
1

   And BCOA on Recognition Arabic Characters Problem 

Prof. Majida Ali Abed , Assist Lecture  Ahmed Naser Ismael 

College of Computers Sciences & Mathematics, Tikrit University , Tikrit, Iraq 

Majida.alasady@gmail.com, ahmadnassir84@gmail.com 

ABSTRACT 

         Intelligence techniques such as Particle swarm optimization, Genetic algorithm, Ant colony optimization 

, Bee Colony Optimization can apply on the system as classification method for better result This paper we 

survey three techniques Ant Colony Optimization Algorithm (ACOA), Particle Swarm Optimization Algorithm 

(PSOA), and Bee Colony Optimization Algorithm (BCOA),their algorithm and reason to use. In recent years, 

the area of Evolutionary Computation has come into these three. Three of the popular developed approaches are 

Particle Swarm Optimization Algorithm (PSOA), Ant Colony Optimization Algorithm (ACOA) and Bee Colony 

Optimization Algorithm (BCOA), are used in optimization problems. Since the three approaches are supposed 

to find a solution to a given objective function but employ different strategies and computational effort, it is 

appropriate to compare their implementation. The problem area chosen is that recognition of Final forms of   

Arabic handwritten characters. 

KEYWORDS:  particle swarm optimization Algorithm (PSOA), Ant Colony Optimization Algorithm 

(ACOA), Bee Colony Optimization Algorithm (BCOA), recognition system.

1. INTRODUCTION

There are mainly three phases of a character recognition system: Preprocessing, Segmentation, Recognition.  

The preprocessing technique removes noise, irrelevant data and unwanted data. In Recognition system has to 

recognize the object such as character, number, symbol …..etc. , in defined way[1,2]. The swarm intelligent 

techniques are considered the most modern artificial intelligence techniques, which contains many approaches 

that are used to solve optimization problems with high presentation and effectiveness and appropriate behavior 

to solve various optimization problems such as character recognition and make a comparison among them in 

term of behavior and presentation. Many approaches is presented that used different swarm intelligence 

techniques such as Ant Colony Optimization (ACO), Bees Algorithm (BA), and Particle Swarm Optimization 

(PSO),the swarm intelligence techniques success in solving practical, important, and applicable problems with 

high presentation, effectiveness, and particular behavior[3,4]. 

There are three main processes in all evolutionary algorithms: 

 initialization process

 evaluation process  for fitness value

 generation  process  of a new population
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In the initialization process, the initial population of individuals (directly or indirectly) is randomly generated 

according to some solution representation. In the evaluation, process evaluated for fitness value can be used to 

calculate the average population fitness that by fitness function for the purpose [5, 6]. 

Of selection.in the third process is the generation of a new population, the three processes are shown in          

Figure (1), after initialization, the population is evaluated and stopping criteria are checked. If none of the 

stopping criteria is met, a new population is generated again and the process is repeated until one or more of the 

stopping criteria are met [7]. The processes for initialization and generation of new population may produce 

infeasible solutions. It is very important to choose a solution representation that is more likely to produce feasible 

solutions. This is a common design consideration for all evolutionary algorithms. In addition to the solution 

representation, two common parameters that must be determined initially are [8, 9].  

 population size  

 Maximum number of iteration. 

The choices of values of these two parameters have officer effect on the solution quality and solution time, these 

values are usually determined in practice [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

                Fig .I: General three main processes of evolutionary algorithm ACOA, PSOA and BCOA 

In this paper use comparison between  Particle Swarm Optimization Algorithm (PSOA), Ant Colony 

Optimization Algorithm (ACOA) and Bee Colony Optimization Algorithm (BCOA), for recognition 
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handwritten Arabic characters with final forms, we reach to scientific discussion and conclusions that 

differentiate among the presented approaches to prove that the three  evolutionary algorithms succeed in solving 

convenient, important, and appropriate problems with high presentation, effectiveness, and particular behavior. 

Arabic characters might be confusing; because Arabic has many characters have different forms depending on 

whether they occur at the beginning, middle, or at the end of the word. 

