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SUMMARY

Nowadays, a variety of real systems operate based on the magnetic levitation systems. They
include magnetic bearings, high-speed maglev train and magnetic melting systems. There are
many methods to control these systems, such as PID controllers as well as nonlinear controller. In
this work, we use a fuzzy controller. It is designed and simulated by using Matlab/Simulink. Then,
it is applied to control a real magnetic levitation system in the laboratory. The fuzzy controller
makes the system stable with high performances in comparison to that of PI controller. Its fuzzy
rules are based on the experience obtained from the simulation and there is no usage of
mathematical model of the real magnetic levitation system.
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INTRODUCTION

Magnetic levitation (maglev) systems [1] are
widely used in many areas including
frictionless  bearings, high-speed trains,
vibration isolation of sensitive machinery,
levitation of molten metal in induction
furnaces, and levitation of metal slabs. These
are obviously open-loop unstable and they are
described by highly nonlinear differential
equations. There are many methods used to
control these systems but designed controllers
are almost dependent on their mathematic
models.

GA-Based Fuzzy Reinforcement Learning [2]
was proposed to find a neural controller or a
fuzzy controller for a magnetic levitation
system. An adaptive robust nonlinear
controller [3] via backstepping design
approach was proposed for position tracking
problem of a steel ball levitated by a magnetic
system. They used a radial basis function
network to approximate the uncertainty of the
mathematic model. The other authors [4] used
a polynomial function to approximate the
nonlinear component of the system. Then, a
feedback linearization controller is designed
to solve the tracking problem of the levitated
object. A VSC [5] for robust stabilization and
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disturbance rejection of a single degree of
freedom magneticlevitation system was
designed. A robust nonlinear controller [6]
was designed and the dynamic surface control
was modified and applied to the system.
Input-to-state stability of the control system
was analyzed. The design steps of novel fuzzy
sliding mode control [7] was provided and
then the Lyapunov stability analysis is given.
Simulation of a ball magnetic levitation
system was used to illustrate the effectiveness
of the proposed controller. In [8], Adaptive
robust output-feedback controller of a
Magnetic levitation system was proposed by
using K-Filter Approach. An FPGA based
fuzzy controller [9] was designed for a
magnetic levitation system. A fuzzy logic
controller [10] was designed for the
stabilization of magnetic levitation system.
Then it was comapared with linear quadratic
regulator controller. An exact feedforward
linearization controller [11] combined with
fuzzy-based gain scheduling for single DOF
magnetic ball levitation system was designed.
The comparative analysis of MIT rule based
control with differential evolution (DE)
algorithm based control [12] was carried out
by applying them to magnetic levitation
system in real time.

In this paper, we only review the most recent
works which is highly related to ours during
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the last decades. For our study, we design and
fabricate a real model of magnetic levitation
systems, which consists of coils, suspended
object, position measurement sysem, h-
bridge, Arduino UNO and computer. Then, a
computer based fuzzy controller is designed
and implemented to keep the position of the
levitated object at expected point. The
designed controller is compared with the
classical PI controller either.

The next section is about design and
fabrication of a real magnetic suspension
system. A fuzzy and Pl controllers were
designed in the section 3. The section 4 will
present some results after doing real time
control. Conclusions and future work are
given in the final section.

MAGNETIC LEVITATION SYSTEM

Our target is to build a real model of magnetic
suspension systems with low cost and
accepted exactness for experimental purposes.
The levitated object is made of a cylindrical
iron bar and 9 pieces of cylindrical thin
magnet, but for other papers it is usually a
steel ball. To reduce the cost of the system,
we design and make our own location sensor
based on encoder as in Fig. 1. When a
positive voltage is applied to the coils the
levitated object moves up nonlinearly
proportional to the voltage. This makes the
link 1 move up and then the link 2 rotates
clockwise. By using an encoder, the angle
position is measured. Thus, the position of the
levitated object can be implied by multiplying
the value of the angle with a sensor gain. The
gain will be obtained by doing experiments.
The encoder, in this case, has two channels
and each channel has 448 pulses.

Fig. 1 shows the picture of the maglev control
system where (1) — suspended object, (2) —
coils, (3) — encoder, (4) — rotating shaft, (5) —
link 1, (6) — link 2, (7) — location limiter, (8) —
Arduino UNO, connected to PC/laptop, (9) —
H bridge circuit.

