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Abstract— Due to its extensive use for motion control systems in 
industry, tuning of the proportional-integral-derivative (PID) 
controller parameters has been the focus of intensive research. In 
this paper, a novel tuning method for the parameters of PID 
controller based speed control of DC motor using genetic 
algorithm (GA) is proposed. The main advantage of the proposed 
method is that the mathematical model of the system under 
control is not required, so it is useful in many industrial 
processes that have no obvious or complicated model. In 
addition, this method allows determining the best values of PID 
parameters for a specified overshoot, rise time, settling time, and 
steady-state error. The DC motor with the designed PID 
controller is modelled and the simulation results are obtained. 
The obtained results are compared with those of conventional 
Ziegler Nichols (ZN), GA based integral absolute of the error 
(IAE) index, and GA based mean of the squared error (MSE) 
index methods. The comparison indicates effectiveness of the 
proposed tuning method as it gives a better performance and 
satisfies the specified control characteristics. 
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I. INTRODUCTION 
High performance electrical motor drives are very 

important in industrial as well as other purpose applications. 
In general, a better performance of an electrical motor drive 
system has a better dynamic response. Among all motors, DC 
motors have been widely used in many adjustable speed drive 
applications that need high control requirements such as 
electric vehicles, steel rolling mills, electric cranes, high 
precision digital tools, and robotics. This is due to their simple, 
precise, wide range control characteristics. Speed of the DC 
motors is directly proportional to the armature voltage and 
inversely to the magnetic field flux. Controlling the armature 
voltage and/or the field current will adjust the DC motor speed.  

One of the most popular controllers has been used for speed 
control of the DC motors is the PID controller due to its 
simple structure, and good performance. In addition, with 
technology advancements, PID controller parameters can be 
easily changed without changing any hardware. However, the 
performance of the PID controller depends on the accuracy of 
the system model and parameters. In practice, the controlled 
systems are usually nonlinear and hence their accurate 
mathematical models are not available. In addition, the system 
parameters can vary with the time and the operating 
conditions. Therefore, the tuning methods of the controller 
parameters are of great importance. Tuning of the PID 

controller parameters is to determine the parameters that 
satisfy the required characteristics of the controlled system. 
Among the conventional tuning methods, the Ziegler-Nichols 
(ZN) technique is the most well-known method [1-3]. It is 
robust against the system model uncertainty and good for 
many industrial applications. However, it does not provide an 
optimal tuning since it produces a high overshoot in the 
system response. To improve the performance of the 
conventional tuning methods, various intelligent methods 
have been presented [4-14]. These methods are based on 
Genetic Algorithm (GA), Iterative Feedback Tuning (IFT), 
Particle Swarm Optimization (PSO), and Fruit Fly 
Optimization Algorithm (FOA) techniques. These techniques 
are search optimization methods in which the objective 
functions that measure the effectiveness of the tuning methods 
are different. As the objective function is different, the best 
value of the PID controller parameters that obtained in each 
technique are different and hence the response of the 
controlled system is different. Therefore, although these 
techniques are quite good, the optimal response of the 
controlled system cannot be achieved.     

In this paper, a novel tuning method for PID controller 
parameters based speed control of DC motor using Genetic 
Algorithm (GA) technique is proposed. The objective function 
of the proposed GA is designed based on the required control 
characteristics of the system under study. The system is 
modelled using MATLAB/SIMULINK and the simulation 
results are obtained and compared with those of conventional 
Ziegler Nichols (ZN), GA based integral absolute of the error 
(IAE) index, and GA based mean of the squared error (MSE) 
index methods. The comparison indicates the effectiveness of 
the proposed tuning method as it gives a better performance 
and satisfies the specified control characteristics. 

II. DC MOTOR MODEL 
Although their maintenance costs are higher than other 

motors, DC motors are most suitable motors for adjustable 
speed control applications that need high control requirements. 
Fig. 1 shows the equivalent circuit of a separately excited DC 
motor. The characteristics equations of the DC motor in 
Laplace form can be given as: 

)()(][)( sEsIRsLsV baaaa                   (1) 
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Where Va, Ia, Ra, and La are the armature voltage (V), 
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current (A), resistance (Ω), and inductance (H) respectively. 
Eb is the back EMF (V) and Ke is the back EMF constant 
(V.sec/rad). Td is the developed torque (N.m), Kt is the torque 
constant (N.m/A), ω is the rotational speed of the motor 
(rad/sec), TL is the load torque (N.m), j is the inertia moment 
of the motor (Kg.m2) and B is the viscous friction constant 
(N.m.sec/rad). 

