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Abstract
    Classification of Squid species based on their color, shape 
and texture features plays very important role to identifying 
the Squid species. In this study color and texture feature Squid 
species are extracted. Shape features were already extracted in 
previous study. There are many clustering algorithms based 
on which a comparative analysis of two popular clustering 
techniques namely k-Means and Fuzzy C-Means clustering 
techniques are applied to formSquid species feature clusters. 
The clustering performance of k-Means and Fuzzy C Means 
techniques are compared and analyzed.

Keywords: Squid species, Feature Extraction, Clustering, 
k-Means, Fuzzy C- Means.

Introduction    

Squid species are most diversified and member of the class 
cephalopoda[1]. They belong to the third trophic level in 
the food chain. Mari culture fauna are one of the most 
valuable and highly priced crustaceans & benthic foods 
India, as well as an important export commodity. Though 
widely distributed along the entire coast, major fisheries 
are located on the north-west, south-west, and south-east 
coasts [2]. They contain about 500 species for squids in 
different seas and oceans. The recognition of squid species 
without taxonomist is difficult, so needs to develop an 
automatic recognition system which overcomes this type 
of problem.

   In this work, the first step involves the Feature 
Extraction of color and texture features of different Squid 
species. Shape features were already extracted in previous 
study[7]. The second step consists of clustering the 
extracted features for grouping the similar and dissimilar 
data. In this study the Color Histogram method is used for 
extracting the Color Features. Color Histogram method 
is computationally efficient and it provides similarity 
metric. Whenever the changes occurred in view of angle, 
translation and rotation, it is simply solved by Color 
Histogram[3].
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   Color and Shape features are alone not sufficient to identify 
the Squid Species hence textural feature extraction is also 
preferred.In this paper texture of Squid images is built based 
on Gray Level Co-occurrence Matrix (GLCM)[4]. GLCM is 
a second order statistical texture analysis and it has several 
texture features. For Textural Feature Extraction of Squid 
images, four different types of texture feature values i.e. Entropy, 
Contrast, Correlation and Homogeneity are considered[5]. 
After extracting the features, Data Clustering is used to form 
the similar groups. Data clustering is a common technique 
for data analysis in various fields like image analysis, pattern 
recognition, machine learning and bioinformatics. Clustering 
techniques can find out the similarities and dissimilarities of 
groups. In this study, k-Means and Fuzzy C Means (FCM) 
techniques are applied for clustering the data. Finally, the 
feature clusters are validated using silhouette index value 
analysis[6].

Methodology
The main motive of this work is extracting the features color, 
texture and shape of Squid images. To form the clusters color, 
shape and texture features are very much useful to obtain the 
desired results. After extracting the features, k-Means and 
FCM clustering techniques are used to group the similar and 
dissimilar data on Squids image dataset. Squid species shape 
extraction was also implemented in our previous paper. The 
shape features of squids are extracted using Region of Interest.

Color Feature Extraction

There are so many methods to retrieve the color that is color 
histogram, color moments, auto correlogram etc. In this work 
color histogram is used to extract the color feature of Squid 
species. Histogram is displaying the distribution of data. Each 
color component of RGB image represents the joint probability 
of distribution values for three color channels and calculated 
the frequency of color index from 0 to 255. The RGB image 
follows the certain probability distribution moments having
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that distribution also used as a color feature vector. For 
distribution of color in an image characterize, three color 
moments i.e., Mean, Standard Deviation and Skewness are 
calculated. Mean considered as first moment, Standard 
Deviation considered as second moment and Skewness 
considered as third moment[8]. The formulas for Mean, 
Standard Deviation and Skewness are given below:

Where Kij is the value of ith color component of image 
block of j and N is the number of blocks in image. The 
color extracted values for squid species using color 
histogram as shown in table 1.
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Todarodes
Pacificus

132.7471 86.967 -0.7734 131.9485 86.6757 -0.7606 130.5666 86.1467 -0.7398

Collosal 31.7772 61.3764 1.6495 27.7492 54.2762 1.7572 34.1409 65.592 1.5968

Loligo
Vulgaris

56.425 84.7935 1.0038 48.3841 74.3499 1.1439 36.7074 61.5465 1.5553

Back
Squid

55.0938 81.855 1.0194 47.8459 71.5901 1.0663 35.6087 56.0012 1.3205

Illex 139.7667 123.5752 -0.2308 139.0953 123.1854 -0.2228 137.9142 122.4476 -0.2113

