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Abstract 

Particle Swarm Optimization is an optimization technique which is used to find the optimal 

solutions for any given problem. It could find the maximum or the minimum value from the 

many available feasible solutions. The algorithm is based on the number of particles, which 

denotes the many available candidate solutions that are feasible for the result of a given 

problem. These particles are collectively known as the swarm. The particles fly in their 

surroundings, within the swarm and tries to find the best solution by visiting the different 

positions in the swarm. When a particle finds the best solution, it lets all other particles 

accumulate at that position, by exchanging information with them and thus, these particles 

converge at that point. The PSO algorithm has a fast converging feature. But there is a 

drawback of the algorithm, that some particles get stuck into the local optima and converges 

prematurely, the phenomenon called, premature convergence. Many researchers have worked 

in the fields of this algorithm and many modifications have been made into it remove the 

limitations that existed. This paper presents the variant of PSO that has been developed to 

overcome the limitation of premature convergence and improve the performance of the 

algorithm. The PSO with Aging Leader and Challengers is based on the concept of aging and 

a leader from the particles of the swarm, which takes the whole swarm to the best position in 

the swarm, giving the best solution for the optimization problem. 
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1. Introduction 

Particle swarm optimization (PSO) is a population-based stochastic approach for solving continuous 

and discrete optimization problems. PSO is an evolutionary computation technique[2] and an AI 

(Artificial Intelligence) based heuristic optimization method[9]. In particle swarm optimization, 

particles move in the search space of an optimization problem. The position of a particle denotes a 

candidate solution to an optimization problem. Each particle searches for some better position in the 

search space by changing its velocity. Particle Swarm Optimization is a population based stochastic, 

search algorithm [5]. The PSO algorithm is based on the bird flocking and fish schooling[6]. It is 

based on the behaviour of the birds, which fly to different places in search of food[8].  

pbest- Each particle keeps track of its coordinates in the solution space. This position is associated 

with the best solution ,called fitness, which has been achieved so far by that particle. This value is 

called the personal best (pbest).  

gbest- It is the best value obtained by a particle so far in its neighborhood. This value is called global 

best (gbest).  
Each particle tries to modify its position by using its:  

1. current positions 

2. current velocities,  

3. distance between the current position and pbest,  
4. distance between the current position and the gbest.  

1.1. PSO Algorithm 

Main steps for PSO algorithm is as follows:  



1. Initialize number of particles with random position and velocity.  
2. Evaluate the fitness value for each particle.  

3. Evaluate gbest.  

4. Evaluate pbest.  

5. Update velocity & position.  
6. Evaluate the fitness value for new position . 

7. If condition is fulfilled gbest is the solution else repeat above steps [1]. 

 
The PSO Algorithm runs as follows:  

For each particle 

Initialize particle 
For each particle 

Calculate fitness value 

If the fitness value is better than the best fitness 

value (pbest) in history 
set current value as the new pbest 

End 

Choose the particle with the best fitness value of all 
the particles as the gbest 

For each particle 

Calculate particle velocity  
Update particle position  

End 

Continue while maximum iterations are attained [1] 

 
During each iteration , every particle is accelerated towards  the particle’s previous best position 

(pbest) and the global best (gbest) position and a new velocity value for each particle is calculated. 

based on particle’s current velocity, distance from its previous best position and  distance from the 
global best position.  

vit+1=w.vit+c1.r1t∗[pbestit−Xit]+c2.r2t[gbest−Xit]  

Xit+1= Xit+ vit+1 , where  vit is velocity of ith particle at iteration t,  w is weight inertia.  

c1, c2 are  acceleration Constants 
r1, r2 are random number between 0 and 1 

Xit is the current position of ith particle at iteration t, pbesti is personal best of ith particle, gbest is 

global best value of the group. 

 

2.  Related Work Done in PSO 

1. J. Kennedy and R. C. Eberhart, “Particle swarm optimization,” A concept for the optimization of 

nonlinear functions using particle swarm methodology was introduced. The evolution of several 

paradigms was outlined, and an implementation of one of the paradigms was discussed. Benchmark 

testing of the paradigm was described, and applications, including nonlinear function optimization 

and neural network training, are proposed. The relationships between particle swarm optimization and 

both artificial life and genetic algorithms were described. 

2. Yuhui Shi and Russell Eberhart , “A Modified Particle Swarm Optimizer”, A new parameter , 

called inertia weight is introduced into the original particle swarm optimizer. Simulations have been 

done to demonstrate the significant and effective impact of this new parameter on the particle swarm 

optimizer. 

