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Abstract
Since direct current (DC) motors have a wide usage area, they are
frequently researched and studied in the literature in terms of control methods.
In this study, the modeling of the Dc motor was carried out in the simulation
environment by using Proportional-Integral-Derivative(PID), IntegralProportional (I-P) and Modified I-PD control methods. In this study, the
Ziegler-Nichols method was used to find the control coefficients and the closedloop control type was used in this method. The position results of the DC motor
were evaluated using the Root Mean Square Error (RMSE) and Mean Absolute
Error (MSE) performance criteria. As a result, the obtained results are given in
the form of graphs and tables and they are examined.
Keywords: DC motor; Modeling; Proportional- Integral-Derivative (PID);
Integral- Proportional (I-P); Integral- Proportional- Derivative (I-PD)

1. INTRODUCTION
Since direct current (DC) motors have been widely used in the literature from
the past, control studies have been actively researched and continue to be
researched. Cost, ease of control, long life and quiet operation etc. it is used
frequently because of its features. Modeling and simulation has been done for
industrial DC motor using intelligent control methods [1]. The control of a DC
motor was carried out using Ziegler Nichols and PID control method, whose
control coefficients were obtained using genetic algorithm [2]. A comparative
study has been carried out for speed control of dc motor using PID control
method [3]. A review has been carried out on Shrivastava, DC motor types
and the necessity of the starter motor for speed regulation [4]. Sing and Garg
made a literature study on the tuning methods of PID control method for
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speed control of DC motor [5]. The control of the DC motor was carried out by
using the adaptive PID control method [6]. In another study, a kalman filter
was used to estimate the DC motor speed, and both PID and LQR controllers
were used to control the motor [7]. A DC motor was controlled by using the
PID control method, whose control coefficients were obtained by using a
genetic algorithm [8]. Oladipo et al. conducted a literature study on the
optimization of the PID controller with metaheuristic algorithms and for DC
motors [9]. The I-PD control method is a modified version of the classical PID
control method. The optimal I-PD control method, which is obtained by using
the Cuckoo Search algorithm of control coefficients, has been proposed [10].
Ketthong et al. have designed and implemented I-PD controller for DC motor
speed control system with adaptive tabu search [11]. Choel et al. carried out
an I-PD controller design using the CDM control method[12]. For a 4-pole
hybrid electromagnet, a three-axis headspace I-PD controller design based on
the coefficient diagram method has been carried out [13]. An I–PD controller
has been proposed for integration and time-delay systems [14]. In this study,
the modeling of the dc motor was carried out in the simulation environment
by using Proportional-Integral-Derivative(PID), Integral-Proportional (I-P)
and Modified I-PD control methods. In this study, the Ziegler-Nichols method
was used to find the control coefficients and the closed-loop control type was
used in this method. The position results of the DC motor were evaluated
using the Root Mean Square Error (RMSE) and Mean Absolute Error (MSE)
performance criteria. As a result, the obtained results are given in the form of
graphs and tables and they are examined.
2. MODELING OF DC MOTOR
Direct current (DC) motors are widely used in a variety of industrial and
electronic equipment where high accuracy position control is required. The
model of the dc motor is given in the equations below. Figure 1 shows the
direct current (DC) motor.
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Fig.1. Direct current (DC) motor model

The moment received from the electric motor;

Tm (t )  K m ..ia (t )  K i .ia (t ) (1)
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dia 1
R
1
 .ea  a .ia  .eb (2)
dt La
La
La
Tm=Ki.Ia (3)
(4)
(5)
If we take our variables as ia, m and m, the equations of state from the first
order can be written as follows.

x  Ax  Bu (6)

(7)

(8)
The parameters of the dc motor are shown in Table 1.
Table 1. Parameters of Dc motor
Symbol
m
J
Km
Ra
lo
Lm
Bm

Description
Body Mass
Body Inertia
Motor Constant
Motor Resistance
Leg Length
Motor electric inductance
Damping ratio of the
system friction constant

Values /Units
10 kg
0.171 kgm2
3520 Nm/A
55 Ohm
0.323 m
0.3 H
0.097 Nm.

