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Abstract-The social insect metaphor for working out arrays of
predicaments has become promising vicinity in latest years
focusing on indirect or direct interactions among various
agents. Swarm Computing has a multidisciplinary character
as its study provides insights that can help humans manage
complex systems that offer an alternative way of designing
intelligent systems which emphasises on the emergent
collective intelligence of groups of simple agents. Classification
is the computational procedure [3] [5] that sort the images into
groups according to their similarities. Numerous methods for
classification have been developed and exploring new methods
to increase classification accuracy has been a key topic. Ant
Colony Optimization (ACO) [2] [6] is an algorithm inspired by
the foraging behaviour of ants wherein ants leaves the volatile
substance called pheromone on the soil surface for the purpose
of foraging and collective interaction via indirect
communications. This paper focuses on improved
Methodology of Swarm Computing for classifying imagery
exploring various techniques such as IASC (Improved Ant
based Swarm Computing), DWT [15] (Discrete Wavelet
Transform) and SVM [1] (Support Vectors Machines) for edge
detection [14][15][19], feature extraction[10], feature selection
[12], and finally image classification [5][6].
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I. INTRODUCTION

Swarm Computing [5] system has the capability to operate
in a coordinated manner with no any coordinator or exterior
controller. In scrupulous the discipline focuses on joint
behaviour those upshots from local interactions with each
other and with the surroundings. Instance of systems
studied by Swarm Computing is colonies of ant and
termites, school of fish, flocks of birds, herds of land
animals. The problems vary ranging from a Travelling
Salesman Problem (TSP) [9][13]to Edge detection[18][19]
to Image classification [3][5][6].

Image of elevated dimensions can be produced with the
advancement in image capturing appliances; the crucial
setback in Image processing field is to reveal constructive
information by assembling the images into significant
categories. Several methods for classifying imagery is
available in the literature such as traditional, statistical,
knowledge based, neural networks, and other artificial
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intelligence methods. However, the above mentioned
methods still generate flaws as the complexities of images
increases.

Edge detection [18][19] is one of the imperative ingredients
of image processing. It is effectively implicated in the pre-
processing stage of image analysis and identifies the outline
of an image thus providing important details about it. So, it
significantly lessens the content to process for the high-
level processing assignments like object recognition and
image segmentation. The most important step in the edge
detection, on which the success of production of true edge
map depends, lies on the determination of threshold.

DWT [15](Discrete Wavelet Transform) is the multi-
resolution description of an image, a mathematical tool for
hierarchically decomposing an image where the decoding
can be processed sequentially from a low resolution to the
higher resolution. In ACO, as colonies ant reacts speedily
and effectively with the environment. They find shorter
path to the best food source, assign workers to various
tasks, and defend their territory from enemies. Ant colonies
make these possible by countless interactions between
individual ants. This coordination among the ants doesn’t
stem from ‘centre of control’ rather each ant acts only on
the local information. The goal of SVM is try to tackle the
nearest distance between a point in one class and a point in
the other class being maximized and illustrate a hyper plane
[1] to classify two categories as apparently as possible.
SVM (Support Vectors Machines) has shown its ability in
various fields of pattern recognition, the aim of SVM in this
paper is to prove its potential along with Advanced Ant
Based Swarm Computing technique to classify images.

In this paper, intention of image classification inspired from
Ant colonies is fulfilled using Improved Ant Colony
Optimization named as IASC (Improved Ant based Swarm
Computing). For Edge Detection [16][18][19] Improved
Ant based method has been implemented, further for
Feature extraction and feature selection, DWT is employed
and a traditional base classifier SVM [1] along with
Improved Ant based method is used to further classify
imagery.

A. Discrete Wavelet Transform (DWT)

Discrete Wavelet Transform (DWT) is a mathematical tool
for hierarchically decomposing an image [17]. It is useful
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for processing of non-stationary signals. The transform is
based on small waves, called wavelets, of varying
frequency and limited duration. Wavelet transform
provides both frequency and spatial description of an
image. Unlike conventional Fourier transform, temporal
information is retained in this transformation process.
Wavelets are created by translations and dilations of a
fixed function called mother wavelet.