 

II. THREE EVOLUTIONARY ALGORITHMS EAs 

In general, EAs share a common approach for their application to a given problem. The problem first requires 

some representation to suit each method. Then, the evolutionary search algorithm is applied iteratively to arrive 

at a near-optimum solution. Evolutionary algorithms have been lengthily developed and used as search and 

optimization tools in various problem domains, such as (Ant Colony Optimization, Particle Swarm Optimization 

Algorithm, Bee Colony Optimization Algorithm …etc. .Their comprehensive applicability, comfort of use, and 

global perspective may be considered as the primary reason for their success This paper deals with the 

implementation of the recognition handwritten Arabic characters by using three different Evolutionary 

Algorithm EAs that are Ant Colony Optimization Algorithm, Particle Swarm Optimization Algorithm and Bee 

Colony Optimization Algorithm then we compare the results of recognition and find the best optimization 

algorithm with high percentage of accuracy[11]. Many researchers were proposed to overcome disadvantages 

of the classical 

Optimization procedures. These new techniques stimulated heuristic optimization algorithms are efficient and 

stretchy. They can be modified and/or modified to suit specific problem necessities Figure (2) explain modern. 

heuristic optimization strategies Research on these techniques is still continuing all around the globe. 

 

 

                                 

          

           

 

 

 

 

 

Fig .II: Modern heuristic optimization strategies 

2.1. Ant Colony Optimization Algorithm (ACOA) 

           Ant colony Optimization Algorithm is a part of swarm intelligence approach that has been 

successfully used in optimization technique. It was proposed by Marco Dorigo in the year 1992[12].Can be 

used in any optimization problem and has been successfully applied in the selection of optimal minimal of 
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feature [13]. ACO based on the foraging behavior of ant and shall be deposited same amount of pheromone 

on their paths in order to work an enabling path that should be followed by other ant of the colony so shorter 

path will receive more pheromone per time unit. In addition, the amount of pheromone on each path 

decreases as time passes because of vaporization. Therefore, longer paths lose their pheromone Density and 

become less favorable over time. Ant algorithms are stimulated by real ant colony, Probability of ant 

following assured path is a function, Pheromone concentration, Visibility, Evaporation, The aim of ant 

colony optimization algorithm is to find an optimal path from source to target and it used for solving many 

problems such as Travelling Salesman Problem (TSP), Quadratic Assignment Problem (QAP), Vehicle 

Routing, Stock Cutting and recognition characters the ACO consists of three major concepts: construction 

ant solution, applying local search, updating pheromones [14]  Figure (3) explain the flow chart of ACO. 

 

2.2. Particle Swarm Optimization Algorithm (PSOA) 

The Particle Swarm Optimization algorithm (PSOA) was originally designed by Kennedy and Eberhart in 1995. 

PSOA is a population based searching method which imitates the social behavior of birds or fish schooling. The 

population is called a "swarm" and the individuals are called "particles". Each particle moves in the swarm with 

a velocity that is adjusted according to its own flying experience and retains the best position. It ever encountered 

in memory. The best local and global positions ever encountered by all particles of the swarm are also 

communicated to all particles. Advantages of PSOA have no mutation calculation and overlapping. PSOA 

compared with the other Evolutionary Algorithms, it occupies the better optimization ability and it can be 

completed easily. Figures (4) explain the flow chart of PSOA [15]. 

2.3. Bee Colony Optimization Algorithm (BCOA) 

          The Bees Colony Optimization Algorithm is a natural phenomenon of bee colony, population-based 

search algorithm inspired by the natural foraging behavior of honey bees to find the optimal solution. The idea 

behind the BCO is to create the multi agent system (colony of artificial bees) capable to successfully solve 

difficult combinatorial Optimization problems; the algorithm performs a kind of neighborhood random search 

[16]. There are three types of bees: Queen Bee there is one queen bee in the bee colony. She is responsible to 

lay eggs which are used to build new colonies, Male Drone Bees there are many male drone bees in the ant 

colony; these are responsible for mating with the queen bee and Worker Bees There are thousands worker bees 

in the ant colony, these bees perform all the preservation and management jobs in the colony and the scout 

behavior and forager behavior respectively are collectively responsible for the working of the honey bee 

colonies. There are two types of worker bees, scout bees and Forager bees. In execution of the Bee Colony 

