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Abstract—Incorporation of fractional order calculus in 

conventional integer order control system design algorithm, 

makes the existing control system more efficient & robust. 

Fractional order PID (FOPID) controllers possess two 

additional design parameters to better adjust and control the 

dynamical properties of a complex control system. The 

objective of this work is to compare the performances of 

FOPID with the integer order PID (IOPID) while controlling 

the position of a metallic ball in a Magnetic Levitation System 

(MAGLEV), which is unstable & highly non-linear system. To 

explore a suitable control option, the parameters of both 

FOPID & IOPID have been optimized by three different 

metaheuristic optimization algorithms namely, Bird Swarm 

Algorithm (BSA), Elephant herding Optimization (EHO) & 

Grey wolf Optimization (GWO). The simulation & real time 

results show that optimized FOPID controllers exhibit better 

transient and steady-state responses than conventional IOPID 

controllers irrespective of optimization methods used for 

tuning. It can also be concluded that GWO based control 

algorithm performs better than other two algorithms.  

Keywords— Fractional order PID, grey wolf optimization, 

integer order PID, magnetic levitation system, meta-heuristic 

optimization, real-time implementation 

I. INTRODUCTION  

Among the recently developed engineering technologies, 
Magnetic Levitation System (MAGLEV) [1] is one of the 
most interesting researched field with a diverse area of 
applications in the modern civilization. In the Magnetic 
Levitation technology, electromagnetic forces are required to 
levitate a ferromagnetic object in the air and to hold the 
object at a desired equilibrium position. Since no mechanical 
support is required to suspend the object, this system is free 
from friction & mechanical wear and tear problem. These 
fascinating features make the MAGLEV system perfect for 
applications like transportations systems (high speed Maglev 
trains), active magnetic bearings, magnetically levitated wind 
turbines, electromagnetic Aircraft launch systems and many 
more. Considering such a wide range of industrial 
applications, scientists are putting a lot more research efforts 
to improve the dynamic performance of the system and 
employ sophisticated technologies so as to meet the modern 
day requirements of humankind. 

Analysing inner dynamics of the magnetic levitation 
system it can be conferred that the system is highly non-
linear and intrinsically unstable. Controlling of such unstable 
system is quite difficult and a proper control algorithm must 
be implemented so that the system performance meets the 

desired specifications as well as improves stability criteria. A 
literature survey is carried out to explore various aspects of 
controller design for MAGLEV systems. For simultaneous 
improvement of system performance and stability, 
researchers have implemented an inner current control loop 
with PI-controller and outer position control loop with lead 
controller [2]. A piecewise linear control scheme [3] is 
employed for a system with large air-gap and operating at 
multiple equilibrium points.  

Robust linear controllers like μ-synthesis [4], Q-
parameterization, H2 and H∞ control [5] are utilized to deal 
with a wide range of parameter variations and plant 
uncertainties. Besides linear controllers, some researchers 
have proposed non-linear controllers namely sliding mode 
control [6], feedback linearizing control [7], gain scheduling 
control [8] and phase plane based control algorithm. These 
type controllers can overcome the inherent non-linearity 
property of MAGLEV systems. 

PID controllers are suitable option for the control system 
designers in many practical process control action. The 
internal structure of PID controller is relatively simple and 
can be easily implemented in real-time. LQR based optimal 
PID tuning strategy is demonstrated in [9]. In [10], an 
adaptive PID controller with fuzzy compensator is designed 
and implemented for MAGLEV system. Real-time PID 
tuning method based on PSO algorithm is proposed in [11]. 
Genetic algorithm (GA) based optimized PID controller for 
MAGLEV is devised in [12]. Decentralized PID controller 
with extremum seeking optimization is developed in [13]. In 
[14], Grey wolf optimization (GWO) based optimized 
integer order PID (IOPID) controller for MAGLEV is 
proposed.  

In recent times fractional order calculus is extensively 
applied in various fields of science and mathematics which is 
now extended to control system design in the form of 
fractional order PID (FOPID) controller as evidenced by 
pioneering work of Podlubny [15]. FOPID is used for 
levitation of magnetic disk in [16]. In [17], authors used 
optimized FOPID controller for levitation of ferromagnetic 
sphere through air-space. Digital FOPID controller is 
proposed in [18]; whereas numerical search method of 
designing FOPID controller is demonstrated in [19] for 
magnetic levitation system.  

In this work, both integer & fractional order PID 
controller design methodology are demonstrated for 
levitation and control of a ferromagnetic object (a steel ball) 
at a desired position. To achieve superior controller 
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