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Abstract. The purpose of this paper is to design a PID controller by using PSO,
GSA, and PSOGSA control techniques for MLS. A conventional PID control
technique (tuned by Ziegler Nichols Method, ZN) is used to control the stability
of the MLS. However, PID-ZN has the limitation usually produces a high value
of overshoot. Therefore, to achieve optimal performance, PSO, GSA, and
PSOGSA are adopted for tuning the PID controller. Also, the arrangement
between PID-PSO, PID-GSA, and PID-PSOGSA are compared to find the best
control technique for the MLS. The result of this paper shows PID-PSOGSA has
the best performance compared to PID-PSO, PID-GSA, and PID-ZN in terms of
percentage overshoot, settling time, rise time, and sum square of error.
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1 Introduction

Magnetic Levitation System (MLS) is always a hot topic in the engineering field,
especially in transportation, as MLS requires a low power consumption [1] and is
environmentally friendly. MLS is a model which suspends an object with a set of
distances below an electromagnetic, by the concept of overcoming the gravitational
force on an object.

The MLS model is unstable, and the nonlinear function shows an unstable pole in
the right half of the S-plane [2, 3]. PID controller is used in this study to control the
stability of the MLS. PID Controller operates in the error signal, e(t), to provide a
control signal, u(t), by designing the KP, KD, KI and KN [4].

This study proposed the implementation of Gravitational Search Algorithm (GSA),
Particle Swarm Optimization (PSO) and PSOGSA (combination of PSO and GSA) to
optimize the stability for the Magnetic Levitation System (MLS) by using Matlab
Version R2014a. To analyze the accuracy of the system performance, three proposed
control (PSO, GSA, PSOGSA) are compared to find out the best-proposed control of
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the MLS. To achieve a steady output, the PID toolbox in Simulink is utilized, and the
values of KP, KD, KI, and KN are defined by tuning the PID controller. PSO, GSA,
and PSOGSA are used to adjust the parameters of KP, KD, KI, and KN for the
optimization task.

2 Overview of Proposed System

2.1 MLS Modelling

The component for an MLS included suspension objects, electromagnetic coil (gen-
erate electromagnetic force), power amplifier (control the output current), feedback
controller (maintain the stability), and sensor (record the position of the object) [5–7].
MLS is a model which suspends an object with a set of distances below an electro-
magnetic, by the concept of overcoming the gravitational force on an object (Fig. 1).

This system needs to analyse four forces: Acceleration, damping, electromagnetic,
and gravity. The ball and coil subsystem provide the damping force, and the ball is
levitated when the electromagnetic force exceeds the object’s gravity force. The rela-
tionship of the forces is computed as:

Fa � Ffv ¼ Fm � Fg ð1Þ

In Eq. (1), the relationship for powers is analyze, which is described by a non-linear
second order differential equation:

Mk
KADKx

� Kfv
KADKx

¼ KDAð Þ2 Kið Þ2u2Kc
Y�KADY0
KADKx � X0

� �2 �Mkg ð2Þ

where Y is the position of the ball and u is the control input signal. The parameters used
in Eq. (2) and their actual values are defined in Table 1:

Fig. 1. Schematic diagram of MLS.
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2.2 PID Control of the MLS

PID Controller is a control loop feedback mechanism. The controller algorithm of PID
involves three parameters: Proportional (P), Integral (I) and Derivative (D). PID
operates in the error signal e(t) to provide control signal u(t) by designing the control
parameters of KP, KD, KI, and KN [4]. These control parameters as follows: P
decreases the rising time, I eliminate the residual error by adding a control effect due to
the historic cumulative value of the error, D increases the system’s stability by pre-
dicting future errors, and N is the constant value. A block diagram of the tracking PID
control of MLS is displayed in Fig. 2.

2.3 GSA-Tuning PID Control

Gravitational Search Algorithm (GSA) is an optimize algorithm develop by Rashedi to
solve an optimization problem. GSA approach is based on the law of gravity and the
mass interactions [8–10]. Agents are considered as an object, and its performance is
measured by their mass [11]. Agent has four parameters: position of the agent, initial
mass of the agent in t = 0, active gravitational mass and passive gravitational mass. The
position of an agent (object) is representing the solution of the problem. The flow chart
of GSA-Tuning is shown in Fig. 3.