Optimization algorithm following three paths will be formed as Path Construction (PSB), Path Restructuring 

(PFB) and Path Selection (PS) . Figures (5) explain the flow chart of BCOA [17]. 
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Fig III: Flowchart of Ant Colony Optimization Algorithm (ACOA)                              Fig. IV: Flowchart of Particle Swarm Optimization Algorithm (PSOA) 

 

 

 

 

 

 

 

 

 

 

 

Fig V: Flowchart of Bee Colony Optimization Algorithm (BCOA) 

Generate new Ant Colony 

Initialize  pheromone trail 

Construct new solution using obtained 

best solution 

Determine Search Direction 

Update pheromone trail 

Determine the best solution                        

(optimum fitness value) 

Evaluate the Fitness of each ant in the colony  

Initialize ant colony 

Start 

P
h

er
o

m
o

n
e 

U
p

d
a

ti
o

n
 

End 

New Population of Scout Bees  

Evaluate the Fitness of a Population 

Assign (n-m ) Remaining Bees to Random Search 

Select the Fittest Bee from each Site 

Recruit Bees for Selected Size (more Bees for 

the Best e  Sites 

Determine the size of Neighborhood        

(Patch Size ngh) 

Select m Sites for Neighborhood Search  

Initialize a Population of n Scouts Bees 

Start 

N
e
ig

h
b

o
r
h

o
o

d
 S

ea
rc

h
 

End 

No 

No 

Initialization in the random position and 

velocity particles vectors 

 

Initialization the best local and global 

position 

Evaluation of particles vectors 

Update particles velocity and position 

gbest= p 

Pbest= p 

If the cost function 

bestP better than  is 

Stop? 

Start 

End 

If the cost function 

 bestg than better is 

Yes 

Yes 

Yes 

No 



6 
 

2.4 Comparison between (PSOA), (ACOA) and (BCOA) 

Evolutionary Algorithms (EAs) such as Particle Swarm Optimization (PSO), Ant Colony Optimization (ACO), 

artificial fish swarm algorithm (AFSA) , Bee Colony Optimization (BCO), Artificial bee colony (ABC) , Firefly 

algorithm (FA), Bat algorithm (BA) and so on, have successfully been applied to a wide variety of optimization 

problems, for example: image processing, pattern recognition, scheduling, engineering design, etc. ,It is 

important to point out that all algorithms try to produce a good optimality solution without conceding accuracy 

in the data classification. Most of evolutionary Algorithms have the following steps as show in figure (6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. VI: General steps of evolutionary Algorithms (EAs) 

  

 

From the steps of figure above, we can saw that the three algorithms   PSO, ACO and BCO start with randomly 

generated population, the three algorithms have fitness values to evaluate the population., update the population 

and search for the optimum with random techniques and do not guarantee that their steps will success . The three 

algorithms have some advantages, some disadvantages and their application. Table (1) show the advantages and 

disadvantages of PSOA, ACOA and BCOA. 
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Table (1) Advantages and disadvantages of PSOA, ACOA and BCOA. 

 

 

 
 

 III. KNOWLEDGE BASE AND EXPERIMENTAL ANALYSIS 

3.1 Knowledge Base 

   The knowledge base used the scanned input final Handwritten Arabic Characters, in our experiments, after 

normalization process which is performed so that all Characters could become in equal dimensions of matrix. 

In this paper database consists 28 final characters from ا to ي each character has different ten forms written by 

hand Arrange in separate file for each character. The Training database consists of 667 samples for characters   

 saved as database, 639 characters with different forms input samples. We use Matlab to extract the 28    ,(ا-ي)

handwritten character for each file. The six different forms of final Arabic handwritten characters are shown in 

figure (7).  