Table 1. Extracted Color Features of Squid using Color Histogram

Species Name Entropy Contrast Correlation Homogeneity

Todarodespacificus 7.3864 0.5318 0.9107 0.8818

Collosal 6.5153 0.4368 0.8882 0.9057

Loligo vulgaris 4.4392 0.9432 0.8896 0.8731

Backsquid 5.2495 0.4459 0.9421 0.8851

Illex 6.0228 0.8688 0.9212 0.8295

Table2. Squid Textural features extracted using GLCM
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Clustering

     Clustering is a second step in order to achieve the 
identification of Squid species. Clustering is the process of 
where the group of data in a set of similar objects is formed 
into one cluster and non similar objects are also formed into 
another cluster[11]. In this work image clustering mainly 
depends on color, shape and texture features of Squid species 
data.
k-Means clustering
   To partition the data set into clusters k-means algorithms 
mostly used clustering algorithm. The collection of objects can 
be grouping similar and dissimilar objects using unsupervised 
learning method that is k-means clustering algorithm. The 
function can separate the data into k number of groups of 
mutual clusters and also returns the index of each cluster. This 
function can form k clusters of n objects and finds each cluster 
which objects are more close to each other [12]. A given dataset 
split into specified number of clusters and observations are

Texture Feature Extraction

Since color and shape features are not sufficient for 
identifying the Squid species accurately, texture features 
are also considering for identifying the species. Texture 
feature extraction function is applied in several image 
processing applications like content based image retrieval, 
medical imaging and remote sensing etc. There are several 
texture feature extraction methods are available such as 
statistical methods, model based methods, wavelet transform 
information, and structural methods [9]. In this work 
Statistical methods are used for texture feature extraction. 
The statistical features for texture analysis are derived from 
the Gray Level Co-occurrence Matrix.

Gray Level Co-occurrence Matrix

Among all statistical methods Gray Level Co-occurrence 
Matrix (GLCM) is popularly applied in texture analysis and 
the results from co-occurrence matrices are better than those 

of other texture discrimination methods. The GLCM is a 
classic method of texture feature extraction and it is effective 
in image classification, image recognition, image retrieval, 
image segmentation and texture analysis methods. GLCM 
application to extract the texture feature occurs through 
the joint condition probability distribution of the image 
gray level to represent texture and calculates the local 
correlation of pixels to obtain the texture feature value. The 
GLCM is extensively employed in many fields and has been 
continuously improved. Therefore we applied GLCM to 
describe the texture features of squid species. In this work four 
types of statistical measures are calculated for Squid species 
that is Entropy, Contrast, Correlation and Homogeneity using 
following formulas [10]. The extracted texture features using 
GLCM as s hown in Table 2.
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randomly assigned to the clusters. In this problem each sample 
calculates the distance by using city block from observation to 
the centroid of cluster. The city block defines sum of absolute 
differences that is L1 difference. K-Means computes centroid 
clusters based on city block distance measures given in 
equation (8).

1
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In this equation x is an observation represents row of x and c is 
a centroid represents row vector.
The following algorithm describes k-means clustering 
algorithm.
Step 1: Choose initial centroids {m1,…,mk} of the clusters 
{C1,…,Ck}.
Step 2: Calculate new cluster membership. A feature vector xjis 
assigned to the cluster Ci if and only
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Step 4: If none of the cluster centroids have changed, stop 
the process.
Fuzzy C- means Clustering

The Fuzzy C- Means (FCM) algorithm is used to cluster the 
data and minimize the objective function. For data clustering 
most popularly used clustering algorithm is FCM. The main 
objective of FCM algorithm is partition a finite collection of 
elements that is X= [.. …] into a collection of fuzzy clusters to 
some given criterion. In this every data point must have one 
of the clusters. If points on a edge of a cluster may be in the 
cluster to a lesser degree than points in the center of the cluster 
[13] [14].

The FCM algorithm is minimizes the following objective 
function in equation (9).
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where U is a fuzzy partition membership matrix that is 
calculated from dataset X and V represents centroids of 
cluster. U and V represents as shown below
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Where m is fuzziness exponent is any real number greater 
than 1. n is number of data, C is the number of clusters, Uij is 
the degree of the membership of Xj in the cluster j, Xj is the jth 

of d-dimensional measure data.
Cluster Validation
  After clustering the data using k-Means and FCM, next step 
is evaluating the quality of clustering algorithm results. This is 
used for the situation of comparing two clustering algorithms. 
The cluster validation techniques are majorly classified into 3 
classes that is internal, external and relative cluster validation. 

