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Abstract 

 

This paper evaluates the nonlinear control applied to a magnetic levitating plant, it 

is explained in detail the nonlinear model of the plant, the state variables, 

perturbation vector. A state feedback control was triggered by applying a state 

observer. Finally it was modeled under the control law found in the presence of 

disturbances. 
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1 Introduction 
 

The electromagnetic suspension system acts on a one-inch steel sphere. It consists 

mainly of an electromagnet, located on the top of the apparatus, capable of lifting  
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from its pedestal and holding in free space the steel sphere. Two system variables 

are measured directly on the platform and available for feedback. They are a: the 

coil current and the balloon distance from the electromagnet side [1]. 

The system is nonlinear in time and unstable in open loop. The model of the 

magnetic levitation system is shown in figure 1 [1]. 

 

2 Background 
 

This study presents a focus on adaptive decentralized dynamic surface (DSC) 

control for a large scale class, at the same time a nonlinear system with unknown 

nonlinear functions, unknown control gains, time delay and In the presence of 

unknown faults of the actuator [2]. The actuator failures considered are modeled to 

cover both loss of effectiveness and blocking. In some variable values in the time 

where the patterns and the occurrences of time of the failures are unknown. Neural 

networks are used to approximate unknown nonlinear functions, a new fault 

compensation of the adaptive actuator. 

This study is devoted to the decentralized adaptive control of the output response 

for a non-linear system class [3]. 

Based on a high-gain K-type filter, a dynamic surface control scheme is proposed 

to eliminate the bursting of the complexity problem inherent in traditional 

backstepping design and to ensure the L performance of the tracking errors. 

The authors investigate a decentralized design of the L1 adaptive controller for a 

large scale class in nonlinear systems, with a stable linear part and with 

nonlinearities interconnected and without dynamical modulation [4]. The 

decentralized adaptive identifiers are presented to design the L1 decentralized 

adaptive control. 

In this article, a diffuse state observer and a fuzzy controller are developed for a 

non-linear uncertainty class, which are represented by a set of matrix inequalities 

hypotheses. Many original research and results are obtained [5] 

Construct a class of Lyapunov functions with the tools of introduced matrix 

inequalities such as the laws of the observers, including new Ricatti equations using 

differentiators and many conditions presented in the Ricatti equations. Another 

class of Lyapunov functions shows the same matrix inequalities. [6] In this paper 

the author illustrates how a nonlinear system of strict feedback in the presence of 

input saturation is considered primarily as the object of investigation, and an 

effective control algorithm is developed. By employing a well defined hyperbolic 

tangent function to approximate saturation, the initial plant can be transformed into 

a Standard with a smooth inlet nonlinearity, and an unfamiliar bounded perturbation 

arising from the approximation of the error. [7] addresses a fixed-time runtime 

control methodology for a second order nonlinear order class. With systems in the 

presence of coincident uncertainties and perturbations. A newly defined non-

singular terminal slip surface a closed-loop convergence time independent of the 

initial states is built and guaranteed based on the Lyapunov plane and tool analysis 

phase [8] the disturbance observer-based control (DOBC) is a well-known robust 

control scheme and its non-linear version has recently been developed. Note that  
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two components (called Q filters) in the conventional DOBC structure The same 

transfer function, propose a small order DOBC for uncertain nonlinear systems.  

 

3 Leviter Design  

 

3.1 Magnetic Lift Parameters  

The Figure 1 shows the magnetic levitation system where Vc [V] is the input 

voltage to the electromagnet Ic [A] is the current to the electromagnet, Xb [mm] is 

the desired position of the sphere, Rc [Ω] is the resistance of the Wires, Rs [Ω] the 

resistance that senses the current, Lc [H] levitator inductor, Mb [Kg] is the mass of 

the sphere, Km [Hm] is the Constant of electromagnetic force and g [m / s ^ 2] is 

the gravity constant [9]. 