DWT is the multi-resolution description of an image the
decoding can be processed sequentially from a low
resolution to the higher resolution [15]. The DWT splits the
signal into high and low frequency parts. The high
frequency part contains information about the edge
components, while the low frequency part is split again into
high and low frequency parts. The high frequency
components are usually used for feature extraction since the
human eye is less sensitive to changes in edges [14].
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Figure 1: The three-level DWT decomposition[15].

In two dimensional applications, for each level of
decomposition, we first perform the DWT in the vertical
direction, followed by the DWT in the horizontal direction.

After the first level of decomposition, there are 4 sub-bands:

LL1, LH1, HL1, and HHI1. For each successive level of
decomposition, the LL sub band of the previous level is
used as the input. To perform second level decomposition,
the DWT is applied to LL1 band which decomposes the
LL1[15] band into the four sub bands LL2, LH2, HL2, and
HH2. To perform third level decomposition, the DWT is
applied to LL2 band which decompose this band into the
four sub-bands — LL3, LH3, HL3, HH3. This results in 10
sub-bands per component. LH1, HL1, and HH1 contain the
highest frequency bands present in the image tile, while
LL3 contains the lowest frequency band. The three-level
DWT decomposition is shown in Fig.1.

DWT is currently used in a wide variety of signal
processing applications, such as in audio and video
compression, removal of noise in audio, and the simulation
of wireless antenna distribution [8]. Wavelets have their
energy concentrated in time and are well suited for the
analysis of transient, time-varying signals. Since most of
the real life signals encountered are time varying in nature,
the Wavelet Transform suits many applications very well.
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The continuous wavelet transform (CWT) of a finite energy
signal x (t) (x (t) [ L* (R)) is defined as the sum
over all time of the signal multiplied by scaled, shifted
versions of the wavelet functions y:

ey =j:.f_"_'x.1ma(? g [1]

WTF:(E, fl:') = r(t), Pz (t) > [2]

Where, m-FT:-;En rl;'ﬂt is a function of scale and position
(Wavelet coefficients).
Calculation of wavelet coefficient at every possible scale
may not always be feasible thereby in practice only some
discrete scales and positions are chosen while using DWT.

B. Ant Colony Optimization(ACO)

Ant Colony Optimization [2][7] is a comparatively new
population based move toward problem solving that takes
idea from the social behaviour of the ants. ACO is an
iterative algorithm wherein at each iteration; a number of
artificial ants build the solution by walking from vertex to
vertex on the graph with the constraint of not visiting any
vertex that she has visited on her walk. At the end of an
iteration, on the basis of the quality of solutions
constructed by the ants, the pheromone values are modified
in order to bias ants in future iteration to construct solution
similar to the best ones previously constructed. Different
ants take up different paths to accomplish the food source
[9] [13] and leave the substance (Chemical) on the soil i.e.
pheromone based on the reality that higher concentration
of pheromone is dropped on shorter paths and smaller
concentration on stretched paths. Here, the collective
behaviour of the ants provides intelligent way outs for
finding the shortest path from the nest to the food source.
If a single ant finds a shorter path and deposits higher
concentrations on the way to food source then all the other
ants gets magnetized toward the higher concentration and
hence following the shorter path.

Artificial ants are like real ants [9] [13]with some major
differences:1) Artificial ants have memory, 2) They
aren't completely blind, 3)They live in a discrete time
environment.

However they have some adopted characteristics from the
real ants, like 1) They probabilistically prefer path with a
larger amount of pheromone, 2)Shorter path is true path,
larger is the rate of growth in the pheromone concentration,
3)They communicate to each other by means of the
amount of pheromone laid on each path.

The underlying mechanism for real ant system is illustrated
in Figure 1 [9] [13] [17] [18][19]. Ants communicate with
each other using pheromones. In species that forage in
groups, a forager that finds food marks a trail on the way
back to the colony; this trail is followed by other ants
(Figure 2 (a)), these ants then reinforce the trail when they
head back with food to the colony. When the food source
is exhausted, no new trails are marked by returning ants
and the scent slowly dissipates. This behaviour helps ants
deal with changes in their environment. For instance, when
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an established path to a food source is blocked by an
obstacle (Figure 2 (b)), the foragers leave the path to
explore new routes (Figure 2 (c)). If an ant is successful, it
leaves a new trail marking the shortest route on its return.
Successful trails are followed by more ants (Figure 2 (d)),
reinforcing better routes and gradually finding the best
path.
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Figure 2 (a): Ants moving from nest (source) towards
its food (Destination) [9] [13] [17] [18][19].
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Figure 2 (b): An obstacle placed on the way between
[91 [13] [17] [18][19].

nest and food

Figure 2 (c): Ants randomly choosing the path [9] [13]
[17] [18][19].