3. Clerc, M, “The swarm and the queen: towards a deterministic and adaptive particle swarm 
optimization”-  A simple iterative particle swarm optimization algorithm was presented, with one 

equation and one social parameter. A “no-hope” convergence criterion and a “rehope” method was 

adopted to re-initialize its position. 



4. F. Van Den Berg , A. P.Engelbrecht-  “A new locally convergent Particle Swarm Optimizer”- A new 

locally  

convergent Particle Swarm Optimizer was developed and its performance was checked on Unimodal  

functions. 

5. Chunming Yang and Dan Simon , “A New Particle Swarm Optimization Technique”- This paper 

proposed NPSO, here, each particle adjusts its position according to its own previous worst solution 

and its group’s previous worst to find optimal value. The strategy is to avoid particle’s previous worst 

solution and its group’s previous worst solution. The results show that NPSO always finds better 

solutions than PSO. 

6. Hui Wang , Yong Liu, “Opposition-based Particle Swarm Algorithm with Cauchy Mutation”- 

Particle Swarm Optimization (PSO) shows fast search speed. But it could easily fall into local optima. 

This paper presented an Opposition-based PSO (OPSO) to accelerate the convergence of PSO and to 

avoid premature convergence. 

 

2.1. Limitations in Related Work done in PSO 

From the standard PSO, modifications have been made to improve the performance of the algorithm. 

Several researchers have worked to remove the limitations in the algorithm but the drawbacks were 

not able to be removed at all. Some flaws remained there.  

1. Classical PSO algorithm(1995)- optimizes the solution by using global best but there is a chance to 
get trapped in local area. There is no suggestion provided for such a situation. The algorithm is more 

efficient for small number of particles as it takes the best value found by neighbours into 

consideration. As the number of particles increases, The gbest value becomes more useful. 
2.  A Modified Particle Swarm Optimizer (1998)- works better than the original algorithm but only 

small benchmark function is used for its testing. There arises a difficulty to select the value of inertia 

weight.  

3. The swarm and the queen: Towards deterministic and adaptive particle swarm optimization by 
Clerc M.(1999)-  It could not clear that whether the optimal value is dependant on φ  or not. Thus, 

there is difficulty to select value of φ. The three methods used did not give constant result.  

4. A new locally convergent Particle Swarm Optimizer by F. Van Den Berg and A. P.Engelbrecht 

(2002)-It was tested for Unimodal functions only. There is not anything about its performance for 

multimodal functios.  

5. A New Particle Swarm Optimization Technique by Chunming Yang and Dan Simon (2005)-  It 

Presented  the implementation of PSO and NPSO. Each particle moves to a new position but it does 

not consider whether the new solution is better than the current solution or not. Some changes can be 

made to make the algorithm move to a better solution, but it may move to a worse 

position.  

6. Opposition-based Particle Swarm Algorithm with Cauchy Mutation- It  has a  faster convergence on 

number of functions, but in some functions it fell into local optima that does not guarantee the further 

convergence of particles. 

 

3. Particle Swarm Optimization with Aging Leader and Challengers (ALC-PSO) 

To remove the limitations that exited in the PSO algorithm, a new variant of PSO was developed, 

which considered the leader of the swarm of particles, which leads the swarm to reach the optimal 

solution for the given problem. The particle which is made to be the leader is the best particle among 

the whole swarm , which has the best quality to bring all other particles to the best position. This 

mechanism does not let the particles to participate in the final process of finding the solution which 

can take the swarm to the local optima, and thus removes the major drawback in the PSO algorithm 

i.e. removes the premature-convergence. 

    The designing of ALC-PSO can be done in three steps: 



1. Design lifespan controller- adjusting the lifespan of the leader. 

2. Generating challengers- generation of challengers for challenging the position of the current 

leader. 

3. Accepting challenger- deciding whether generated challenger can be accepted as new leader. 

1. Lifespan Controller 

After updating the postions of the particles, the leading power of leader to improve the entire swarm is  

evaluated.Lifespan b is adjusted by the lifespan controller. The generated leader checks the gBest and 

has three cases: 

1. gBest<0: In this case, the leader can efficiently lead the population, so its lifespan is increased by 2. 

2. gBest=0: In this case, the leader can satisfactorily lead the population and its performance can be 

enhanced to some extent, so its lifespan is increased by 1. 

3. gBest>0: In this case, there is no hope for improvement in performance, so the leader’s lifespan is 

decreased by 1. 

2. Generation of the Challenger: New challenger is generated when the lifespan of the old leader gets 

exhausted. When the performance of particle is greater than the previous leader, the leader is updated 

and when the best solution of the population is found, it is reported. 

