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Abstract 
 
This paper presented a review study of tuning of Proportional Integral 
Derivative (PID) Controller for speed control of DC motor using soft 
computing techniques. DC motor is widely used in industries even if 
its maintenance cost is higher than the induction motor. Speed control 
of DC motor is attracted considerable research and several methods are 
evolved. The PID controller is the very commonly used compensating 
controller which is used in nonlinear systems. This controller is widely 
used in many different areas like aerospace, process control, 
manufacturing, automation etc. The tuning of PID parameter is very 
difficult. There are various soft computing techniques which are used 
for tuning of PID controller to control the speed control of DC motor. 
Tuning of PID parameters is important because these parameters have 
a great effect on the stability and performance of the control system. 
 
Keywords: PID controller; DC motor; Genetic Algorithm (GA); 
Particle Swarm Optimization (PSO); fuzzy logic. 

 
1. Introduction 
DC motor is a power actuator which transforms electrical energy into mechanical 
energy. DC motor is widely used in many industrial applications where wide speed 
ranges are required. The advantage of dc motors may be speed control. The term speed 
control stand for intentional speed variation carried out automatically and manually. 
DC motors are most suitable for wide range speed control and are therefore used in 
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many adjustable speed drives. Since speed is directly proportional to armature voltage 
and inversely proportional to magnetic flux produced by the poles and adjusting the 
armature voltage and/or the field current will change the rotor speed. DC motors have 
been widely used in many industrial applications such as electric cranes, electric 
vehicles, and robotic manipulators due to wide, simple, and continuous control 
characteristics. Proportional-Integral-Derivative (PID) controller has been used for 
several decades in industries for process control applications. At the same time PID 
controller has some disadvantages namely; the undesirable speed overshoot and the 
sluggish response due to sudden change in load torque and the sensitivity to controller 
gains KI and KP. The performance of this controller depends on the accuracy of 
system models and parameters. Therefore there is need of a controller which can 
overcome disadvantages of PID controller. 

The speed torque characteristics of DC motors are much more superior to that of 
AC motors and also DC motors provide excellent control of speed for deceleration and 
acceleration. DC motors have a long tradition of use as adjustable speed machines and 
a wide range of options have evolved. In these applications, the motor should be 
precisely controlled to give the desired performance. The controllers of the speed that 
are conceived for goal to control the speed of DC motor to execute many tasks. There 
are several conventional and numeric controller types like proportional integral (PI), 
PID Fuzzy Logic Controller (FLC) or the combination between them:  Fuzzy-Genetic 
Algorithm, particle swarm optimization. PID controller operates the majority of the 
control system in the world. In industries 95% controllers are PID type because of its 
simplicity, applicability and ease of use offered by the PID controller. 

 
2. PID Controller 
PID controller is a generic control loop feedback mechanism (controller) widely used 
in industrial control system–a PID is the most commonly used feedback controller. 
Calculate an error value as the difference between measured process variable and a 
desired response. The controller attempts to minimize the error by adjusting the 
process control input. The PID controller calculation (algorithm) involves three 
constant parameters called the proportional (P), integral (I) and derivative (D) values, 
these values can be interpreted in terms of time. P depends on the present error, I on 
the accumulation of past error, and D is a prediction of future error, based on current 
rate of change .The weighted sum of these three actions is used to adjust the process 
via a control element such as the position of a control valve, or power supplied to a 
heating element. 
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Fig. 1: Block diagram of PID controller. 

 
Y(t) = e(t) KP + KI ∫ 푒(푡) 푑푡 + KD ( )  
Equation (1) shows the output of the PID controller. 
Where e = Error signal 
KP = Proportional Constant 
KI = Integral Constant 
KD = Derivative Constant 
 

3. Genetic Algrothim 
Neenu Thomas et. al,  suggested that PID with GA has much faster response than 
response of the classical method.  This method is good for giving us as the starting 
point of what are Values of PID. However GA designed proportional integral 
derivative is much better in terms of the rise time and the settling time than 
Conventional method. Finally the genetically algorithm provides much better results 
compared to the conventionally methods. And also the error associated with the 
genetically based PID is much lesser than the error calculated in the conventional 
scheme.  This paper, implementation of the genetically algorithm based PID controller 
for the DC motor position control system is covered. In future GA based PID 
controller will be implemented in DC motor position control system using LabVIEW 

