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Abstract- In this research paper scientific model of the levitation system based on the magnetic field has been implemented with 

the help of the fuzzy-logic controller. The behaviour of alluring (maglev) mainly based on the PID-controller being used. 

Therefore, a controller based on PID has been organized to control efficiently and get the desired performance of the maglev 

system under study. But, as evident from the literature review, a PID controller has its limitations and is typically undefined 

in the situation of changing the load because PID controllers have fixed constraints. Due to these limitations, a controller that 

is based on fuzzy logic has been designed to overcome these problems. By using the fuzzy logic, again has been selected for the 

PID-controller by using the different values of load and set the reference value to calculate the gain error. Best suited 

membership functions have been used to fuzzifier the gain parameters. An optimal inference engine has been designed to map 

inputs to the corresponding outputs. Finally, a de-fuzzifier has been designed to get crisp values which reflect the gain 

constraints of the designed PID Regulator. This fuzzy controller supervises the conventional PID controller to automatically 

adjust its parameters to control the maglev system even with varying load and varying air gap changes. 
 

Index Terms— Maglev, Fuzzy Controller, Efficiency 

 

 

I. INTRODUCTION 

These days, attractive levitation frameworks have been 

extensively executed for plenty of fields in our daily life. 

Maglev is being used extensively in transport engineering. It 

includes maglev trains, flying cars, personal rapid transit (PRT) 

etc. Ring spinning technology for making yarn is based on 

maglev[1-3]. Maglev can be depicted as a technique in which an 

item is suspended with no contact with any surface by magnetic 

forces[4-6]. A simple maglev system has been shown in Fig-1 

that is based on the fuzzy-controller. In this network, a ball has 

been used as an object. The position of the object has been 

detected with the help of detector circuit that is placed in the 

right angle of the object. 

 

 
FIGURE 1:    Maglev Model  

 

Afterwards detector circuit produces a signal and gives the 

command to the main controller in the form of voltage. The 

auxiliary controller converted this voltage into Alternating 

current and provided to the coil circuit. When the current passes 

through the coil, the magnetic force will be produced w.r.t 

direction and magnitude of the current. Due to the attraction of 

forces, this object will be move according to the magnitude and 

direction of forces. At the same time controller produce a signal 

to overcome the vibration of the object. In this way, the 

controller nullifies the movement of the object, so the object 

keeps suspended [7-10]. 

 In this research paper controller that is based on the 

fuzzy is used to tune the predictable PID controller. They have 

used a fuzzy inference engine that alters the gains of the 

controller. The proposed system is efficient and self-adjusting 

when compared to a simple controller that is based on PID. A 

PID-controller remains a good option for controlling certain 

systems, but they fail on air gap and load variations. Fuzzy 

tuned PID overcomes these limitations [4]. To efficiently 

control and optimize a maglev system a simple PID controller is 

not enough. For the optimum performance and response, an 

intelligent controller needs to be designed, which must 

supervise the output of the PID controller being used. Therefore, 

a supervisory controller based on fuzzy logic has been 

suggested to automatically adjust the gains of the conventional 

“PID” controller and optimize the performance parameters of a 

maglev system [11-18]. 

           This examination aims to implement a controller to 

provide the optimal dynamic response of Maglev system. This 

will be achieved by incorporating fuzzy logic with conventional 

controllers. This model has been designed in MATLAB, and all 

the performance significant is compared with other controllers 

[6]. 
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II. METHODOLOGY 

In the proposed strategy, A chronological approach has been 

used in this section to describe the model of maglev system. A 

PID Controller is designed to get the desired performance. The 

“PID” controller is further improved by applying “fuzzy” logic. 
 

A. TRANSFER FUNCTION    
To obtained the transfer function of (maglev) system, the 

simplest model has been developed as shown in Fig-2. 

 

 

 
FIGURE 2:    Maglev-Model with Fixed Reference (Hutterer et al., 2020) 

 

Eight magnets have been used in this network to 

supported the train, and it consists of six unique movements. 

However here just one movement is thought of, and that is to 

suspend the train over the track upward way. Here 

H=Altitude of the train from the base point or track and Y= 

Altitude of the train from the lower contact point with the track. 

So 'A' is the hole separation among train and the track. 

