
International Journal For Technological Research In Engineering 

Volume 2, Issue 9, May-2015                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2015.All rights reserved.                                                                          1847 
 

COMPARISONS OF SPEED CONTROL OF DC MOTOR USING PID-

PSO AND FUZZY-PSO TECHNIQUES 
 

Mr. Manoharjitsingh H Kumar
1
, Prof. Mitesh J Sathavara

2
 

1
P.G Student (Automation & Control/Power System), 

2
Assistant Professor 

Electrical Engineering Dept., L.D. Engineering College, Ahmedabad, (Gujarat),India 

 
 

Abstract: Resent years DC motors are widely used in 

different applications, mostly in computer and robotics 

peripherals. The DC motor speed control can be controlled 

to a great extent so as to provide easy control and high 

performance. Generally the PID (proportional-integral-

derivative) controllers are the most popular controllers used 

in industry because of their amazing effectiveness, easy to 

implementation and broad applicability. Though, manual 

tuning of these controllers is tedious, time consuming and 

usually lead to poor performance. This type of tuning which 

is purpose specific also deteriorates with time as a result of 

plant parameter changes. In this paper presents an artificial 

intelligence (AI) method of PSO (particle swarm 

optimization) algorithm and compare this technique to PID 

particle swarm optimization (PSO) technique. Basically any 

domestic or industrial application it is necessary to control 

the speed of a motor. Simulation results express that in 

comparison with the FLC-PSO and the designed PID-PSO 

speed controller obtains better behavior and superior 

performance of the DC motor as well as perfect speed 

tracking with no overshoot. The simulation of speed control 

of DC motor has been done using the software 

MATLAB/SIMULINK.  

Keyword: PID (proportional-integral-derivative), Fuzzy 

Logic, PSO (particle swarm optimization), DC motor  

        

I. INTRODUCTION 

Recent years DC (Direct current) motors are in demand for a 

variety of applications because  a number of advantages like 

fast adjustment, preciseness, smooth operation, high torque 

capabilities, high power density, electrical efficiency. Now a 

day, DC motor drives are generally used [1], [3] for industrial 

services and products, like machine tools. food and chemical 
industries, robotics, aeronautics and electric vehicles [2]. A 

high-quality speed control system makes the DC motor 

suitable for the applications in which changeable speed 

variation, frequent starting, proper speed regulation, braking 

and reversing are required. The speed control of DC 

machines which used to be performed automatically has 

undergone a revolution as a result of advances in the power 

electronics area. The process of variable speed drives may be 

achieved by armature voltage control for speeds under the 

rated, or by field excitation variation for beyond rated speeds. 

DC motor speed can be adjusted to a large extent so as to 

provide simple to control and high performance [4, 5]. 
Present years several conventional and numeric controller 

types are proposed for controlling the DC motor speed at its 

executing various tasks like Fuzzy logic controller, PID  

 

Controller, or the combination between them: PID-Particle 

Swarm Optimization, Fuzzy-Particle Swarm Optimization,, 

PID-Neural Networks, PID-Genetic Algorithm, PID-Ants 

Colony Optimization and the optimal Fuzzy Logic controller 

using the different strategy. Previous years, PID controllers 

are broadly used in industrial plants due to it is simple and 

robust. Processes of Industrial are subjected to difference in 

parameters and parameter perturbations, which while 

significant makes the system unstable. Thus the control 

engineers are on appearing for automatic tuning procedures. 
Though, it is tough to obtain optimal PID controller tuning. 

Moreover a conventional PID controller may have poor 

control performance for complex system or nonlinear 

systems for which there are no accurate mathematical 

models. Thus to reduces this types of problem Fuzzy logic 

controller (FLC) is used which is based on fuzzy logic 

theory. FL (Fuzzy Logic) has progressively adopted as one 

of main approaches for control design. The theoretical 

structure of fuzzy logic is much nearer to human thinking 

than the other traditional logic systems. FLC are effectively 

applied to non-linear system due to of their knowledge based 

nonlinear structural characteristics. Here for the tuning of the 
parameters of fuzzy logic controller membership functions, a 

Particle Swarm Optimization PSO algorithm has been used 

for speed control of DC motor. 

 

II. THE BASIC INTRODUCTION of DC MOTOR 

Generally an electric motor transfer electric energy to 

mechanical energy by using interacting magnetic fields. 