Figure 2 (d): Shortest path chosen by maximum ants
based on pheromone deposits [9] [13] [17] [18][19].

C. Support Vector Machine(SVM)

Support vector machine (SVM) is supervised [1] model that
is associated with learning algorithm which used to analyze
data and recognize patterns used for segmentation and
classification. Support vector machine is the representation
of the examples as points in space. SVM [1] can also be
used to perform non-linear classification using kernel trick,
which implicitly mapped their inputs into high-dimensional
feature.

When given a set of points which belong to either of two
classes, a linear SVM finds the hyper plane leaving the
largest possible fraction of points of the same class on the
same side, while maximizing the distance of either class
from the hyper plane. In simple form, a support vector
machine constructs a hyper plane or set of hyper planes in
high or infinite-dimensional spaces, which can be used for
classification, regression or other tasks. Intuitively a good
separation is get by the hyper plane that has the nearest
training data point of any class. The hyper plane in the
higher-dimensional space is defined as a set of points
whose dot product with a vector in that space is constant.
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The vector defining the hyper plane can be choosing to be
linear combinations with parameter ; of image of feature
vectors that occur in the database. With this choice of a
hyper plane, the points x in a feature space that are mapped
into the hyper plane [1] are define by the relation:

E e Ky a) = canstans |, If K(x , y) becomes small
as y grows further away from x, each term in the sum
measure the degree of closeness of the test point x to the
corresponding database point x.

1) Optimal separating hyper plane

Let (X;, ¥i) 1<i<n be a set of training examples, x;1 R"
and belongs to class labeled by y; I {—1, 1}. The aim is to
carry out the equation of a hyper plane which divides the
set of examples such that all the points with the same label
are on the same side of the hyper plane. This means find w
and b such that

yilw-x; +0) >0, i=1,...,] N [3]
If a hyperplane is present satisfying equation (3), the set is
said to be linearly separable. In this case, it is always
possible to rescale w and b such that

1c1f11_i(11\_ yilw-x; +b) =21, 1=1,....] N
So that the closest point to the hyperplane has a distance of
1/||w]||. Then equation (3) becomes
yilw-x; +b)>1 [4]

Among the separating hyperplanes, the one for which the
distance to the closest point is maximal is called Optimal
Separating Hyperplane (OSH). Since the distance to the
closest point is 1/|[w||, determining the OSH amounts to
solve the following problem:
Minimize, Y w.w; under constraint [3] [5]
The quantity 2/|jw]| is called the margin and thus, the OSH
is the separating hyperplane which maximizes the margin.
The margin can be seen as a measure of difficulty of the
problem: the smaller the margin is, the more difficult the
problem is. The larger the margin is, the better the
generalization is expected to be (as given in Figure 3
below).

. maximum margin

Figure 3: Hyperplanes separate [1] correctly the training
examples. The Optimal Separating Hyperplane on the
right hand side has a larger margin and is expected to give
better generalization.

Since w” is convex, minimizing equation (5) under linear

constraints (4) can be achieved by the use of Lagrange
multipliers. Let us denote the N non negative Lagrange
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multipliers associated with constraints (4) by a = (a;, a...
o). Minimizing equation (5) amounts to finding the saddle
point of the Lagrange function:

N

1
Liw.b.a)= Ew W — Zm[y,[w -x;+b) 1]
i=1 [6]
To find this point, one has to minimize this function over w
and b and to maximize it over the Lagrange multipliers o; >

0.
The hyperplane decision function is written as:

N
f(x) = sgn (Z X - X+ b)

i=1

[7]

2) Linearly non-separating case
If the data are not linearly separable, the problem of finding
the OSH becomes meaningless. To allow the possibility of
examples violating (4), one can introduce slack [1]
variables (§;, &, ...... , &) with &> 0 such that
yuw-x; +b)>1-§&,1=1....,] N

Ui +b) ¢ [8]
The purpose of the variables & is to allow misclassified
points. Points which are misclassified have their
corresponding & > 1, so that Y& is an upper bound on the
number of training errors. The generalized OSH is then
regarded as the solution of the following problem:
Minimize