3. Accepting the challenger- The leading power of newly generated challenger is evaluated, if this 

challenger has   enough leading power, it replaces the old leader and itself becomes the new leader.   

The leading power of newly generated challenger is evaluated, if this challenger has enough leading 

power, it replaces the old leader and itself becomes the new leader[4]. 

 

4. Terms used in ALC-PSO 

There is a requirement to maintain a balance between the local and global search[8].Some terms 

commonly used in the ALC-PSO algorithm. 

1. Swarm – Population or group of particles form the swarm. All the particles collectively , called 

‘Swarm’[7].  

2. Particle- Every member of the swarm is a particle, which represents a feasible solution to some 

problem[7]. 

3. Aging- The phenomenon of getting older with time and decreasing capability of a particle to find the 

solution  

is known as ‘Aging’[4]. 

4. Leader- One of the particle from the whole swarm which is selected to lead the entire swarm to find 

the best solution for the problem. It is known to be the best particle of the swarm[4]. 

5. Challenger- Another particle of the swarm which challenges its position to become the new leader.  

6. Lifespan- the total time period for which the leader will lead the swarm, is its ‘lifespan’. During 

leading term, the lifespan will vary[4]. 

7. Leading Power- The capability and the performance of the leader to lead the swarm is defined as its 

‘leading power’ [4]. 

8. Evaluation Function- The function that generates the challenger is known as the Evaluation 

Function[4]. 

9. Velocity- The velocity of a particle is a vector which determines its speed and direction[7]. 

10. Position- The location of the particle within swarm , is its ‘position’[7].  

11. Pbest- the  best location of the particle achieved in the particle so far, is known as ‘particle’s 

‘personal best’ position[7]. 

12. Lbest- the another best position of the particle found in the neighborhood of the particle i.e. ‘local 

best’ position[7].  

13. Gbest- The best position of the whole swarm is called ‘global best’ position[7]. 



14. Fitness Function- the function which finds the optimal solution[7]. 

 

Each particle’s position is updated using particle’s new velocity. The two updated equations are: 

v(t+1) = (w * v(t)) + (c1 * r1 * (p(t) – x(t)) + (c2 * r2 * (Challenger(t) – x(t))    
 x(t+1) = x(t) + v(t+1) 

The term v(t+1) means the velocity at time t+1. Velocity is a vector value which determines the speed 

and direction of the particle such as {1.85, -0.43}. 

 

4.1. Components of Velocity Update Rule 

1. Pbest- the personal best position of the particle 

2. Challenger- the particle challenging the position of leader 

3. Acceleration Coefficients – cognitive and social coefficients 

4. Inertia Weight- balances the exploration and exploitation ratio 

5. Current velocity- current velocity of the particle 

6. Random Variables- Random variables within range [0,1]. 

7. Updated velocity- The updated value of the velocity of the particle after applying the formula. 

Velocity Clamping- If the velocity of the particle increases its maximum velocity, it is set to be the 

maximum velocity value and if the value decreases the predefined minimum value, it is set to be the 

minimum value of the velocity. 

1. Vmax- maximum set velocity of the particle 

2. Vmin- minimum set velocity of the particle. 

  

4.2. Components of Position update rule 

1. Current position- current position of the particle within the swarm 

2. Updated position- updated position of the particle after an iteration of the process 

3. Updated velocity- update value of velocity of particle after an iteration, which is used to determine 

the updated position. 

 

5.   Selection of Parameters 

1. Number of Particles- Particles are the members of a population which are mass-less and volume-

less. They are subjected to position and velocities. They get accelerated towards better behavior[3]. 

The algorithm’s performance depends upon the number of particles i.e. number of feasible solutions 

for a given problem. Ion Lesser the number of particles, easier the process of finding the solution.  

2. pbest-It is  the personal best position of the particle achieved so far in the swarm. It can be said that 

pbest is the memory slot that is located to each particle. The best location is not always dependent on 

the value of the fitness function, another constraints can also be adapt for finding the value of pbest 

value for different problems. This variation does not adversely effect the search ability and 

performance of the particle. 

3. lbest- Lbest is the another best position found in the neighborhood of the particle. The neighborhood 

is the social environment in which the particle resides. The neighborhood of the particle is found and 

the lbest among them is found. The size of population effects the convergence of the particle, larger 

the population size, faster convergence speed of the algorithm. The selection of lbest is usually done 

by comparing fitness value among the neighbors. 

