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Abstract: 
 

Ant colony optimization is a technique for optimization that was introduced in the early 1990’s.Ant colony optimization(ACO) is one of 

the most recent techniques for approximate optimization.The inspiring source of ACO algorithms are real ant colonies.Ant colony 

optimization is a technique which can be used for various applications. Ant  colony  Optimization  is  an optimization technique  that  is 

based on  the foraging behaviour of real ant colonies.  Ant colony optimization is applied for the image processing which are on the basis 

continuous optimization. This paper de als with the various tasks of image processing which could be achieved with the help of Ant 

Colony Optimization (ACO) an important field of soft computing.Ant colony optimization (ACO) is a technique which can be used for 

various applications.Ant colony Optimization is an optimization technique which can be used for various applications.All these 

techniques are parallel computational techniques which aim to handle imprecise, incomplete, non-linear and complex data. ACO, a field 

of SC, is a computational intelligence based approach which is used to solve combinatorial optimization problem. The simplicity and 

optimal approach of ACO has led its applicability to routing, scheduling, sub-set, assignment and classification problems. Focus of the 

this paper is onto the use of Ant Colony Optimization in the field of Image Processing. Application/Improvements: Edge detection, edge 

linking, feature extraction, segmentation and image compression are the various image processing tasks in which ACO has been applied 

successfully. The details pertaining to each of the approach have been discussed. Benefits of using ACO over the conventional techniques 

have also been presented. Ant colony optimization algorithms have been applied to many combinatorial optimization problems, ranging 

from quadratic assignment to protein folding or routing vehicles and a lot of derived methods have been adapted to dynamic problems in 

real variables, stochastic problems, multi-targets and parallel implementations. It has also been used to produce near-optimal solutions to 

the travelling salesman problem. The first ACO algorithm was called the ant system and it was aimed to solve the travelling salesman 

problem, in which the goal is to find the shortest round-trip to link a series of cities.The general algorithm is relatively simple and based 

on a set of ants, each making one of the possible round-trips along the cities.The simplicity and optimal approach of ACO has led its 

applicability to routing, scheduling, sub-set, assignment and classification problems. 
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Introduction: 

 

Image processing is a somewhat broad term in modern IT that refers to using various means to process or enhance Images.Image 

processing is a Set of computational techniques for analyzing, enhancing,   compressing, and reconstructing images. Its main components 

are importing, in which an image is captured through scanning or digital photography; analysis and manipulation of the image, 

accomplished using various specialized software applications; and output (e.g., to a printer or monitor).Optimization problems are of high 

importance both for the industrial world as well as for the scientific world.Examples of practical optimization problems include trains 

cheduling, timetabling,shape optimization,telecommunication network design,or problems from computational biology.The research 

community has simplified many of these problems in order to obtain scientific test cases such as the well-known traveling sales man 

problem(TSP). 

 Image processing has extensive applications in many areas, including astronomy, medicine, industrial robotics, and remote sensing by 

satellites.The ant colony optimization algorithm is a probabilistic technique for solving many problems which can be reduced to finding 

good paths through graphs. Although real ants are blind, they are capable of finding shortest path from food source to their nest by 

exploiting a liquid substance, called pheromone, which they release on the transit route. Image processing techniques can be applied to 

commercial, medical, scientific, military and industrial applications.The techniques of soft computing include Artificial Neural Networks, 

Genetic Algorithms Fuzzy Logic, and Ant Colony Optimization . All these techniques work in a direction to handle uncertainties and 

decision-making.Initially proposed by Marco Dorigo in 1992 in his PhD thesis, the first algorithm was aiming to search for an optimal 

path in a graph, based on the behavior of ants looking for a path between their colony and a source of food.  
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   Figure 3.Flow chart of ant colony optimization 

 

The main features of Ant Colony Optimization as follows: 

i.  Colony based multi agent approach 

ii.  Distributed and Concurrent System 

iii. Search Capabilities 

iv.   Iterative system 

v. Colony based multi agent approach 

 

Scopes  And  Objectives: 

 
This algorithm is a member of the ant colony algorithms family, in swarm intelligence methods and it constitutes some metaheuristic 

optimizations.The first algorithm was aiming to search for an optimal path in a graph, based on the behavior of ants seeking a path 

between their colony and a source of food. The  

original idea has since diversified to solve a wider class of numerical problems, and as a result, several problems have emerged, 

drawing on various aspects of  behavior of ants.From a broader perspective, ACO performs a model based search and shares some 

similarities with estimation of distribution algorithms. 

The optimization process in ACO based approaches is carried out by a collective system of ants. Each ant contributes to the solution 

but convergence to the solution is possible by the collective behavior of ants. • Distributed and Concurrent System: The ants work in 

parallel towards obtaining the solution of any problem. This approach leads a way for solving NP hard problems. Also the ants can 

exchange information between them to obtain a better solution. 