3. CONTROLLER DESIGN
The PID, I-P and I-PD control methods are used in the control of DC motor. A
control method has been designed with the aim of reaching the desired
position and achieving minimum error in position control.

EUROPEAN ACADEMIC RESEARCH - Vol. IX, Issue 9 / December 2021

6150

Tayfun Abut– Position Control of a DC Motor with PID, I-P and I-PD Control
Methods

3.1. PROPORTIONAL-INTEGRAL-DERIVATIVE (PID) CONTROL
The Proportional-Integral-Derivative(PID) control method, which is used in
many applications, especially in the industry, is a control method that
provides a very simple use. The basic mathematical equation of the PID
control method is given below [15-16]. The most important parameters of this
control method are the control coefficients. In this study, Ziegler-Nichols
method was used to find control coefficients and closed-loop control type was
used in this method [17-19].

 d Reference input angle signal,  the output angle of the real
system, e   d   error signal, Kp proportional gain, Ki integral gain, and
Kd derivative gain.


u (t )  K p e  t   K I  e  t  dt  K D
0

d
e t 
dt

(9)

3.2. INTEGRAL- PROPORTIONAL-DERIVATIVE (I-PD) CONTROL
The Integral-Proportional-Derivative (I-PD) control method is a modified
version of the classical PID control method. The I-PD controller has been
developed to reduce the maximum overshoot. It has been used in various
studies in the literature [20-22]. Unlike the PID controller, the ProportionalDerivative coefficients are multiplied by the output expression of the system,
but the control expression is obtained by multiplying the integral control
coefficient with the error signal. The mathematical expression of I-P and I-PD
expressions are given in equations 8 and 9 below.


u (t )  K p e  t   K I  e  t  dt  K D
0

d
e t 
dt

(10)



d
u (t )  K I  e  t  dt  ( K p  t   K D   t )
dt
0

(11)

4. SIMULATION RESULTS
In this section, the mathematical model of the DC motor given above and the
simulation studies obtained by using Proportional-Integral-Derivative (PID),
Integral-Proportional (I-P) and Modified Integral-Proportional- Derivative IPD control methods are given. The control variable is the motor angular
position. A fixed input value is applied to the engine model. The proposed
control methods were evaluated according to performance criteria (RMSE and
MSE) and the results of the methods were examined. The simulation time
was taken as 10 seconds. Angular position and error graph of the motor
obtained using a fixed input value and PID control method is given in Figure
2. In Figure 3, the angular position and error graph of the motor obtained
using a fixed input value and I-P control method is given. Angular position
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and error graph of the motor obtained by using a fixed input value and I-PD
control method are given in Figure 4.

Fig.2. The angular position and error graph obtained by applying a constant
input and PID control method (Kp=60 Ki=240 Kd=3.75)

Fig. 3. The angular position and error graph obtained by applying a constant
input and I-P control method (Ki=200 Kp=50)

Fig. 4. The angular position and error obtained by applying a constant input
and I-PD control method (Ki=200 Kp=20 Kd=0.25)
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In Figure 2, it is seen that the maximum overshoot occurred in the graph
obtained by using the PID control method against a fixed input value.
Looking at the angular motor error graph, it was seen that the motor reached
a settling time of approximately 1 second. Similarly, in Figure 3, it was seen
that the maximum overshoot did not occur in the graph obtained by using the
I-P control method against a constant input value. However, looking at the
angular motor error graph, it was seen that the motor reached a settling time
of about 2 seconds. In Figure 4, it was seen that the maximum overshoot did
not occur in the graph obtained as a result of using the I-PD control method.
Looking at the angular motor error graph, it was seen that the motor reached
a settling time of about 0.2 seconds. In Table 2, the error results were
obtained according to Root Mean Square Error (RMSE) and Mean Absolute
Error (MSE) performance criteria. Equations of RMSE and MSE performance
criteria are given below.
RMSE 

