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Abstract— Object recognition is a prominent research area in 

the world of computer science. It is used to solve a variety of 

problems such as image processing, medical diagnostics, 

compression and surveillance. The primary goal of object 

recognition is to recognize different objects present in an image, 

even if the objects’ size, shape and other features change. The 

challenge in object recognition is to recognize different objects 

having features invariant to rotation, scaling and translation. In 

this work we apply Cat Swarm Optimization technique to 

recognize objects. Then we compare our results with the results 

obtained from particle swarm optimization and genetic 

algorithm techniques for the same task, and achieve better 

results in a more efficient manner.  
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I. INTRODUCTION 

bject recognition is a challenging and useful area in the 

field of computer vision. It is the process of finding an 

object in an image or video sequence. Human can 

recognize the different objects easily even if viewpoint or size 

of the object is changed, or if the object is translated or 

rotated. It is used in a wide range of disciplines of our day-to-

day life such as image processing, medical diagnostics, 

compression and surveillance [2, 3]. 

      Particle swarm optimization (PSO) [26] is a heuristic 

search method which is widely used in the field of soft 

computing. This technique is inspired from the movement of 

flock of birds which are trying to find food. Object 

recognition is the process of identifying objects in an image or 

video sequence. It is very easy to find an object in a controlled 

environment, but very difficult to locate the object in 

uncontrolled environment. For example, it might be very easy 

for a robot to identify a coffee machine in an image but it is 

very difficult for the same robot to identify the same coffee 

machine when it is placed in a kitchen cluttered by other 

utensils, gadgets, tools, etc. There is a wide range of 

disciplines in our daily life like image processing, medical 

diagnostics, compression and surveillance where object 

recognition needs to be done quickly. 

In this paper the authors use Cat Swarm Optimization (CSO) 

technique for object recognition. Then the results are 

compared with the results obtained from particle swarm 

optimization for the same task, and achieve better results in a 

more efficient manner.    

II. RELATED WORK 

A. Image Processing 

An image is an array, or a matrix, of square pixels (picture 

elements) arranged in the form of columns and rows. The 

image can be a colored image or black and white image. 

There is wide range of images available, like bitmap images, 

GIF images, JPEG images etc. Image processing is a 

technique where a new image is obtained from an existing 

image. There are numerous softwares available for image 

processing. These softwares offer analytical tools for 

measuring and quantification of images [7, 8, 9, 10, 11].  

B. Object Recognition 

        In this aspect of image processing, the primary objective 

is to find the different objects available in a given image or 

video sequence.  

Mahmood ul Hassan et al[1] in their paper proposed an 

algorithm to recognize the objects by using Particle Swarm 

Optimization (PSO) and Genetic Algorithm (GA). They used 

the concept of Fourier descriptors to identify the shape of 

input image, position and size of input image. They used 

Fourier descriptors because Fourier descriptors are invariants 

with respect to translation, rotation and scaling. Finally, they 

found out that by using PSO the different objects that are 

available in an image are better optimized than by using 

Genetic Algorithm (GA). 

Khushboo Khurana et al [2] in their paper proposed several 

techniques of object recognition in various images. Also they 
provided some techniques for multi-object detection.  They 

used the concept of template matching for finding small parts 

of an image which match a template image. 

Abdolhossein Alipoor et al [3] in their paper used genetic 

algorithm for multi-objective optimization problem for object 

recognition. They used multi-objective optimization technique 

for sensor selection. In this paper it is observed that genetic 

algorithm with neural network is a good approach for sensor 

selection. 

O 
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 Kyekyung Kim et al [4] in their paper used concept of object 

recognition in the field of cell manufacturing system. Here 

they proposed an object detection and recognition based on 

compensated edges which are obtained by local adaptive 

threshold. Their method is robust object detection in deformed 

images. 

Serge Belongie et al [5] in their paper used the concept of 

shape contexts for shape matching and object recognition. In 

this paper they also provided an overview of different shape 

matching techniques. They proposed a new approach for 

shape matching. An important characteristic in this approach 

is the estimation of shape similarities.   

