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Abstract: The gray level change between any two 

regions is described as an edge. This change is spread 

out among a lot of pixels. There are algorithms which 

can be used to detect edges. Some of them are designed 

in such a way that they can detect straight visible 

edges. Also, there were algorithms whose settings can 

detect partial edges. But it is very difficult to design an 

algorithm, which could detect partial edges and also 

correct edges. At the same time the algorithm should 

also have a setting to manage hidden edges. Multiple 

ant colony approach is a best method to get a good 

solution. This will be possible due to the cohabitation of 

various colonies. The activities of ant colonies that are 

coordinated by an interaction on the colony level is the 

basic idea of multiple ant colony approach. 
 

Keywords: Swarm intelligence, Multiple Ant Colony, 
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1. Introduction 

 

The purpose of image segmentation in image 

processing domain is to extract some important and 

special information from a picture. Extraction will 

identify two different primitives [10] respectively, 

the edge detection and region detection. With the 

usage of a single operator it is very hard to identify 

the above said primitives. Primitives‟ representation 

depends on the resolution of an image.  

 

 
 

 

DOI: 10.18421/TEM61-20 
https://dx.doi.org/10.18421/TEM61-20 
 

Corresponding author: Amali Asha A, 
Loyola College, Chennai, India 
Email: aamaliasha@gmail.com 
 

© 2017 Amali Asha A, Maria Wenisch S; 
published by UIKTEN. This work is licensed under the 
Creative Commons Attribution-NonCommercial-NoDerivs 
3.0 License.  
The article is published with Open Access at 
www.temjournal.com 
 

 

 

 

 

 

 

 

 

 

By considering one pixel in an image P, the operator 

of an image processing algorithm is applied to all the 

surrounding pixels of P. This operator affects some 

pixels surrounding P, and identifies all those pixels 

with abrupt changes in their gray level. Among them 

some pixels are blurred because of the color change 

in an image. All the pixels identified by the image 

processing operator form an edge. 

In the region detection process, edge detection 

mainly depends upon how the selected algorithm is 

adjusted to detect an edge. There are algorithms to 

detect straight visible edges, and also some others to 

identify partial edges. So, the challenge is to design 

and define an algorithm which would be able to 

identify partial edges and at the same time correct 

edges, without the existence of noise. It is also 

challenging to identify hidden edges which in turn 

used to identify closed edges. Instead of having 

different algorithms to carry out each task here the 

Multiple Ant Colony approach is used to identify the 

edges. This would be possible because the Multiple 

Ant Colony approach allows making use of 

cohabitation property. 

 

1.1 Ant Colony Optimization Overview 
 

Ant Colony optimization - ACO was originated from 

swarm intelligence which in turn originated from 

Artificial Intelligence. Swarm intelligence methods 

are considered as computational methods. These 

methods are inspired by animals. The social insects 

solve any complex problems by acting together.  

Ants exhibit complex social behaviors and that 

behaviors attracted the human beings attention to 

find the solution to complex problems.  Probably one 

of the most noticeable behaviors visible to us is the 

formation of the so-called ant streets.  There are 

number of behavioral patterns exhibited by Ants. 

One among them is the ability of certain ant behavior 

to find their food. This technique is called usually as 

shortest paths by computer scientists. Different 

experiments were carried out by the Biologists and 

they show experimentally that the best 

communications among the ants are by the chemical 
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substance which are deposited and smelled. This 

odorous chemical substance is called pheromones. 

Most of the Computer scientists were inspired by this 

behavioral pattern. They used the same techniques 

and developed algorithms which are helpful in 

solving and finding out the solution for optimization 

problems. A relatively new technique to solve a 

complicated optimization problem is known as 

Swarm Intelligence approach.  The system of simple 

communicating agents which are capable of finding 

out solution to complex problems is the main 

advantage of swarm intelligence approach. 

Ant colony system (ACS) was first presented and 

used by Dorigo and Gambardella, 1997. They had 

applied this technique to find a solution for a 

traveling salesman Problem [5]. Without any 

centralized control the ant colonies are able to 

organize their foraging behaviour in an efficient way. 

