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Abstract 
Image restoration is the process to eliminate or reduce the image quality degradation in the digital 

image formation, transmission and recording and its purpose is to process the observed degraded image 
to make the restored result approximate the un-degraded original image. This paper, based on the basic 
ant colony algorithm and integrating with the genetic algorithm, proposes an image restoration processing 
method based on hybrid ant colony algorithm. This method transforms the optimal population information 
of genetic algorithm into the original pheromone concentration matrix of ant colony algorithm and uses it to 
compute the parameters of degradation function so as to get a precise estimate of the original image. By 
analyzing and comparing the restoration results, the method of this paper can not only overcome the 
influence of noises, but it can also make the image smoother with no fringe effects in the edges and 
excellent visual effects, verifying its practicability. 
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1. Introduction 

Image restoration is to research how to restore the degraded image into real image, or 
to research how to invert the information obtained into the information related to the real 
objective [1]. Certain degree of degradation and distortion are inevitable in the formation, 
transmission, storage, recording and display of the image. Since image quality degradation may 
be caused in every link of the formation of digital image, in many cases, the image needs to be 
restored in order to get high-quality digital image [2]. 

In the past decades, domestic and foreign scholars have made extensive and in-depth 
research in image restoration technology. Many one-dimensional signal processing and 
estimation theories, including inverse filtering, minimum mean error estimation and Bayesian 
estimation, have been used in the field of image restoration, thus forming numerous restoration 
algorithms. In terms of certain specific restoration problems, the scholars usually integrate many 
ideas and methods [3]. With the continuous development of signal processing theories, many 
new processing ideas and restoration methods keep emerging. In drastic contrast with the 
typical mathematical programming principles, some bionic intelligent optimization algorithms 
such as ant colony algorithm, genetic algorithm, artificial neural network technology, artificial 
immune algorithm and swarm intelligence algorithm, have been raised and studied by 
simulating the natural eco-system to seek the complicated optimization problems. These 
algorithms have greatly enriched modern optimization technology and provided feasible 
solutions to those optimization problems which are difficult to be handled by traditional 
optimization technology. Ant colony algorithm is a heuristic bionic evolutionary system based on 
population. By adopting distributed plus-feedback parallelization, this algorithm is easy to 
combine with other methods and it also has strong robustness, however, this algorithm requires 
long search time and it is easy to result in pre-mature and stagnation behaviors, slowing its 
convergence rate. On the other hand, genetic algorithm is a randomized adaptive search 
algorithm by referring to the natural selection and natural genetic mechanism and it can 
compute the non-linear multi-dimensional data space in a quick and effective manner. 
Therefore, the integration of these two techniques or algorithms can eliminate their own 
shortcomings and setbacks and utilize their own advantages in the image restoration [4, 5].  

This paper firstly summarizes the theory of image restoration systematically and 
analyzes the basic principle of ant colony algorithm. Then, it focuses on the research of the 
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hybrid method of ant colony algorithm and genetic algorithm. Finally, it compares the method of 
this paper with other methods and verifies its practicability through the experimental simulation 
and analysis of the image restoration.  
 
 
2. Basic Principle of Image Restoration 

Subject to the influence of such factors as optical diffraction imaging, turbulent 
disturbance, relative motion of imaging objectives, non-ideal characteristics of imaging 
apparatus, limited transmission medium band, man-made definition and requirements and 
random environmental noises, the image quality degrades at different degrees in the image 
formation, transmission and recording [6]. The typical degradations include image blurring, 
distortion and noises. This process is called image degradation, the key to image restoration is 
to know the process of image degradation, namely to know the image degradation model, and 
to seek the original (clear) image by adopting the inverse process on the basis of the model. 
Since the image usually comes with noises, the noises not only degrade the image quality, but 
also affect the image restoration effect, therefore, image de-noising is also a research focus of 
this paper [7].  

In the image restoration, it is usually assumed that the image degradation is formed by 
the image blurring caused by point spread function (PSF) and the noise pollution and its 
mathematical model is:  

 

1 2 1 2 1 2( , ) ( )( , ) ( , )f m m g v m m m m         (1) 

 
In this formula, , ,v g   are the original image, the PSF and the addictive noises 

respectively and   is the convolution operator [8]. The purpose of image restoration is to obtain 
a precise estimation of the original image v  from the degraded image f  .  

For the above, it can be known that image restoration is an “inverse problem” in the 
mathematical problems and one important property of the inverse problems is their ill-condition. 
Image restoration, in accordance with the degradation reasons, analyzes the environmental 
factors that induce image degradation, builds the corresponding mathematical model and 
restores the image according to the inverse process of image degradation. Due to noises, the 
restoration result of the image may deviate from the original image [9]. 