1 a

W W+ (&) Z &

: [9]

Subject to constraints (8) and & > 0. The first term is
minimized to control the capacity learning = as in the
separable case; the purpose of the second term is to keep
under control the number of misclassified points. The
parameter C is chosen by the user, a larger C corresponding
to assigning a higher penalty to errors. In analogy with what
was done for the separable case, the use of the Lagrange
multipliers leads do the following optimization problem:
maximize

N N
W) = Zn; — 3 Z QO Y Y XX
i=1 i,j=1
: [10]
Subject to: FfL, & ¥ =0 and 0 e =C. The only difference
from the separable case is that now the o; have an upper
bound of C.

1. PROPOSED WORK
The entire work of classifying imagery is defined using
the following steps:
1. Edge detection using Advanced Ant based Swarm
Computing (AASC).
2. Database creation for Imagery.
3. Feature extraction and feature selection using

DWT.

4. Image classification wusing traditional base
classifier SVM along with Advanced Ant based
Swarm Computing (AASC).
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The proposed work focuses on applying methods of
Improved Ant based Swarm Computing (IASC), Discrete
Wavelet Transform (DWT) [15] and Support Vector
Machine (SVM) [1] to images. Firstly the foreground
region from the image is extracted to get the region of
interest from the input imagery. There after IASC algorithm
is applied to input image, which gives the edges of image
(Edge Detection) [19]. The features obtained and selected
are based on wavelet of image using DWT which are stored
with image type (category) in the database created. DWT
basically finds the 3 level energy of an image by finding the
mean value of the image which is nothing but the energy of
the image at that particular level wherein the energy is
stored in an array to be saved in the database. Now new
input imagery is given as an input to IASC for obtaining
features of the image. Now this new features of images are
compared to features stored in database to obtain class of
image. Each of the images from different category is re-
ranked based on the histogram and Eigen value features.
Support Vector Machine and IASC are used to obtain the
class of image from the database and classification of the
image based on features. Finally, re-ranked list is displayed
highlighting the best matching image from the selected
category which matches the query image.

A) Improved Ant based Swarm Computing (IASC) [19]
ACO-based advances to edge detection and classification of
imagery utilizes a decision rule based on Ant System (AS)
being leading algorithm based on foraging act of ants i.e.
ACO. Continually since its development, quite a few
accompaniments have been made to traditional ACO and
from amongst which ACS is one. This paper emphasizes on
a technique called IASC resulting from facets of ACS
where one of the significant aspects is formation of decision
rule, the pseudorandom proportional rule.

Several modifications have been proposed on the existing
ACO algorithms to generate IASC: Firstly, Initialization
process: assigned to pheromone matrix, weights assigned [2]
[4] to calculate the heuristic function ACS based rule for
Construction process, modified decision process based on
selection of threshold value calculated using Otsu’s method
[4] and finally using the calculated threshold, pheromone
matrix is used to classify each pixel either as an edge or a
non-edge.

An M x N 2-D image can be represented as 2-D matrix [19]
with image pixels as its elements. In the representation used,
each pixel in the image represents both a node and an edge
in the graph. A pixel represents a node because locations in
the graph are associated with pixel locations: ants move
from one pixel to another. At the same time, it also
represents an edge because the heuristic information is
determined from the local variation of the image’s intensity
values and hence, is associated with a pixel location in the
image. The components of the pheromone and transition
matrices are associated with pixels in the image. The
algorithm consists of three main steps. The first is the
initialization process. The second 1is the iterative
construction-and-update process, where the goal [19] is to
construct the final pheromone matrix. The construction and-
update process is performed several times, once per
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iteration. The final step is the decision process, where the
edges are identified based on the final pheromone values.

1) Ant Based Initialization Process:

Each of the ants is assigned a random position in the image.
The initial value of each element in the pheromone matrix
1S set to a constant, which is small but non-zero. The
heuristic information matrix is constructed. In the
initialization process, each of the K ants is assigned a
random position in the M image. The initial value of each
element in the pheromone matrix is set to a, which is small
but non-zero. Also, the heuristic information matrix is
constructed based on the local variation of the intensity
values. The heuristic information is determined during
initialization since it is dependent only on the pixel values
of the image. The initial value of each component of
pheromone matrix © (0) is set a fixed value tinit as
1/(M1M2).