III. CAT SWARM OPTIMIZATION (CSO) 

Swarm based optimization is a field of soft computing where 

optimization is inspired based on the behavior of real-world 

creatures like ants (ant colony optimization), bees (bee colony 

optimization) etc. Recently another optimization technique is 

developed which is inspired from the behavior of cats. This 

technique is referred to as Cat Swarm Optimization (CSO). It 

was proposed by Chu and Tsai in the year 2007 [14]. Generally 

two kinds of activities are found in cats. In one activity they 

spend maximum time by resting at a particular place but during 

this time they are alert enough (Seeking mode) and in the 

second activity they chase the target with a high speed 

(Tracing mode) [14, 15, 16]. In CSO optimization technique 

the behavior of cats is used to search complex solution space 

for finding optimal solution. In this technique, the initial 

population of cats is randomly divided into seeking and tracing 

mode, based on a well-defined Mixture Ratio (MR). Here the 

best solution is achieved by regularly updating the fitness 

value in memory.  Here the process is continued iteratively by 

distributing the cats into one of the modes, until each cat 

acquires the most appropriate solution. A generalized CSO 

procedure can be detailed in the following manner [17, 18, 19].  

A. General CSO steps: 

1. Create a set of N cats distributed over the number of 

dimensions D 

2. Allot randomly generated velocities to all cats 

3. Arbitrarily share out cats to tracing and seeking 

modes as per the Mixture Ratio set 

4. Determine fitness of all cats and update in memory 

5. Perform seeking mode or tracing mode operations on 

every cat as per distribution, and shift it to the newly 

calculated location 

6. If termination clause is not fulfilled, then goto step 3, 

else stop  

B. Proposed Algorithm 

      In this paper the authors describe a mechanism to apply 

the CSO technique to solve the object recognition problem. 

The dimensions represent the x and y coordinates of the 

template in the image and each cat denotes the starting point 

of the matching location. The process continues till the best 

matching area, i.e. area having highest normalized cross 

correlation value is identified, or the termination clause is 

reached.  

1) Seeking Mode 

Seeking mode refers to the condition where the cats remain 

watchful and explore their surroundings. Certain factors are 

used to influence a cat's actions. They are - 

 Seeking Memory Pool (SMP): The number of 

identical copies to be created for each cat. The cat 

will be substituted by one of the best among them. 

 Count of Dimension to Change (CDC): The 

dimensions to be changed for each copy. The 

changed copies will be checked for fitness and the 

best one will be chosen. 

Seeking mode steps  

1. Make copies of the current cat as given by SMP 

value 

2. Arbitrarily alter dimensions of every copy as given 

by CDC value 

3. Determine fitness of all copies 

4. Identify the best copies 

5. Replace the cat with an arbitrarily chosen copy  

 
2) Tracing Mode 

       In tracing mode, cats progress towards targets having a 

high velocity. In the process, they also utilize a large amount 

of energy. 

Tracing Mode Steps 

1. Determine the latest velocity Vijt+1 for cat i by   

 

                    Vijt
+1 =

 w
t 
* Vijt

 
+ k*r*(Xbestj - Xijt

 
)               (1) 

 

              Where Vij
t
 is the previous velocity at iteration t, Xij

t
 is        

              the previous position at iteration t, Xbestj is the latest     

              global best in dimension j, k is a constant and r is a    

              randomly generated number ranging from 0 to 1.  

2. Move the cats to the latest best position Xij
t+1

 by 

using 

                                         Xij
t+1

= Xij
t
 + Vij

t+1
                       (2)  

 

3.  Restrict the latest position of cats in the specified 

boundaries  

4. Determine fitness values for all cats 

5. Update the solution set with the best cats 
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Figure 1.  General steps of CSO algorithm 

C. Particle Swarm Optimization (PSO) 

      PSO is a popular searching algorithm which is based on 

the behavior of a flock of birds. PSO was originally adopted 

for the training of neural networks and function optimization 

techniques which are not linear [20, 21]. For the problem of 

single objective optimization, the PSO algorithm was first 

proposed by Kennedy and Eberhart [22]. In the problems 

where real numbers are the basis of taking judgments, PSO is 

very popular [22, 23]. The popularity of PSO is due to its 

simplicity and easiness of implementation. It is used in a wide 

range of applications as it provides good results in a low 

computation time [21, 25]. 

If the position of a particle is changed within the search space 

based on social psychological behavior, then each individual 

simulates the success of other individual. Here, each particle 

is considered as a prospective solution for the problem. 

