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ABSTRACT

In this work, a Particle Swarm optimization (PSO) algorithm is proposed to obtain optimal PID
controller parameters of a DC servomotor drive. This work has a very important issue due to a wide
range employed in various servomechanisms. The proposed approach has superior feature, flexible
execution, stable convergence characteristic, and high-quality solution efficiency. The simulation
results using MATLAB 2014a environment show that the proposed objective function provides more
proficient in improving dynamic response, better convergence, and fast response than the other
methods based on maximum overshoot, rise time, and settling time of system step response.
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INTRODUCTION

Now a day, DC servomotors have been widely used as an actuator for direct-drive and motion control
applications, like as automation process, robot manipulators, mechanical motion and others.
Servomotor is indispensable in industrial application because of its high reliability, flexibility, and low
cost. It has a rotary actuator that can provide a precise control for angular position. A feedback control
of servomotor is used to control the speed or position or both. A PID controller is widely used in speed
and position control systems due to simple structure and implementation [1]. The PID gains (Kp, K,
and Kp) should be tuned accurately. However, many methods have been developed to tune these gains.
A different approach have been reported in the literature to tune PID gains using soft computational
intelligence methods like Neural Network, Fuzzy system, Genetic algorithm, and Particle swarm
optimization [2]. In [3] the authors present a Genetic Algorithm GA to tune PID parameters of DC
servomotor position control, it was implemented in MATLAB environment. A comparison with
classical method (Ziegler-Nichols) was made to emphasize of GA-PID controller improvement. In [4]
the authors present a new approach to obtain optimal PID parameters, Genetic Algorithm was used to
verify this issue using new objective function for DC servomotor. In [5] the authors proposed a Sliding
Mode controlled (SMC) method for DC servo motor, it was carried out through MATLAB /
SIMULINK environment.

This paper proposed a Particle Swarm algorithm to tune PID gains. Firstly different performance
indices are implemented. This includes IAE, ISE, and ITAE which IAE was experimentally better than
the other. Secondly new objective function is achieved best performance in the controlled DC
servomotor system comparison with different common performance criteria to ensure the robustness of
the proposed controller.

MATHEMATICAL MODEL OF DC SERVOMOTOR
Figure (1) shows that equivalent circuit of armature control of DC servomotor. Using Kirchhoff
voltage law in armature circuit [6]:

dig

ea = Raia + La dt

+ep 1)
The back emf of motor

e, = k,0,, (2)
The air-gap flux is given by

0= Krig €)
The develop torque is proportional to product of @ and armature current I,.

T = k.0i, 4)
Or by substituting equation (3) in (4)

T = kKrifig (5)

Since the field is constant
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T= kTIa (6)

The developed torque is used to drive the system having a total inertia J and to overcome the damping
B and twisting the coupling shaft to the load.

T =)0y + Bbp, (7)

Where:

T developed torque Nm

@: Flux Weber.

k,: torque constant Nm/A.

1,: Armature current A.

0,,: Angular position of the motor shaft in radians.
J: Rotor inertia kgm?/rad.

B: Viscose friction coefficient Nm/(rad/sec).
e,: Back emf V.

k;,: Back emf constant V/(rad/sec).

e,. Armature voltage V.

R,: Armature resistance Q.

L,: Armature inductance H.

Take Laplace transform

R ®
Ep(s) = K;,56,,(s) ©)
T(s) = Krl,(5) (10)
T(s) = JS2 6,,(s) + BSH,,(s) (11)

The transfer function between shaft position and armature voltage is:

0(s) _ Kt
E(s) - JLaS3+(RqJ+LgB)S?+(RgB+KpKT) S

(12)

AN OVERVIEW OF PARTICLE SWARM OPTIMIZATION (PSO) ALGORITHM

American electrical engineer Eberhart and psychologist Kennedy developed a PSO algorithm depend
on the similarity of swarm of bird and fish pool [7]. In PSO the system is initialized the swarm
assigning random position and searches for optimal location by update of generations. Each particle is
flying out of the problem search space by following the current optimum particles. The velocity of each
particle can be modified as follows:

VL = WVE + C R, * (Pbest - Slk) + C,R, * (gbest — Sf) (13)

Skl = gl yk+1 (14)
[2 [2 [2
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Where:

VX Velocity of particle | of iteration k.

W: inertia weighting factor.

R;, R,: Random number between 0 and 1.

C;, C,: Acceleration constant.

Sk: Current searching point.

Sk+1: modified searching point.

Pbest: Best position of the i'" particle.

gbest: The index of best particle among the entire particle in the population.

During iteration, the particles have been update velocity and position till reach optimum or maximum
iteration.

DESIGN OF PID BASED ON PSO CONTROLLER

PSO can be utilized to tune the gains of PID controller to enclose optimal performance of the system.
In Figure (2) the schematic diagram consist of a PID controller with auto-tuning of its gains based PSO
and a controlled plant. A set of gains can get a better response, which will outcome from performance
index. The most common performance indices are summarized in Table (1), a minimization objective
function is selected as follows:

Objective Function = 2 (15)
]

These performance indices have an advantage and disadvantage. The disadvantage of the IAE (Integral
of Absolute Error) and ISE (Integral of Squared Error) criteria is short overshoot but long settling time.
ITAE (Integral of Time Multiplied Absolute Error) criteria can overcome this disadvantage but it is
complex and requires time to its analytical formula [8]. In [8] the following performance criterion is
defined:

Wk)=(1- e F)M, +es)+eP(ts—t,) (16)

Where:

W (k) : Performance function.
K: [Kp, Ki, Kd].