A stigmergic communication performance procedure 

is used to carry out the self-organizing structure. This 

stigmergic communication is based on the chemical 

substance lay down by the ants on the ground 

generally called pheromones. This chemical 

substance will act as a communication agent. The 

ants will make use of this communication agent to 

find their way to reach destination. 

ACO is also used in graph problems to find a path in 

a graph with minimum cost [13]. Same idea had been 

applied to the image processing field to determine 

boundary in an image. Artificial ants are allowed to 

walk on the image to identify edge pixels. The simple 

behavior of each ant is used to find pixels. Collection 

of all these pixels forms an edge.   

Artificial ants were designed and their behavior is 

programmed like real ants behavior. These artificial 

ants deposit pheromone on the image pixels and 

choose the next pixel by using the same procedure. 

Then it will proceed to the next pixel to form a path 

[7] called transition. The transition carried out by 

ants to travel from the current pixel to the next is 

considered as movement of an ant. Due to the 

evaporation process the pheromone deposited on an 

image pixel gradually decrease in strength.  

 

Since the pheromone trails progressively decrease in 

strength, they are updated by two methods [12].  In 

the first method a local updating process is used to 

update the pheromone strength. In the second method 

updating the pheromone strength is carried out 

globally after all the ants have completed their visit. 

This global validation is to modify the pheromone 

strength of only those pixels that fall on the edge 

found by ants.  

 

2. Related Work 
 

2.1 Feature Extraction - Edge Detection 
 

Rafael Gonzalez states that “variation in intensity 

between two pixels is considered as an edge”. It is 

also called boundary. In this boundary the vertical 

surface of an object meets with the horizontal surface 

of an object. A sharp discontinuities in an image is 

located and identified by a process called edge 

detection. The discontinuities are sudden changes in 

intensity of a pixel that characterize the boundaries of 

objects in a scene. Numbers of edge detection 

operators are available and each is designed to be 

sensitive to certain types of edges. 

2.2 Stigmergy 
 

Self-organization in social insects frequently requires 

interactions among them. The interactions among the 

insects can be either direct or indirect.  The direct 

interactions consist obviously and mainly of visual or 

chemical contacts, trophallaxis, attenuation between 

individuals. In the second possibility, the interaction 

between two individuals is indirect. In this type of 

interaction one among them performs modification 

task in environment. The other would reply to that 

environment. Interaction of this type is called as 

Stigmergy. 
 

2.3 ACO Technique 
 

ACO algorithm consists of multiple procedures like a 

procedure to initialize the pheromone value, a 

procedure to construct an edge and a procedure to 

update the pheromone value. The solution 

construction procedure and pheromone update 

procedure will continue till a final condition is 

reached.  The movement of an ant from one pixel to 

another is shown in the figure.   

 

Figure 1. Movement of an ant 

 

An ant will move from pixel  i  to  j with probability 

[5, 12, 13] as in equation 2.1  
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              (2.1) 

 

Where     is the measure of pheromone from i to j 

α is  to control      

 is the heuristic information on edge i , j 

β is to control the influence of   

The value of  is calculated as in equation 2.2 

                 (2.2) 

Where k takes a constant value 

The factor   is defined by           

        

(2.3) 

where  represents the present intensity value of 

pixel at i, j. 

  is the maximum variation in intensity between 

pixels in the whole image. 

When there is a transition from one pixel to another 

by an ant that pixel‟s pheromone value has to be 

updated if it falls on the edge. The pheromone update 

process is done by using the equation 2.4.  

 

     (2.4) 

 

Where 

 is the difference between the median gray levels 

of previous cell, the current cell and also their 

neighbors.  

 

3. Multiple Ant Colony Approach 

 

Multiple Ant Colonies Optimization (MACO) was 

evolved from Ant Colony Optimization - ACO. In 

MACO, different ant colonies are working 

collectively. This mechanism is used in a procedure 

to solve some combinatorial optimization problems. 

