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ABSTRACT

This paper presents the use of Bacteria Foraging Optimization Algorithm (BFOA) to tune Proportional, Integral and Derivative
(PID) controller parameters for real time control of Feedback 33-210 Magnetic Levitation System (MLS). The system is hardware
in the loop training kit based on MATLAB which gives leverage for controller modification or adaptability. It consists of inbuilt
PID and PD controllers. The inbuilt system PID gains were tuned for optimal performance of the real-time system in regulating
the ball position and tracking a reference input. Real-time system gave the percentage error of 11.8% and 33.6% for the optimal
and inbuilt PID controllers respectively. Similarly, real-time system results gave the percentage error of 81.4% and 128.7% for
optimal and inbuilt PD controllers respectively. Simulation results gave the percentage error of 0.65% and 23.7% for the optimal
and inbuilt PID controllers respectively. Its PD controller counterpart presents the percentage error of 18.4% and 336.6% for

optimal and inbuilt simulations scenarios respectively.
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1. INTRODUCTION

MLS works on the principle of an object being suspended in the air with no support other than the magnetic fields. The suspended
object has no physical contact with the stable part of the system, therefore eliminating friction in the dynamics. This technology
minimizes energy loss due to friction which in turn increases efficiency, reduce maintenance costs and increase the life span of the
system. Its application has rapidly increased because of its ability to eliminate energy loss due to friction, this include, high speed
maglev trains, magnetic bearings which are used in suspending the rotating shaft of turbines, pumps, fans and other rotating
machines [7].

Noting the nonlinear, open loop unstable nature of magnetic levitation system, the inbuilt PID controls of the laboratory test bench
MLS 33-210 does not exert the optimum force to keep the ball suspended. It either attracts or drops the ball due to excess or
insufficient control inputs. The control system therefore needs to be properly tuned.

1.1 Magnetic Levitation Set Description

The description of the system setup refers to the mechanical-electrical part and the control aspect. As shown in Figure 1, the
maglev system consists of connection interface panel with a mechanical unit on which the coil and infrared sensor are mounted.
The package also includes a steel ball which measures 21g in mass and 50mm in diameter [2].
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Figure 1: Maglev 33-210 Mechanical Unit.

The optoelectronic sensor determines the vertical position of the ball and passes it to the controller through the Advantech card
(PCI17011 I/O Board). Based on the difference between the desired signal and measured output, the controller sends current to the
actuator. The actuator is an electromagnet formed by wrapping copper wire of 2850 turns on a high permeability cylindrical iron
core. A suitable controller is therefore needed to adjust current through the actuator to stabilize the ball and to make it follow a
predetermined trajectory [2].

Apart from the mechanical unit, the electrical unit equally play an important part in MLS control. It serves as the medium through
which the measured signal is transmitted to the PC through the 1/O board. The Analogue Control Interface (ACI) with model
number 33-301 is used to transfer control signals from the PC to the maglev and back through the 1/O board. The mechanical and
electrical units provide a complete control system setup presented in Figure 2 [2].
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Figure 2: MLS control system setup

1.1 Literature Review
a. PID Controller

PID controller is undoubtedly the most popular controller in industries due to its convenience in design, cost effectiveness and
acceptable robustness [8]. It has become an industrial standard because of its simplicity and good performance; however, its
performance can still be improved by using better tuning technique to obtain better controller parameters.

PID controller has occupied a dominant position in the industrial process control. Since 1940, there have been many advanced
control method, but the PID control is still the best-known industrial process controller because of its simple structure and good
robustness in a wide range of operating conditions [10]. Presently, PID control strategy still accounts for about 95% of all
industrial controllers [5].

The control effect of PID controller is mainly depended on three parameters of the controller: proportional coefficient P integral
coefficient | and differential coefficient D. Designing and tuning the three parameters of PID controller are very important, but it
is not easy practical wise [9].

