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Abstract: An effective intelligent controller is suggested by mixing the Fractional-Order
PID (FOPID) and fast genetic algorithms (FGAs) to improve the output response of DC
motor. This controller is named as FGA-FOPID controller, the classical FOPID controllers
have numerous benefits in practical implementation of many systems such as DC motor
control compared with classical PID controllers, where the output response of the DC
motor with FOPID or with classical PID is reasonable, but it’s not satisfaysthe response
enhancements. So FGAs is used to slove the problem and to improve the overall output.
The suggested work is confirmed by DC motor control system, and then compared with
the classical PID and FOPID controllers. The simulated results establish that, the
suggested work is adeptness from previous work.
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INTRODUCTION

FOPID is complex model for PID system and needs more tuning of the parameters than classical PID
controller, the tuning parameters of the FOPID controller (PIADp) controller is very hard to achieve [1]. The
idea of this system has entered into many arenas of operative means for scientific field. Numerous real
schemes with the fractional variance balances which label the characteristics better. In current years, FOPID
anxieties additional and many academics [2]. [1] defines and growth procedure of some fractional order
controller types. [3] describe The PID of the model experiment consequences show the FOPID has strong
strength. [4] determin very simple system to implemnt defferent types of PID systems. [5] explain FOPID
system for speed system design. The academics and resercher study different systems to integer and
progress the control and genuineness in a diversity of actual schemes, this system is more precisely than the
integer system also delivers a respectable tool for the account of procedure, FOPID system is signify and
better from previouse systems.

This paper is ordered as follows: the model of DC motor is explained section two, section three offers
the proposed work, in section four, the simulation results are explained, and finally, the conclusions and
suggestions for future work are demonstrated in section five.
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1. DC MOTOR MODEL

The DC motor is public and famous device in modern electrical power system. The model of the
system is explained in in figure 1.

Fixed
field

- <+> Armature
== circuit

Rotor

Figure 1: DC Motor model.

The voltage represents the input signal and the speed represent the output. The system parameters of
the system are explained in table 1 [6-8].

Table 1: system parameters[6-8].

Symbol Name Value Unit
J Rotor inertia 0.01 kg.m”"2
B friction constant 0.1 N.m.s
Ke EMF constant 0.01 V/rad/sec
Kt torque constant 0.01 N.m/Amp
R resistance 1 Ohm
inductance 0.5 H

The internal torque which formed is qualified to the current of the armature. The field is expected as a
constant value for simplicity. The torque is proportional to constant factor (Kt) Eq.(1):

T=Kii 1)
The electromotive force is qualified to angular velocity constant (Ke).
E=Ke o (2)

The constants of the torque & EMF are equals, therefore, can put K constant to describe them both.
From the figure 1.

JO + b8 = Ki (3)

Page 592 Copyright © 2017 Al-Qadisiyah Journal For Engineering Sciences. All rights reserved.



It JOURNAL OF AL-QADISIYAH FOR
ENGINEERING SCIENCE

§ s B Y Vol. 10, No. 4
v N < N
“\J y \‘2”

ISSN: 1998-4456

4)

The system is modeled by using Laplace transform to get the equations below:
s(Js +b)e(s) = KI(s) (5)
(Le+ R){(s)=V(s)— K ©(s) (6)

The transfer function is designed by eliminating the current value I(s) to get the transfer function
produced by rotating speed and armature voltage.

EJ':‘:]' K l-."mfl.".‘;r:f'l
Vis) (Js+b)(Ls+R)+K? V @)

P(s)

In order to represent the system by state variable by choosing the speed and the current as the state
variables. The input is The voltage and the output is the speed as shown in the equations.

il s & # 0 §
dt K R N 1
T I E I (8)
“
y=[1 0]
[ ©)

2. PROPOSED CONTROLLER

The FOPID algorithm is implemented to enhance the response by minimize the error signal between
the input and the output signals. Generally the FOPID is govern by this equation [1, 9]:

