
 

 

 

Abstract—This article deals with a performance evaluation of 

particle swarm optimization (PSO) and genetic algorithms (GA) for 

fixed order controller design. The major objective of the work is to 

compare the ability, computational effectiveness and efficiency to 

solve the optimization problem for both algorithms (PSO and GA).  

All simulation has been performed using a software program 

developed in the Mat lab environment. As yet, overall results show 

that genetic algorithms generally can find better solutions compared 

to the PSO algorithm. The primary contribution of this paper is to 

evaluate the two algorithms in the tuning of PID-controllers and 

minimization of cost function and maximization of robust stability in 

the servo system which represents a complex system. Such 

comparative analysis is very important for identifying both the 

advantages and their possible disadvantages. 

 

Keywords— Evolutionary algorithm, optimization, robustness, 

performance and PID controller.  

I. INTRODUCTION 

ARTICLE Swarm Optimization (PSO) is a relatively new 

heuristic search technique, who’s functioning is inspired 

by the swarming [1]. PSO and (GA), in terms of both 

evolutionary heuristic search techniques are based on 

population [2]. The GA has been popular in academic world 

and the industry mostly for the reason that of its easiness in 

implementation, and the aptitude to efficiently solve extremely 

nonlinear, mixed integer optimization problems of complex 

engineering systems [3].  

    This paper an attempt is made to inspect the claim that PSO 

has the same effectiveness as the GA in finding the global 

optimal solution. The performance comparisons of the PSO 

and GA have been implemented in design optimization 

problems. 

    PSO was invented by Kennedy in PSO, a set of randomly 

initial swarm propagates in the design space towards the 

optimal solution over a number of moves based on large 

amount of information about the design space that is 
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assimilated and shared by all members of the swarm. PSO is 

inspired by the ability of flocks of birds, schools of fish to 

adapt to their environment, find rich sources of food [4].  

  The GA was introduced in the mid 1970s by John Holland. 

The GA is inspired by the principles of genetics and evolution, 

and mimics the reproduction behavior observed in biological 

populations. The GA employs the principal of ―survival of the 

fittest‖ in its search process to select and generate individuals 

that are adapted to their design objectives. Therefore, over a 

number of generations, desirable traits will evolve and remain 

in the composition of the population [5]. The GA is well suited 

to and has been extensively applied to solve complex design 

optimization problems because it can handle both discrete and 

continuous variables and nonlinear objective and constrain 

functions without requiring gradient information. 

     Currently, the most of industrial processes are controlled by 

the well-established PID control.  The parameters Kp, Ki Kd are 

selected to meet prescribed performance criteria, classically 

specified in terms of rise and settling times, overshoot, and 

steady state error [6]. The reputation of PID control can be 

credited to its simplicity and to it has good performance in a 

wide range of operating conditions. Moreover, the controllers 

designed with the aid of modern control techniques are usually 

of high order, difficult to put into practice [7]. 

     Also, the design procedures of PID controllers are simple, 

although, the tuning parameters are the trickiest ones in a PID 

controller, as optimal tuning parameters are difficult to find 

[8]. Therefore, researchers introduced advanced controllers 

such as PID self-tuning, model-based adaptive control, model 

predictive control, fuzzy control, optimal control, expert 

control, robust control, etc.  

     The other methods including optimal control, expert 

control, neural networks, etc. have been developed to address 

the issues of complexity. However, most require many kinds of 

process model and high-level expertise. It is difficult to 

develop a general-propose, user-friendly, smart control system 

based on these control methods.  

    Recently, the evolutionary computations have purposed GA 

[8, 9] and PSO [10-11] as open paths to a new generation of 

advanced process control. These advanced techniques to 

design industrial control systems are, in general, dependent on 

getting optimum performance since the real world processes 

are very complex. 

     The controller when facing with various types of 

disturbance those are unknown in most practical applications. 

Usually such an optimum system performance is defined by a 
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continuous function that is obtained by minimizing CF and 

maximizing the robust stability [12].  

     The GA and PSO are non-gradient based optimization 

algorithm and belong to probabilistic search algorithms, which 

have attracted much interest from the research community [13-

14]. These algorithms normally mimic some natural 

phenomenon. GAs has been widely applied to the design of 

controllers, used a standard GA to determine initial estimates 

for the values of PID parameters. GAs is tested for PID 

controller for nonlinear process and showed robustness and 

efficiency [15]. Other several applications of GA appeared in 

[4, 7, and 17]. The PSO has also been used for tuning PID 

controller [16] and have proved successful results.  