 

 
Fig. 1  Equivalent circuit of a separately excited DC motor 

 
Fig. 2 shows the block diagram of a separately excited DC 

motor drive using armature voltage control. The transfer 
function of the motor speed with respect to the armature 
voltage can be given as: 
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Fig. 2  Block diagram of a separately excited DC motor drive using armature 
voltage control 

III. PID CONTROLLER DESIGN 
The PID controller involves three parameters: the 

proportional gain (Kp), the integral gain (Ki) and the derivative 
gain (Kd). The proportional gain provides a control action 
proportional to the error. The integral action reduces the 
steady state error. While, the derivative action improves the 
transient response. The sum of these three actions makes the 
PID controller as shown in Fig. 3. The transfer function of the 
PID controller can be given as: 
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Where Va is the armature voltage, E is the error between 
the desired speed (ω*) and actual motor speed (ω), Ti=Kp/Ki is 
the integral time, and Td=Kd/Kp is the derivative time. 

 

 
Fig. 3  Block diagram of the DC motor drive system 

 

IV. TUNING OF PID CONTROLLER  
PID controllers have been widely used for control systems. 

The most critical step for applying the PID controller is the 
tuning of its parameters. The tuning process needs a lot of 
time and effort. In the worst case, the bad tuning leads to a 
poor performance of the controlled system. The goal of the 
tuning process is to determine the PID controller parameters 
that satisfy the performance specifications of the controlled 
system, such as the rising time, the maximum overshot, the 
settling time and the steady state error. However, it is difficult 
to obtain the desirable values of these requirements 
simultaneously. As shown in Table I, for example, larger 
values of proportional gain results in faster response while 
overshoot is increased. Therefore, an optimum tuning 
technique is of great importance. 

 
TABLE I 

EFFECTS OF INCREASING THE PID CONTROLLER PARAMETERS 

Para-
meter 

Rise time Overshoot Settling 
time 

Steady 
state error 

Kp Decrease Increase  Small 
change 

Decrease 

Ki Decrease Increase Increase Eliminate 
Kd Small 

change 
Decrease Decrease Small 

change 
 

A. ZN Tuning Method 
Ziegler and Nichols presented simple mathematical 

procedures to tune the parameters of the PID controller. These 
procedures have been accepted as a standard tuning method in 
the control systems. ZN method is applied on the plants whose 
step response of the form shown in Fig. 4. By drawing a 
tangent line at the inflection point of the step response of the 
plant, parameters K, L, and T (or a=KL/T) can be obtained. 
Hence, the parameters of the PID controller can be calculated 
using Table II. 
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Fig. 4  Step response of a plant 

 
TABLE II 

ZIEGLER NICHOLS TUNING RULES  

Controller 
type 

Controller parameters 
Kp Ti Td 

P 1/a   
PI 0.9/a L/0.3  
PID 1.2/a L/0.5 0.5L 

 

B.  GA Tuning Method 
GA is an optimization search method that mimics the 

mechanism of natural evolution. It has been successively used 
to optimize many different complex problems. In this paper, 
GA is used to determine the optimum values of the PID 
controller parameters that satisfy the required dynamic 
performance characteristics of the DC motor drive system. Fig. 
5 shows the flowchart of GA based tuning of PID controller 
parameters. In the first, GA is initialized. Then, it creates an 
initial population of PID controller parameters. The 
population is generated randomly, covering the entire range of 
possible solutions. The population is composed of 
chromosomes. Each chromosome is a candidate solution to 
the problem.  Fig. 6 shows the chromosome structure, in 
which the three parameters (Kp, Ki and Kd) are included. The 
chromosomes are applied in the DC drive plant and the 
dynamic performance characteristics of the plant are 
determined for each chromosome. Then, the fitness value for 
each chromosome is evaluated using the objective function. 
Based on the fitness values of the first generation, a group of 
best chromosomes is selected to create the next population. 
After selection, crossover and mutation are applied to this 
surviving population in order to improve the next generation. 
The process continues until the termination criterion is 
achieved or the number of generations is reached to its 
maximum value. 

V. SIMULATION RESULTS AND DISCUSSION 
The open loop and closed loop models of the DC motor 

under study are developed using MATLAB/SIMULINK 
software package. In the closed loop controlled DC motor, the 
pure derivative action in the PID controller is not usually used 

directly due to the undesirable noise amplification. Therefore, 
the derivative action of the PID controller is replaced by a 
first-order model with a lag. The transfer function of the 
approximated PID controller that shown in Fig. 7 can be 
written as: 

1


N
sK
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s

KKPID
d
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pTF                      (6) 

Where N is a positive large number. The value of N is 
taken equals 100 in order to obtain a good PID approximation. 
In this study, the required control characteristics of the DC 
motor can be summarized in Table III. 
 

