Indian Journal of Science and Technology, Vol 10(17), DOI: 10.17485/ijst/2017/v10i17/109509, May 2017

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

An Enhanced Ant Colony Clustering Method for

Color Image Segmentation

V. Sheshathri* and S. Sukumaran

Department of Computer Science, Erode Arts and Science College, Erode — 638112, Tamil Nadu, India;

sheshathrieac@gmail.com, prof_sukumar@yahoo.co.in

Abstract

Objectives: The aim of segmentation process is to divide the image into homogeneous, self-consistent region or objects. The
segmentation algorithms try to make systematic uses of some physically measured image features. Methods/Statistical
Analysis: In the earlier research work, the researchers covered only multi resolution, quad tree structure, ant colony
optimization and Otsu method for segmentation object in gray scale but not for color images. To overcome these issues, the
segmentation for color image is focused on Enhanced Ant Colony Clustering (EACC) method. Findings: The proposed EACC
method has three main parts. The first part is used to isolate the components of the given color image including RGB pixel
values. The second part finds the clustering center with the help of combination of statistical and artificial selection. The
last part implements EACC algorithm to segment on color image. In the existing method of ACO, the processing time takes
longer time to segment the object. At the same time, while comparing the threshold value on existing method is lower than
current proposed method of EACC. Applications/Improvements: In this research work, the proposed method achieves
better segmentation in color image for the data sets Oxford Flowers 17, Weizmann Horse and MSRC dataset. Further, this
work may be extended to different type of images such as, multiband or multispectral images, satellite images, etc. Finally,
the experimental results are shown through Mat Lab R2013a.
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1. Introduction

Image segmentation is the basis of the image analysis for
critical steps to separate object from the background'.
Image segmentation directly affects effectiveness of the
follow-up image processing and even the success or fail-
ure of the whole image analysis process. So the role of
image segmentation is essential with the development of
the recently technologies. The uses of color image become
more and more popular. Thus, image segmentation has
attracted a lot of more attention.

In general, there are two different types of image seg-
mentation approaches, one is region-based and another is
contour-based. The region-based finds the region of pix-
els with similar characteristics such as a color. In contrast,
contour based detects the possible edges and to divide the
image into regions by these edges. Image segmentation
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is based on Genetic algorithm method and has optimal
threshold value to be widely applied. Therefore, in order
to quickly and effectively to obtain optimal threshold
value a better method can be used.

Image Segmentation partitions an image into distinct
regions containing each pixel with similar attributes. To
be meaningful and useful for image analysis and inter-
pretation, the regions should strongly relate to depicted
objects or features of interest. Meaningful segmentation is
the first step from low-level image processing transform-
ing a gray scale or colour image into one or more other
images to high-level image description in terms of fea-
tures, objects, and scenes. The success of image analysis
depends on reliability of segmentation, but an accurate
partitioning of an image is generally a very challenging
problem. Image segmentation techniques are either con-
textual or non-contextual. The latter take no account of
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spatial relationships between features in an image and
group pixels together on the basis of some global attribute,
e.g. grey level or colour. Contextual techniques addition-
ally exploit these relationships, e.g. group together pixels
with similar grey levels and close spatial locations.

However, in most of real images, there are not clearly
distinguishable marks between the target and the back-
ground. The optimal threshold is using a full search and it
does not need preprocess for the histogram, but it has the
sensitivity for target size and noise.

This paper is structured as follows. Section I intro-
duces the essential impression of segmentation for color
image. Section II describes the literature review analyzed.
In section III, explains in the existing method. In sec-
tion IV, the detailed formation of the future frame work
is presented. In Section V, experimental Results and dis-
cussions are briefly explained. Finally, Section VI makes
conclusion and future work.

2. Related Work

The evolutionary computing method has successfully
been applied on various discrete and continuous prob-
lems. Image segmentation plays on necessary role in
image processing and pattern recognition. The main pur-
pose of this is to divide areas that do not separate each
other is to select motivating target area. Many popular in
image segmentation is to be studied and analyzed.

An adaptive threshold segmentation method? based
on the wavelet. The genetic algorithm method? is to
improve the quality of the segmentation. An adaptive
PSO variant method is used in gray image segmenta-
tion®. Hybrid approaches based on an ACO with the Otsu
method®.

The color space conversion color cluster center and
merging of cluster center®. An image edge information
collection and merge different region of homogeneity”.
Ant colony optimization (ACO) is solving the color image
segmentation’. Probabilistic reasoning and conditional
random fields are used in to detect similar objects that
occur more than once within the scene®. These methods
are not considered to detect small intra-object regions but
to segment the objects of interest from the background.

An ant colony algorithm focused to solve the opti-
mization problem with long search time’. In swarm
algorithm™ that utilize image pixel data and matching
segment map to form a context in which stigmergy can
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occur. A regressive tree method which is used recur-
sive partitions'’. This method also gives good result in
segmentation but not optimal tree. Ant Colony System
(ACS) is a meta heuristic algorithm and derived from the
observation of real ants. The data parallelism method is
used in the ant colony system'2. Since each task of data
parallelism is executed by an individual processor the
data should distributed all process which takes long time.
An ant colony system is applied to perceptual graph of
digital images which is not cover for color image®.