    The major objective of this paper is to compare the 

computational effectiveness and efficiency of two algorithms 

GA and PSO. The primary motivation of this work presents a 

complete treatment on the design and application of PSO and 

GA for CF minimization and robust stability maximization in 

the presence of uncertainties. 

    The remainder of this paper is organized as follows. In 

Section II  problem formulation is presented, overview of PID 

controller is given in Section III, brief overview of PSO and 

GA is presented in section IV and V respectively, Section VI 

presents simulation results, comparison on performance is 

presented in section VII and conclusion is placed in section 

VIII. 

A. Related Work 

     In an objective optimization problem, every result can be 

evaluated on the basis of their cost function values and the 

performance of evolutionary algorithm is used to find a 

solution of cost function. In summation, these mechanisms 

focus on the current research when dealing with the problem of 

optimization of cost function.  One of the main conclusions of 

these workings is related to the weak point of the conventional 

optimization techniques. 

     Then, in a different way of the previous works on 

optimization, this work has the objective to study the behavior 

of preference of evolutionary algorithms, a topic hardly 

explored in the literature. The previous work has been 

extended to optimization of cost function and PID controller 

parameters.  The performance of two evolutionary 

optimization techniques has been compared by implementing 

on same objective. 

II. PROBLEM FORMULATION 

     To formulate the PID controller design problem as an 

optimization and search problem. The original plant will be 

shaped by choosing the weighting functions and minimizing 

the cost function (CF) of shaped plant [17].  A set of controller 

parameters in pre-specified low fixed order controller is 

optimized by using PSO and GA. The lowest achievable value 

of gamma and corresponding maximum stability margin is 

calculated as in 

 

)(1 max
1

max XZ                                                (1) 

 

      A controller K∞ stabilizes the original closed loop system 

and minimizes gamma. 
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     The singular values of original plant are shaped 
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 by choosing W1 and W2. The original plant G0 

and weighting functions are combined to form a shaped plant 

Gs. The weighting functions are chosen as in 
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Where , ,Kw    are positive numbers,   is selected as 

small number (<< 1) for integral action [18]. The final 

controller is constructed by multiplying K∞ with weighting 

functions W1 and W2 as in  

 

21)( WKWsK final                                                        (4)                                       

 

Assume that K(p) is structure specified controller. The 

structure of controller is specified before starting the 

optimization process. The p controller structure is taken as 

vector p of the controller parameters is given by p= [kp, ki and 

kd ]. A set of controller parameters p is evaluated to minimize 

CF. By using (4) controller K(p) can be written as in 

      

21)( WKWpK                                                                  (5) 

       

It is assumed that W1 and W2 are invertible, therefore, 
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By substituting (6) in (2), the H∞-norms of the transfer 

matrix from disturbances to states, which has to be, minimized 

i.e. CF is written as in: 
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III. PID CONTROLLER AN OVERVIEW 

     The PID control is a linear control methodology. The 

structure of PID controllers is very simple. They operate on 

the error signal; this is the difference between the desired 

output and the actual output and generates the actuating signal 

that drives the plant [19]. The PID controller has three terms: 

The basic three term structure of an SISO PID controller is 

shown in Fig.1 
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Fig.1 PID Controller 

 

 Here Xd is the reference signal to track, X is the state of the 

system to control and u is the control action generated by the 

PID controller. Kp, Ki and Kd are the gains of the proportional, 

integral and derivative terms [20]. These PID controllers have 

been found to be reasonably effective and easy to implement. 

Consequently, the PID controller is the standard controller 

design in the process industries. The PID standard form is 

given as in 

 
dt

de
kdtekeKu Dp ... 1                                        (8) 

 

   The variety of PID controllers tuning techniques has been 

developed such as Ziegler-Nichols (ZN) [21-22]. However, 

since they rely on a minimum amount of dynamic information 

by making a certain assumption about nature of the controlled 

process, such as linearity, weak interactions within the process, 

absence of noise, 

IV. PARTICLE SWARM OPTIMIZATION 

     In recent years, PSO procedure appeared as promising 

technique for managing the optimization problems. PSO is a 

population based technique that has many key advantages over 

other techniques. The PSO is general purpose optimizer that 

solves the wide range of optimization problems. 

