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Adaptive Sliding Mode Fuzzy Control for a Class of Nonlinear Systems
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Abstract An adaptive sliding mode fuzzy control approach is proposed for a class of un-
deractuated nonlinear systems with multi-subsystems. Firstly, based on the analysis of
the similarity between fuzzy logic control and sliding mode control with boundary layer,
a sliding mode fuzzy ccntrol approach 1s proposed. Then, according to the influences on
system dynamic performance, both of the slope of sliding mode surface and the relation-
ship between subsystems are automatically tuned by real time fuzzy inference respective-
ly. Finally, the control i1s completed with a simple sliding-mode fuzzy controller for un-
deractuated nonlinear systems with multi~subsystems. Overhead crane transporting con-

trol 1s used to tllustrate the etfectiveness and robustness ot the proposed approach.
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Table 1 Symmetry-form fuzzy rules table
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NB NS Z0 PS PB

PB U, U_, U_, U-; U_;

PS U Us U_, U-, U._;

be ZO U, U, U, U_, U._,
: NS U, U, U, Us U_.
NBE U; [/, Us Uy Us
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Fig.1 Scheme of sliding mode control



146 A 3] ft F 1 30 &
R;:1IF s IS F;, THEN u IS U,

PR, B AR A AE AL T — 4B, NMERES A B SRR R HE IR EHIBOR , W H KK
WD TR RE U B, [R] B ik v AR 98 1 A i B 2 A R 5 ] 4 A AR

3 H I N TR B £

ER—KAFZTRE  HHTREZ M AARRBASHEHREBHELERE
T, = I
z; = [1(x)+b(xX)u
T3 = Xy
Ty = f2(x) +b6:(xX)u
_]:5(:1:]3 x:[l‘l s L2 9 T3 ,x4]Tj§%ﬁﬁ§rﬂﬁ;fl (x), f2(x),6:(x),b; (x)%jiz%ﬁﬁﬁiu Y|
AHETR.
RERFUTAR: |z | <M, |u|<U,HEF M, U EFEEi=1, -, 4. BHIF
RC2EMWERKRARNART , RUTEHE « F ARG H R ERGEAERAGS <.,
XX (6) RGHREIRE N

(6)

€. = Iy — Tipy 1 =1, *, 4 (7)

RGO PHAXATRAE L GRRARAFREE 2. AN FRE 1 M1 2 8 LBEEE
s1 = e, + A e, (8)
s = e, + Aze, (9)

Hd 2,>0,1,>0.

G901 BB X T A5 A R 3E K U BB E m AL R A BN, BT Rk, B EE B,
T I (6] 9 /)N , 5] BF PR BRRG G k38 9 5 I 2, b Tt ] /0 , R R B 48, R sk () 8 . AR 4 LA
Eath, it ER AR EEEARETEN AT . REBERE AN, RARAWEETR
MR, FREURBREERIBETAYE S, DHRER/DMREIRE ; RS H B iR E 8/,
K AB/PHERE AR, UB/MREDTAE, ME B RMBERARE. Y RIEEHNERE
REREREMARZNATHER,SFE I FEHEU=15 2)

A, = A, + B,AA,
HAp AAHAWERE,BAARATEE, AR ET B, B DT 08 2 k18
R;:1F | e,_, | IS A THEN A2, IS AX;

KPP RAm ZFRAMPE R ANBALTR e,  |HEHEAMCHEBRTERBNENE. B
oK F SR E SRR R R FHE O B3 AR

Mz(z #A;()ez,hll)xmi)/zpﬁi(lem_lb (10)
R (e, DHE | KHUN B BE  J2
BEXESEPNTRAENBEERE
S:K5(31—|—A52) (11)