A segmentation method for brain MR images using an
ant colony optimization algorithm'®. MR image support
only gray scale value. The segmentation algorithm which
integrates the genetic algorithm!'® with the ant colony
algorithm but this algorithm increases ant colony tra-
versal optimization. An ant colony based number plates
extraction method!® in edge detection while applying the
image segmentation. An ACO segmentation algorithm is
proposed to determine the optimum threshold value'”.
Even though this algorithm can be quickly and studiedly
to find out threshold value in non-linear way but not
covered target segmentation with its image background.
The fuzzy entropy method*® while it is applied to segmen-
tation of infrared object. This method is not applicable
entropy based object segmentation.

Even though many research works are studied and
analyzed for various model and techniques regarding to
color image segmentation, some are still lot of research
issues such as different color space segmentation, maxi-
mum processing time, are not rectified in color image
segmentation. In order to overcome the issues in exist-
ing system, there is a need to new proposal technique for
color image segmentation.

3. Existing Methodology

3.1 Ant Colony Optimization

Ant Colony Optimization algorithm (ACO) is a variety
of bionic development. It was encouraged by the surveil-
lance of authentic ant colony and is utilized to discover an
optimal way to food source in the food searching process.
There is large number of ongoing activity in the scientific
community to extend used to apply ant based algorithms.
Ant algorithms inspired by the observation of real cent
colonies. This algorithm, as a probabilistic search and
matching technique is discrete, parallel, and robust etc.
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Due to these features, ant algorithms has been success-
fully applied to a number of permutation optimization
problems like routing, scheduling, imaging processing
and task coordinate etc.

ACO takes inspiration from the aging behavior of
some ant species. These ants deposit pheromone on the
ground in order to make some favorable path by other
members of the colony. A substantial corpus of theoretical
results is becoming available that provides useful guide-
lines to researchers and practitioners. ACO is to introduce
ant colony optimization and to survey its notable applica-
tions. ACO is to find the shortest path that includes each
city to be visited once. In ant colony optimization, the
problem is tackled by simulating number of artificial ants
moving on a graph that encodes the problem itself. Each
vertex represents a city and each edge represents a con-
nection between two citizens.

4. Proposed Methodology for
Color Image Segmentation

4.1 Color Model or Space

In color image segmentation, there are two existing prob-
lems. One is to select a proper segmentation method and
another is to select a proper color space. There are so
many standard color models available in image process-
ing application. They are RGB color model, HSV color
model, HSI color model, CMY color model and YIQ
color model. For the sake of time, researcher considers
only RGB model.

RGB Color Model: In an RGB color model, three pri-
mary colors Red, Green and Blue from the axis of the
cube. Each point in the cube represents a specific color.
The RGB is an additive color model.

4.2 Enhanced Ant Colony Algorithm
Theoretical Foundation

An ant is one of the oldest social insects. It is a simple
structure and has individual behavior. An Ant colony
clustering algorithm can be used to address clustering
problem. Every data sample is treated as ants of different
attributes. While ants deposit some amount of pheromone
on their paths related to the food quality and amount, if
they find some foods on their paths. In many ant species,
individual ants are walking to and from a food source
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deposit on the ground a substance called a pheromone.
Ants can smell pheromone and follow pheromone with
some probability. The more number of ants tracing the
given path, more attractive path becomes larger.

4.3 Extracting the Feature of an Image

An image contents may be target, background, boundary,
noise and the purpose of feature extraction. The feature
extraction is to find out the difference in the content char-
acteristics.

RGB values: In a color image, primary features are
separated from the original image. This algorithm is based
on red, green and blue color space. For faster arithmetic
speed, the system selects individual value of RGB.

Image gradient: Boundary points or noises are hap-
pened in the position of gray mutation. System can
extract the image gradient as the difference between the
boundary points and area points of the image.

The image neighborhood: For an image which exist
higher gradient boundary points and noise points, it can
be differentiated by a neighborhood whose size is 3 x 3. If
pixel value is 8, it is known as area of the image. If pixel
value is 6, it is called boundary point. If the pixel value is
4, it is called noise point.

4.4 Setting the Clustering Center

The original Enhanced ant colony clustering algorithm
requests that each pixel value does a classification for color
image in each round of cycle. Even though the analysis of
color image characteristics, the improved clustering cen-
ter is determined. Using color RGB values the gradient
and neighborhood that match with the different content
in an image as a clustering center. The method attempts
adaptively to define number of color clusters and cluster
center points optimally, and assigns pixels to their nearest
clusters. It terms out to be faster and more efficient.