Creat initial population 
of PID parameters

Apply in DC drive plant

Termination 
criterion

Evaluate the process 
using objective function

Select the fittest

Best PID parametrs

Start 

Yes

No End

Objective function

Create new population 
by selection, crossover, 

mutation
 

Fig. 5  Flow chart of GA based tuning of PID controller parameters 

 

 
Fig. 6  Chromosome structure 

 

 
Fig. 7  Approximated PID controller 
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TABLE III 
REQUIRED CONTROL CHARACTERISTICS  

Parameter Value 
Rise time (sec.) < 0.01 
Settling time (sec.) < 0.05 
Maximum overshoot (%) < 5 
Steady state error (%) < ±0.1 

 

A. Application of ZN Tuning Method 
In order to determine the parameters of the PID controller 

using the ZN tuning method, a MATLAB m-file is developed. 
The flowchart of the developed program is shown in Fig. 8. 
The step response of the uncontrolled DC motor is shown in 
Fig. 9. It is clear that the uncontrolled DC motor has a slow 
step response since the rise time equals 0.098 second and a 
steady state error equals 1.85% of the reference speed. The 
inflection point is determined, the tangent line is drawn, and 
the PID controller parameters is determined using ZN rules. 

B. Application of GA Tuning Method 
The most important step in applying GA tuning method is 

to choose the objective function that is used to evaluate the 
fitness value of each chromosome. In this paper, three 
objective functions are used and their performance are 
compared. The first is based on integral of the absolute error 
(IAE) index, the second is based on mean of the squared error 
(MSE) index, and the third is the proposed objective function 
(Fobj) which is designed according to the required control 
characteristics. The three objective functions can be given as: 
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Where OS is the maximum overshoot of the controlled 
system response, ts is the settling time, tr is the rise time, and 
Ess is the steady state error. The constants m and n are weights 
and are taken as (m=100, n=150). The parameters of GAs in 
this study are set as in Table IV. The GA optimization process 
based IAE index, MSE index, and proposed index are shown 
in Fig. 10, Fig. 11, and Fig. 12 respectively. For each case, the 
PID controller parameters is determined. 

 
TABLE IV 

SETTINGS OF GA PARAMETERS VALUES  

Parameter Value 
Populations 20 
Generations  50 
Ranges of PID parameters 0 ~ 1000 
Crossover fraction   0.8 
Mutation rate 0.01 
Elite count  5 

Run DC motor in open-
loop with a step in input

Determine the step 
response of the speed

Determine the inflection 
point and draw the tangent

Determine K,L, and T

Start 

End

Using ZN rules to 
calculate PID parameters

 
Fig. 8  Flow chart of MATLAB program for ZN tuning method 
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Fig. 9  Step response of the uncontrolled DC motor 
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Fig. 10  GA optimization process based IAE index 
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Fig. 11  GA optimization process based MSE index 
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Fig. 12  GA optimization process based the proposed index 
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Fig. 13  Step response of controlled DC motor drive 

 

VI. CONCLUSIONS 
This paper presents a novel tuning method for the PID 

controller parameters using genetic algorithm (GA) based 
speed control of DC motor. The objective function of the 
proposed genetic algorithm is designed according to the 
required control characteristics of the drive system. The 

controlled DC motor is modelled and its response with the 
proposed GA tuning technique are obtained. The proposed 
GA tuning method has a better performance compared with 
the conventional ZN tuning method, and the traditional GAs 
based IAE and MSE indexes. The proposed method gives a 
better response and satisfies the specified control 
characteristics of the controlled DC motor drive system. 
Further, it is very useful for non-linear, complex, and 
unrealizable parameters systems. 

TABLE V 
PERFORMANCE COMPARISON 

Parameter Tuning method 
ZN GA 

IAE MSE Proposed 
Kp 13.7312 5.0196 28.1456 8.0537 
Ki 1061.89 80.8051 144.217 154.1379 
Kd 0.04439 0.0549 0.28277 0.0545 
OS (%) 44.3262 0 22.7010 4.995 
tr (sec.) 0.00775 0.0249 0.0032 0.0136 
ts (sec.) 0.1243 0.0892 0.2011 0.0499 
Ess (%) 6.8e-04 0.1442 0.5937 1.39e-03 

APPENDIX 
DC motor, separately-excited, 5Hp, 240V, 1750 rpm, 

Ra=2.581 Ω, La=0.028 H, Kt=Ke=1.01134 V/(rad/sec), 
j=0.02215 Kg.m2, B=0.002953 N/(rad/sec). 
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