Principally, Electric motors are used for a wide variety of 

residential, commercial, and operations of industrial. While 

condition the connection for a DC motor is illustrated in 

Figure (1) and DC motor shunt field connected consist in 
parallel with the armature. The shunt field winding is 

arranged up of many small-gauge wire turns and has a much 

higher resistance and lower current flow compared to a series 

field winding. Consequently, these types of motors have 

better speed and position control. Then DC shunt motors are 

characteristically used applications that need more horse 

power.  

 
(a) 
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(b) 

Figure 1 Diagram of DC Shunt Motor (a) basic diagram (b) 

schematic diagram 

The field winding resistance and the motor inductance used 
in this study are represented by Rf and Lf, correspondingly. 

The inductance of the armature and its resistance are 

illustrated by La, and Ra respectively in dynamic model. 

Armature reactions effects are disregarded in the motor 

description. This neglect is permissible to minimize the 

effects of armature reaction while the motor used has either 

inter-poles or compensating winding. The fixed voltage is 

applied to the field current and the field settles down to a 

constant value. A linear model of DC motor consists of 

electrical equation and mechanical equation as determined in 

the following equations: 

𝐿𝑎
𝑑𝐼𝑎

𝑑𝑡
= 𝑉 − 𝑅𝑎𝐼𝑎 − 𝐾𝑏∅𝜔𝑚                                          ….1 

𝐽
𝑑𝜔𝑚

𝑑𝑡
= 𝐾𝑚∅𝐼𝑎 − 𝐵1.𝜔𝑚 − 𝑇1                                     ….2 

 
III. PARTICLE SWARM OPTIMIZATION (PS0) 

PSO (Particle Swarm Optimization) is a technique used to 

look at the search space of a given problem to find the 
parameters or settings required to optimize a particular 

objective [9]. Particle Swarm Optimization has two main 

parts: the first part is through the observation of human 

decision making; it was planned that humans use both their 

own best experience and others‟ best experience to form a 

basis of making a decision, to extend the individual learning 

concept and cultural transmission. The second part is to 

suggest a simple theory to explain group behavior in nature, 

and to modularize the theory to construct systems to simulate 

things. The biggest characteristic of Particle Swarm 

Optimization is in its fast convergence, simple structure, and 
its ability to prevent falling into a local optimum solution. 

Simultaneously, Particle Swarm Optimization is a random 

algorithm with a parallel structure. Firstly, a identical 

distribution is used to randomly create a particle swarm. 

Every particle represents a possible solution to the problems, 

the particle swarm refers to the individual‟s best experience, 

and the group‟s best experience, and logically chooses the 

method it will move itself. Subsequent to continuous 

iterations, the particle swarm will incline towards the 

optimum solution [8]. 

 
Figure 2: Concept Of Modification Of A Searching Point By 

PSO 

Here,  
sk :  current searching point.                                                                                

sk+1: modified searching point.                                                                         

v
k
: current velocity.                                                                                                   

vk+1: modified velocity.                                                                                      

vpbest : velocity based on pbest.                                                                          

vgbest : velocity based on gbest  

 

IV. BASIC DESCRIPTION OF THE PID CONTROLLER 

The PID (Proportional Integral Derivative) control is most 
broadly used in industrial applications. Generally it is 

implemented to control the speed of DC motor which is 

illustrated in Fig.3. To get error between the actual speed and 

the reference speed is given as input to a PID controller. The 

Proportional Integral Derivative controller depending on the 

changing error output, to control the process input such that 

the error is minimized. comprehensive information about the 

theory and tuning of Proportional Integral Derivative 

controllers is given in [6][7]. The controller Transfer 

function of a PID is given as: 

𝐶 𝑠 = 𝐾𝑝(1 +
1

𝑇1∗𝑠
+ 𝑇𝐷 ∗ 𝑠)                                ….(3) 

In the PID controller, proportional control (Kp) is used to the 

control signal u(t) responds to the error immediately. 
However the error is never minimized to zero and an offset 

error is intrinsically present. To eliminate the offset error the 

integral control action (Ti) is used. The Derivative control is 

used to damp out oscillations in the response process. By 

tuning the gains of the Proportional Integral Derivative 

controller and producing the most favorable response using 

trial and error method. 

 
Figure 3: PID controller System Block Diagram 
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V. IMPLEMENTATION OF PSO-BASED PID TUNING 

Problematically Algorithm can be useful to the tuning of 

Proportional Integral Derivative controller gains to guarantee 

optimal control performance at nominal operating conditions. 
Particle Swarm Optimization algorithm is in use to tune 

Proportional Integral Derivative gains/parameters (Kp, Ki, 

Kd) using the model. Particle Swarm Optimization algorithm 

firstly produces initial particles swarm in search space 

represented by matrix. Every particle represents a applicant 

solution for Proportional Integral Derivative parameters 

where their values are set in the range of 0 to 100. In favor of 

this 3-dimentional position, problem, and velocity are 

represented by matrices with dimension of 3xSwarm size. 