4.5 Principles of the Enhanced Ant Colony
Clustering (EACC) Algorithm

An Enhanced Ant Colony Clustering Algorithm is a kind
of automatic progress in color image segmentation. This
algorithm was expectant by the surveillance of real ant
colony and utilized to discover the optimal path to food
source to nest. Many ants are called as social insects and
live in colonies. They are heading for by with help of the
behavior more and more to the survival of the colony as
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a whole than to that of a single individual component of
the colony. The most important and interesting behavior
of ant colonies are used to find the shortest path between
the food source and their nest. As shown in figure 1, some
ants travel as of their nest to hunt for food at the similar
time toward on the way to two different directions.
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Figure 1. Ant Movement from nest to food and back (a) Ants
start finding the food and (b) Pheromone is more density on
the shortest path (c) ants finally choose the shortest path.

There are two group of ants’ travel path available.
Individual group of ants decide on the path with the
intention of turns out to be shortest path at the same time
as the other group of ants take the longer distance path.
The ants moving in the direct path go back to the nest
earlier and the pheromone compactness is automatically
thicker than the deposited in the longer path. Other ants
in the nest have high probability to go after the shortest
route. These ants also deposit their own pheromone on
the path. More and more ants are soon attracted to the
path and hence the shortest route is established from nest
to food source.

4.6 Enhanced Ant Colony Clustering
(EACC) Algorithm for Image Segmentation

When giving the original image X, each pixel X [i, j, k],
(i=1,2,...M *N), (j=1,2,....M * N) and (k=1,2,....M * N)
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is regarded as an ant. Color feature extraction can be done
as three dimensional above vector space. Image segmen-
tation is the process of different characteristics of ants
searching for a food sources. The complete detailed pro-
posed flow chart is shown in the Figure 2.
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Figure 2. Image segment using enhanced ant colony
clustering method.
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The details algorithm is shown in Algorithm 1.

Algorithm 1. Enhanced ACO Algorithm

//Input: Color Image

/I Output: Segmented Image

Step 1: Load color image from the internet

Step 2: Transfer image data into matrix format whose

sizeis M *N
Step 3: Each gray scale matrix value corresponds to an
ant

Step 4: Select the clustering center in manually

Step 5: Initialize center parameter, threshold clustering
center, merging threshold

Step 6:  Count the RGB values of each pixel through
global travel and determine the number, RGB
value of clustering centers

Step 7:  Merger two clustering center between the
classes according to the threshold value

Step 8: [Initialize cyclic parameter, maximum cyclic
time and clustering radius, amount of
information

Step 9:  Start clustering cycle times. Cycle times
NC=NC+1

Step 10: For each ant determine the following parameters
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Step 11: Calculate transition probability of the pixel

to the clustering center.
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Step 12: Repeat the cycle until the last value meets the end
condition.
Step 13: Finally display the Original and segmented image.

5. Experimental Result and
Discussions

The experiment is carried out with the dataset such as
(i) Oxford Flowers 17 data set (1360 Images) (ii) the
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Weizmann horse data set (328 Images) and (iii) the
MSRC object category data set (240 Images) by the pro-
posed method. Some necessary parameters are default set
automatically. The definition of threshold T adopts the
mid-point method between minimum and maximum
values in the image. The threshold determination defined
as

_ maxvaelue + minvalue

2

T

e
(3]

Figure 3 shows the original image and proposed seg-
mented image for oxford flower 17 data set. Similarly
figure 4 and 5. are represented original images and pro-
posed segmented image of the Weismann horse and
MSRC data set of experimental research work. Even
though the existing method of ACO showed the normal
image quality and compared with the original images
from the different color images. The proposed enhanced
ant colony clustering method gives the better expected
results while comparing the existing method.
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Figure 3. Oxford flowers 17 data set: first row is original
image and second row is segmented image.
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Figure 4. Weizmann horse data set: first row is original
image and second row is segmented image.
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Table 1. Comparison Table

Datasets Analysis Image 1 Image 2 Image 3
Factor ACO EACO |ACO |EACO |ACO |EACO
Oxford Processing | 26.30 23.48 28.59 | 26.75 27.84 | 24.67
Flowers 17 | Time (ms)
Thr. Value | 115 124 920 112 85 97
Weizmann | Processing | 30.15 27.38 32.37 | 30.16 26.85 | 24.68
Horse Time (ms)
Thr. Value | 118 126 96 106 83 102
MSRC Processing | 29.18 26.71 30.67 28.93 31.47 29.82
Time (ms)
Thr. Value 127 130 94 102 79 88
B Figure =@ = [ @Fewel S =] =®

After many color images are done experimentally, the
existing and proposed comparison table is generated. This
table is shown in Table 1. The corresponding comparison
chart is given in the Figures 6 and 7 for sample image 1.
The chart presents the existing methods take long process-

ing time with less threshold values. Whenever increasing
| the threshold value, the proposed method reduces the
P processing time and gives better quality image.
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6. Conclusion

Color image segmentation has extremely complicated task
in image segmentation research work. A new Enhanced
Ant Colony Clustering (EACC) algorithm is proposed
in this paper. The new method retains both advantages

Figure 5. MSRC object category data set: first row is original
image and second row is segmented image.
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