 

Each iteration in ACO is designed to improve the solution and thus with each passing iteration solution gets better. The reinforcement 

used after each iteration of ACO helps to achieve this objective. • Search Capabilities: ACO can explore the entire search space to 

achieve global search capabilities. Also the pheromones are updated by each ant on each arc while constructing a partial solution. So a 

local search could be applied in ACO which helps to improve the solution. This step of local search is an optional step but as suggested 

in3 , it improves the overall performance of the algorithm Three variations of ACO were proposed in the beginning for solving TSP 

problem – ant density, ant quantity and ant cycle algorithm. The major difference in ant quantity, ant density and ant cycle algorithms lies 

there approach to update pheromone levels. In case of ant quantity and ant density algorithms pheromones are updated after every move 

whereas in ant cycle algorithm this updation takes place after all the ants have constructed tour4 . The general process of an ACO 

algorithm is depicted in the flowchart Any optimization problem could be solved using ACO if the problem could be represented using a 

graph in the discrete search space with all the transitions represented in a valid way. Among other necessary factors are5 : • The 
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mechanism to update pheromones in order to accommodate the positive feedback, • Mechanism to represent and construct the solutions, • 

Constraints defined over the problem so that the method constructs only feasible solutions, • An evaluation function which serves as a 

measure for the generated solutions, and • Termination condition. In the current paper we have given the application of ACO to different 

areas of image processing and discussed how the imprecise information and decision making is handled in images using ACO. The tasks 

that have been reviewed and discussed include edge detection, edge linking, feature selection, segmentation and compression. The 

subsequent sections cover the details of each of the areas of image processing using ACO. 

 

Objectives: 

 

In computer science and operations research, the ant colony optimization algorithm (ACO) is a probabilistic technique for solving 

computational problems which can be reduced to finding good paths through graphs. Artificial Ants stand for multi-agent methods 

inspired by the behavior of real ants. The pheromone-based communication of biological ants is often the predominant paradigm 

used.Combinations of Artificial Ants and local search algorithms have become a method of choice for numerous optimization tasks 

involving some sort of graph, e.g., vehicle routing and internet routing. The burgeoning activity in this field has led to conferences 

dedicated solely to Artificial Ants, and to numerous commercial applications by specialized companies such as AntOptima. 

 

As an example, Ant colony optimization is a class of optimization algorithms modeled on the actions of an ant colony. Artificial 'ants' 

(e.g. simulation agents) locate optimal solutions by moving through a parameter space representing all possible solutions. Real ants lay 

down pheromones directing each other to resources while exploring their environment. The simulated 'ants' similarly record their 

positions and the quality of their solutions, so that in later simulation iterations more ants locate better solutions.One variation on this 

approach is the bees algorithm, which is more analogous to the foraging patterns of the honey bee, another social insect. 

Ant Colony optimization is a technique which is used for image processing such as edge detection, image compression, image 

segmentation, image enhancement etc. As ACO is used for optimization of continuous problems, so it is used for various applications 

of image processing which shows continuous behaviour. The Ant Colony optimization  gives  the optimal solutions which are further 

processed to find the actual results. It gives many outputs on different threshold values. The shortest path of ants has more 

pheromone than longest paths. So the pheromone updating information is necessary in ACO. 

 

 

1.Edge Detection 

 

Edge detection is a fundamental procedure in image processing,machine vision,and computer vision. Its application area ranges from 

astronomy to medicine in which is olatingthe objects of interest in the image is of a significant importance. However, performing edge 

detection is a non-trivial task for which a large number of techniques have been proposed to solve it. This paper investigates the use of 

Ant Colony Optimization  a prominent set of optimization heuristics  to solve the edge detection problem. We propose two modified 

versions of the algorithm Ant Colony System (ACS) for an efficient and a noise-free edge detection. 

Edge detection is a fundamental process in analyzing images. It attempts to find points at which the image brightness has discontinuities. 

These discontinuities allow changes in pixels intensities which may define the boundaries of an object. Applying edge detection may 

reduce significantly the amount of data to be processed by filtering out the information that is less relevant and preserving the important 

structural properties of an image. Therefore, edge detection is involved as an essential stage in a wide range of applications. Examples 

include medicine applications, pattern recognition,machinevision,image analysis,automotive applications, and others. Furthermore, edge 

detection should be performed in a reliable way as the validation and the efficient completion of the following stages in the image 

processing rely on it. At the same time, obtaining ideal edges from real life images with a moderate complexity is a challenging task.  The 

edge detection techniques based on ACO use a number of ants to move on the image. This movement leads to the construction of a 

pheromone matrix. Edge information at each pixel is represented by an entry in the pheromone matrix. Variation of the intensity 

values in the image is the key to the movement of ants 
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2. Edge Linking  

 

Conventional image edge detectors always result in missing parts of the edges. Broken edge linking is an image improvement technique 

that is complementary to edge detection,where the broken edges are connected to form closed contours in order to separate the regions in 

the image. In this paper, Ant System (AS) algorithm is modified for edge linking problem. As input, a binary image obtained after 

applying the Sobel edge operator is used. The proposed method defines a novel fitness function dependent on two variables: the grayscale 

visibility of the pixels and the length of the connecting edge, in order to obtain effective solution evaluation. Another novelty is of 

applying the grayscale visibility matrix as the initial pheromone trails matrix so that the pixels belonging to true edges have a higher 

probability of being chosen by ants on their initial routes, which reduces 

computational load. The results of the experiments are presented to confirm the effectiveness of the proposed method.In an ACO based 

approach has been used to link these broken edges. The approach works on the fact that each pixel in an image is connected to its 8-

neighborhood pixels. The distance between adjacent pixels is estimated from the original image.       