Till date no standard method has been explained to
initialize the pheromone matrix, so an initial value has been
assigned for the pheromone matrix which will allow the
ants to explore other pixels that may be considered as edge
pixels.

2) Heuristic Function Calculation:

Heuristic information [4][5][19] which is used to determine
the probability using which ants moves from one pixel to
another. In the proposed method we have used weights to
for calculating the heuristic value. As the ant moves farther
the weight is reduced. This gives addition information
about the neighbourhood to calculate transition probability.
In this step modification done is in formation of new clique
and addition of two new kernel functions. In the
construction process, selected ant will move on the image
for L movement-steps & this process will be repeated in
each construction step and till each ant moves on image.
The selected ant moves from node (1, m) to its neighbouring
node (i, j) according to the transition probability [4][5]that
is defined as follows:

f gih 0 .
-1\ .§
(m) [T"-‘ ) )

. _ E
j:.'..‘.'aj.:r._fl fn=1\"; 3
Cseaun (my ) (i)

[11]

Where, z*1is the pheromone value of the node (i, j), Q,

“

my 18 the neighbourhood nodes of the node (I, m), n;
represents the heuristic information at the node (i, j). The
fixed value a and B represent the influence of the
pheromone matrix and the heuristic matrix, respectively.

There are two essential issues in the construction process.
The first issue is the determination of the heuristic
information n; in (12). In this paper, it is proposed to be
determined by the local statistics at the pixel position (i, j)
as

Wi = V/EV, (Eun ) [12]
where Z =) i-i.mi)j-1m2Ve (Ii,j), which is a normalization
factor, I;;is the intensity value of the pixel at the position (i,
j) of the image I, the function Vc (I;,j) is a function of a
local group of pixels c (called the clique), and its value
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depends on the variation of image’s intensity values on the
clique c (as shown in figure 3).
More specifically, for the pixel Ii,j under consideration, the
function V. (L;;) is
V(tij) = fllizjms—~liszjoal + Nliogjma—Tivn ol
+ |f|'—1,j—1_lr|'+1,,-+1| + |f£—1._f‘{-‘1,,=|
+ |f|—],)+17‘r|—1,,'—1| + |J:—1._r+27'r!—1,,'—2|
+ |f|'.,|'-1_f:'.,i+1|} + |fé.1'-1‘f5_,=+1| [13]
To determine the function f(x) in [13], the following four
functions are considered in this paper; they are
mathematically expressed as follows and illustrated in
Figure 2, respectively.

Flx)=m, forx=q, [14]

Flx) =m®, forx =0, [15]

Flx) = {.s'm (ml}ﬂﬁ;g ¥k 16]

Flr) = {—msm;“ Y O xsk [17]
@ alrs

The parameter A in each of above functions [14]-[17]
adjusts the functions’ respective shapes.

The second issue is to determine the permissible range of
the ant’s movement [19] (i.e., £ m) in [11]) at the position
(I, m). In this paper, it is proposed to be either the 4-
connectivity  neighbourhood or the 8-connectivity
neighbourhood, both of which are demonstrated in Figure 5.
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Figure 4: A local configuration [4][5] [19] at the pixel
position Ii,j for computing the variation V¢(li,j) defined in
[13]. The pixel Ii,j is marked as gray square.

(a) ib)
Figure 5: Various neighbourhoods (marked as gray regions)
of the pixel i, (a) 4-connectivity [4][5] [19]
neighbourhood; and (b) 8-connectivity neighbourhood.

3) Ant Based Decision Process:

Finally, a modified decision process and the modification is
in the selection of new threshold. Here pheromone matrix is
used to classify each pixel either as an edge or a non-edge.
The decision is made by applying a threshold T on the final
pheromone. The threshold T is computed based on Otsu
technique [4] as specified earlier. The initial threshold T
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is selected as the mean value of the pheromone matrix. The
entries of the pheromone matrix are classified in two parts
as:

(a) Those entries of pheromone matrix whose value is less
than T©

(b) Those entries of pheromone matrix whose value is
larger than T

Then the new threshold is calculated [12][14] by taking the
square of two mean values of each of the two categories and
then taking their average. The complete process is repeated
again and again until the threshold value becomes constant
(in terms of user defined tolerance).

