water, Rocks and Grass. Its dispatch is 
noticed to be passable in terms of depletion in the 
time complexity and the coherence of each position 

update. The number of cluster is 17 based on Davis 
Bouldin method (Saravana Kumar, V. et al., 2014)  
Output: 
3.1 K-Means based PSO Segmentation: 

Figure 6, depicts K-means based PSO 
Segmentation for Pavia University. The analysis 
report for these methods are portrays in Table1. 
There are seven enlightenment classes in the given 
data sets: Roofs, Roads, Paths, Shadows, Water, 
Rock and Grass in the above data set. 

 

 
Fig. 6: K-Means based PSO 

 
Seven clusters are sculpted as a result. The result is conventionally perpetrated with 10 iteration of PSO 

(EEOC) worked in MATLAB v 10. 
 

Table 1: K-means + PSO 

 
 
3.2 Fuzzy C-Means Based PSO: 

Figure 7. Depicts the segmentation result for 
Fuzzy C-Means based PSC for Pavia University. 

Table2. Portray the analysis report for the above 
method.

  

 
Fig. 7: FCM based PSO 
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Table 2: FCM + PSO analysis 

 
 

3.3 Fast K-Means (Weight) based PSO: 
Figure8. Depicts the segmentation result for Fast 

k-means based PSO for Pavia University. Table3. 

Portray the analysis report for the above method. The 
results of all methods are generally perpetrated with 
10 iteration of PSO (EEOC) worked in Mat-lab v 10.

 
 

 
 
Fig. 8: Fast K-means(weight) based PSO 

 
Table 3: Fast K-Means (weight) + PSO Analysis 

 
 
 
 
 
 
 
 
 
 
 
 

3.4 Analysis of Results: 
Table4. Portray the method of 3 clusters such as 

K-Means, FCM, and FWKM, includes PSO (EEOC). 
Table contains number of cluster, elapsed time in 
seconds and fitness value for the disparate input 
hyperspectral data. Commonly, fitness value 
dwindles indicates that segmentation result become 
magnified. The time complexity is too least in 
FWKM method which compare with others. Despite 
being k –means shows fitness value is lofty, its time 

complexity is lower than Fuzzy C-Means approach. 
Howbeit, Fuzzy C-Means’s fitness value is lower 
than the K-means. The numbers of clusters in all 
methods for various images are commonly equal as 
seven. Apparently, the given hyperspectral scene has 
nine enlightenment, both cluster methods has 
segregate two less than. The results were commonly 
executed with 10 iteration of PSO (EEOC) worked in 
MATLABv10.
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Table 4: Comparision of K-Means + PSO, FCM +PSO, FWKM +PSO 

INPUT SIZE 

K-MEANS + PSO FUZZY C-MEANS + PSO FAST K-MEANS (WEGHT) 
+ PSO 
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A
LU

E
 

PAVIA 
UNIVERSITY 

610 x 340 
x 103 

7 633.453s 51.534E
+7 

7 667.876s 45.698E
+7 

7 607.356s 37.764E
+7 

INDIAN PINES 145 x 145 
x 200 

7 61.29s 21.181E
+6 

7 62.724s 25.301E
+6 

7 59.560s 21.090E
+6 

SALINAS_A 83 x 86 x 
204 

7 21.585s 77.561E
+5  

7 21.663 71.162E
+5  

7 21.346s 65.787E
+5 

SALINAS 512 x 217 
x 204 

7 329.654s 12.789E
+7  

7 332.811s 15.039E
+7 

7 316.986s  8.360E+
7 

 
Conclusion: 

This paper is focusing on hyperspectral satellite 
images. An integrated image segmentation process 
based on inter-band clustering and intra band 
clustering was propounded. Besides, we proposed 
light weight swarm clustering solution entitled as 
Enhanced Estimation of Centroid (EEoC). EEoC has 
materially quickened restoration time. It has 
appreciably abbreviated the time complexity and 
efficiency of each position update. It has been 
handling for segmentation process on the diminished 
bands. Furthermore, Davies-Bouldin index has 
applied to determine the number of clusters. The 
dataset of hyperspectral satellite image was referred 
such as Pavia University, Indian Pines, Salinas A and 
Salinas. The hyperspectral bands are clustered and a 
band which has a maximum variance from each 
cluster is picked out. PSC confiscates the diminished 
set of band as input and produce the segmentation 
results. To be crisp, despite being K-Means segregate 
the straight lines properly, FCM segregated the 
curves genuinely. Howbeit, FWKM approach yield 
the pre-eminent result which compared with previous 
panorama. It segregated the curves as well as the 
straight lines of the given hyperspectral  data. The 
fitness value of FWKM is lower than other modus 
operandi. It indicates segmentation result in this 
method has magnified. The result is customarily 
compared with 10 iterations of PSO (EEOC) 
processed in MATLAB v 10. 
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