For this system, the suspended part can move
from zero to 2.5 cm (the highest position with
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respect to 5 DCV). A computer based control
algorithm will determine the value of control
signal and then this value will be converted
into PWM signal through one of Arduino
PWM pins. The PWM pin is connected to the
H-bridge to provide a voltage to the coils. For
convenience, we use Matlab/Simulink
Toolbox and Arduino 1O library to implement
control algorithms. The Arduino UNO board
is setup as follows:

Figure 1. Control of magnetié Ievitatioﬁ system

Pin 2: Channel A from encoder; Pin 3:
Channel B from encoder; Pin 5: PWM; Pin 6:
Direction; Serial port: COM3 (connection
between Arduino and computer); Real time
pacer: Speedup = 1; Voltage source: 12VDC.

In the next section, control algorithms will be
designed and implemented.

CONTROL ALGORITHMS

In this part, we design two regulators: Pl and
fuzzy controllers. These controllers are
programmed by connecting blocks in
Simulink and then run in real time mode
through the Arduino UNO card. Normally,
the magnetic levitation system is designed to
keep the levitated object at certain location
during operation. This position is called a
working point. In our project, the working
point is set to be 1 cm. Thus, theoretically a
Pl controller can be designed to stabilize the
system around the working point. Also, based
on this known point, the ranges for input and
output of the fuzzy logic system can be
obtained.

P1 regulator

For the PI controllers, a kind of trials and
errors method is used to find the values of Pl
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parameters consisting of proportion gain X,
and integral factor&;. In the beginning, we set
K, to be a very small positive number
andi; = 0. Then, we run the control system
in real time mode. (Case 1) If the setting time
is long and the static error is big then we will
increasek,. The system will be run again
with the changed gain. (Case 2) If there is an
oscillation then the gain K, will be decreased.
After some experimental real time runs, we
choose the best value of the tested gains of
K,. Next, we keep K, unchanged and adjust
the integral partk;. The initial value of &; is
chosen as a small positive number. Again, we
run the system in real time mode. If the static
error is big then we increase or decrease K;
until the expected static error is reached. Thus
the obtained PI controller is not the best one
but acceptable one. This controller is later
compared to fuzzy controller in term of close
loop performances.

Fuzzy regulator

Basically, a fuzzy logic system consists of
three components: fuzzification, If — Then
rules and defuzzification. Behind the if-then
rules are fuzzy operations such as fuzzy
complement, fuzzy wunion and fuzzy
intersection. Any function that satisfies
certain conditions can be used as fuzzy
operation, for example, MIN, MAX and
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Figure 2. Input fuzzy sets

PRODUCT. These functions are widely used
in fuzzy logic system. There are two types of
fuzzy models: Mamdani and Sugeno. In this
work, we use Mamdani model because of its
flexible in fuzzification and defuzzification
method.

The expert knowledge is gained from the
simulation in Simulink. A mathematical
model of the magnetic levitation system [13]
is used to test fuzzy controllers in Simulink.
For simplicity, P based fuzzy controllers will
be designed with three cases: 3, 5 and 7 fuzzy
sets for each input and output. From the
simulation, the fuzzy controller with 7 fuzzy
sets offers the better performances against the
others. Seven triangular membership functions
are used for the input as shown in Fig. 2. The
range for the input is from -0.2 to 1.3.

For the output, 7 triangular membership
functions are also used as shown in Fig. 3.
The output range is from 0 to 0.3. The fuzzy
rules are as
follows,

If (inputl is mf,) Then(outputl ismf) for i from1to 7,
The diagram of fuzzy control system in real
time mode is shown in Fig. 4.

For the real time PI control system, the block
of fuzzy logic controller is replaced with a
block of PI controller. In the next section,
some real time control results are shown.
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Figure 5. The position of the levitated object, (a) - PI controller, (b) - fuzzy controller

RESULTS

Running the control system in real time mode
using Pl and fuzzy controllers, the position of
the suspended object is recorded and shown
in Fig. 5 (a) and Fig. 5 (b) associated with
their setpoint. In these figures, the red line is
the setpoint and the blue curve is the position
of the magnetic levitated object.

Disturbances are added to the system at
certain time. At the time, the suspended
object is moved out of the setpoint. Then it is
forced to move back the setpoint by
controllers  after few seconds. In
comparison, the fuzzy controller provided
better performances against the Pl
controller:  faster setting time, less
oscillation and small static error.
CONCLUSIONS AND FUTURE WORK

In this work, we designed and made a
magnetic levitation system in the labratory
which can be used for experimental and
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educational purposes. Two controllers, Pl
and fuzzy, were designed and implemented
on computer with the usage of Arduino Uno.
Some comparisions have been made for the
these controllers by running the system in real
time mode. The fuzzy controller provided
better characteristics at the working point. To
improve the performances of the system,
system identification is neccessary and other
advanced controllers can be used. In addition,
the position sensor system must be improved
to provide better precision.