[4] Designed PID controller for unstable SISO (Magnetic Levitation Model) systems in the frequency domain using Neimark D-
partition which ensured desired phase margin of open loop system in addition to stability.

b. Bacterial Foraging Optimization Algorithm as PID Tuning Technique
BFOA is attracting the attention of researchers recently because of its efficiency in solving real-time optimization problems
arising from several application domains. The underlying biology behind the foraging strategy of E. coli bacterium is emulated in
an extraordinary manner and used as a simple optimization algorithm.
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[6] Showed that the E. coli bacterium performed a kind of sampling and can keep memory of the past, makes comparison with the
current with a view of making decision based on the difference. The ability of the E. coli bacterium to keep memory which is an
additional mechanism that enable it to make comparison and few internal control rules present the algorithm suitable for tuning
the parameters of the inbuilt PID controller meant for the position control of the MLS 33-210, since the controller makes
comparison and act on the difference between the reference signal and the real ball position. Table 1 present the parameters used
for the optimization of PID gains obtained in this work.

Table 1: BFOA Initialization Parameters [1]

Parameters Value
Dimension of search space (p) 3
Population size (s) 10
Chemotactic step (V;) 4
Length of swim ({V;) 4
Reproduction step (V..) 4
Elimination-dispersal (V.4) 3
Reproduction rate (5;) 52
Elimination/dispersal probability(Fsz) 0.25

2. MATERIALS AND METHOD
The materials used for this work includes [2]:

Maglev 33-210 Mechanical Unit Manufactured by Feedback Inc. Co

33-301 Analogue Control Interface

e PC with installed PCI-1711 lab 1/0 Board

e MATLAB R2015a

e Connecting Leads

a. Real-time PD Control of Ball Position Experiment

This experiment was carried out to control the ball position using PD controller. It was tested in real-time. Maglev_PD.mdl
presented in Figure 3. The PD controller parameters were varied based on the obtained tuned values for the optimal control
strategy and the response observed in terms of how well the reference signal was tracked by the system output. Reference signals
such as sinusoidal and rectangular signals in addition to the step input were used and the system response which was stored in “To
workspace” block was saved and the response plot of the system based on varying reference signals were plotted. For this
experiment the integral term K;was set to zero. The MLS 33-210 was connected through the PCI11711 1/O card to the ACI 33-301
as stated in [2].
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Figure 3: Real-time Maglev Ball Position Control
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b. Real-time PID control of ball position experiment

The integral action in magnetic levitation can improve the system performance in terms of error minimization. In this experiment
Maglev_PID.mdl is presented in Figure 3 with the integral term value as obtained from the inbuilt PID system and the optimal
parameter.

3. RESULT AND DISCUSSION

a. Optimal and Inbuilt PD Controller Simulation Results
The performances with the application of PD and PID controllers were evaluated for the non-optimal and optimal conditions.
Figures 4 (a), b and ¢ present simulation responses obtained using optimal and inbuilt PD controller. This shows a significant off-
set resulting in a percentage error of 336.6% and 18.4% obtained with inbuilt and optimal PD controllers respectively.
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Figure 4: PD Controller Simulation Response
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b. Optimal and Inbuilt PID Controller Simulation Results
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Figure 5: Simulated step input response

Figures 5 show the effect of the optimal gains in tracking the reference signal. The optimal and inbuilt PID controller gives an
overshoot of 0.363% and 2.886% respectively. The percentage error of 0.65% and 23.7% were obtained for optimal and inbuilt

PID controllers respectively in simulation scenario.
Figure 6 shows the optimal controller tracking the reference signal (sinusoidal wave) more closely than the inbuilt PID controller.
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Figure 6: Simulated sine wave input response

Table 2 gives the values obtained from the response plot in Figures 4 and 5 using the step input response. For a set point of 0.02cm in simulation
mode, the measured ball position gave the values of 0.02012cm and 0.02474cm for optimal and inbuilt PID controllers respectively. This in turn
resulted in percentage error of 0.65% and 23.7% respectively. For the same set point of 0.020cm in real time mode, the measured ball position
values were obtained as 0.02368cm and 0.08735cm for optimal and inbuilt PD controllers respectively resulting in the percentage error of 18.4%
and 336.6%. Though the result shows that BFAO tuned PD and PID controllers performs better than their inbuilt counterparts, optimal PID

controller performs significantly better than the optimal PD controller.