4. gbest- gbest is the global best position in the whole swarm. It is the extreme condition in which the 

particle takes the whole swarm as its neighborhood. The gbest value determines the best location for a 

particle in the swarm, which can lead to the best solution. 



5. inertia weight- Inertia weight balances the exploration-exploitation ratio. Some researchers prefer 

linearly decreasing value of inertia weight and some researchers follow the linearly increasing inertia 

weight. A randomized inertia weight is best suited for the process [9]. 

6. acceleration coefficients- These represent the weighting of the acceleration terms that put the particle 

towards pbest and lbest position. Mostly both the cognition and social coefficients are selected to be 

identical to make the search cover the surroundings, centered at pbest and lbest. Two extreme cases 

for the acceleration coefficients/ learning factors has been found i.e. cognitive-only model and social-

only model, but it was observed that both the factors are essential  for the efficient searching behavior 

of the swarm. 

7. random numbers- The random numbers are chosen from the predefined range [0,1]. 

8. velocity clamping- Velocity clamping restricts the velocity of particle to be limited at a particular 

value. If the velocity increases the predefined value, it is set to the maximum value of velocity i.e. 

Vmax[10]. 

9. lifespan of leader- Lifespan is the leading term period of the leader. It is adaptively adjusted by the 

lifespan controller, according to the gbest values found for the particle. 

10. population size- Population size is the total number of particles considered for the optimization 

process. Selecting the size of the population determines the effectiveness of the algorithm, larger the 

size of population, faster the convergence of particles to a position and better the performance of the 

algorithm. 

 

6. Experimental Parameter Settings for implementing the ALC-PSO algorithm 

1. Initialization- Some values are initialized before the process starts. These initialized positions are: 

i. Swarm size- It is varied in the process i.e. 10, 20, 30, 40 

ii. Inertia weight- It is calculated as follows: 

For i=1 to iterations 

b=900-0.2/999 

a= 0.9-b 

w= a* i + b 

iii. Random variable 1- selected between range [0,1] 

iv. Random variable 2- selected between range [0,1] 

v. Social factor- It is fixed for an experiment. It is set to be 2 here. 

vi. Cognitive factor- It is fixed for an experiment. It is set to be 2 here. 

vii. Maximum velocity-The maximum velocity is assigned to be 0.5 here. 

viii. Minimum velocity- The minimum velocity is fixed here to be -0.5 

ix. Maximum generations- The number of maximum generations are fixed to be 1000 here. 

x. Initial Lifespan of leader- The initial value of the lifespan of the leader is assigned to be 0. 

xi. Maximum lifespan- The maximum value of the lifespan of leader can be 100. 

xii. Iterations- Number of times the procedure of algorithm will run. It is fixed to be 10 here. 

2. Boundary Conditions- Whenever a particle gets out of the intended boundaries, it is initialized to the 

predefined values, so that no effort is wasted in finding the best solution from the swarm. The 

boundary constraints are handled as following: 

i. Infinity- Particles are set to some infeasible solution. 

ii. Absorb- Invalid particles are set to the nearest boundary value. 

iii. Random- Invalid components of a particle are set to some random values. 

The pre-defined boundary position and velocity of the particle are assigned to be the lower and upper 

bound values for the particle’s position and velocity. The boundary conditions for position are set to 

be between the range [0,1] and the range of velocity is set to be [-0.5, 0.5] here. 



3. Search Space- The search space is the boundaries within which the solution is found. If the particle 

goes out of the desired search space, it is re-initialized and brought back to the boundary conditions. 

The maximum and minimum search positions are defined to be [0,1]. 

4. Lifespan Controller- the lifespan controller adjusts the lifespan of the leader particle, according to its 

leading power.  

i. If the leading power of leader in good, its lifespan gets increased by 2 

ii. If the leading power is fairly good, its lifespan increased by 1 

iii. If the leading power is poor, its lifespan decreases by 1. 

5. Challenger Generator- The challengers are generated and its leading power is compared with the 

leading power of the leader, the better one is made to be the new leader.  

 

7.    Results of implementing and evaluating the ALC-PSO using Test Functions 

ALC-PSO algorithm is implemented on MATLAB (R2011b). The algorithm gives the convergence 

point at which all the particles of the swarm get accumulated, means the optimal solution is found and 

the optimum point is achieved. 

Average best-so-far = the average of best values found so far 

Iterations = the number of times the process is run 

Number of iterations=10 

Types of Test Functions 

1. Unimodal Test Functions- While the preservation of diversity in many existing PSO variants is  

at the cost of slower convergence, the unimodal functions here are applied to test if ALC-PSO can 

still maintain the fast-converging feature of the first PSO. Examples include: Sphere, Schwefel, 
Rosenbrock etc. 

