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Abstract: Optimization is a mathematical technique that concerns the finding of maxima or minima of functions in some 

feasible region. There is no business or industry which is not involved in solving optimization problems. A variety of 

optimization techniques compete for the best solution. Particle Swarm Optimization (PSO) is a relatively new, modern, and 

powerful method of optimization that has been empirically shown to perform well on many of these optimization problems. It is 

widely used to find the global optimum solution in a complex search space. This paper introduces a theoretical idea and detailed 

explanation of the PSO algorithm, and the effects and judicious selection of the various parameters. The PSO method is 

becoming very popular because of its simplicity of implementation as well as ability to swiftly converge to a good solution. It 

does not require any gradient information of the function to be optimized and uses only primitive mathematical operators. 
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I. INTRODUCTION 

     The Particle Swarm Optimization algorithm 

(abbreviated as PSO) is a novel population-based 

stochastic search algorithm and an alternative solution to 

the complex non-linear optimization problem. The PSO 

algorithm was first introduced by Dr. Kennedy and Dr. 

Eberhart in 1995[1] and its basic idea was originally 

inspired by simulation of the social behavior of animals 

such as bird flocking, fish schooling and so on. It is based 

on the natural process of group communication to share 

individual knowledge when a group of birds or insects 

search food or migrate and so forth in a searching space, 

although all birds or insects do not know where the best 

position is. But from the nature of the social behavior, if 

any member can find out a desirable path to go, the rest of 

the members will follow quickly. Several researchers have 

generated different solutions to linear and non-liner 

optimization problems.  Mathematically an optimization 

problem has a fitness function, describing the problem 

under a set of constraints which represents the solution 

space for the problem.  

     The most of the traditional optimization techniques 

have calculated the first derivatives to locate the optima on 

a given constrained surface. Due to the difficulties in 

evaluation the first derivative for many rough and 

discontinuous optimization spaces, several derivatives free 

optimization methods have been constructed in recent time 

[2]. There is no known single optimization method 

available for solving all optimization problems. A lot of 

optimization methods have been developed for solving 

different types of optimization problems in recent years. 

The modern optimization methods(sometimes called 

nontraditional optimization methods) are very powerful 

and popular methods for solving complex engineering 

problems. These methods are particle swarm optimization 

algorithm, neural networks, genetic algorithms, ant colony 

optimization, artificial immune systems, and fuzzy 

optimization [6][7]. The PSO algorithm basically learned 

from animal’s activity or behavior to solve optimization 

problems. In PSO, each member of the population is called 

a particle and the population is called a swarm. Starting 

with a randomly initialized population and moving in 

randomly chosen directions, each particle goes through the 

searching space and remembers the best previous positions 

of itself and its neighbors. Particles of a swarm 

communicate good positions to each other as well as 

dynamically adjust their own position and velocity derived 

from the best position of all particles. The next step begins 

when all particles have been moved. Finally, all particles 

tend to fly towards better and better positions over the 

searching process until the swarm move to close to an 

optimum of the fitness function 

II. MATHEMATICAL MODELLING OF PSO 

     In a PSO method, all particles are initiated randomly 

and evaluated to compute  fitness  together  with  finding 

the  personal  best  (best  value  of  each particle) and 
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global best (best value of particle in the entire swarm). 

After that a loop starts to find an optimum solution. In the 

loop, first the particles’ velocity is updated by the personal 

and global bests, and then each particle’s position is 

updated by the current velocity.  The loop is ended with a 

stopping criterion predetermined in advance[3]. Basically, 

a swarm is represented by population and a particle is 

represented by an individual.  Each particle is treated as a 

point in multi-dimensional space and changes its location 

according to its own experience and other particles 

experience. Each one of these particles will produce two 

parameters which are velocity of particle and the position 

of the particle. Both parameters are communicating each 

other. The next iteration position of the particle is 

mathematically defined as 

                              (1) 

     The next position of particle (S
k+1

) is depends to its 

current position (S
k
) and the velocity for the next 

placement (V
k+1

). This velocity is obtained by personal 

best and global best. The global best PSO (or gbest PSO) 

is a method where the position of each particle is 

influenced by the best-fit particle in the entire swarm.The 

velocity for the next placement for global best is defined 

as 

                  (2) 

    The  local  best  PSO  (or lbest PSO)  method  only  

allows  each  particle  to  be influenced by the best-fit 

particle chosen from its neighborhood. The velocity for the 

next placement for local nest is defined as 

            (3) 

Calculation of the pbest and gbest is defined as 

           (4) 

      Global best is the best value of particle in the entire 

swarm means best among the pbest. 

                                         (5) 

A. Comparision Between Gbest and Lbest 

     Originally, there are two differences between the 

‘gbest’ PSO and the ‘lbest’ PSO: One is that because of 

the larger particle interconnectivity of the gbest PSO, 

sometimes it converges faster than the lbest PSO. Another 

is due to the larger diversity of the lbest PSO, it is less 

susceptible to being trapped in local minima[4]. 