I11. EXPERIMENTAL / SIMULATION RESULT
Experiments were carried outed using numerous
ordeal illustrations. The proposed method i.e. AASC based
edge detection, DWT based feature extraction and selection
and SVM and finally Improved ACO based classification
were implemented using Matlab R2011a. The program is
run on a PC with an Intel (R) Core (TM) i5: 2400CPU @
3.10 GHz; 4 GB RAM and 32 bit Operating System.
Parameters, its significance, values for each parameter [19]
used for experiments are summarized in following table:

Table 1 Parameters used in Experiments
Paramets Significance

Tinit Initial pheromone value

No. of iterations

No. of construction steps
No. of ants

Influence of pheromone
Influence of heuristic value
Pheromone decay
coefficient

p Pheromone evaporation
coefficient

Table 2 Parameters value used in Experiments

< ™| |R|C|Z

Parameter s Value

Tinit
1/MM,
1-25
50
256
1
1
0.05
0.1

o ke e R ICZ

Table 3 Output Parameters generated via Experiments
Parameters
Execution / Processing Time (Time
Required)
Figure Of Merit (FOM)
Kappa value
Peak to Signal Noise Ratio (PSNR)
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Several images has been considered and tested. In the
experimental / simulation results, three images: Designer
Door, Bath Room, Living Room, has been projected as
Image 1, Image 2 and Image 3 respectively.

Several edge detectors and classifier is available in the

literature. In the simulation result given below, we have

highlighted the proposed methodology of Image

Classification known as: Improved Ant based classifier in

terms of Execution / Processing Time (time required),

Figure Of Merit (FOM), Kappa value and Peak to signal

Noise Ratio (PSNR).

The simulation is highlighted in the following manner:

STEP 1: New database for imagery is created and several
categories (Unlimited) of images are entered and
stored in the database (as shown in Result 1 &
Result 2 given below).

STEP 2: Images are inserted in each category created in the
STEP 1. As and when, the images are inserted,
the foreground information of image is extracted,
edge is detected using Improved ACO, energy
level feature of the edge detected image is
evaluated and further the Eigen Value and
Histogram of the image is evaluated (as shown
in Result 3 given below).

STEP 3: Subsequently, energy level of the input image is
calculated, list is re-ranked, input image is
compared with images from the category
database and the best matching image 1is
extracted thereby classifying the input image in
that category.

The various input images that had been inserted in the

category database are shown below (Image 1, Image 2 and

Image 3) along with the outcome of STEP 3.

Result 1:
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Result 2:
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IV. CONCLUSION
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been tabulated:
Parameters By IASC-CI
Time required 1.92 seconds
Figure Of Merit 0.89
Kappa Value 19.04
PSNR 64.126 dB

For Bath Room (Image 2), the following values have been

tabulated:
Parameters By IASC-CI
Time required 2.32 seconds
Figure Of Merit 0.892
Kappa Value 19.081
PSNR 63.162 dB

For Living Room (Image 3), the following values have

been tabulated:
Parameters By IASC-CI
Time required 2.22 seconds
Figure Of Merit 0.921
Kappa Value 19.14
PSNR 62.240 dB
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In this paper, an improved methodology termed as IASC-CI
(Improved Ant based Swarm Computing for Classifying
Imagery) has been proposed and result highlights the
quality performance based on the above mentioned
parameters. As per the conclusions and experiment, it leads
to the following research directions:

1.

Edge detection is highly dependent on the lighting
conditions, density of image and noise. Therefore, an
automatic detector that [19] adjusts the factors
mentioned to provide better edge detection is required.
Threshold value is determined in this paper using
Otsu’s method which gives a comparatively better
outcome but if multiple thresholding techniques can be
available applying each one when the scene conditions
are most ideal.

Classification has been performed in this paper using a
base classifier SVM with proposed method IASC-CI.
A hybrid swarm based

method can be developed using ACO (Ant Colony
Optimization), PSO (Particle Swarm Optimization) and
FPAB (Flower Pollination by Artificial Bees) to yield
better outcome thereby increasing the Figure Of Merit,
Processing time and accuracy.