2. Multimodal Test Functions - multimodal functions are functions with many local optima. These 

functions can be properly used to try the global search ability of the algorithm in avoiding 

premature convergence. Examples include: Ackley, Griewangk etc. 

3. Rotated and Shifted Test Functions - These functions are more complicated and can be used to 

compare the performance of different algorithms in a more systematic manner. Examples include:  

Rotated Ackley, Rotated Griewangk, Rotated Rosenbrock, Rotated Schwefel, Rotated sphere etc.  

The unimodal and multimodal functions are used here. Rotated functions are used for much complex 

problems. 

 

                   
                   Population size-10                                                   Population size-20 

 



                   
                     Population size-30                          Population size-40 

            Graph plots between Average best so far and iterations for ACKLEY test function 

 

Population pbest gbest Average best so far 

10 0.0041 4.3955 1.9545 

20 0.0080 3.9430 2.9026 

30 0.0118 3.7893 1.9374 

40 0.0150 4.2686 1.9832 

 

Table- Values with Ackley Test functions 

                    
                    Population-10           Population-20 

   

                      
                            Population-30                                                             Population -40 

Graph plots between Average best so far and iterations for GRIEWANGK test function 



 

Population pbest gbest Average best so far 

10 0.1184 29.2116 95.2332 

20 0.2572 28.4897 98.5840 

30 0.3448 29.9805 100.2319 

40 0.5179 25.2214 108.8902 

                    Table- results for Griewangk Test function 

 

                   
                 Population-10           Population- 20 

 

                 
                         Population-30          Population-40 

Graph plots between Average best so far and iterations for ROSENBROCK test function 

 

Population Average best so far gbest pbest 

10 215.0829 30.6355 0.3243 

20 278.6277 32.0052 0.5250 

30 239.5747 31.5463 0.2690 

40 271.9614 27.9852 0.6975 

               Table- Results for the Rosenbrock test function 

 

8. Applications of ALC-PSO 

ALC-PSO can be applied in several areas of science and technology. Some of the applications 

include: 

1. Task assignment to the person or machine from among the various available tasks. 

2. Voting results in the elections. 

3. CPU scheduling  



4. Selection of a quality product from various products. 

5. flexible ac transmissions system finds its application in solving optimal power flow (OPF) problem 

6. optimal reactive power dispatch (ORPD) problem to lessen the power loss. 

7. Underwater image haze removal. 

8. Adaptively varying of the adjustment factor for the image enhancement. 

 

9.    Related Work done in the applications of Aging Leader and Challengers 

1. S.Vijayalakshmi, D.Sudha, S.Mercy Sigamani, K.Kalpana Devi, “Particle Swarm Optimization 

with Aging Leader and Challenges for Multwaswarm Optimization”- ALC-PSO has been applied 

in finding the best product sale in mobile. The features of particular mobile is collected for its best 

quality and compared with the newer features of the upcoming mobile for its efficiency, speed and 

quality. 

2. Rudra Pratap Singh
, 
V. Mukherjee

, 
, S.P. Ghoshal

, 
“Optimal reactive power dispatch by particle 

swarm optimization with an aging leader and challengers”- ALC-PSO is applied  for the solution 

of optimal reactive power dispatch (ORPD) problem. The ORPD problem is a nonlinear constrained 

single-objective optimization problem in which the real power loss and  total voltage deviations are 

minimized. 

3. Bishnu Prasad De,    R. Kar,   D. Mandal,   S. P. Ghoshal, “Particle Swarm Optimization with 

Aging Leader and Challengers for Optimal Design of Analog Active Filters”- ALC-PSO  is 

used for the optimal design of analog active filters. It performs the dual-task of efficiently selecting 
the component values as well as minimizing the total design errors of low pass active filters.  

 

10.    Conclusion 

Particle Swarm Optimization is an optimization technique which is used to find the optimal solutions 

for any given problem. It could find the maximum or the minimum value from the many available 

feasible solutions. The PSO algorithm has a fast converging feature. But there is a drawback of the 

algorithm, that some particles get stuck into the local optima and converges prematurely, the 

phenomenon called, premature convergence. Many researchers have worked in the fields of this 

algorithm and many modifications have been made into it remove the limitations that existed. So a 

variant of PSO has been developed to overcome the limitation of premature convergence and improve 

the performance of the algorithm. The PSO with Aging Leader and Challengers is based on the 

concept of aging and a leader from the particles of the swarm, which takes the whole swarm to the 

best position in the swarm, giving the best solution for the optimization problem. 
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