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Development of Fuzzy Control Algorithm for Multi-Objective
Problem using Orthogonal Array and its Applications
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ABSTRACT

In this paper, a control algorithm suitable for multi-objective control problems is proposed based on the
orthogonal array which is normally used in statistics and industrial engineering. And a newly defined Nth-
certainty factor is suggested, which can effectively exclude the less confident rules. The Nth-certainty factor
is defined by the F-values of the ANOVA(analysis of variance) table. It is shown that the algorithm can be
successfully adopted to the design of controller for an active magnetic bearing system.
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Fig. 1. Nth certainty factor w.rt. F-value
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Fig. 2. A simplified model of a double-acting magnetic
bearing system
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Table 1. Parameters of the simulation model

Parameters Values
Rotor mass, m 1.13 kg
Number of turns, N 200
Pole face area, 4 1600 mm?
Nominal air-gap, go 1.0 mm
Shape factor 0.924
Time constant of amplifier 927X 10%
Operating range +0.7 mm
displacementi= L)
sensor -
Velocity
Estimator
5 X
iy
Fuzzy Logic
i Controller
i us wi
y AMP 1 Controller
o L1 Switch
AMP2 [ <«

Fig. 3. Schematic diagram of AMB with fuzzy controller
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Table 2. Fuzzy control rule base

CE\E NB NS Z0 PS PB
NB PBU,) PB PB PS  ZO®Us)
NS PB(Us) PB PS ZO  NS(Up)
Z0  PB(Uyy) PS 70 NS  NB(Us)
PS  PSUye) ZO NS NB  NB(Uy)
PB ZOUy) NS NB NB  NB(Uz)
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Fig. 4. Membership shape of output variables, U

-2 -15 -1 -05

[
G of
19,

13 ‘4%4- Jx’W O, Qz, 05, O
71 71&7], Adl eBRE, B4 24 4
v g WERdt
Ao T'fZl o Qg Wiz oxE)E o4 W
( E)a—, ZEULEE U3 AHE3S PD-like
A 88 FEIAH(Table 2). 714 Akt 24
ke ks HA JAWB, NS, ZO, PS, PB)
o2 AL E¥Epy XIS vheel Fig. 4
o} 7o} Aoslsith.

ojA YxEEES
< FPIA.

Step-l) A 47 ve S

L32(231)— gl

% 12 Table 29 VERD nie} FUEI 5

9 73% PB, PS= PMZ, ZO= PS2, NB, NS—-
NMEZ A&t oju Zizte) Bz} e 5 1+
o2 wjEshs Fo] Saditiy wddn)

Step-2) Zt Alo] & RE FAIHIEE <) 1€
B} 25871 wijst veiRle oxlEE fg%}gax:}

Step-3) ZHe] EHg gell thsl BE d8=
Avitt 27 g4 ghe AR 39 Table 33
Edg=

Step4) Table 30 Jeld A Axje] ofs] A4
ﬂJ-‘# %016}71] 317) 3 AlFael deEag
g ¥ 2SS Hdgshe BAE A8t

—

P e N

lﬁ S
“°‘ b

®

Healr) slel ot 2e

sz, AR

Max nii = 'IOIOg(yzi]‘)a i= 1’ Y 4 (8)



QEEEE o4 BEY HAAS] TS AL ¥ ¢

Table 3. Rules assignment and performance values

Table 5. Modified fuzzy control rule base

No Ry Rys Q Q& Q4
1 1 1 2621 7.09 001 0026
2 1 2 2091 690 -0.09 0.032
3 1 2 2576 9.68 13.87 0.025
4 1 1 2047 513 761 0045
5 1 1 3407 1499 1386 0.028
30 2 1 2280 147 003 0021
31 2 1 1655 11.51 781 0207
32 2 2 3372 2510 1377 0.042

Table 4. F-values and Nth-certainty factor
Fy Fa Fs Fu s

R, 771 319 0.13 2612 1.00

R, 0.00 0.30 0.14 0.109 0.00

R, 1.35 1.00 0.18 0.251 0.83

Ry 0.06 0.01 0.15 0.061 0.00

Ry 45.94 0.51 0.18 0.103 1.00

Ry 0.09 0.19 4.16 0.005 1.00

Ry, 0.05 0.00 0.13 0.003 0.00

Rys 0.00 0.01 0.13 0.002 0.00
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Fig. 5. Level graphs about objective @ and Q3
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Fig. 6. Comparison of the performance between original
and modification
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Table 6. Comparison of the objective function values
Min@g, Ming;

I R W
Original 2621 709 001 003
Modified w/o CF 30.96 0.77 0.04 0.02
Modified with CF~ 34.46 0.73 0.06 0.02
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