Table 2: Ball Position Simulation

PID Controller PD Controller
Ball Position (cm) Optimal Inbuilt Optimal Inbuilt
Reference 0.020 0.020 0.020 0.020
Measured 0.02012 0.02474 0.02368 0.08735
Error (%) 0.65 23.7 18.4 336.6

¢. Optimal and Inbuilt PD Controller Real-time Results

The plant performance based on the PD controller was evaluated for the inbuilt and optimal conditions. Figures 7 (i), (ii) and (iii)
show an improved performance in terms of reducing the off-set by the optimal PD controller in comparison to the inbuilt PD

controller on the MLS 33-210.

www.ijasre.net Page 153

DOI: 10.31695/IJASRE.2019.33210



http://www.ijasre.net/
file:///C:/Users/AppData/Local/Temp/www.ijasre.net
http://doi.org/10.31695/IJASRE.2019.33210

International Journal of Advances in Scientific Research and Engineering (ijasre), Vol 5 (5), May-2019

Inbuilt controller response
— Reference input

Optimal controller response

£0.0
AUH. PR | 4.”\.' o .“ul“..L | ...L.| ‘ “LI
£0.02
o
= ¢
[3+]
0-0.02
-0.04
| | | | | | |
-0.06 0.5 1 15 2 2.5 3 3.5
Time (s)
(i): Set point input of 0.0335cm
___Inbuilt controller
0.06 — Reference input

Optimal controller response

0.
TR s
\S/O' WI‘J ' h " ~ i‘v ‘
= 0,

8 0.
=

-0.03

0.04 0.5 1 1.5 2 2.5 3 35

Time (s)

(ii): Square wave input

0.1 — Inbuilt controller response

— Reference
Qptimal controller response

© o
o
S 9

Ball Position (cm)

(iii): Sin wave input

Figure 7:Real-time System Response with PD Controller

d. Optimal and Inbuilt PID Controller Real-time Results

Figures 8 (i), (ii) and (iii) show the real-time responses for inputs-set point regulation, tracking of square and sine waves
respectively.
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Figure 8:Real-time System Response with PID Controller

From Table 3, for a set point of 0.0335cm in real-time, the measured ball position gave the values of 0.03744cm and 0.04474cm
for optimal and inbuilt PID controller parameters respectively. Also, measured values of 0.06078cm and 0.07668cm were
obtained with optimal and inbuilt PD controllers respectively. The optimal and inbuilt PID controller gives a percentage error of
11.8% and 33.6% respectively. For optimal and inbuilt PD controller, the percentage error of 81.4% and 128.7% were obtained
respectively. The Result shows that optimal PID controller performs better than its PD counterpart.
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Table 3: Real-time Ball Position

PID Controller PD Controller
Ball Position (cm) Optimal Inbuilt Optimal Inbuilt
Reference 0.03350 0.03350 0.03350 0.03350
Measured 0.03744 0.04474 0.06078 0.06078

Error (%) 11.8 33.6 81.4 128.7

4. CONCLUSION

In this paper the inbuilt PD and PID controller gains of MLS 33-210 manufactured by Feedback Inc. were tuned using BFOA and
analysis made in terms of percentage error which has direct effect on the ball levitation at the desired position as well as tracking a
predetermined trajectory. The performance of the inbuilt and optimized PID and PD controllers were compared. The optimal PID
controller gives a better performance in comparison to the optimal PD Controller. It reduces the percentage error by 69.6% and
17.7% in real-time and simulation scenarios respectively. This led to better tracking of the predetermine trajectories hence
positioning of the ball at the desired position. Result from this paper therefore present BFOA as a better tuning technique for the
PID and PD controller parameters of MLS 33-210.
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