Algorithm Description Advantages Disadvantages  
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                      Fig .VII: Some Sample of final Arabic Handwritten Characters with ten different forms 

 

3.2 Experimental Analysis 

Experimental Analysis in our paper used comparison between three evolutionary algorithms: 

 Ant Colony Optimization Algorithm (ACOA) 

 Particles Swarm Optimization Algorithm (PSOA) 

 Bee  Colony Optimization Algorithm (BCOA) 

In recognition problem we have used final handwritten Arabic characters, we explain one of the three algorithms 

Ant Colony Optimization Algorithm (ACOA) in our Experimental Analysis, the way of the ant as an example  

of  application of ACOA .The way of the ant will start matching and find handwritten Arabic characters  form  

start final  form of handwritten Arabic  character where the matching of the characters will be check the  input  

character,  the ant will used many ways to find a handwritten character, which marks final  character of the floor 

where it will be verified input characters and match where  if ant found the character will return to the nest and 

show result else will continue to check another character. Therefore the ant colony system is made from the 

principle of Ant Colony Optimization Algorithm for solving kinds of optimization problems. Pheromone is the 

key of the decision-making of ants [18].There are many paths to find the character but the Ant Colony 

Optimization Algorithm indicate to choose between two or more paths, the first priority path is the path, which 

has a larger amount of pheromone, and also the short path in the Ant Colony Optimization Algorithm is the best 

to arrive to the solution, so the figure (8) below explain paths to find handwritten character. 
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Fig .VIII: Ants path for searching final Arabic handwritten character 

IV. RESULT AND DISCUSSION  

        in our proposed model we have input final forms of Arabic handwritten characters, and  explain how the 

proposed model make matching between the inputs characters and  the original characters in database to 

obtain the best ratio matching by using Ant Colony Optimization Algorithm(ACOA),Particles Swarm 

Optimization Algorithm (PSOA) and Bee Colony Optimization Algorithm (BCOA) , the input and original 

characters a were analyzed by matlab program version 7.0  to get the resolution for every character as shown 

in the table(2). 

Table (2): Best ratio matching of all final Arabic characters in database with input Arabic handwritten Characters with Clarity 
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The input characters will be comparing final Arabic handwritten characters with the original character in 

the database that include six forms  for each character, where every input character will matching with six forms 

for same character, to know the input characters with the original six characters may be different matching or 

same matching table (3 ) explain the best ratio matching of some original Characters ـه ، ـذ   ـ ك  final   Arabic 

characters in the database with Input character handwritten by using ACOA,PSOA and BCOA, and figure (9)            

explain the best ratio matching of some original Characters ـه ، ـذ   ـ ك  final   Arabic characters in the database 

with Input character handwritten by using BCOA ,table (4) explain the best ratio matching of all final Arabic 

Characters  ratio matching in database with input Arabic handwritten character by using ACOA, PSOA and 

BCOA , table(5) and figure(10) explain the  recognition rate by using ACOA, PSOA and BCOA which are      

90.06 %  87.32% 91.98%  . Experimental results show that the BCOA is convergence and more accurate in 

solution. 

 

 

Table (3): Best ratio matching of the Characters كه ، ـذ ،ــ  in database with input characters by using ACOA, PSOA and BCOA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. IX: Matching for final Arabic Character ـه ، ـذ ،ـك with database by using BCOA 
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Table (4): Best ratio matching of final Arabic Characters in database with input final Arabic handwritten character by 

                                                       Using ACOA, PSOA& BCOA        

 

 

 
 

Table (5): the recognition rate of final Arabic Characters by using ACOA, PSOA and BCOA 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig .X: the recognition rate by using ACOA, PSOA and BCOA 

V.CONCLUSIONS 

 
In our  paper, evolutionary techniques such as ACOA, PSOA and  BCOA were proven in a lifelike 

scenario and successfully applied for the recognition final handwritten arabic characters  problem. In our present 

paper, a model of handwritten Arabic characters recognition using the concept of particles swarm optimization 

algorithm, Ant colony optimization algorithm and Bee colony optimization algorithm, have been discussed. It 

is noted that the BCOA in general generates an optimized matching between the input final Arabic handwritten 

characters and final Arabic Characters in database which improves the final recognition rate.  The model has been 

tested with a lot of final Arabic handwritten characters, high recognition rate has recorded .We obtain Best 

Matching to handwritten characters by using BCOA equal to 91.98%. A comparsion between  these algorithms 

can also be made to overwhelmed the time intricacy and local optimization problems which can provide better 

investigation of search process and applied for future work. 
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