B. Flow Chart 

     Figure 1 shows the flow chart of verilog design 

description for compact verilog programming approach for 

particle swarm optimization 

 
Figure 1 : Flow chart for PSO procedure 

III. EFFECTS AND CHOICE OF PSO 

PARAMETERS 

     There are some parameters in PSO algorithm that may 

affect its performance. For any given optimization 

problem, some of these parameter’s values and choices 

have large impact on the efficiency of the PSO method, 

and other parameters have small or no effect [8]. The basic 

PSO parameters are swarm size or number of particles, 

number of iterations, velocity components, and 

acceleration coefficients illustrated bellow. In addition, 

PSO is also influenced by inertia weight, velocity 

clamping, and velocity constriction and these parameters. 

A. Swarm size  

     Swarm size or population size is the number of 

particles n in the swarm. A big swarm generates larger 

parts of the search space to be covered per iteration. A 

large number of particles may reduce the number of 

iterations need to obtain a good optimization result. In 

contrast, huge amounts of particles increase the 

computational complexity per iteration, and more time 

consuming. From a number of empirical studies, it has 

been shown that most of the PSO implementations use an 

interval of 20 to 60 for the swarm size.  

B. Iteration numbers 

     The number of iterations to obtain a good result is also 

problem-dependent. A too low number of iterations may 

stop the search process prematurely, while too large 

iterations has the consequence of unnecessary added 

computational complexity and more time needed [4].   

C. Velocity Components  

     The velocity components are very important for 

updating particle’s velocity. There are three terms of the 

particle’s velocity in (2): 
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1. The term   is called inertia component that provides 

a memory of the previous flight direction that means 

movement in the immediate past. This component 

represents as a momentum which prevents to 

drastically change the direction of the particles and to 

bias towards the current direction.  

2. The term   is called cognitive 

component which measures the performance of the 

particles    relative to past performances. This 

component looks like an individual memory of the 

position that was the best for the particle. The effect of 

the cognitive component represents the tendency of 

individuals to return to positions that satisfied them 

most in the past. The cognitive component referred to 

as the nostalgia of the particle.  

3. The term  for gbest PSO or 

for lbest PSO is called social  

component  which  measures  the  performance  of  the  

particles relative to a group of particles or neighbors. 

The social component’s effect is that  each  particle  

flies  towards  the  best  position  found  by  the  

particle’s neighborhood.  

D. Acceleration coefficients  

     The acceleration coefficients c1 and c2, together with 

the random values r1 and r2 maintain the stochastic 

influence of the cognitive and social components of the 

particle’s velocity respectively. The constant c1 expresses 

how much confidence a particle has in itself, while c2 

expresses how much confidence a particle has in its 

neighbors [4]. There are some properties of c1 and c2:  

 When c1=c2=0, then all particles continue flying at 

their current speed until they hit the search space’s 

boundary. 

 When c1>0 and c2=0, all particles are independent. 

 When c1=c2, all particles are attracted towards the 

average of pbest and gbest. 

 When c1>>c2, each particle is more strongly 

influenced by its personal best position, resulting in 

excessive wandering. In contrast, when c2>>c1 then all 

particles are much more influenced by the global best 

position, which causes all particles to run prematurely 

to the optima [4] [5]. 

     From the different empirical researches, it has been 

proposed that the two acceleration constants should be 

c1=c2=2. 

E. Inertia weight                                                           

     By adjusting the value of w, the swarm has a greater 

tendency to eventually constrict itself down to the area 

containing the best fitness and explore that area in detail. 

The authors also suggested using w as a dynamic value 

over the optimization process, starting with a value greater 

than 1.0. 

IV. FPGA IMPLEMENTATION 

    Field Programmable Gate Array (FPGA) is 

semiconductor devices that can be programmed by user 

after manufacturing and implemented by any logical 

functions that an Application Specific Integrated Circuit 

(ASIC) could perform these abilities propose advantages 

for many applications. The design flow of FPGA is shown 

in figure 2. 

 
Figure 2: FPGA Design Flow 

V. RESULTS AND DISCUSSIONS 

    The synthesized results are obtained by using Xilinx 

ISE 10.1 and chipscope logic analyzer. 

A. Technology Schematic 

     Figure 3 shows the technology schematic for an 

example which is applied to PSO algorithm. 

 
 Figure 3: Technology schematic diagram 

B. Output Waveform 

     ChipScope is an embedded, software based logic 

analyzer. ChipScope provides us with a convenient 

software based interface for controlling the integrated 

logic analyzer, including setting the triggering options and 

viewing the waveforms. Figure 4 shows the output 

waveform using chipscope. Figure 5 shows the RTL 

schematic for an example which is applied to PSO 

algorithm. 
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Figure 4: Output waveform using chipscope 

C. RTL Schematic 

 
Figure 5: RTL Schematic  

D. Synthesis Report 

TABLE 1: SHOWS THE SYNTHESIS REPORT AND 

RESOURCE UTILIZATION 

 

VI. CONCLUSION 

     The algorithm in PSO model is heuristic technique. 

Thus the solution given from proposed algorithm might 

not the exact best solution but this algorithm assured to be 

simpler in term of calculation and in getting optimized 

solution. However, in PSO it is normal to have the solution 

which is not the optimal because of local minima case. But 

this phenomenon is considered minority case. The 

simplicity and the ability to model the problem into PSO 

parameter makes this algorithm is easier to be further 

improve. PSO algorithm is a derivative-free algorithm. It 

is easy to implementation, so it can be applied both in 

scientific research and engineering problems. PSO is less 

dependent of a set of initial points than other optimization 

techniques.  
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