Vehicle routing problem was solved by this 

mechanism with various time windows. This was 

first proposed by Gambardella et al. [8]. In this 

algorithm two objective functions were described. 

The first objective function was used as a function to 

minimize the number of tours. The second objective 

function was used to minimize the total travel time. 

The basic idea is to organize the activity of different 

ant colonies. Each colony has its own method to 

optimize the objective.   

 

Jong and Wiering [13] had used the same approach 

to tackle bus-stop allocation problem with n bus 

stops and m bus-lines. In that problem there were n 

bus stops with m bus lines. The solution to this 

problem is to minimize the average travel time.  

 

Kawamura et al. [14] had proposed an algorithm with 

the usage of colony level interaction. Numbers of 

parameters were used and all the parameters should 

be set in advance. The tests were carried out on 

different colony structure. For the entire test, the 

parameter settings are the same. We had used the 

same approach in our work to identify an edge in an 

image and we found the result is good and contains 

less noise and few false edges.   

            

3.1 Related work in Image Processing 
 

Multiple Ant system could be combined with image 

processing to develop efficient algorithms to perform 

certain processing techniques on images. Based on 

this concept, a number of algorithms were generated 

and already exist [6], [8], [9], and [11]. Certain 

properties and mechanism of multiple ant colony 

system such as co-operation, adaptation, negotiation, 

emergence etc., had been used. Co-operation is the 

main approach adopted by agents associated with an 

image processing algorithm.  

 

4. Overview of Our Approach 
 

Varieties of ant algorithms were given in the 

literature. The ACS - Ant Colony System and 

MMAS - Max-Min Ant System are identified as the 

best performing algorithms based on their 

performance [5, 7]. But, these algorithms still have a 

problem called search stagnation problem. These 

algorithms perform the search process well in the 

beginning to certain stage, and after that the 

algorithm was unable to improve the solution. This 

problem is named as search stagnation problem. This 

was a crucial problem faced by all the processing 

techniques irrespective of domain. 

In this situation there is a need for an approach to 

solve the search stagnation problem and also to 

enhance the performance. Our work aims to construct 

a multiple ant colony model to extract feature among 

pixels. These pixels are connected to form an edge. 

We have developed an algorithm to detect features 

and the pixel values are represented as gray scale 

values. If the gray scale value of a particular pixel is 

high then the chance to include that pixel into an 
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edge is also high. Some unwanted pixels may also be 

presented in the image. These pixels are considered 

as noise.  These pixels will create problem while 

identifying an edge by including themselves in an 

edge. In some places of an image, these pixels gray 

scale value will be high which in turn results with 

false edge. So we have developed a model to detect 

edges which will reduce the presence of noise.  

 

4.1 Interaction on Colony Level  
 

Multiple ant colony optimization with interaction 

framework was proposed in the work of the authors 

[1],[2]. In our work we implemented colony level 

interaction based on ACS. Each colony is associated 

with its own settings and pheromone value. The 

colony has also settings to strengthen the pheromone 

so that each and every ant will reach their 

destination. A threshold value is set in the algorithm 

to maintain the pheromone strength. If the 

pheromone‟s strength level reaches below this 

threshold value it must be strengthened immediately. 

The pheromone value set for each colony is used to 

create interactions among the ants.  

 

4.2 Pheromone Evaluation Technique 

 

In the proposed technique the pheromone value is 

calculated as an average of all the colonies‟ value of 

the same edge. The ant movement from its current 

pixel to the next pixel is done by the probabilistic 

decision. This decision is derived by considering the 

pheromone information and the heuristic 

information. 