 

Symbol   Value                    Units 

Lc 0.4125  H 

Rc 10  Ω 

Rs 1  Ω 

Km 6.5308x10-5 𝑁.𝑚2/𝐴2 

Mb 0.068  Kg 

g 9.81  𝑚/𝑠2 

 

 

 
Fig. 1. Magnetic levitation system. Source: Author 

 

3.2 System Equations  

A. The equations describing the system are given by. 

 

𝐿𝑐

𝑑𝑖𝑐
𝑑𝑡

=  −𝑅𝑖𝑐 + 𝑣𝑐(𝑡) 

𝐹𝑒𝑥𝑡 = −𝐹𝑐 + 𝐹𝑔 = −
𝐾𝑚𝑖𝑐

2

2𝑥𝑏
2 + 𝑀𝑏𝑔 
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B.Select the following physical variables as state variables and system control 

variables. 

 

𝑥1 = 𝑥𝑏 ;  𝑥2 = �̇�𝑏 ;  𝑥3 = 𝑖 ; 𝑢 = 𝑣(𝑡) 
 

Where: 

𝑥1 = 𝑥𝑏 It is the position of the sphere 

𝑥2 = �̇�𝑏 It is the speed of the sphere 

𝑥3 = 𝑖 It is the current of the Coil 

 

C. The system state variables are given by:. 

 

�̇�1 = 𝑥2 

�̇�2 = 𝑔 − 
𝐾𝑚𝑥3

2

2𝑀𝑏𝑥1
2 

�̇�3 = −
𝑅

𝐿𝑐
𝑥3 + 

1

𝐿𝑐
𝑢 

𝑦 =  𝑥1 
 

C. Break-even point of the magnetic levitation system for 

𝑥𝑏 = 0.006 𝑚. 

 

𝑥1 = 0.006 𝑚 ; 𝑥2 = 0 ;  𝑥3 = √
2𝑀𝑏𝑔𝑥1

2

𝐾𝑚
 ;  𝑢 = 𝑅√

2𝑀𝑏𝑔𝑥1
2

𝐾𝑚
 

Where 𝑅 = 𝑅𝑐 + 𝑅𝑠 = 11 Ω 

 

3.3 Jacobian Linealization of the Magnetic Levitation System 

 

𝐴 =

[
 
 
 
 
 
0 1 0

2𝑔

𝑥1
0 −√

2𝐾𝑚𝑔

𝑀𝑏𝑥1
2

0 0
−𝑅

𝐿𝑐 ]
 
 
 
 
 

=  [
0 1 0

3270 0 −22.9
0 0 −26.7

] 

 

𝐵 = [

0
0
1

𝐿𝑐

] =  [
0
0

2.4
]  ;    𝐶 =  [1 0 0] 

 

A. Linear differential equations obtained from the linearization process at a point of 

equilibrium. In the presence of disturbances 
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[

�̇�1𝜎

�̇�2𝜎

�̇�3𝜎

] =   [
0 1 0

3270 0 −22.9
0 0 −26.7

] [

𝑥1𝜎

𝑥2𝜎

𝑥3𝜎

] + [
0
0

2.4
] 𝑢𝜎 

 

𝑦𝜎 = [1 0 0] [

𝑥1𝜎

𝑥2𝜎

𝑥3𝜎

] 

 

 

4 Simulation of Controllability and Observation in the Levitation 

System 
 

4.1 Controllability and Observability of the Levitation System 

 

A. Controllability. 

The system is controllable if 

𝐶 = [𝐵: 𝐴𝐵: 𝐴2𝐵] ≠ 0, for our system we have to: 𝐶 = 3 

Calculation performed with the Matlab ctrb (A, B) 

 

B. Observability  

Used the command obsv(A,C) of Matlab, Shows as a result 3 indicated that the 

system is observable. 

 

4.2 Law of Control 

 

Considering that all state variables are measurable and available for feedback, the 

control law is given by [10]:    

 

𝑢𝜎 = −𝐾1𝑥1𝜎 − 𝐾2𝑥2𝜎 − 𝐾3𝑥3𝜎 
 

4.2.1 Control by Reasoning in Variables of States 

 

For the levitacon system the poles are selected in closed loop in: 

𝑃1 = −20 + 20𝑖 
𝑃2 = −2 − 20𝑖 

𝑃3 = −100 
 

To obtain the value of the feedback gains is calculated by: 

𝐾 = 𝑝𝑙𝑎𝑐𝑒(𝐴, 𝐵, [𝑃1𝑃2𝑃3]) 
 

For which you get: 

 

𝐾1 = −9785.30       𝐾2 = −146.83         𝐾3 = 47.21 
 

The closed loop system is given by: 
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𝑑