In this work, the basic PSO algorithm that is explained has 

been implemented. The basic algorithm is first described, 

followed by a discussion on side and functional constraint 

handling. 
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Vid :             Velocity of each particle in each dimension 

 i:            Particle 

D:           Dimension  

W :             Inertia Weight  

C  c2 :         Constants   

Rand ():     Random 

Pid:           Best position of each particle 

gd:            Best position of swarm 

xid:          Current position of each particle in each         

dimension 

 

 

 

 TABLE I 

THE MAIN STEPS FOR PSO 

 

Function PSO (Particles, Fitness-FN) returns a controller 

Inputs: Particles, a set of PID-controllers 

Fitness-Fn, a function that controller response according Eq. (7) 

Repeat 

Loop for i from 1 to Size (Particles) do 

Find the personal best & global best position of each Particle. 

Update each Particle according to Eq. (4) & Eq. (5). 

Until some controller is fit enough, or enough time has elapsed 

Return the best controller in Particles, according to Fitness-Fn. 

   

V.  GENETIC ALGORITHM GA 

  The literature contains many versions of the GA. In this 

study, a basic GA with tournament selection, uniform 

crossover and one bit mutation is employed to solve the 

optimization problem. The GA represents the design variables 

of each individual designs with that are referred to as 

chromosomes. It is important to note that the GA works with 

design parameter that allows for a combination of discrete and 

continuous parameters in one problem statement. 

GA is a search method, starts the process with randomly 

initialization of population of 10 individuals. Then, the fitness 

of each individual is calculated. The transmission of one 

population to next takes place by means of the genetic 

operators such as selection, crossover and mutation. The 

process chooses the fittest individual from the population to 

continue in the next generation [20].  
 

TABLE II 

THE MAIN STEPS FOR GA 

   

Function GA (Population, Fitness-FN) returns a controller 

Inputs: Population, a set of PID-controllers 

Fitness-Fn, a function that controller response according Eq. (7) 

Repeat 

New-Population <— empty set 

Loop for i from 1 to Size (Population) do 

Father <— Random-Selection (Population, Fitness-Fn) 

Mother <— Random-Selection (Population, Fitness-Fn) 

Child <— Crossover (Father, Mother) 

If (small random probability) then 

Child <— Mutate (child) 

Add Child to New-Population 

Population <— New-Population 

Until some controller is fit enough, or enough time has elapsed 

Return the best controller in Population, according to Fitness-Fn. 

   

VI. SIMULATION RESULTS 

      The transfer function of original plant is shown as in 

 

)9.53626.43(

1.551
)(

2

12.0






ss

e
sG

s

                                            (11) 

          

To design the stabilizing controller by using H   LSDP, 

the weighting functions are chosen as in 
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       Where I is the identity matrix, with these weighting 

functions the shaped plant is computed as in 

 

5369.09.53626.43

22055.413
)(

23

12.0








sss

es
sG

s

S                       (13) 

 

   The stabilizing controller K∞ is obtained by using H∞ loop 

shaping is as in, 
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      By using the H∞ LSDP the final controller is obtained as in 
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     The controller obtained by H∞ LSDP as in (15) is of 4
th

 

order that is double than that of the plant and its structure is 

complex as well. The investigation has been performed for 

PID controller as a fixed structure controller kp ki and kd are the 

controller parameters which are evaluated by using PSO and 

GA. The specific controller structure is expressed as in  

 

( )
kiK p k k sp ds

                                      (16) 

        

For PSO, The swarm size was limited to 10 particles. The 

velocity of each particle is randomized to a small value to 

provide initial random motion to the swarm. The most 

important factor is maximum velocity parameters which affect 

the convergence speed of the algorithm are set to 0.7. The C1 

and C are 3.0 and 2.5 correspondingly. PSO converged on 3
rd

 

generation and gave optimal CF of 1.396. This has satisfied 

stability margin of 0.716. The computed optimal values of 

controller parameters are shown as in  

 

0.890
( )* 0.939 0.212K p s

s
                                 (17) 

 

        The step response presents rise time 0.725 sec., about 

14% overshoot and the settling time is about 3.23 sec. 