Table 1. Parameters of the model.

Parameter Description Value

Mk Mass of ball 0.008 kg
KAD A/D converter gain 0.2 MU/V
KDA D/A converter gain 20 V/MU
Kx Position sensor gain 821 V/m
Ki Power amplifier gain 0.3 A/V
Kc Coil constant 1.7 � 10(−6) N
Y0 Position sensor offset 0.0183 V
X0 Coil offset 0.0076 m
Kfv Damping constant 0.02 Ns/m

Fig. 2. Block diagram of the MLS and PID control.
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2.4 PSOGSA

The approach used by GSA is finding the position of the agents which the position of
agents representing the solution of a problem. However, the agents are moving fast
even the agents are closed to the best solution. As a result, the solution of GSA may not
accurate [12, 13]. Hence, the combination of PSO together with GSA (PSOGSA) is
implemented to overcome the limitation of the GSA. In PSOGSA, when the agents are
closed to the best solution (position), the agents will move very slowly and try to attract
with other agents. PSOGSA uses Gbest as a memory system to store the best solutions
that were discovered. c1 and c2 are introduced and can be adjusted to find the agents’
global and local search skills (Fig. 4).

3 Simulation Result

This section details the simulation result together with the comparison of the system
performance with different proposed PID-ZN, PID-PSO, PID-GSA and PID-PSOGSA
control of the MLS. The control parameters for PID-ZN are KP = 0.752, KI =
19.6813, KD = 0.0044, and KN = 527.0218. The step response linear analysis of
PID-ZN show the system is able to achieve stable, with the settling time (Ts) =
0.238 s, peak time (Tp) = 0.0263 s, rise time (Tr) = 0.00587 s, and percentage
overshoot, %OS = 151%, as shown in Fig. 5.

Fig. 3. Flow chart of PID-GSA

Fig. 4. Flow chart of PID-PSOGSA
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3.1 PID-PSO Simulation

Simulation result in Fig. 6 shows the 3D simulation of PID-PSO control with different
number of particle (5, 10, 15) and iteration (10, 20, 30). The details of the output SSE
are summarized in Table 2.

From Table 2, the lowest SSE is 9.3968, with the number of particle = 10 and
iteration = 20. The optimal parameter for PID-PSO will be KP = 0.8221, KI =
15.9041, KD = 0.0059, and KN = 437.19. The detail of the simulation result is shown
in Fig. 7.

Fig. 5. Step response (PID-ZN) of the MLS

Fig. 6. PID-PSO 3D plot of SSE with respect to iteration and particle

Table 2. SSE of PID-PSO

Iteration Particle
5 10 15

10 10.0909 13.1964 10.0102
20 11.1214 9.3968 11.1109
30 11.1192 9.9677 10.0001
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Control input, MU with 0.17 is used in this system. The error of PID-PSO control is
shown in Fig. 8.

The step response linear analysis of PID-PSO show the system is able to achieve
stable, with the settling time (Ts) = 0.145 s, peak time (Tp) = 0.0228 s, rise time
(Tr) = 0.00498 s, and the percentage overshoot, %OS = 130% (peak of the system is
2.3), as shown in Fig. 9.

Fig. 7. PID-PSO versus PID-ZN

Fig. 8. PID-PSO error

Fig. 9. Step response (PID-PSO) of the MLS
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3.2 PID-GSA Simulation

Simulation result in Fig. 10 shows the 3D simulation of PID-GSA control with dif-
ferent number of particle (5, 10, 15) and iteration (10, 20, 30). The details of the output
SSE are summarized in Table 2.

From Table 3, the lowest SSE is 9.4699, with the number of particle and itera-
tion = 10. The optimal parameter for PID-GSA will be KP = 0.8643, KI = 19.5425,
KD = 0.0056, and KN = 533.3399. Next, the optimal parameter is simulated and the
system performance is compare with the PID-ZN. The detail of the simulation result is
shown in Fig. 11.