The swarm size is defined as the number of particle where 

100 are considered a lot enough.  

 
Figure 4: PID Simulink Model 

 

VI. FUZZY LOGIC CONTROL DESCRIPTION 
The establishment of fuzzy logic is based on the simulation 

of people's perception and opinions to control any required 

system. One of the methods to make simpler complex 

systems is to accept to uncertainty, vagueness, and precision 

up to some extent [11]. FC (fuzzy control) is provides a 

actually simple way to draw specific conclusions from vague 

ambiguous or imprecise information. FL is suitable for 

applications like the speed control of dc motor which has 

non-linear characteristics. A FLC system is a system in 

which a analyzes the mathematical system that analog input 

values in terms of logical variables that obtain on constant 
values between 1 and 0, in contrast to classical or digital 

logic, which operates on discrete values of either 0 or 1 (false 

or true, respectively). FLC provides simple way to appear at 

a definite conclusion based upon ambiguous, noisy, vague, or 

missing input information. Fuzzy logic‟s come close to to 

control problems mimics how a person makes decisions, 

much faster. Function of fuzziness is connected with the 

degree to which events arise rather than possibility of their 

occurrence. FL (Fuzzy Logic) has some advantages 

compared to other controller like: low cost and the possibility 

to design without knowing the precise mathematical model of 

the process. Fuzzy Logic (FL) incorporates another way of 
thinking which allows complex design systems using 

superior level of abstraction originating from the knowledge 

and experience. 

Attribute Components of a Fuzzy Logic Controller are: 

Preprocessing 

Fuzzification 

Rule Base 

Defuzzification  

Post processing 

Preprocessing:  

The inputs of fuzzy logic are essentially often tough 
measurement from a number of measuring equipment rather 

than linguistic. In a pre-processor block is illustrated in 

Figure: 5 the measurements conditions previous to enter the 

controller.  

Fuzzification:  

After preprocessing then the first block inside the controller 

is fuzzification which converts all part of input data to 

degrees of membership by a lookup in more than one 

membership functions.  

Rule Base:  

The meaning of the rule base is the collection of rules. The 

rules base condition is “If Then” format. Basically the „If‟ 
side is called the conditions and the „Then‟ side is called the 

conclusion. Essentially the computer is capable to perform 

the rules and compute a control signal depending on the 

measured inputs error (e) and change in error (Ce). The rule 

data base table is illustrate in table 1. 

Table No. 1: Rule Database Table 

 
Defuzzification:  

After the rule data base the defuzzification is consider, while 

all the procedures that have been activated are combine and 

converted in to a single non-fuzzy output signal which is the 

system control signal. The output values are depending on 

the rule data base that the systems have and the position 

depending on the non-linearity‟s offered to the systems. To 

achieve the results, build up a system control curve 

representing the I/O relation of the system, and also based on 

the information describe the output degree of membership 

function with the aim to minimize the effect of non-linearity.  

Post processing:  
The post processing is often contains an output gain from the 

fuzzy controller that can be tuned and also become as an 

integrator. A developed of the skilled operator flexible 

control mechanism using words like "not very suitable, 

suitable, high, little much high”. Figure 5 illustrate the basic 

block diagram of a fuzzy controller. 

 
Figure 5: Process Blocks for a Fuzzy Controller. 
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However the traditional controllers depend on the accuracy 

of the system model and parameters, FLC (Fuzzy Logic 

Concept) uses different strategies for speed control of motor. 

Formally, FLC process is based on linguistic and experiences 
definitions as a substitute for of system model. It is not 

necessary to recognize exact system model to design fuzzy 

logic concept. Additionally, if there is not enough knowledge 

about control process, fuzzy logic concept may not give 

satisfactory results [9]. 

Defining Input and Output:  

The main aim of designed FLC (fuzzy logic control) in this 

paper is to control speed. Moreover, the error changing plays 

an important role to describe controller input. Consequently 

result of fuzzy logic control uses error (e) and change of error 

(Ce) for variable of linguistic which are created from the 

control rules. From Equation (9) and (10), determines 
required system equations as: 

𝑒 𝑡 = 𝑟 𝑡 − 𝑢(𝑡)                                                                     
….9 

ḗ 𝑡 = 𝑒 𝑡 − 𝑒(𝑡 − 1)                                                                
….10 

Where, r(t) is desired speed and u(t) is actual speed. 