 

3. Segmentation 

Image segmentation is a complex visual computation problem, which refers to the process of distinguishing objects from background. 

Ant colony optimization (ACO) is a cooperative search algorithm inspired by the behavior of real ants. In order to achieve an approving  

performance, we use ACO global optimization algorithm to solve image segmentation problems.Image segmentation can be defined as 

the process of partitioning a digital image into small segments. These smaller segments are more meaningful and could be analyzed easily 

which thus simplifies the processing of complete image. In this process every pixel is labeled and the pixels which possess similar visual 

characteristics are assigned the same label. The task of segmentation seems to be simple but certain factors such as illumination variation, 

image contrast, image noise, diversity and complex nature of images makes it challenging. Numerous approaches like thresholding, 

clustering, compressionbased, histogram-based, edge detection, region growing, watershed transformation and model based segmentation 

have been proposed in literature for segmenting an image. Clustering is the most favorable method for segmentation and could be applied 

to variety of situations. This may lead to a large number of local minima. In this approach an image is viewed as a set of multi-

dimensional data which can be classified into different parts on the basis of certain predefined criterion. Improvements in clustering 

techniques could be obtained by integrating it with fuzzy theory, neural networks and evolutionary techniques like ACO. Enormous 

approaches have been proposed in the literature in order to increase the accuracy and reduce the time. 

 

4.Image Compression 

 

Image compression is minimizing the size in bytes of a graphics file without degrading the quality of the image to an unacceptable 

level.Images are an important form of data and are used in almost every application. Images occupy large amount of memory space. 

Image compression is most essential requirement for efficient utilization of storage space and transmission bandwidth. Image 

compression technique involves reducing the size of the image without degrading the quality of the image. A restriction on these methods 

is the high computational cost of image compression. Ant colony optimization is applied for image compression. An analogy with the real 

ants' behavior was presented as a new paradigm called Ant Colony Optimization . ACO is Probabilistic technique for Searching for 

optimal path in the graph based on behavior of ants seeking a path between their colony and source of food. The main features of ACO 

are the fast search of good solutions, parallel work and use of heuristic information, among others. Ant colony optimization is a technique 

which can be used for various applications.  

The main aim of image compression is to remove the redundancies in order to efficiently utilize the transmission bandwidth and the 

storage space. A raw image contains Mbs of data, which is reduced by image compression techniques. There are two types of image 

compression techniques - lossy compression and lossless compression. In lossless techniques no information is lost and hence the original 

image can be exactly reconstructed but the compression ratio is low. In case of lossy compression techniques there is a loss of 
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information so that if the compressed image is decompressed then it would not be identical to original image but would be closer to it. In 

lossy technique Compression ratios are high but image quality gets degraded. Various lossy compression techniques are available like-

transformation coding, vector quantization, fractal coding and block truncation coding. It has been found that higher compression ratios 

are produced by fractal coding techniques. Fractal coding technique works by dividing the starting image in to small, non-overlapping, 

square blocks, which are also called parent blocks. Each parent block is divided into 4 sub blocks or child blocks and each child block is 

compared against a subset of all possible overlapping blocks of parent block size. Larger block is determined by finding the lowest 

difference between it and the child block. A grayscale transform is calculated to match intensity levels between large block and child 

block precisely. This Fractal Image Compression (FIC) is based on the similarities of various blocks in an image. Ant Colony 

optimization is a technique which is used for image compression. The Ant Colony optimization gives the optimal solutions which are 

further processed to find the actual results 

 

Conclusion: 

 

 

Ant Colony optimization is a technique which is used for image processing such as  edge  detection,  image  compression, image 

segmentation, image enhancement etc. . As ACO is used for optimization of continuous  problems,  so  it  is used for various applications  

of  image  processing  which  shows  continuous behaviour.  

ACO has immense potential in solving various image processing tasks including edge detection, edge linking, feature extraction, 

segmentation and image compression. It  is used for various applications  of  image  processing  which  shows  continuous behaviour. The 

Ant  Colony  optimization  gives  the  optimal solutions which are further processed to find the actual results. It gives many outputs on 

different threshold values. The shortest path of ants has more pheromone than longest paths. So the pheromone updating information is 

necessary in ACO.The current paper gives in-depth analysis of ACO applied over image processing tasks thus giving future directions of 

research. Many other latest techniques like Cuckoo Search have been used for optimization purposes. Ant Colony System is more 

successful since it avoids long convergence time by directly focus the search in a neighborhood of the best tour found up to the current 

iteration of the algorithm.   
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