In this work we choose internal cluster validation for checking 
the quality of clustering. It can validate the cluster without 
reference to external information and it can also estimate 
the number of clusters and appropriate clustering algorithm 
without using external data. Internal validation measures 
compactness, separation and connectedness of cluster 
partitions. For internal clustering validation combine the 
compactness and separation measures as follows[15,16].

(10)separationIndex
separation

α
β
×

=
×

Where α,β indicates weights.

Different methods are used for assessing the goodness of 
clustering i.e., silhouette and Dunn index to measure to 
determine the optimal number of clusters [17]. In this 
paper silhouette index is used for measuring how well each 
observation is clustered and computes average distance 
between clusters. The results are shown in table 3.

Mean Silhouette Analysis

0.71-1.00 Excellent cluster

0.51-0.70 Reasonable cluster

0.26-0.50 Weak cluster

≤ 0.25 Bad cluster

Table 3. General Analysis of Silhouette values
The silhouette index value ranges from -1 to +1. If the values 
close to -1 index value indicates data is in the wrong cluster 
and if the index value near to +1 refers properly clustering the 
data. The silhouette index value is calculated using following 
equation.

{ }
( ) ( )(1) (11)

max ( ), ( )
b i a iS

b i a i
−

=

where aj is the average distance from the jth point to the 
other points in the same cluster as j, and bj is the minimum 
average distance from the jth point to points in a different 
cluster minimized over clusters. For each observation, the 
silhouette index Si is calculated as follows:
1. For each observation jj, calculate the average 

dissimilarity ajbj between jj and all other points of the 
cluster to which j belongs.

2. For all other clusters CC, to which j does not belong, 
calculate the average dissimilarity d(i,C) of jj to all 
observations of C. The smallest of these d(j,C)is defined 
as bj= minCd (i,C).The value of ajbj can be seen as the 
dissimilarity between jj and its “neighbor” cluster, i.e., 
the nearest one to which it does not belong.

3. Finally the silhouette width of the observation j is 
defined by the formula: S(i)j=(bj−aj)/max(bj,aj).

Results and Discussion
This section describes the results after applying the k-means 
and fuzzy c means Clustering techniques and evaluated the 
clustering validity using silhouette index value.  Then the 
silhouette coefficient of k-Means and Fuzzy C-Means for 3, 
4, 5 and 6 number of clusters are determined. Based on the 
Silhouette index value the optimum number of clusters for 
Squid Species data is evaluated. The Silhouette index value
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Type of 
Clustering

silhouette 
index of 3 

clusters

silhouette 
index of 4 

clusters

silhouette 
index of 5 

clusters

silhouette 
index of 6 

clusters
k-Means 0.4827 0.6444 0.7381 0.6524

FCM 0.5451 0.7307 0.8389 0.7913

Table 4. Comparative analysis of k-Means and FCM 
silhouette values

of k-means and fuzzy c means for 3, 4, 5 and 6 clusters is 
presented in the table 4.

By observing table 4, silhouette index of 5 clusters is higher  

Figure 1. Silhouettes graphs for Squid species Color, Shape and Texture features using 
k-Means

than silhouette index values of 3, 4 and 6 clusters. Silhouette 
index of 5 clusters using Fuzzy C Means is more than that of 
using k-Means. The Silhouette index value using FCM with 5 
clusters is 0.8389 which is nearer to 1 is acceptable. Silhouette 
index valued nearer to 1 indicates Excellent Clustering. Here 
also we tried with 6 clusters using k-Means and Fuzzy C 
Means but gives the least silhouette index value comparing 
to 5 clusters. Silhouette graphs for  Color, Shape and Texture 
features of Squid species using k-Means is presented in Figure 
1. Silhouettes graphs for Color, Shape and Texture features 
Squid species using FCM is presented in Figure 2. Comparative 
analysis of k-Means and FCM silhouette values is graphically 
presented for better analysisi n figure 3.

Figure 2. Silhouettes graphs for Squid species Color, Shape and Texture features using FCM.

Figure 3. Comparison of k-Means and FCM
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Conclusions and Future Work
This paper provides the color and texture values extracted 
based on Squid species. In this work the color histogram, 
color Moments, GLCM feature extraction techniques are used 
to extract the features of Squid species. k-Means and FCM 
clustering techniques are used for grouping the similar images 
and validate the clustering techniques by using on silhouette 
index. Finally, FCM clustering technique produces higher 
accuracy while comparing to the k-Means for clustering 
the Squid species data. The further research will be carry to 
process of automatically retrieving the desired images from a 
large collection of database using fuzzy image matching.
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