REFERENCES
Olivier Chapelle, Patrick Haffner, and Vladimir N. Vapnik,
“Support Vector Machines for Histogram-Based Image
Classification”, IEEE Transactions on Neural Networks, Volume 10
(5), September 1999.
M. Randall, A. Lewis, “A parallel implementation of ant colony
optimization,” Journal of Parallel and Distributed Computing, vol.
62, pp. 1421-1432, Sep. 2002.
Pal M, Mather P M. “An assessment of the effectiveness of decision
tree methods for land cover classification”. Remote Sensing
Environ, 86:pp. 554-565, 2003.
Aksoy S, Koperski K, Tusk C, et al. “Learning Bayesian classifiers
for scene classification with a visual grammar”, IEEE Transaction
on Geo science Remote Sensing, volume 43(3), pp. 581-589, 2005.
S.N.Omkar, Manoj Kumar M, Dheevatsa Mudigere, Dipti Muley,”
Urban Satellite Image Classification using Biologically Inspired
Techniques”, In IEEE International Symposium on Industrial
Electronics, 2007.
Q. Yin, and P. Guo, “Multispectral Remote Sensing Image
Classification with Multiple Features,” Proceedings of International
Conference on Machine Learning and Cybernetics, volume 1, pp.
360-365, August 2007.

www.ijcsit.com

[7]

(8]

9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

T.Piatrick, E.Izquierdo, “An application of Ant Colony
Optimization to Image Clustering”, In proceedings of K-Space
Jamboree workshop, 2008.

Xiaoping Liu, Xia Li, Lin Liu, Jingiang He, Bin Ali,” An innovative
method to classify Remote Sensing Images Using Ant Colony
Optimization”, IEEE Transaction on Geo science Remote Sensing,
volume 46 (12), 2008.

Rebika Rai, Tejbanta Singh Chinghtam, M.K.Ghose, 2009,
“Optimization of Autonomous Multi-Robot Path Planning &
Navigation using Swarm Intelligence”, In National Conference
on LEAN Manufacturing Implementations : The future of Process
Industries (LEMAN ), 2009.

Peng Xiao, Jun Li, Jian-Ping LI3, “Ant colony Optimization
Algorithm for Image Extracting”, IEEE, 2010.

Simranjeet Kaur, Prateek Agarwal, Rajbir Singh Rana, “ Ant
Colony Optimization: A technique used for Image Processing”,
1IJCST, volume 2 (2), 2011.

Ling Chen, Bolun Chen, Yixin Chen, “Image Feature Selection
Based on Ant Colony Optimization”, In proceedings of 24"
International conference on Advances in Artificial Intelligence,
pp.580-589, 2011.

Rebika Rai, Tejbanta Singh Chinghtam, "A hybrid framework for
Robot path planning and Navigation using ACO & Dijkstra",
IJCA Proceedings on International Symposium on Devices MEMS,
Intelligent Systems & Communication (ISDMISC), Published
by Foundation of Computer Science, New York, USA, Volume 9,
pp. 19-24, October 2011.

Mohit Mehta, Munish Rattan, “An improved ACO based
algorithm for image edge detection”, International Journal of
Computing and Corporate Research, Volume 2 Issue 5,
September 2012.

Nikita Kashyap, G.R.Sinha,” Image Watermarking Using 3-Level
discrete Wavelet Transform (DWT)”, International Journal of
Modern Education and Computer Science, Volume 3, pp. 50-56,
April 2012.

Mohit Mehta, Munish Rattan, “An improved ACO based
algorithm for image edge detection”, International Journal of
Computing and Corporate Research, Volume 2 Issue 5,
September 2012.

Rebika Rai, Ratika Pradhan, M.K.Ghose, “Ant based Swarm
Computing for Image Classification - A Brief Survey”, in IJCA
Special Issue on Computational Intelligence and Information
Security (CIIS), ISBN: 973-93-80870-58-7, pp. 17-21, November
2012 .

Rebika Rai, Ratika Pradhan, M.K.Ghose, “Ant based Swarm
Computing for edge detection of images- A Brief Survey”,
International Journal of Emerging Technology and Advanced
Engineering (IJETAE), ISSN 2250-2459, ISO 9001:2008
Certified Journal, Volume 3, Issue 4, pp. 249-259, April 2013.
Rebika Rai, Ratika Pradhan, M.K.Ghose, “AASC: Advanced Ant
based Swarm Computing for detection of edges in Imagery”,
International Journal of Emerging Technology and Advanced
Engineering (IJETAE), ISSN 2250-2459, ISO 9001:2008
Certified Journal, Volume 3, Issue 12, pp. 107-115, December 2013.

4189