MSE 

1 N
( y  y j ) 2
N j j

(12)

N

1
(  ym j  y s j ) 2
N j
(13)

ydj robot requested j. If the value is yj, the robot j. shows its true value. y
represents the angular position (  ) of the motor. j = 1,2,3,4… .N. Table 2
shows the error results obtained by using the results of the PID, I-P and I-PD
control methods against a constant input value to the performance criteria
RMSE and MSE.
Table 2. The error results according to performance criteria.
Control Methods
PID Control
I-P
I-PD

RMSE
0.0984
0.1640
0.0596

MSE
0.0097
0.0269
0.0063

Table 2 shows the error results obtained by using the results of the PID, I-P,
and I-PD control methods against a fixed input value to the performance
criteria RMSE and MSE. The lowest error rate was obtained using the I-PD
control method and the MSE criterion against a fixed input value given in
Table 2, and the result is 0.0063 radians. According to the RMSE criterion,
the lowest error rate was obtained using the I-PD control method and its
value was 0.0596 radians. The PID control method given in the table has a
larger error rate than the I-PD control method. These are 0.0097 and 0.0984
radians according to the MSE and RMSE criteria, respectively. I-P control
method performed worse than I-PD and PID control methods. The values
obtained using the I-P control method, MSE, and RMSE criteria are 0.0269
and 0.1640 radians, respectively.
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5. DISCUSSION AND CONCLUSION
In this study, modeling and position control of DC motor was performed using
Proportional-Integral-Derivative(PID), Integral-Proportional (I-P), and
Integral-Proportional-Derivative (I-PD) control methods. The control
performance of the system was evaluated using RMSE and MSE criteria.
When the results obtained with the I-PD control method are observed, the
best performance result was obtained in terms of both maximum overshoot
and settling time. Among the control methods are given in the table, PID and
I-P control methods did not give as good results as the I-PD control method.
In general, it is seen that the I-PD control method shows superior
performance. In future studies, the control coefficients can be obtained by
using optimization methods and applied in a real-time laboratory
environment.

REFERENCES
1.
2.

3.

4.
5.

6.

7.
8.

9.
10.

11.

12.

Emhemed, A. A. A. and Bin Mamat, R., (2012). Modelling and simulation for Industrial
DC Motor using Intelligent control, in Procedia Engineering, vol. 41, pp. 420–425.
Adhikari, N. P., Choubey, M., and Singh, R. (2012). DC motor control using Ziegler
Nichols and genetic algorithm technique. International Journal of Electrical, Electronics
and Computer Engineering, 1(1), 33-36.
Hassan, A. , Al-Shamaa, N. K., and Abdalla, K. K. ,(2017) Comparative Study for DC
Motor Speed Control Using PID Controller, Int. J. Eng. Technol., vol. 9, no. 6, pp. 4181–
4192.
Shrivastava, K., (2016) A Review on Types of DC Motors and the Necessity of Starter for
Its Speed Regulation, Int. J. Adv. Res. Comput. Commun. Eng., vol. 5, no. 4, pp. 61–63.
Singh, V., and Garg, V. K., (2014) Tuning of PID Controller for Speed Control of DC
Motor Using Soft Computing Techniques-A Review, Int. J. Appl. Eng. Res., vol. 9, no. 9,
pp. 1141–1148.
Baek, S. M., and Kuc, T. Y. (1997). An adaptive PID learning control of DC motors. In
1997 IEEE International Conference on Systems, Man, and Cybernetics. Computational
Cybernetics and Simulation (Vol. 3, pp. 2877-2882). IEEE.
Abut, T. (2016). Modeling and Optimal Control of a DC Motor. Int. J. Eng. Trends
Technol, 32(3), 146-150.
Anandaraju, M. B., Puttaswamy, P. S., and Singh Rajpurohit, J. (2011). Genetic
algorithm: an approach to velocity control of an electric dc motor. In IJCA (Vol. 26, No. 1,
pp. 37-43).
Oladipo, S., Sun, Y. and Wang, Z. (2020). Optimization of PID controller with
metaheuristic algorithms for DC motor drives. Int. Rev. Electr. Eng., 15(5), 352-381.
Puangdownreong, D., Nawikavatan, A. and Thammarat, C. (2016) Optimal Design of IPD Controller for DC Motor SpeedControl System by Cuckoo Search ,2016
InternationalElectrical Engineering Congress, iEECON2016, 2-4March 2016, Chiang
Mai,Thailand.
Ketthong, T., Tunyasirut, S., and Puangdownreong, D. (2017). Design and
implementation of i-pd controller for dc motor speed control system by adaptive tabu
search. International Journal of Intelligent Systems and Applications, 9(9), 69.
Cheol S, Kim S, Choo S, Kang K, Han K, Sung Y, Hyung J, and Park. (2007) A Design of
I-PD controller using CDM. in International Conference on Control, Automation and
Systems. 477–480.