Defining membership functions and rules: 

FL (Fuzzy logic) system speed comes to reference value by 

means of the defined rules. For example, first basic rules 

condition is, „if e(t) is NA then u(t) is DM‟. According to this 

rule condition, if error value is negative large then that the 
output will be negative large. To calculate FLC output value, 

the output and inputs must be converted from „crisp‟ value 

into linguistic from. FL membership functions are used to 

perform this conversion.  

 
(a) 

 
(b) 

 
(c) 

Figure 6: Linguistic for angle determination of the drive 

circuit (a) Speed error (b) change of speed error (c) change of 

alpha 

Generally fuzzy membership functions convert into crisp are 

used to perform this conversion. Consequently, while simple 

numbers are now processed in controller after scaling, fuzzy 

calculation is performed in a shorter time. The linguistic 
terms for input and output values are represented by seven 

membership functions as illustrate in Fig. 6. 

 
VII. OPTIMIZING FLC USING PSO 

Basically, the PSO technique is applied to tune the FLC 

parameters as explained in [18]. The approach applied in the 

Simulink/MATLAB Function block. The parameters are to 

be considers from the fuzzy inference system and scaling 

gains for the inputs and output signals. At every iteration, 

fitness function values are evaluated for all the particles 

based on (5) and based on evaluation results, Pbest and 
Gbest are updated. Afterwards, modifications are useful 

based on the updated values and then after next iteration 

starts. Fig. 3 illustrated a simple flowchart of fuzzy-PSO 

algorithm. The only work to rule criteria in the algorithm is 

reaching the maximum iteration number. The rule table of 

the Fuzzy Logic system can be found in Table 1. 

 
Figure 7: Basic Flowchart of the algorithm of Fuzzy-PSO 

 

VIII. SIMULATION AND RESULTS 
This section presents the results and discussion of FLC-PSO 

technique for DC motor and its comparison with PID-PSO 

technique. The operation of a FLC is based on heuristic 

knowledge and linguistic description to perform a task. The 
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performance of the FLC is then improved by adjusting the 

rules and membership function. The simulation model of the 

main circuit of speed control of DC motor is illustrated in 

fig.8. 

 
Figure 8: Simulink model of Speed control of DC motor 

 
Figure 9: Simulation result of PID-PSO 

 
Figure 10: Simulation of Fuzzy-PSO for Unit step 

 

Table No.2: Comparison of Different Controller on Base of 
Performance 

Sr. 

No. 

Controllers Setting 

Time 

(Sec) 

Rise 

Time 

(Sec) 

Over-

shoot 

Steady 

State 

Error (%) 

1 Fuzzy 

Controller 

0.80 

sec 

0.30 

sec 

1.13 0 

2 PID 

Unturned 

7 sec 0.84 

sec 

1.045 0.02 

3 PID Tuned 3.25 

sec 

0.47 

sec 

1.09 0 

4 Fuzzy 

PSO 

1.050 

sec 

0.4 sec 1.0 0 

5 PID PSO 2 sec 0.2 sec 1.031 0 

 
Figure 11: Speed V/S Time Response Without Load At Time 

10 Sec Without Using Fuzzy Logic At 1500 RPM 

 
Figure 12: Speed V/S Time Response With Load At Time 10 

Sec Without Using Fuzzy Logic At 1500 RPM 

 

Table No. 2: Performance of FLC 

FLC 

Controller 

Rise Time 

(sec) 

%Rise in speed 

at the start to 

the rated  

Setting 

time 

(sec) 

With Load 0.38  17 0.86 

Without 

Load 

0.30 13 0.80 

 
IX. CONCLUSION 

Comparison performance of different controllers has been 
reviewed and it is found that PSO (Particle Swarm 

optimization) is best among the all methods which are used 

for tuning the parameter of fuzzy controller for which 

settling time and rise is found to be less. The PID controllers 

however are not suggested for higher order and complex 

systems as they can cause the system to become unstable. 

For this reason, a heuristic approach is essential for choice of 

the controller parameters which can be provided with the 

help of methods like PSO, where we can define variables in a 

subjective way. This paper shows two different methods of 

determining the fuzzy controller parameters using PSO 
algorithm and also PID-PSO Controller. While comparing 

with both the results the Fuzzy-PSO shows better output as 

compared to PID-PSO. 
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