 

𝐴 = 𝑌 − 𝐻                                                                             (1) 

Take 1
st
 and 2

nd
 derivative of the equation (1) 

𝐴̇ =  𝑌̇ −  𝐻̇                                                                                     (2) 

𝐴̈ =  𝑌̈ −  𝐻̈                                                                           (3)  

The model of maglev in the form electrical constraints is shown 

in Fig-3. This model is obtained by (2) and (3).  

 
FIGURE 3:    Maglev Model in Forms of Electrical Concentrates 

 

The force is produced by the electromagnets that is depend upon 

the amount of current flowing through a circuit as described in 

equation 4. 

𝑣𝐿 = 𝐿
𝑑𝑖

𝑑𝑡
                                                                                 (4). 

Three variables are defined in the form of state variable is  

𝑥1 = 𝐴  ,                                                                                   (5)  

𝑥2 = 𝐴̇                                                                                      (6)  

𝑥3 = 𝐼                                                                                       (7) 
 

                     
 

 
 

 
 

The flow graph of state variable is shown in Fig-4 

FIGURE 4:    Flow Graph of State-Variable 

 

The matrix derived from the flow graph is given below 

 

  
 

 
 

All the values have been calculated with the design model and 

drive the transfer function form matrix is described in equation 

11. 

TL(s) =
−

1
2

s3 +
16
2

s2 +
58
2

s + 25.2
                      (11) 

 

B.  DESIGN OF SUPERVISORY CONTROLLER 
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The design model of supervisory controller is depicted in Fig-5. 

A customary PID-controller has been utilized as an essential 

controller and a controller based on fuzzy logic has been used in 

the administrator controller. The administrator controller 

controls the parameters associated with system as well as 

generate the signal when customary controller fails to generate 

signals. 

 

FIGURE 5:    Design of Supervisory-Controller 

 

C.   BUILDING BLOCKS OF A FUZZY CONTROLLER 

The crisp input is provided to the fuzzifier that’s converters the 

crisp input into fuzzy input. Afterward fuzzy input is further 

provided into interface engine that predicts the fuzzy output. 

Rule base is used to control the condition. In the 3
rd

 step fuzzy 

output is further feed into Defuzzifier block, in which fuzzy 

output is again change into Crisp output as shown in Fig-6. 

 

FIGURE 6:    Building Blocks of Fuzzy Controller 
 

D.   DeDEGREE OF MEMBERSHIP 

In fuzzy logic, all quantities are a function of a degree which 

varies between 0 and 1. A ‘0’ value indicates that a quantity 

does not belong to a referred set. While ‘1’ value indicates its 

full membership of that set. All intermediate values have partial 

degree of membership [9, 19]. 

 

E. CENTER OF GRAVITY  

In control and engineering applications, mostly ‘center of 

gravity’, ‘maximum’ and ‘center average defuzzifier are used. 

In this research, center of gravity defuzzifier is used to get the 

desired crisp output. A brief description of center of gravity 

defuzzifier given below [10]. 

 

𝑦∗ =
∫ 𝑦µ𝐵(𝑦) 𝑑𝑦

∫ µ𝐵(𝑦) 𝑑𝑦
                                                             (12) 

Where y* represents defuzzifier crisp output and µ𝐵 

represents aggregated membership function of fuzzy set B. 

 

F. CONTROL OF SUPERVISORY CONTROLLER 

   An efficient method of modelling the controller that is 

based on fuzzy is shown in Fig-7 and procedure to tuned 

the controller is under. 

 Set the reference value for generating the error signal 

 Set the inputs variables for the system  

 Tuned the controller that is based on Fuzzy to control 

the parameters of simple PID controller. 

 Now we will tune PID controller parameters using 

fuzzy logic. Let us consider that we have two inputs 

which are “error-signal’ and “deviation in error 

signal”. “Error signal” is the observed value deviated 

from the true or expected value. Whereas, “Change in 

error” is the deviated value in comparison with the 

previous error generated. 

 Simulate the PID controller to maglev system to 

regulate the power output 

 Compare the output signal with reference signal. 

 If any difference is found between original signal and 

reference signal, an error signal will be generated and 

Fuzzy controller control the parameters and keep the 

system in stable mode. 