AP KAERBARB ELAET ARZBANTHNFREERHEAPHEIXANBN,
=T BT ARG 2 MEH AR K R, M/ A A0SR AR, 4T &



1 XUB il 55 . —RAR St R A B & L 1 AR B 147

A2RSEBEEE . =00 B TRE 2 WERER IR A RZ, B/ A FER A
% #l E—E R E A

A = A" 4+ BAA
HAP A A MESRE.B AL KWEATBE,. AL ARATE. AU TEMEEES
R,.IF | s, | IS F,’ THEN AX IS AN
HPRAn ZFAWMPE; F.F AATE | | HEPE . AN AT EBNERE. R
B O 75 R BN

AL = Z#F(isz|>><aaf)/2#fr(\szr> (12)

Hodte Cls DA %%ﬂﬂlﬂﬂﬁﬁ{%ﬁﬁ

AR08 T RS 7 1 O TR B L 9 s AR A T BRI 12 W Y B A L B R P 200
R, :IF s IS F* THEN u IS U*

Hd ROGEBE G 88 p RERAN PR L F FIBALTE s IEME U EL TR
RS . Bt K P (R SR RR R, R 95 1 A B B B R

U = E#F&(s)xU’* Z fis () (13)

Hopae (NG k RN BTG R E ,w QLR R LT E.

4 FEMR

AXFAREEHERRE BT ENBEENIEEERNERTE. SFERLEPOE
2R RN R (6) TR, H

FUX) = m, gSINT; cosxs + m, Lxisinx, b (X) — 1
1 — . 9 { e .
m, -+ m,sin® x; m, -+ m,sin® x;
. 2 - -
m, gsinx; + m, Lxisinx;cosxs + my gsing; COST;
fz (X) — » bg (X) —

(my + mysin®xs )L (my; + m,sin“xs )L

AFHm N PNERE . m, B RE , oo WNEBER o AN EBIEE, o, BEMAED
ME, o NBEMENARE, L ARBNKE. H o, WP FRSE 1N T/MNENMNE
T RS, e, NN BIRE e, NEEIREZH o, WHEPTRE 2NN TAEF RS e, N
BIRE e, WAEBIRE. RAEAKR N M, =0.5m/s, M, , M, F1 M fE & K. 8 AL HFKH
HEARMIEA.

KT hnbR iz S o A, 7E n o B B DA B R Y hn 3 BE A3, [a) B 2R G 3 1 B oK R BE AN 2R
MABEREF. I TETRKEEZRATEEM IR PHEA LU ERER 27T (BI{EB 2] T,
HEBETIMGESKERRKEFEEZIT MU BREHIT-RKEBHEER

) catle) {sgn(:{:l —x,), for |lxy —x, | >1

X1 — Tqp 9 fOI' 1 — 1y é 1

B A, =0.5fRIE AR AEE (0. 5m/s) iz Hi.
HEPHAEFREH#HITEENBEEOARZRAT . FARB AT L. KETHI T £
A XERNEBEREIENENES 2. XM RAREERNE 2 iR . E8ETHLR 1R 2H8A




148 B 3 & ¥ it 30 %

TRABESERIN SUN MP), LR, BHERBREB AR . 5 4H  EXER =/
. EBAN R RE 2 X 3. BEENEREEATROEBEDB N NB(#iX) NS
/N ZO(F) . PS(E/N) . PBOER) AR BRE AN 4 H . 2R EN=AF, H 1
(O=1) MU NFE 4. FEFHMBE N A, =2.28,B,=3,A*=1,B=4.6,K,=4. 8.

xlr’ sat 111 |
_ | z I ) { l

d/d¢

Cammrm || wamnn | {5 )-
) A

3 R 2 o ol e
¥ S 4 30

e
_
l

A2 R ESHER
Fig. 2 Control Scheme
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Table 2 Rules table of the first fuzzy adjustor Table 3 Rules table of the second fuzzy adjustor
e, | S M L | 53 | S M L
AA2 0 0.9 1 AA 0 0.5 1
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Table 4 Rules table of sliding mode fuzzy controller

s NB NS 20 PS PB
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Fig. 3 Simulation results
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