K.
where A and

represent gains, the old-style integer order PID controller A and p are set to 1 if its needed to change to
classical PID controller. Fast Genetic Algorithms (FGA) are stochastic international algorithm depends on the
normal evolution to produce good solutions and solve the problems. GA generate initial populace of keys
applying the standard of being of the fittest to yield improved keys [10]. FGA technique is used to overcome
the problem in classical genetic algorithm by decreases time [11]. This algorithm is very simple for the
implementation. FGA used to get the best five gains for the controller to convalesce the values. Best gains
constants shaped when achieves the objective function which carries the greatest values. The chromosome
contains 5 genes (kp, Ki, Kd, , A & p ) and the integral square error (ISE) criteria is used a fitness function in
this implementation [10].

In this implementation the values of each parameter for genetic algorithm are illiterates bellow:
- The generation number will access to = 100.

- The size of population = 20.
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Chromosome length should be five gens.

The govern law to calculate fitness is:

Fit(y) = —

ISE+£

(11)
The fitness is selected contingent difficult for the people which having high value to give good. The € is

a unceasing unimportant about (0.0006) summed with ISE in the denominator of the equation 11 to evade
the infinity . Figure 2 shows the chromosome with five genes.

Kp Ki Kd A

Figure 2: Chromosome representation.

FGA is used to solve the problem based on the required values. Figure 3 shows the proposed
algorithm to get optimum five genes required.
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Figure 3: FGA-FOPID algorithm.

Page 595 Copyright © 2017 Al-Qadisiyah Journal For Engineering Sciences. All rights reserved.



I JOURNAL OF AL-QADISIYAH FOR
ENGINEERING SCIENCE

i ) E& v Vol. 10, No. 4

"‘. L\ : ISSN: 1998-4456
—‘L' % o ".L’

=33
3. RESULTS

The proposed work is tested by enhancement of the response of the DC motor system as shown in
the simulation model in figure 4 based on MATLAB program.

[~
"W Motor_Model/DC Motor M=%
File Edit View | Simulation Format Tools Help
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Figure 4: DC speed control model in MATLAB program.

The dynamic calculations are demonstrated in Eq. (12) and Eq.(13):

s(Js +b)e(s) = KI{s) (12)
(Ls + R)I(s) = V(s) — Ks0(s) (13)
, - EJ{-:} B i rad/ sec

P(s) = Vis) (Js+b)(Ls+ R)+ K? [ V ] (14)

The is constructed as shown in figure 5.
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Figure 5: Control system.
The final response of the system with and without controller are illustrated in figure (6-9)
a3 PLrr ARE| B AR

SBE PO HEE O & &

Time offset: 0
Figure 6: The response without controller.

Figure 7: The response with PID.
SE (OIS L HEE O A« S8 HerL hiEE L AF

Time offset: 0

Figure 8: The response with FOPID.

Figure 9: The response with FGA-FOPID.
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The performance of the system is illustrated in table 2.

Table 2: The Performance Indexes with different controllers.

Type of Controller ISE Time response parameters

tr tp O0.S | tss
Without controller | 29.194 | 0.25 | 0.25 | 3.31 | 0.82

PID 3.112 | 021 | 0.21 | 1.82 | 0.71

FOPID 2924 | 027 | 0.22 | 0.51 | 1.2

FGA-FOPID 1.8651 | 0.29 | 0.15 | 0.12 | 11

From table 2, the overall response of the system is enhanced more by the proposed controller,
the minimum ISE value is produced by the FGA-FOPID controller, which means that the best output
response is obtained.

CONCLUSIONS

The suggested work which nhamed FGA-FOPID is applied and tested in this paper by mixing FOPID
and FGA. It is very good controller to improve the response of the DC motor compared with FOPID and
conventional PID system. The proposed system overcome several difficulties by mixing FOPID with FGA. In
the proposed work the fithess function is based on ISE and its very efficient choose. Any change in the
parameter will gives effect on the behavior of the system. The gotten simulated results are encouraged to
apply this controller on other system.
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