Nihat Ozturk et. al, proposed that an application of GA to learn the knowledge base 
of a fuzzy controller has been presented in this study. The results of applying the 
genetic based fuzzy controller to the PMSM speed control have been compared to 
those obtained by the application of the conventional fuzzy controller through the 
computer simulations. As a result of the optimization process which lasted 
approximately 1.5 hon. a laptop with 2.0 AMD Trion (tm) 64X2 TL-60 
microprocessor and with a RAM of 4 GB, the system performance index (F) has drop 
to a value of 0.002031 from the value of 0.141. In the study, the proposed FLC is 
obtained using GA so as to perform optimally at one working condition. Therefore, the 
parameter settings are critically dependent on one working condition but not on all 
working conditions. In spite of this, the computer simulations show that a noticeable 
improvement according to the conventional controller has been achieved both in the 



Manoj Kushwah & Prof. Ashis Patra  

 

144

transient and steady-state response with the proposed controller even if the system is 
under varying working conditions. 

Megha Jaiswal et. al, says that  it is carried out to get an optimal PID tuning by 
using GA. This paper provides the complete original binary coded genetic algorithm   
program in mat lab, which can be directly run through Mat lab 7.10. G.A is applied to 
find optimal solution for the parameter of DC motor with PID controller & indicates 
that G.A is powerful global searching method. The G.A designed PID controller is 
much better in terms of rise time, settling time, overshoot then simple PID controller. 
In the future of Binary coded genetic algorithim is implementing to other system of the 
plant for the speed control by using PID controller. 

Walaa M. Elsrogy et. al, proposed that the designed PID with Adaptive Neuro-
Fuzzy Inference System based GA has much faster response than response of the 
classical method.  Method is good for giving us as the starting point of what are the 
PID values. However Adaptive Neuro-Fuzzy Inference System based GA designed 
PID is much better in terms of the rise time and the settling time than the conventional 
method. Finally the Artificial Intelligence Techniques provides much better results 
compared to the conventional methods. And also the error associated with the 
Adaptive Neuro-Fuzzy Inference System based GA is much lesser than the error 
calculated in the conventional scheme. 

 
4. Particle Swarm Optimization 

Adel A. A. El-Gammal et. al, explained the application of Multiobjective Particle 
Swarm Optimization MOPSO for the optimal PID controller design of a separately 
excited of direct current (DC) motor drive.  main objective functions to be minimized, 
that will be studied separately, are Minimize the maximum overshoot, Minimize the 
rise time, Minimize speed tracking error, Minimize the steady state error, and 
Minimize the settling time,  optimization solution results are  set of near optimal trade-
off values which are called the Pareto front or optimally surfaces. Pareto front enables 
the operator to choose the best compromise or near optimal solution that reflects a 
trade-off between of the key objectives.  iterative simulation results shows that  the 
effectiveness of the Multi Objective Particle Swarm Optimization approach MOPSO 
since it allows the operator to find a near optimal good compromise among the 
proposed goals, which is  best trade-off lowest  cost PID controller design.  Computer 
simulation results shows  that an optimized speed response is always obtained with 
load torque disturbance and change reference speed, as well demonstrate that the 
excellent performance of the optimal PID controller. 

Rohit G. Kanojiya et. al, present a method to determine the optimal tuning of the PI 
controller parameter on Direct current (DC) motor drive system using particle swarm 
optimization (PSO) algorithm, Ziegler-Nichols (ZN) tuning and Modified Ziegler- 
Nichols (MZN) tuning method. The main purpose of this paper is to minimize transient 
response specifications chosen as rise time, settling time and overshoot, for better 
speed response of DC motor drive. The speed control of direct current (DC) motor is 
done using PI and PID controllers. The Implemented of PID controller for DC motor 
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speed control is done using ZN and MZN tuning method. For PSO algorithm 
technique, PI controller is used to improve the performance of DC motor speed control 
of the system.  Compare is made on the basis of objective function (rise time, settling 
time and overshoot) from output Step responses. The proposed approach had super 
features, included of easy implementation stable convergence characteristic, good 
computational efficiency and the fast tuning of optimum PI controller parameters 
yields high-quality solution and Compared with traditional ZN method and MZN 
method, proposed method is founded indeed more efficient and robust in improving 
the step response of DC motor drive system. 