Current solution for each particle represents the particle’s 

individual state. Each and every individual particle’s state is 

modified using its new movement and its neighborhood 

particles’ movement in the solution space. Based on such 

related swarming behavior, each particle moves towards the 

goal state iteratively. By using this, the optimal global 

solution is acquired through forwarding individual particle 

towards optimal location (pbest) and forwarding the 

individual particle towards the best particle in the swarm 

(gbest) after each iteration [24, 25, 26, 27].    

IV. PROPOSED WORK 

In this work, the authors try to detect specific objects in a 

given image using CSO technique. Since CSO involves clever 

progressing of positions, it takes lesser number of iterations 

than PSO, which moves arbitrarily. Each cat is assumed to be 

a point in the image defining the position of the searched 

object. The search is progressed based on the mathematical 

model described. 

A. Mathematical depiction  

The problem is handled as a matching problem which can be 

described as follows. 

The image P is taken having size a x b and the image Q is 

taken as the object to be searched, having size c x d, provided 

a>c and b>d, then the cross correlation value for Q can be 

given as  

 

where, 1 ≤ u ≤ (a-c+1), 1 ≤ v ≤ (b-d+1), 

 

             (4) 

 

 - Q                             (5) 

 

                  P           (6) 

                           Q                         (7) 

 

 will evaluate to a value ranging between -1 to +1, in 

which a higher value represents a better match. The searched 

object is placed at random locations over the main image, and 

the region giving the best match or highest value of  is found 

out, using CSO as an optimization technique for maximizing 

the value of equation 3. 

B. Experimental Setup 

The experiment was performed on MATLAB 7 platform on 

an Intel i3 core processor-based laptop having 4GB RAM. 

Figures 2-10 represent the various grayscale images in bitmap 

format taken as input, with the black patch representing the 

searched object. The cat population size was taken as 20, and 

10 readings were taken for each input image for various 

number of iterations, and their average values were taken. 

They were compared with the existing values as previously 

experimented by using PSO algorithm. 
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Figure 2.  Image1 

 

Figure 3.   Image2 

                              

Figure 4.  Image3 

 

Figure 5.  Image4 

 

Figure 6.  Image5 

 

Figure 7.  Image6 

 

Figure 8.  Image7 

 

Figure 9.  Image8 

 

Figure 10.  Image9 
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Figure 11.  Image10 

V. RESULTS AND DISCUSSION 

Table 1 shows the average number of iterations and the 

average time over 10 iterations for each image taken for CSO 

as compared to PSO for detecting objects in an image. It is 

seen that CSO takes lesser iterations than PSO to detect the 

same object. Owing to the two separate modes employed by 

cats to search the solutions, the approach is faster and more 

efficient. Although individual iterations take more amount of 

time than that of PSO, but the reduction in the overall number 

of iterations makes up for the difference. Hence it is seen that 

CSO gives faster results while taking up lesser resources than 

PSO for object detection. 

TABLE I.  COMPARISON OF ITERATIONS AND TIME TAKEN BY CSO AND 

PSO ALGORITHMS FOR OBJECT DETECTION 

Image CSO Based Algorithm PSO Based Algorithm 

 Average 

Iterations 

Taken 

Average 

Time 

Taken 

Average 

Iterations 

Taken 

Average 

Time 

Taken 

1 20 0.47 34 0.51 

2 13 2.98 26 3.50 

3 25 1.22 36 1.50 

4 15 5.31 28 5.56 

5 22 2.11 40 2.75 

6 21 0.35 45 0.76 

7 7 0.19 15 0.18 

8 27 0.29 47 6.92 

9 20 4.82 36 4.76 

10 25 2.82 42 3.40 

 

VI. CONCLUSION AND FUTURE WORK  

 In this paper, the authors perform object recognition, using 

a relatively new optimization approach called CSO, which 

adopts two separate cooperative modes of searching. These 

modes combine to reach the best solution in very less number 

of steps, which proves to be advantageous over other 

optimization techniques like PSO. Future work in this field can 

include extension to include object matching in colored 

images, and also multi-objective approach to solve the object 

matching problem. Work can also be done in trying to reduce 

the time taken by individual iterations in CSO, which will help 

reduce the total calculation time even more.  
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