 
 

3. Basic Principle of Ant Colony Algorithm 
Ant colony algorithm searches the optimal solutions to the problems adaptively by 

simulating the ants in the biological world to search the shortest path from their nest to the food 
sources without any visible substances. The mechanism of ant colony algorithm is: when an ant 
is searching the food sources, it will release the unique pheromone, making the other ants 
within a certain distance range can perceive and affect their behaviors. When more and more 
ants walk a certain path, more and more pheromone will be left in this path, thus, increasing the 
pheromone intensity and the probability for other ants to choose this path, which will also further 
increase the pheromone intensity [10].  

Here, this paper will briefly introduce the basic ant colony algorithm to be used in 
travelling salesman problem (TSP ) with the TSP  in n  cities as example. The TSP  in n  cities in 
the ant colony algorithm model is to find the shortest path back to the starting point after 
searching n  cities once [11].  

Assume that there are n  cities and m  ants, ( , 1, 2, , )ijd i j n   is the distance between 

the cities of ,i j  and ( )ij t  is the pheromone intensity in the paths between the cities of ,i j  at 

time t . When Ant k  proceeds, its path is determined by the residue pheromone intensities in 

every path and ( )k
ijp t  is the probability for Ant k  to move from City i  to City j  at time t , then 

[12]:  
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( ) ( 1,2, , )kJ i i n   ktabu  is the city set Ant k  may step on next and List ktabu  is the 

Tabu  List of Ant k . When n  cities have been listed into the ktabu , Ant k  has travelled through 

all the cities and it has finished one traverse after going back to the starting point, then every 
path Ant k  has passed is a feasible solution to this TSP . ij  is the heuristic factor, indicating 

the expectation for Ant k  to move from City i  to City j , which is usually the reciprocal of ijd , 

,   are the relatively important procedures of pheromone and heuristic factor in the equation 

respectively, when all the ants have finished one traverse, global update will be conducted in 
the pheromone in every path according to Formula (3):  
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In this formula, 0 1  （ ） is the volatilization coefficient, 1-  is the durability 

coefficient, ij  is the pheromone increment after this iteration and k
ij  is the residual 

pheromone of the thk  Ant in this iteration. According to different pheromone update strategies, 
the schematic of ant colony algorithm is indicated in Figure 1. 

 
 

 
(a) 

 
(b) 

 
Figure 1. Schematic of ant colony algorithm 

 
 
From the above, it can be seen that ant colony algorithm has such features of 

parallelism, positive feedback and strong global minimum searching capacity. The ants will 
select the path according to its pheromone concentration and they will choose the path with high 
concentration. When there are more and more ants passing a path, the residual pheromone 
concentration of this path will increase gradually and the probability for the ants to choose this 
path also increases, suggesting the positive feedback of information. In the meanwhile, with the 
increase of time, the pheromone intensity will decrease gradually [13, 14].  

 
 

4. Main Procedures of Image Restoration Based on Hybrid Ant Colony Algorithm 
Set the size of an image as L M N  , M  and N  are the width and height of the 

image, the grayscale is K , the chromosome is represented by L  two-dimensional array, every 
element of which corresponds to a gene, use integer coding, namely the real value of grayscale 
to represent a gene.  

In the experiment, limite the image as 256-color two-dimensional grayscale image and 
code the chromosome as the two-dimensional matrix with the grayscale of every pixel as the 
element. For example, if the image size is M N , then the genic value of the chromosome 
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, ( 0,1,2, , 1, 0,1,2, , 1)i jx i N j M      is the grayscale value in the thi  row and thj  column in 

the image. Since the grayscale value is the integer within [0,255], the algorithm of this paper 
adopts integer coding to perform crossover and mutation operations.  

The fitness function of every individual (chromosome) is: 
 

2ˆ ˆ( )
def

i iE f g h f           (4) 

 

In this formula, ˆ
if  is the image represented by Individual i , g  is the degraded image to 

be observed, h  is the degradation process and   is convolution.  
Therefore, the super-resolution restoration of the image has become the optimization 

problem of this algorithm.   
The ant colony algorithm fails to find an optimal selection of the parameter in advance, 

making it fail to achieve the optimal performance of any problems. Generally, after analyzing the 
specific problems, ant colony algorithm will continue to adjust the parameters in the experience, 
hoping to get the optimal solution. Moreover, the hybrid algorithm of ant colony algorithm and 
genetic algorithm can further improve the computation efficiency. First, preprocess the image 
and then take the image as the initial population and perform combined operation of ant colony 
algorithm and genetic algorithm. Its computation idea is as follows:  

(1) Determine the initial parameters of the genetic algorithm and ant colony algorithm 
and initialize the feasible population.  

