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Variable universe adaptive fuzzy control and its application

for Chua’s chaotic circuit
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Abstract: A novel observer-based output feedback variable universe adaptive fuzzy controller is investigated in this
paper. The contraction and expansion factor of variable universe fuzzy controller is on-line tuned automatically and a
number of rules are generated. With this approach, the accuracy of system is improved. With the state-observer,a novel
type of adaptive output feedback control is firstly realized in this paper. In order to attenuate the effect of both external
disturbance and variable parameters on the tracking error, a supervisory controller is then appended to the variable
universe fuzzy controller in order to force the states to stay within the constraint set. Thus, the robustness of system is
improved. Furthermore, by Lyapunov method, the observer-controller system is shown to be stable. The overall
adaptive control algorithm can thus guarantee the global stability of the resulting closed-loop system in the sense that all
signals involved are uniformly bounded. Finally, the proposed control algorithm is applied to control the Chua’s chaotic
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circuit. Simulation results confirm that the control approach is feasible for practical application.
Key words: variable universe; output-feedback; supervisory control; chaotic system
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2 dEZ&1H & S Hi iR ( Describe the nonlinear

system)
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Xy = X3,

%, = f(%) 3%, %) + g(x %, %, )u+d,
Yy =%
(1)
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Yo = [yer Yoo =0 9P € BT,
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g(x)[up(2/B) +ug(£)] +d} =
Ae — Bklé + Big(£)u® - g(£) [up + ug] +
8(2) (up +ug) - g(x)(up +ug) —d} =
Ae — Bklé + B(g(£)(u" - up —ug) +
(8(2) - g(x)) (up +ug) -d) ,

u

e, = C'e.
(7)
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6, =C'e.
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3 TLEHEM BiE M § ( Variable universe
adaptive fuzzy control)
3.1 EAZ#H" ) (Basic structure)
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Fig. 1 Change of the universe
3.2 RAiERITiSIEE#IE & ( Variable universe

adaptive fuzzy control)
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up(#/8) (g(x) - @(#/a’)) +d.  (20) 4R us WX, FTH & PBg(x)us > 0, MEMEBH
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YEBL Lyapunov pR¥Y - 1 Proj[ye"PBg(£/a)e(%£)] =
D U SN IR T
V=gebera B e (25) xé PBg(%/a)e(%) —x&"PBg(£/a) T"L‘lze(x) ,
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| | B & Proj[ k&' PBu, (£/8)n(2)] =
/ = —&"Pé + —eé +"Pe 2 - T

2t T e k& PBuy (£/B) 1 (£) — k&' PBup(£/B) {—’5717(:2) :
—%ETQE +§[XéTPBg(a‘c/a)e(£) +B) + 2 a-

(30)

ke PBu,(£/B)n(£)] - @ PBO — é" PBg(x)us. (26) M= (27) R

. _ {XéTPBg(x/a)e(x) , if |g|< Ny(or|g|= Nyand &' PBg(%/a)a"e(£) <0), (31)
Proj(x&"PBg(%/a)e(2)) , if || = Ny;and e'PBg(%/a)a"e(%) =0,

‘- {KéTPBuD(x/g)n(x) , if |a|< N,(or|q|= N, and &"PBu,(2/B)B n(2) <0), (32)
Proj( k&' PBu, (£/B)n(#)) if |a|= N, and &' PBu,(£/B)B n(2) =0 .

4 Chua’s " BB A5 E(Simulation of  RH:HBEVe, Ve, MER, WHRSTER, gt
chaotic Chua’s circuit) K BE, BE Ve, TR L. BRATEX ¢ T -
A Chua's BB B BB R L BA g(Ve) = aVg +cVg,(a <0, ¢ >0).(34)

[C, C,) Rtk RAELIERMH g AL TFdE B REG3) BREZHPAA RN -

St B AR ¢ HOTFTE, Chua’s B % B 5 B (O 3F ¢ = Gz(t) + Hg . (35)
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Vo = (g (Ve - Va) —a(Va)) » "k ok O i
o= 4 (k0o vy +i) . G0 o=\ dp gy g ne|
f= (Vo - Reiy) - Lo -+ -%_ 0
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Fig. 2 Phase plan without control

R R LIRS (10b) 58 SCLATF i 5 R %

If(x) | <

1505 % 1% 1+ 505 X |21+ 3g |+

1805 117 9025 217 3g 1%

2 28 7 }

15 % (551 % 1m 1+ 55 X Ix; 1+ Iz 1) <

14 168 1 (38)
11805x50+9—025x10+38x2+

2 (28 7 <
45><(321x50+95x10+2) =

13.54 = f'(x) =f'(2),8%(x) = g" (%) =1.1,

g (x) = g"(£) =0.9.
BANREh d BRI 3, BATER K BIMERS

Hi BB A WS EES v,(1) = 1 5sing,
HATPEHEE— L2 LS5 (E,B Y + 90 =
L. 5. # BRAR IS A & AR 2 1 28 IR TR Pt 1T
®it, IR T .

145 BB REEE = [5 237
3], Rim SRR L = (12 13 3], AEN AR
y = 0.003808;

100
$£29 ii‘éEXit(lOb)EPB’JQ=[0 0 0},
00 1
Z R, EXE X R RE

143.2233 -3 - 0.7056
P = |:— 3 0.7056 -3 :|
-0.7056 -3 237.1759

E3H EBURE e MREDTE ¢ IRIRNR

BT
exg = min(1, max(0, -3e/2 -2)),
exm = max(0, min(3e/2 +3, -3e/2 -1)),
eys = max(0, min(3e/2 +2, -3e/2)),
e, = max(0, min(3e/2 +1, -3e/2 +1)),
eps = max(0, min(3e/2, —3e/2 +2)),
epy = max(0, min(3e/2 -1, 3e/2 +3)),
epp = min(1l, max(0, 3e/2 -2)),
éy = min{l, max(0, -3¢/8 -2)),
éwm = max(0, min(3¢/8 +3, —-3¢/8 -1)),
éns = max(0, min(3¢/8 +2, —3é/8)),
é,; = max(0, min(3e/8 +1, —-3¢/8 +1)),
éps = max(0, min(3¢é/8, —3¢/8 +2)),
épy = max(0, min(3¢/8, 3¢/8 +3)),
épg = min(1l, max(0, 3¢/8 -2)),
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5 &5t (conclusion)
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