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ABSTRACT: In this work, tuning of classical PID controller is proposed for highly non-linear 

systems such as the benchmark bioreactor and Magnetic Levitation System (MLS) using Lévy 

flight based Cuckoo Search (CS)/Firefly Algorithm (FA). A weighted sum of cost function 

comprising the overshoot, settling time, integral square error (ISE) and integral absolute error 

(IAE) is considered to guide the heuristic search in order to discover three controller parameters 

such as Kp, Ki, and Kd. In the proposed work, the major aim is to compare the performance of 

the considered CS and FA on the controller design problem. The simulation work is 

implemented using the Matlab software and the performance of this study is validated by 

measuring the ISE and IAE values. This study confirms that, both the algorithms offers 

approximately similar result on the considered bioreactor and MLS systems. 

KEYWORDS: Bioreactor, Magnetic levitation system, PID controller, Cuckoo search, Firefly 

algorithm. 

I.INTRODUCTION 

From control literature, PID and customized forms of PID controllers are still extensively 

used because of its structural simplicity, reputation and easy implementation, despite the 

significant developments in advanced process control schemes. It is also observed that, heuristic 

algorithm based PI/PID controller design is widely employed by the researchers to discover 

optimal solutions for a class of linear and non-linear systems [1-6]. Even though a substantial 

amount of algorithms are available in the literature, choice of a particular algorithm for an 

optimization problem mainly depends on: (i) Number of parameters to be optimized (dimension), 

(ii) Convergence speed, (iii) optimization accuracy, and (iv) Number of initial algorithm 

parameters to be assigned.  

Controller design problem existing for the stable and the linear system are very simple 

compared with the unstable and the non-linear systems. The number of traditional controller 

design procedure existing for the unstable and non-linear systems are also very few [6]. Hence, 
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in recent days, heusristic algorithm based PID [5,6], IPD [7], fractional order PID and set point 

weighted PID controller [8] design procedures are widely proposed by the researchers. From the 

resent literature, it is noted that, Lévy flight based algorithm offers faster convergence and better 

result compared to other heuristic algorithms, which works on a random search.  

In Lévy flight strategy, the agent will move quickly in a bounded search boundary, until 

it finds optimal solutions based on the problem. In this work, Cuckoo Search (CS) and Firefly 

Algorithm (FA) is considered to solve the PID controller design problem [9]. Recently, CS and 

FA are considered to solve a variety of engineering optimization problems [10-16]. In the 

proposed work optimal PID controllers are designed using the CS and FA algorithms and 

implemented on the non-linear model of the bioreactor and the state-space model of the MLS. 

The result confirms that, CS and FA algorithm offers approximately similar result because of its 

Lévy flight strategy.  

II. METHODOLOGY DEVELOPMENT 

In order to implement the CS/FA based PID controller, the following non-linear process 

models are adopted:  

Bioreactor: Bioreactor plays a vital role in chemical process industries to produce important 

chemical and biochemical compounds. In this system, living organisms, known as microbes are 

converted into marketable products such as beverages, antibiotics, vaccines and industrial 

solvents [17, 18]. The quality of the final product from a bioreactor depends mainly on the 

control loop employed to monitor and control the microbial growth based on the reference input 

[19, 20]. Bioreactor can be defined as a reactor system employed to execute a number of 

biological reactions in a liquid medium to form intermediate and final products. Figure 1 shows 

the schematic diagram of the bioreactor. The dynamic behaviour of the reactor is complex and a 

number of vital manufacturing processes belong to this group.  

 

Figure.1 Benchmark Bioreactor   
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Magnetic Levitation System (MLS): MLS is an electro-mechanical system and the construction 

detail is depicted in Figure 2. In this system, a controller is used to regulate the electric current (i) 

until the electromagnetic force (f) equals to the weight of the steel ball (m*g). When the above 

condition is reached, the ball will levitate in an equilibrium state [21]. 

 

Figure.2 Construction of MLS 

PID Controller: Industrial PID controllers typically accessible as a packaged form and to 

perform well with the industrial process problems, the PID controller requires optimal tuning. In 

this research work, a non-interacting form of PID controller structure is considered. A low pass 

filter is used with the derivative term to reduce the effect of measurement noise. 

 

Figure.3 Parallel PID structure 

III. PERFORMANCE ANALYSIS 

This section presents the results of the simulation study obtained using the Matlab 2010a 

software. During the simulation study, the following algorithm parameters are assigned: number 

of agents (N) is chosen as 20, number of iteration is chosen as 1000, the dimension of search (D) 

is assigned as 3 and the algorithm is allowed to search the controller parameters till the Jmaxis 

reached. This controller design procedure is repeated 10 times and the average value is recorded 

as the optimal controller parameter. The average of the controller parameters and its 

corresponding ISE and IAE values are depicted in Table 1. 
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Table.1 Controller parameters and error values 

 

IV. CONCLUSION 

 In this work, design of PID controller is proposed for bioreactor and Magnetic Levitation 

System using Lévy flight based Cuckoo Search (CS) algorithm and Firefly Algorithm (FA). In 

the proposed work, a weighted sum of objective function is considered and maximization of this 

objection function is chosen as the terminating criteria for heuristic search. Proposed simulation 

work is implemented using the Matlab software and the performance of servo operation is 

verified. The result confirms that, the controller designed with the CS and FA offers similar 

result. 
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