 

      For GA, the simulation started with population size of 10, 

tournament selection and single bit wise mutation was used. 

GA converged on 4
th

 generation and gave optimal CF of 

1.296. This has satisfied stability margin of 0.771. Obtained 

optimal values of controller parameters are shown as in. 

 

0.670
( )* 0.833 0.322K p s

s
                                  (18) 

 

          The step response present 0.66 seconds rise time, 2.5% 

overshoot and the settling time 2.73 seconds, the results 

obtained clearly shows the effectiveness of proposed scheme. 

         To investigate PID controller parameters Z-N technique 

was employed to find the values of specified controller 

parameters. Controller parameters were obtained 

experimentally by using Z-N techniques based on the unit step 

response of the nominal plant. The controller parameters 

obtained using Z-N technique as in 

 

12
( )* 4.495 3.90K p s

s
                                  (19) 

     The closed loop step response of the system present an over 

shoot of about 58 %, rise time 0.25 sec. and settling time 3.7 

sec  

VII. COMPARISON AND PERFORMANCE ANALYSIS 

    The aim of control system design is to achieve desired time 

domain performance of the controlled system; usually this 

action is represented in terms of percentage overshoot, rise 

time and settling time.   

  Comparisons on performances between different controllers 

are represented in table I. The settling time, oscillations and 

overshoot are compared. It is observed from the table that the 

designed GA-PID controller exhibits comparatively good 

performance with very less settling time, overshoot and 

transient oscillations.   
 

TABLE III 

COMPARISONS OF STEADY STATE RESPONSES 

Parame

ters 
               GA                            PSO                          ZN 

                         
Rise 

Time 

            0.66                              0.75                   0.25       

   

%Over

shoot 

 

            2.5%               14%                  58% 

Settling 

Time 

            2.73                3.25                     3.76 

 

   

 

    The GA-based controllers outperform the PSO based and Z-

N tuned controller in terms of settling time, rise time and 

percentage overshoot. However, the optimized cost function of 

both PSO and GA are almost equal.  Controller structure  

  The controller obtained from H∞ LSDP in in (15) is of 4
th

 

order, double as compared to the original plant under 

consideration and has complex structure as well. The 

controllers designed by using PSO and GA showing 

approximately equivalent performances have much lower 

order, i.e. fixed as first order.  

A.  Overall performance  

   The overall performances of control system were tested for 

the closed loop response with three controllers PSO, GA and 

Z-N, the results of overall performance comparison clearly 

show the advantage of using the GA- controller due to the best 
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performance with respect to time domain specifications, and 

CF value. 

B. Convergence behavior  

    The comparisons were made in terms of convergence 

behavior; good cost function convergence values are reflected  

as shown in cost function versus iteration plots fig.3 and fig. 4, 

when evaluate the optimal values of CF obtained using GA 

and PSO. It seems quite clear the benefit of using PSO for this 

type of optimization problem since it provides optimal CF in 

fever generations.  

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig. 3.  Conversion of CF Vs. the iterations of PSO 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.4. Conversion of CF Vs. the generation of GA 

 

C. Robustness check  

     In order to validate the suitability and robustness of 

designed controllers, 5% perturbation has been added in the 

nominal plant as in 

 

0.12
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     The designed optimal controllers as in (17) and (18)   

obtained by running PSO and GA were implemented to control 

the perturbed plant as in (20).  The step response of perturbed 

plant is almost the same as step response of original plant with 

some difference in settling time.  

    Figure 5 compares the robustness performance of the Z-N 

tuned controller and the controller tuned by the PSO and GA. 

The result shown in fig. 5 demonstrates that the designed 

controller from the proposed scheme have reasonably good 

performance and robustness. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Robust check with GA PSO and Z-N 

VIII. CONCLUSION  

     In this work, we have presented a comparison study of 

using PSO and GA algorithms for the tuning of PID 

controllers. For processes which represent a subsystem of 

complex industrial processes. Simulation results showed that 

the PID control tuned by GA provides an adequate closed loop 

response.   

    The proposed GA based PID controller provides an 

acceptable stability between frequency overshoot and transient 

oscillations with zero steady state error. The simulation results 

express the success of the proposed approach of controller 

design. This work can be extended by including non-linear 

parameters to the system modeled and there by comparison 

can be made with respect to linear system. 
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