Poomyos Payakkawan et. al, proposes an AI-based heuristic optimization 
techniques based on particle swarm optimization (PSO) to solve  the two applications 
like identification of a DC motor and tuning of  the PID controller parameters. The 
identification of a DC motor application, the second order transfer function with time 
delays is obtained by the searching poles location mechanism based on PSO. This 
method has following steps as follows, First, time responses of speed are determined 
by multi-level step input voltages. Second, the noises of time responses are reduced by 
wavelet soft threshold. Finally, the noiseless time responses are identified by PSO. The 
tuning of PID controller parameters applications, the gains of P, I, and D are 
determined both off-line and on-line tuning. For off-line tuning, the PID gains are 
optimized by PSO and for On-line application, PSO-gains scheduling is adaptively 
adjusts the controller gains to improve the speed response under changing the speed 
demand and load. The simulation results show that the PSO can be efficiently used for 
system identification and tuning parameters of PID controller. 

 
5. Fuzzy Logic Algorithm 
Farzan Rashidi et. al, says that several effective speed regulation schemes for DC 
motor are presented. These methods were: Fuzzy auto tuning, GAS-based PID 
controller, GAS-Eased Fuzzy PID Controller and fuzzy PID controller using neural 
network Simulation results shown that fuzzy PID controller using neural network has 
better performance rather than other methods. It shows that the GAS-Based Fuzzy 
Control Algorithm has good performance. The results indicate that the Fuzzy-PID 
controller has very good tracking performance for DC motor using the gains generated 
by the neural network. 

Dan Liu, Brushless DC motors (BLDCM) are reliable, easy control, and 
inexpensive. But, the brushless DC motor is a multivariable and non-linear system. 
Conventional PID controllers suffer from uncertain parameters and the non-linear of 
the BLDCM. This paper presents novel approach of immune feedback PID control for 
BLDCM based on fuzzy set. The prescript is inspired by biological immune feedback 
network functioned by T-cells, including an active term, which controls response 
speed, and an inhibitive term, which controls stabilization effect, and we employ a 
fuzzy logic to implement the inhibitive term. The system includes current and velocity 
closed loops. The simulation illustrates that best flexibility and adaptability as well as 
high precision and good robustness is obtained by the proposed strategy. 
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Vishal Verma et. al, present Hybrid Proportional Integral (PI) controllers (with 
fuzzy controller) as Series Hybrid or Parallel Hybrid configuration, for speed control 
of Permanent Magnet Brushless DC Motor drive for application to intermitted duty  
loads. The introduced configurations have better performance compared to 
conventional PI controller parametric variations and  amidst nonlinearities, when used 
as a continuous controller for the drive. In Series Hybrid assortment fuzzy controller 
provides precompensated input to the PI controller to decrease oscillation and fast 
manipulation, whereas, Parallel Hybrid spend Fuzzy logic based on-line parameters 
tuning, increas the robustness under severe unnamed plant nonlinearities. The dynamic 
features of BLDCM such as speed, Torque, Current and Back EMF are observed and 
analyzed through simulation under MATLAB Simulink environment 

Wang huabin et. al, told that drive for Brushless DC motor (BLDCM), which is 
fully based on the adaptive fuzzy controllers, is presented in this paper. One of the 
fuzzy controllers is used in the speed feedback loop to guarantee the accurate speed 
control. The other fuzzy controller is used in the current feedback loop to track the 
current change. The proposed full adaptive fuzzy controllers have the characteristics of 
solidity, adaptive and facility to take merits of human control knowledge. The 
efficiency of the introduced controller is verified in the presence of external load 
variations using MATLAB simulation with the comparison of conventional PID 
controller. Simulation results showed the effectiveness and robustness of the proposed 
approach. 

R. Arulmozhiyal et. al, proposed that Brushless DC (BLDC) motors are widely 
used for many industrial applications because of their high torque, high efficiency and 
low volume. This paper proposed a improved Fuzzy PID controller to control speed of 
Brushless DC motor. The proposed controller is called proportional–integral–
derivative (PID) controller and Fuzzy proportional–integral–derivative controller. This 
paper provides an overview of performance conventional PID controller and Fuzzy 
PID controller. It is difficult to tune the parameters and get satisfied control 
characteristics by using normal conventional PID controller. As the Fuzzy has the 
ability to satisfied control characteristics and it is easy for computing, In order to 
control the BLDC motor, a Fuzzy PID controller is designed as the controller of the 
BLDC motor.A experiment results justify that a Fuzzy PID controller has better 
control performance than the conventional PID controller. The modelling, control and 
simulation of the BLDC motor have been done using the software package 
MATLAB/SIMULINK. 