𝑑𝑡
[

𝑥1𝜎

𝑥2𝜎

𝑥3𝜎

] =

[
 
 
 
 
 
0 1 0

2𝑔

𝑥1
0 −√

2𝐾𝑚𝑔

𝑀𝑏𝑥1
2

𝐾1

𝐿𝑐

𝐾2

𝐿𝑐

−𝑅

𝐿𝑐
−

𝐾3

𝐿𝑐 ]
 
 
 
 
 

=  [
0 1 0

3270 0 −22.9
23484.72 352.40 −140

] = 𝑄 

 

Applying a reference value to the system, with the gains obtained have:  

 
Fig. 2. Results obtained. Source: Author. Matlab 2015. 

 

It is observed that the system does not follow the applied reference, and its value is 

negative. To get K * x equal to the reference, a new gain is calculated. For this it 

was used. 

𝑁𝑏𝑎𝑟 = 𝑟𝑠𝑐𝑎𝑙𝑒(𝐴, 𝐵, 𝐶, 𝐷, 𝐾) 

 

Getting the next gain:  

−1455.60 
 

When entering the new gain the output response that is the position of the sphere is 

presented in figure 3. The desired value of the position of the sphere.  

 
Fig. 3.  New results obtained. Source: Author. Matlab 2015. 
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4.2.2 Design of the Observer 

 

A. complete order observer was designed to assess the behavior of all system states. 

The dynamics of the observer must be much faster than that of the system whereby 

the poles of the observer must be at least five times the poles of the system. 

 

𝑃1 = −101 

𝑃2 = −102 

𝑃3 = −103 
 

We find the gain of the observer L. 

 

𝐿 = 𝑝𝑙𝑎𝑐𝑒(𝐴′, 𝐶′, [𝑃4𝑃5𝑃6])′ 

𝐿 =  [
113.300
5044.890
−1424.04

] 

 

In Figure 4 and 5. The output of the linearized system vs the non-linear system is 

observed. 

 
Fig. 4. Linear system. Source: Author. Matlab 2015 

 

 
Fig. 5. Non-linear system. Source: Author. Matlab 2015 
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5 Discussion of Results 
 

In [6], the main obstacle to the practical implementation of the MFFC is the need 

to address saturation input control. It is thus when an algorithm is implemented to 

the problem where it is proposed to handle the nonlinearity saturation with the 

"Enployng" technique, a well-defined hyperbolic tangent function, where a strict 

non-linear n-dimensional system feedback in presence saturation Or input. 

This soft function is used to approximate the saturation, and the near error was 

considered as a bounded to the unknown perturbation. 

While in [7] this paper we have investigated a fixed-time TSMC problem for 

nonlinear second-order systems in the presence of uncertainty in the model and 

external perturbation. With the proposed control law, as well as the closed cycle 

establishment time is independent or the initial states to be estimated in advance, 

 It also greatly facilitates practical applications, future work includes extensions of 

the design methodology. For the fixed-time control of unmanned aerial vehicles by 

controlling non-linear systems of zeros. 

 

6 Conclusions 
 

To induce a controlled dynamics of asymptotic nature to zero, as a function of the 

state perturbations, the values of the profitability must be specified in such a way 

that the eigenvalues of the state have real negative part in the simulated system. 

By virtue of the nonlinearities of the system, when it is intended to use a simple 

linear control, which by itself does not take into account the overall system's overall 

complexities and only its global expressions, the result can be a failure to control 

the system. 

As a consequence of the control policy adopted for the transformed incremental 

system, in addition to the fact that the uncontrollable part of the system presents an 

asymptotically stable dynamics at zero 

For the linearized system has an overpass up to 0.019 meters in relation to the 

linearized system that is 0.014 meters, possibly this overshoot is due to the fact that 

during the linearization did not take into account the area included for levitation 

that is 0.014 constant value in The physical plant. By not taking into account this 

value the position of the sphere is affected in relation to the nonlinear model, even 

though the linearized model is adjusted to the desired position value of the sphere, 

the nonlinear model locates the sphere in 0.0056 meters, this is observed in the 

simulation of the two plants. For the observer one has to meet the design 

requirements when comparing the two outputs the value of zeros is achieved. 
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