REFERENCES

1. H. W. Lee, K. C. Kim and J. Lee, “Review of
maglev train technologies,” IEEE Transactions on
Magnetics, Vol. 42, Issue 7, July 2006.

2. C. T. Lin and C. P.Jou, “GA-Based Fuzzy
Reinforcement Learning for Controlof a Magnetic
Bearing System,” IEEE Trans. On Systems, Man,
And Cybernetics — Part B: Cybernetics, Vol. 30,
No. 2, April 2000.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hyung-Woo%20Lee.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ki-Chan%20Kim.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ju%20Lee.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=20
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=34475

Nguyén Hoai Nam va Dig

Tap chi KHOA HQC & CONG NGHE

139(09): 201 - 205

3.Z. J. Yang, M. T, “Adaptive robust nonlinear
control of a magnetic levitation

system,” Automatica 37, 2001.

4. A. E.Hajjaji and M.Ouladsine, “Modeling and
Nonlinear Control of Magnetic Levitation
Systems,” IEEE Trans. Onlndustrial Electronics,
Vol. 48, No. 4, August 2001.

5. 1. M.M. Hassan and A. M. Mohamed, “Variable
Structure Control of aMagnetic Levitation
System,” Proceedingsof the American Control
ConferenceArlington, VA June 25-27,2001.

6. Z. J. Yang, K. Miyazaki, S.Kanae and K.
Wada, ‘Robust Position Control of a Magnetic
Levitation System via Dynamic Surface Control
Technique,” IEEE Trans. Onlndustrial Electronics,
Vol. 51, No. 1, February 2004.

7. C. L.Kuo, T. Hseng, S. Li, N. R.Guo,” Design
of a Novel Fuzzy Sliding-Mode Control for
Magnetic Ball Levitation System,” Journal of
Intelligent and Robotic Systems, Vol. 42, Issue
3, pp. 295-316, March. 2005.

8. Z. J. Yang, K.Kunitoshi, S.Kanae, and K.
Wada, “Adaptive Robust Output-Feedback
Control of aMagnetic Levitation System by K-

TOM TAT

Filter Approach,” IEEE IEEETrans. Onlndustrial
Electronics, Vol. 55, No. 1, January 2008.

9. H. AElreesh and Basil Hamed, “FPGA Fuzzy
Controller ~ Design  for ~ Magnetic  Ball
Levitation,” I1J. Intelligent Systems and
Applications, 2012.

10. T. T. Salim and V. M.Karsli, “Control of
Single Axis Magnetic Levitation SystemUsing
Fuzzy Logic Control,” International Journal of

Advanced Computer Science and
Applications,Vol. 4, No. 11, 2013.

11. A.T. Elgammal,
A.A.Abouelsouda, S.F.M.Assal,,” Fuzzy logic-
based gain scheduling of
exactfeedforwardlinearization ~ controller  for
magnetic  ball levitation system,” UKACC

International Conference on Control 2014.

12. P. Jain and M. J. Nigam, “Comparative
analysis of MIT Rule and aifferentialevolution on
magneticlevitation System,” International Journal
of Electronics and Electrical Engineering Vol. 3,
No. 2, April, 2015.

13. User’s guide to Fuzzy Logic Toolbox, Matlab
2014.

THIET KE BQ PIEU KHIEN MO CHO HE THONG NANG TU

TRONG PHONG THI NGHIEM

Nguyén Hoai Nam'", Céng Thi Phwong Thao?

YTrwong Pai hoc Ky thudt Cong nghiép — PH Thai Nguyén,

2Trieong Cao ding Than va Khoang san Viét Nam

Ngay nay rat nhiéu hé thdng thyc khac nhau hoat dong dua trén cac hé théng nang tir. Cac hé
thong nay bao gém cac 6 do tir, cac tau dém tir cao tdc va cac hé théng nau chay tir. Cé rat nhiéu
phuong phap dé diéu khién cac hé thong nay, nhu cac bo didu khién PID va cac bo diéu khién phi
tuyén. Trong bai nay, chung t6i sir dung mot bo diéu khién mo. Bo diéu khién nay dugc thiét ké va
md phong sir dung Matlab/Simulink. Sau d6, bo diéu khién mo duoc ap dung. dé dleu khién mot hé
thong nang tu thyc trong phong thi nghiém. Bo diéu khién 1am cho hé thong 6n dinh voi chét
lugng cao so voi bo diéu khién PI. Céc luat mo dua trén kinh nghi€ém thu dugc tir mé phong va
khong st dung m6 hinh toan cua hé thong nang tir thyec.

Tir khéa: Diéu khién mo, hé thong ndng tir, diéu khién PID, vi diéu khién
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