(2) Operate the genetic algorithm and seek the evolutionary feasible solutions.  
Compute the individual fitness in the population, select the genic value in the 

chromosome according to the fitness of the individual, perform crossover and mutation 
operations on the genic value in the chromosome, calculate the individual status in the new-
generation population, record the current evolutionary population and evaluate the current 
optimal individual.  

(3) Transform the optimal population information of the genetic algorithm into the initial 
pheromone concentration matrix of the ant colony algorithm.  

Empty the Tabu  list which stores the accessed nodes, set the node list which have 
been accessed by the ants as all sets, determine the starting point of the ants, update the nodes 
which are allowed to be accessed, the Tabu  list and the unaccessed nodes, select the next 
node to be accessed according to the status transfer probability formula, after the transfer node, 
update the nodes which are allowed to be accessed, the Tabu  list and the unaccessed nodes 
and judge whether the ants have completed the traverse.  

(4) Select the pheromone update mechanism, update the pheromone concentration of 
every node, evaluate the current paths, update the pheromone concentration of every path, 
preserve the optimal path the ant search, compare all the feasible paths and output the optimal 
path.  

The flowchart of the image restoration algorithm based on hybrid ant colony algorithm is 
as follows Figure 2 [15, 16]: 
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Input degraded image

Define the fitness function, the population size, 
the maximum iterations Max and various 

parameter values
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to duplicate to the next generation
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Select N relatively optimal individuals 
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Determine the next pixel point to be 
accessed according to the accessibility of 

the resource pixel points, update the 
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Recalculate the accessibility

Whether the list of the pixel points 
to be accessed is empty?

Evaluate  the current  estimation of original 
image main structure and edge, extract the 
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Output restored image

Extracte of the image matrix data, 
randomly produce the population of a 

group of feasible solutions

Code the chromosome as the two-
dimensional matrix with the grayscale of 

every pixel as the element

Calculate the residual image, plus pixel by pixel, each 
pixel value is the weighted average of all the points of 

neighborhood pixels value and the and position

Get initial image restoration by combining 
image components with texture components 

Regularize residual image

Get final restored image by non 
local mean filter processing 

Y

Whether meet the loop 
termination ?

Initialize various parameters and transform the previous 
relatively optimal individuals into the pheromone 

distribution in the early stage of the population algorithm

Initialize the list which has been obtained 
by the artificial ant, the un-accessed and 

accessed list

N

N

Y

 
 

Figure 2. Image restoration flowchart based on hybrid ant colony algorithm 
 
 

5. Experimental Simulation and Analysis 
In order to prove the effectiveness of the algorithm of this paper, we have tested it with 

binary image. In the restoration, we simulate the operations of hybrid ant colony algorithm. First, 
we experiment on the binary image and the blur operators use Gaussian blur operators of 
10*10. Use three binary images, therefore, all the values are 1 or 0. As indicated in Figure (3), 
(a), (c) and (e) are three different degree of degraded images, while (b), (d) and (f) are the 
restored images by the algorithm of this paper.  
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(a) Degraded image (b) Restored image of (a) (c) Degraded image 

 

 
(d) Restored image of (c) (e) Degraded image (f) Restored image of (e) 

          
Figure 3.  Restored image based on Hybrid Ant Colony Algorithm 

 
 

It is clear from the experimental result that this algorithm makes the restored images 
mother with no fringe effects and excellent visual effects, improves the subjective effects to a 
certain extent; reduces the ringing phenomenom near the image edges, makes the edges 
sharper and the outline clearer and reduces the blurriness of the local areas. It suggests that the 
post-processing algorithm in this paper can improve the geometry regularity of the edges and 
texture of the restored image and enhances subjective and objective quality of the restored 
image.  

 
 

6. Conclusion 
Having wide application fields, image restoration technology has become one of the 

research hot spots in the image field at home and abroad. This paper has integrated the ant 
colony algorithm and genetic algorithm and applied to the image restoration processing. This 
hybrid algorithm can search the solutions in many global points simultaneously and it has 
parallelism, positive feedback mechanism and strong universality. The experiment result has 
shown that the method of this paper has better effect in restoring the image resolution and 
quality.  
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