Control input, MU with 0.17 is used in this system. The error of PID-GSA control
is shown in Fig. 12.

Fig. 10. PID-GSA 3D plot of SSE with respect to iteration and particle

Table 3. SSE of PID-GSA

Iteration Particle
5 10 15

10 9.9924 9.4699 9.9987
20 14.1124 12.1492 11.1149
30 13.6497 11.3213 11.9229

Fig. 11. PID-GSA versus PID-ZN
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The step response linear analysis of PID-GSA show the system is able to achieve
stable, with the settling time (Ts) = 0.143 s, peak time (Tp) = 0.0224 s, rise time
(Tr) = 0.00456 s, and the percentage overshoot, %OS = 136% (peak of the system is
2.36), as shown in Fig. 13.

3.3 PID-PSOGSA Simulation

Figure 14 shows the 3D simulation of PID-PSOGSA control. The details of the output
SSE are summarized in Table 3.

Fig. 12. PID-GSA error

Fig. 13. Step response (PID-GSA) of the MLS

Fig. 14. PID-PSOGSA 3D plot of SSE with respect to iteration and particle

Table 4. SSE of PID-PSOGSA

Iteration Particle
5 10 15

10 9.9777 9.9673 10.1210
20 9.9742 9.9923 9.2349
30 9.9914 10.0010 10.1149
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From Table 4, the lowest SSE is 9.2349, with the number of particles = 15 and
iteration = 20. The optimal parameter for PID-PSOGSA will be KP = 1.0288, KI =
18.4154, KD = 0.0058, and KN = 573.98. The detail of the simulation result is shown
in Fig. 15.

Control input, MU with 0.17 is used in this system. The error of PID-PSOGSA
control is shown in Fig. 16.

The step response linear analysis of PID-PSOGSA show the system is able to
achieve stable, with the settling time (Ts) = 0.105 s, peak time (Tp) = 0.0194 s, rise
time (Tr) = 0.00395 s, and percentage overshoot, %OS = 127% (peak of the system is
2.27), as shown in Fig. 17.

Fig. 15. PID-PSOGSA versus PID-ZN

Fig. 16. PID-PSOGSA error

Fig. 17. Step response (PID-PSOGSA) of the MLS
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3.4 Performance Comparison

See Fig. 18 and Tables 5 and 6.

4 Conclusion

This paper contributed to the development of mathematical model of MLS, together
with the optimization of PID controller by using proposed optimization tools (PSO,
GSA, PSOGSA) and the system performance is compared to finding the best perfor-
mance of the optimization tools. The reason why PSO, GSA and PSOGSA have been
chosen as the optimization tools as the accuracy of the method despite the simplicity of
the structure. PID controller is developed to control the stability of the MLS as MLS
model is unstable and nonlinear function showing unstable pole in the right-half of the
S-plane. The solution to GSA may not accurate (not an optimal solution) with
SSE = 9,4699 compared to PSO with SSE = 9.3968, due to the number of search
space. By combining PSO and GSA, the algorithm can be enhanced and the solution

Fig. 18. PSO, GSA, PSOGSA comparison

Table 5. Characteristic performance

SSE Tp (s) Tr (s) %OS Ts (s)

PID-ZN – 0.0263 0.00587 151 0.238
PID-PSO 9.3968 0.0228 0.00498 130 0.145
PID-GSA 9.4699 0.0224 0.00456 136 0.143
PID-PSOGSA 9.2349 0.0194 0.00395 127 0.105

Table 6. Control parameters

KP KI KD KN

PID-ZN 0.7520 19.6813 0.0044 527.0218
PID-PSO 0.8221 15.9041 0.0059 437.1901
PID-GSA 0.8643 19.5425 0.0056 533.3399
PID-PSOGSA 1.0288 18.4154 0.0058 573.9801
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become more accurate (closed to optimal solution) with the SSE equal to 9.2349. In
simulation result, PID-PSOGSA shows the best performance, compared to the con-
ventional PID (PID-ZN), PID-PSO and PID-GSA.
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