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Fuzzy-based adaptive controller for nonlinear systems
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Abstract: This paper investigates the design scheme of fuzzy-based adaptive controller to give adaptability for
controlling nonlinear systems. For this, a nonlinear system is linearized by the several subsystems depending
on the operating point or parameter changes. Then, the sub-controller is designed by linear control scheme for
each subsystem and the sub-controllers are fused with each gain of sub-controllers using fuzzy rules. The pro-
posed method is applied to an inverted pole system which has structurally instability and nonlinearity, and
simulation works are shown to illustrate the effectiveness by comparison with the interpolation-based adaptive
Controller.
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Figure 1: Inverted pendulum system
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Table 1: The value of system parameters

Symbol Value Unit
M 0.455 [ke]
m 0.212 [ke]
K, 3.7 -
K, 0.00767 [V/rad/s]
R, 2.6 [€]
Iy 0.00635 [m]
g 9.81 [m/s?]
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Q, = diag(6,3,3,1)
Q, = diag(16,8,4,1)
Q; = diag(25,10,5,1)
R, = 0.01 (i=1,2,3)
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K; =[-24.50 —35.03 —126.60 —29.78]

K, =[—40.00 —59.42 —273.31 —87.26] (7)

K; =[-50.00 —76.18 —407.76 —159.13]
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Table 5: Control performances in circumstances of
parameter change and white gaussian noise

Control performances

IAE of cart displacement.
1537.434

1770.489

Method

IAE of pole angle
86.278
104.839

FAC
IAC

@ Al=E e Al E fI7E HA
S AlQraiitt Agrer 7S
f‘lwé‘" JJrEPﬂ B Wsto] upe} v 749
iEQOE F3slar, o] ABA| e
MBA7E HAGFHS 085t
Zlolt). oA AMEA7E HA7]
o2 HAA e & AHS 7ol
7w A €k

sharutA QiR o] g ek3] 2] A 38 Al 635(2014. 7)

30

Time[s]

(1]

(2]

(3]

(4]

(6]

FaEH
R. E. Skelton,
John Wiley & Sons, 1988.
M. Drouin, H. H. Kandil,
Control of Complex System, Plenum Press,
1991.
Y. H. Lee, J. K. Ahn, G. G. Jin, and M. O.
So,

for nonlinear systems,” Journal of the Korean

Dynamic Systems Control,

and M. Marition,

“Interpolation-based adaptive LQ control

Society of Marine Engineering, vol. 32, no. 4,
pp. 618-623, 2008 (in Korean).

S. Tong, T. Wangn, and J. T. Tang, “Fuzzy
adaptive output tracking control of nonlinear
systems”, 111,
no. 2, pp. 169-182, 2000.

I. Rojas, H. Pomares, J. Gonzalez, L. J. Herrera,
A. Guillen, F. Rojas,

“Adaptive fuzzy controller: Application to the

Fuzzy Sets and Systems, vol.

and O. Valenzuela,

control of the temperature of a dynamic room

in real time”, Fuzzy Sets and Systems, vol.
157, no. 16, pp. 2241-2258, 2006.

T. Takagi and M. Sugeno, “Fuzzy identification
of systems and its application to modeling

and control”, IEEE Transactions on Systems,

Man and Cybernetics, vol. 15, no.l, pp.
116-132, 1985.

K. Tanaka and M. Sano,
tion problem of fuzzy control systems and its
of

on Fuzzy

“A robust stabiliza-

to backing up control
truck-trailer”, IEEE Transactions

Systems, vol. 2, no. 2, pp. 119-134, 1994.

application a

715