              FIGURE 7:    Building Blocks of Fuzzy Controller (Lu et al., 2020) 

 

The plot of error signal and deviation in error signal is 

shown in Fig-8 and Fig-9. These two signals are used to 

tuned the gain of PID controller. 
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FIGURE 8:    Plot for Error Signal 

FIGURE 9:    Plot for Deviation in Error Signal 

III. RESULTS AND DISCUSSION 

The results of both PID controlled system and Fuzzy tuned PID 

controlled system is analyzed. The stability of both these 

systems is examined using Root Locus technique. The system 

behavior is analyzed including controller and without PID 

controller and compare their results in Table-1 and step 

response of PID controller is shown in Fig-10 

Table 1:    Comparative Analysis of System Parameters with 

and Without PID Controller 

 

 

FIGURE 10:    Step Response of Controller Based on PID 

It has been observed that by using PID controller, the response 

of rising time has been improved. With increasing the 

overshoot, the system become faster and more stable.To analyze 

the stability of the system, root-locus analysis is essential. From 

the Fig-11 it has been analyzed that, the complex pair −1.35 ±
𝑗0.56 will converge at complex pair of zeros. The complex pair 

−2.65 + 𝑗4.85 and −2.65 − 𝑗4.85 will converge towards 

infinity at angles of 90
0
 and 270

0
 respectively. So, the roots will 

remain in the stable region as the gain varies towards infinity.  

FIGURE 11: Root Locus of PID Controlled Maglev System 

A THE RESPONSE OF A “FUZZY ”TUNED CONTROLLER  

To observe the response of the system using tuned fuzzy PID, 

the value of “error” and “deviation in error” has been selected 

between the range of -110 to 110.Using a fuzzy logic controller 

based on the PID controller, the output of the closed loop 

operation of the (maglev) has been improved compared to that 

of the traditional PID controller, as can be seen from the phase 

response given in Fig-12. 
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FIGURE 12:    Step-Response of Tuned PID Controller Based on Fuzzy Logic 

Similarly, by using the error value and deviation in error is 

compute the values of gain parameters within the defined range. 

For example, consider the case of Kp in Fig-13. At this stage the 

error value and “deviation in error” is zero, therefore, the 

proportional gain ‘Kp’ will be -137. As we change “error” 

values and “deviation in error values”, proportional gain will 

alteration accordingly. Randomly we select “error” and “change 

in error” to be [50,50] respectively, the value of Kp is shown in 

Fig-14. It has been analyzed that, the value of Kp is -150 and 

error is 0.5. 

 

FIGURE 13:    Value of Kp at [0 0] 

FIGURE 14:    Value of Kp at [50 50] 

The outcomes in Table-2 elaborates the error values and 

deviation in error values with system response. The Fuzzy 

supervisory controller alters the constraints of PID controller to 

obtain desired performance. 

Table 2:    Comparative Analysis of Error and Deviation in 

Error Values 

Error, Deviation 
in Error 

𝑲𝑷𝒓𝒐 𝑲𝑖𝑛𝑡 𝑲𝑑𝑒𝑟  

[0, 100] -148.63 -154.97 -36.87 

[-100, 0] -126.83 -105.89 -28.48 

[-75, 0] -135.41 -124.82 -30.95 

[0, 75] -139.23 -136.02 -32.40 

[-50, 0] -136.14 -132.34 -31.66 

[0, 50] -136.26 -132.57 -31.69 

[-25, 0] -136.22 -132.30 -31.66 

[0, 25] -136.28 -132.61 -31.69 

[-100, 100] -136.30 -132.46 -31.68 

[-50, 50] -136.30 -132.46 -31.68 

 

V. CONCLUSION 

This research paper focuses on the objective to model a maglev 

system mathematically and design a controller to provide an 

optimal dynamic response of magnetic levitation (Maglev) 

system. This has been achieved by incorporating fuzzy logic 

with conventional controllers. In this research paper, a 

mathematical equation of maglev system and their transfer 

function has been carried out with the help of the state variable. 

The design and structure of both conventional controllers and 

fuzzy controllers have been implemented in MATLAB. Results 

from the simulation show that the settling time of the system has 

been reduced as compared when other controllers are used. 

Also, during the transient period, the design and instant load 

changes in the system has been robust as compared to the 

conventional controllers. It has been observed that with the help 

of a hybrid fuzzy controller, the settling time of the system has 

been improved and the system efficiency has been improved. 
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