 
6. Conclusion 
In this paper, an attempt has been made to review various literatures for the soft 
computing techniques introduced by the different researchers for tuning of PID 
controller for speed control of DC motor to optimize the best result. This review article 
is also presenting the current status of tuning of PID controller for speed control of DC 
motor using soft computing techniques. 

 



Tuning PID Controller for Speed Control of DC Motor Using Soft Computing 147 

 

7. Acknowledgements 
Authors would like to thanks to Dr. Sanjeev Jain, Director, MITS, Gwalior, MP, for 
promoting this work.  

 
References 

 
[1] Neenu Thomas, and Dr. P. Poongodi. (2009), “Position Control of DC Motor 

Using Genetic Algorithm Based PID Controller” Proceedings of the World 
Congress on Engineering 2009 Vol II WCE 2009, July 1 - 3, 2009, London, 
U.K. 

[2] Nihat Ozturk, and Emre Celik. (2012), “ Speed control of permanent magnet 
synchronous motors using fuzzy controller based on genetic algorithms” 
Electrical Power and Energy Systems 43 (2012) 889–898 

[3] Megha Jaiswal, and Mohna Phadnis. (2013), “Speed Control of DC Motor 
Using Genetic Algorithm Based PID Controller”   Volume 3, Issue 7, July 
2013 ISSN: 2277 128X  International Journal of Advanced Research in  
Computer Science and Software Engineering 

[4] Walaa M. Elsrogy, M. A. Fkirin, and M. A. Moustafa Hassa. (), “Speed 
Control of DC Motor Using PID Controller Techniques Based on Artificial 
Intelligence” 

[5] Adel A. A. El-Gammal, and Adel A. El-Samahy. (2009), “ Adaptive Tuning 
of a PID Speed Controller for DC Motor Drives Using Multi- Objective 
Particle Swarm Optimization” UKSim 2009: 11th International Conference on 
Computer Modelling and Simulation 

[6] Rohit G. Kanojiya, Student, Y.C.C.E, and P. M. Meshram, , Y.C.C.E. (2012), 
“Optimal Tuning of PI Controller for Speed Control of DC motor drive using 
Particle Swarm Optimization” 978-1-4673-2043 6/12/$31.00 ©2012 IEEE 

[7] Poomyos Payakkawan, Kitdakom Klomkarn, and Pitikhate Sooraksa. (2009), 
“Dual-line PID Controller based on PSO for Speed Control ofDC motors” 
978-1-4244-4522-6/09/$25.00 ©2009 IEEE 

[8] Farzan Rashidi, Mehran Rashidi, and  Arash Hashemi-Hoseinit. (2003), 
“Speed Regulation of DC Motors Using Intelligent Controllers” 0-7803-7729-
X/03/$17.00 02003 IEEE. 

[9] Vishal Verma, V Harish, and Renu Bhardwaj. (2012), “Hybrid PI Speed 
Controllers for Permanent Magnet Brushless DC Motor” 978-1-4673-0934-
9/12/$31.00 ©2012 IEEE 

[10] Wang huabin, and Li pengfi. (2010), “Improving Speed control of BLDCM 
Through Full Adaptive Fuzzy Controllers” 978-1-4244-7161-4/10/$26.00 
©2010 IEEE 

[11] Dr. R. Arulmozhiyal, R.Kandiban. (2011), “An Intelligent Speed Controller 
for Brushless DC Motor” 978-1-4577-2119-9/12/$26.00_c 2011 IEEE. 

 



Manoj Kushwah & Prof. Ashis Patra  

 

148

[12] BomedieneAlloua, AbdellahLaouf, and Brahim Gasbaoui,  AB dessalam, and 
Ab derrahamani. (), “Neuro-Fuzzy DC Motor speed Control Using Particle 
Swarm Optimization,” Leonaro Electronic Journal of Practices and 
Technologies ISSN,1583-1078 

[13]  J. Zhang, and N. Wang and S. Wang. (2004), “A developed method of tuning 
PID controllers with fuzzy rules for integrating process,” Proceedings of the 
American Control Conference,Boston, 2004, pp. 1109-1114. 

[14]  K.H. Ang, G. Chong, and Y. Li. (2005), “PID control system analysis, design 
and technology,” IEEE transaction on Control System Technology, Vol.13, 
No.4, 2005, pp. 559-576  