In our technique K ants are arbitrarily assigned on an 

image. The image is represented by an N X N array 

with values between 0 and 256 according to the 8 bit 

gray level of the pixels. Based on the transition 

probability [3] the ant moves from location i to j. A 

decision about each pixel is made to determine 

whether to include it in edge or not by applying a 

threshold T. Local up-gradation on pheromone is 

performed on each pixel by an ant to maintain the 

pheromone level. Because of this local upgrade, the 

other pixels get more chance to be selected by the 

future generations to form an edge. Local pheromone 

updating is done by all the ants on the edge pixels 

they have visited so far. The pheromone value used 

in local update is calculated using equation 4.1 

           (4.1) 

where 

 

 

is the pheromone value of edge between pixel i 

and j. 

 is the initial value assigned to pheromone  

is a parameter to denote pheromone evaporation 

and takes the value from 0 - 1. 

Each edge is associated with a pheromone value of 

that colony. The average of available values on each 

pixel is calculated using a pheromone evaluation 

function. This function f (Pij) is defined in equation 

4.2 

                                     (4.2)
 

To test the outcome of the proposed technique, 

several experiments ran with different pheromone 

values. The pheromone evaluation value of two 

colonies are set as λ=0.8, and λ=1. The results 

obtained are better than those obtained using only 

one Colony [3],[4].  

Section 5.1 shows the result of using this proposed 

technique with two colonies. We found improved 

results using this technique, and the best result can be 

obtained when using multiple ant colonies with 

parallel run. This would be our future 

implementation. 

 

5. Proposed Algorithm 
 

In this proposed algorithm, there are M number of 

colonies and m number of ants in each colony. The 

ant „k‟ of colony „h‟ is denoted as (h, k). If  M=1, 

this algorithm behaves like an original algorithm 

with no interactions between colonies. 

 

Name:   ACOmul 

 

Input: 

 

i)   Medical image and a matrix represent the gray value of each 

pixel . 

        a)   Initial value of the parameters like α, λ etc. 

        b)   Initial value of pheromone. 

ii)  Number of ants in each colony „m‟ 

iii) Number of colonies „M‟ 

iv) Threshold value 

 

Output: 

 

i)  Pixels that are selected by Ant of M Colonies 

ii) Computed average. 
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Algorithm: 
 

 

Begin 

 Initialize all the parameters 

      For each colony h = 1 to M do 

          For every pixel in edge (i, j)  

        Set τ i, j = Initial value 

    Repeat until for all the pixels 

 For each colony h = 1 to M 

  For every  ant  k = 1 to m 

      Repeat  

        Get the pixel  j for next move  

          Move the (h,k) ant to next pixel i 

          Compute the changes in the pheromone 

          Update Pheromone in h colony 

      Until all h 

      Compute the Average for each colony 

      Connect all  edge points to form the edge map 

      Perform Thresholding    

End 

 

 

5.1 Experimental Results 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. (a)-(f) Sample images 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

 

 

Figure.3. Edges using two colonies for Heart and Brain 

(a),(d)  λ=0.8, Pheromone = 1000 

(b),(e)  λ=1.0, Pheromone = 2000 

(c), (f) - Final image edge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

  

Figure.4-Edges using two colonies for Hand and Lart 

           (a),(d) - λ= 0.8, Pheromone=1000 

           (b),(e) - λ=1.0, Pheromone = 2000 

           (c),(f) -  Final image edge 

 

 

 

 

 

 

 

 

 

 
                          

 

 

 

 

 

 

 

 

Figure 5. Edges using two colonies for Tower and Vase 

                 (a),(d)-λ=0.8,Pheromone=1000  

           (b),(e)- λ=1.0, Pheromone = 2000 

            (c), (f) - Final image edge 
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         (d)                  (e)             (f)   
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           (a)                     (b)                         (c)                            

 

   

(a)                   (b)               (c)     

 

     

             d)                    (e)                        (f) 

   

(a)                     (b)                    (c)             

    

             (d)                          (e)                           (f)           
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6. Conclusion 
 

In our work we have considered two different ant 

colonies and ants are allowed to walk on the same 

image but from different starting position. We have 

extended the single colony approach to multiple 

colony approach.   

The experimental results show that using multiple ant 

colonies to explore the edge offers the opportunity to 

find new and better edges, and also it reduces the 

chance of noise. This work can be extended by 

including more number of colonies. This will find a 

clear edge and the existence of noise will be less.  
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