B: weighting factor

M,,: Maximum overshoot.
e Steady stat error.

t,: Settling time.

t,: Rise time.

The weighting factor £ is used to calibrate of the performance criteria to get the best response. For
large than 0.7, steady-state error and the maximum overshoot will be decreased, while when B less
than 0.7, the rise and settling time will be decreased [8]. In this work, we set 8 to 0.5 according to the
trials, which can get optimum step response for position tracking system of DC servomotor.

To overcome all the defects mentioned earlier, the objective function is modified in this work as
follows:
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1
w(k)=J

Objective Function = a7)

Equation (17) can be enhancing the performance of PSO-PID algorithm and increase the efficiency and
accuracy. Figure (3) illustrates the PSO-PID algorithm flowchart.

SIMULATION RESULTS

The proposed PSO-PID algorithm is utilized to the DC servomotor drive. The DC servomotor
parameters are given in appendix A.

The particle swarm optimization algorithm parameters are:

e population size: 50

e Maximum iteration: 100.

e Inertia weighting factor W: 0.9.

e Acceleration factors C;=2, and C,=1.4.

The bounds of each particle are set to lie between 0 to +100. Each particle set of the PID gains and will
search for their optimal value in three dimensional search spaces. The PSO algorithm convergence to a
global optimal solution is controlled by the objective function. In order to confirm the efficient of the
proposed objective function in the PSO-PID controller of DC servomotor position control is tested.
Figure (4) show the step response of DC servomotor without PID controller.

The simulation result shown in Figure (5) was achieved using objective function defined by equation
(15). That showed IAE performance criteria have a good response comparative to the others as listed in
Table (2). From Figure (6) the PSO-PID controller was tested using proposed objective function
defined by equation (17) and results can be concluded in Table (3). It can be obviously seem that the
performance criteria (ITAE*W (k)) has lowest maximum overshoot and shortest of rise and settling
time. To emphasize the robustness of the proposed controller, a comparison is made with the different
control schemes used by researchers and listed in Table (4). From previous results, the proposed
objective function support PSO algorithm to reach optimal location of particles accurately than
common objective function and indicates the capability of proposed controller in position tracking of
DC servomotor. To validate of proposed controller we test it by pulses input. Figure (7) and Table (5)
shows that the capability of controller to actuate desired response compared to traditional method
Zeigler-Nichols.

CONCLUSION

The design of PSO-PID is proposed in this paper and has been successfully suggested for position
tracking control of DC servomotor problem. A new objective function is proposed to help the PSO
algorithm to find optimal PID controller parameters set of DC servomotor drive. Through simulation
results, we could see the proposed objective function can perform an accurate PID parameters set than
the other methods and can improve the dynamic performance of system.
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Table (1): Mathematical description of
different performance criteria [6]

Mathematical
Performance Criteria | Symbol description of the
error
Integral of the T
Square of the Error I Jise = J;) e*(t)dt
Integral of Absolute T
Magnitude of the IAE Jiag = f |e(t)|dt
Error 0
Integral of Time T
multiplied by ITAE Jirag = f tle(t)|dt
Absolute Error 0

Table (2): Step response characteristics using equation (15)

Max. L .
Rise time Settling
7 ovez;)hoot (sec) time (sec)
IAE 2.6 0.0211 0.0793
ISE 5.74 0.0228 0.105
ITAE 4.21 0.025 0.107

Table (3): Step response characteristics using equation (17)

Max. Rise Settling
# overshoot time .
% (sec) time (sec)
IAE*W 8.65 0.0676 0.233
ISE*W 8.9 0.0695 0.238
ITAE*W 1 0.02 0.0423

Table (4): Comparison of different control schemes
Max. Rise

# overshoot time tisrﬁétl(lsr;%)
% (sec)
GA-PID [2] 1 0.25 0.336
GA-PID [6] 1 0.1 0.1
SMC [3] 0 -- 0.16
ZN-PID 25.8 0.121 0.698
PSO-PID 1 0.02 0.0423
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Table (5): PID gain values

# ZN-PID PSO-PID
Kp 50.435 50.001
Ki 13.7703 2.001
Kb 0.41743 2.05

Figure (1): Equivalent circuit of armature control of DC servomotor

) PSO
"1 (Kp = Ki—Kd)

ol )

Figure (2): PSO-PID controller
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‘ Initial population |

Run the DC servo motor position control
model for each set of parameters

!

Calculate the proposed
objective function eq. (15)

!

Calculate parameters
[Kp Ki Kd]

'

Aszsign the Pbest of each particle
and gbest of population

.

Update velocity and
position of each particle

Target or Max_

iteration reached

Figure (3): PSO-PID algorithm flowchart

Step Response
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Figure (4): DC servo motor step response
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Figure (5): position step response of DC servo motor using common performance criteria
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Figure (6): Position step response of DC motor using proposed objective function

459



Al-Qadisiyalf Journal For Engineering Seiences, WL 9......N0. 4....2016

2 I | | | I
!! é PSO-PID
i i !| == ZN-PID
it L i
it H '-"‘ [ ,‘.‘ ,
1-%,';‘“ ‘ !r'_r'\.' ! 'II"' %
i ¥
:
A
1= L.,-.* ,LL_AV
Iy P
e & i
! f
3 | | l | l | | I
Time (seconds)
Figure (7): DC servomotor response to step change of input reference
Appendix:
DC servomotor parameters are:
V =240 Volt.
P =4.7 Hp.

J=0.022 kg m?/sec’.
B = 0.5x10° Nm/sec.
Kr=1.2 Nm/Amp.
Ky =0.12 V/(rad/sec).
R, =2.45 Q.

L, =0.035 H.
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