EUROPEAN ACADEMIC RESEARCH - Vol. IX, Issue 9 / December 2021

6154

Tayfun Abut– Position Control of a DC Motor with PID, I-P and I-PD Control
Methods
13.

Erkan, K., Yalçın, B. C. And Garip, Muhammet (2017) Three-axis gap clearance I-PD
controller design based oncoefficient diagram method for 4-pole hybrid electromagnet,
Automatika, 58:2, 147-167, Istanbul, Turkey
Chakraborty, S., Ghosh, S., and Naskar, A. K. (2017). I–PD controller for integrating plus
time-delay processes. IET Control Theory & Applications, 11(17), 3137-3145.
Ziegler, J. G., and Nichols, N. B. (1942). Optimum settings for automatic
controllers. trans. ASME, 64(11).
Abut, T. and Soyguder, S. (2018). Interface Design and Performance Analysis for a
Haptic Robot. Muş Alparslan Üniversitesi Fen Bilimleri Dergisi, 6(2), 553-560.
Abut, T., and Soygüder, S. (2015). Motion control in virtual reality based teleoperation
system. In 2015 23nd Signal Processing and Communications Applications Conference
(SIU) (pp. 2682-2685). IEEE.
Hüseyinoğlu, M., and Abut, T., (2018). Dynamic model and control of 2-dof robotic
arm. European Journal of Technique (EJT), 8(2), 141-150.
Abut, T., (2020) Position Control of a DC Motor under Different Loads Using SMC and
PID Control Methods, European Academic Research 8(9).
Rajinikanth, V., and Latha, K. (2012). I-PD controller tuning for unstable system using
bacterial foraging algorithm: a study based on various error criterion. Applied
Computational Intelligence and Soft Computing.
Saundarmal, V. D., and Nagarale, R. M. (2013). IPD TYPE FUZZY CONTROL FOR DC
MOTOR. International Journal of Advances in Engineering & Technology, 6(5).
Kumar, V., and Rana, K. P. S. (2016). Some investigations on hybrid fuzzy IPD
controllers for proportional and derivative kick suppression. International Journal of
Automation and Computing, 13(5), 516-528.

14.
15.
16.
17.

18.
19.
20.

21.
22.

APPENDİX
Nomenclature

ia

Motor current

Ra

Motor resistance

eb

emf

TL

Load torque



Magnetic flux

Jm

Moment of inertia

Bm

Viscous damping coefficient

La

Motor inductance

ea

Motor voltage

Kb

emf constant

m

Angular rotation of the rotor

Ki

Torque constant

wm

Angular velocity of the rotor
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