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Decentralized adaptive robust controller design for

a class of complex systems
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Abstract: Based on fuzzy logic system with the properties of fully utilizing linguistic information and approximating any
nonlinear continuous function, the decentralized adaptive robust control laws of nonlinear complex systems with uncertainties was
discussed. By using the model of the complex systems and output information coming from the fuzzy logic system about uncer-
tain factors, the decentralized adaptive robust controller and adaptive laws of parameter estimate of fuzzy logic system were con-
structed. Under some simple conditions, the laws and controller made the states of systems controlled and parameter estimate er-

rors uniformly ultimately bounded (UUB). Finally, the computer simulation showed the validity of the approach.
Key words: complex systems; decentralized control; fuzzy logic system; adaptive law; UUB

1 5|5 (Introduction)

B RARGEEH MBRPR R YaiEH AR
—NERRE, ZEEBHFREWBNERRENR
FHEEERHEREPH —ANEERR TN HEBEER
R, EUEMNRY  BRAGEHEENRELE
EBRRGEN AT M (FTI) W EATEN“ L
ZAF BT X Riccati FBRH MR “EMHFHHM
FRPHBHR THTH! Y XSREEE T PR
ZRNIETHYE. XEEN, - FEARENEH
(FFrZT)NEBESD, B—FE, FEAEHIE
KM FRESRHENRE , CBF—EXEITAN
WitEie. L RAGBEARTYHRYE LEFA
BN HEHA B R B R B a3 %
HARET LR, Hp A5 5 S 3R 5% F8 B oA 55 A
BRSO ELUERIL. BT, N TR A
AMAELE BIREHA G THABRBEEE

W RS H 3 . 2001 - 12 - 10; WO H 38 :2003 - 02 - 26.

MREEFENW.

BEMZE AGEA REMABUARAESHER
RIhEE, EARAGEEWNPHMNACERE THE
AN ERRED-Y . BRE, XEHRBEEREHE
BVTEEER RO FERRERER. A0
FIAEMLZ R REMRERREN B B ENE&E
HERE, REENZEAAEERIMNAESHE
BRI  AFTENEAAES RS LR, &R T
FERS BB BE , BT Bl H 8 /1 B & D R AR 2
SR, AN TFERRESPENTTREREECH
SRR LR B ISR NG , B R T F R L EME BA%E
SRR TR EN.

2 E%G#iR (Problem formulation and prelimi-
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% = Az + Afi(x;,t) + B;(u; + Agi(x;,1)) +

ZAH,,(x) i =1,2,-,N. (1)
Hr, % M TFRERER B € U c R, U £
R SR BB U = 1] U i A FRRMA
u; € R';A;, B, %ﬁ‘iﬁé’gﬁﬂﬁiﬁlﬁﬁfi(m,t) pi

BN TRENAREEGWAREREDT;08:(x;,
1) BE AT REMBAEE FOATEERT

s ZAH,,(x) BE iNTFRESHEFRGEY

Tﬁﬁﬁﬁﬁm

TREAGERLXERIBIEE ZHAY
FOHPREER « MBE—RAREILRK, E
REEEANEFOEERAN. B, LRRGEHH U
R« EENXERALE.

BE 1 EREXT(A,B) BBH.

BE 2 ARK(DFTHAHEERER TI&E

D afix, )0 < &(x), % € Uy

2) lagxi,e) | < 9(x), % € U

3) laH(x,0) | < @(x:),% € U,.

i, 6(x), 9 x) , o5 (x) BARFRAE SR LR
BHG | - || FoRBRECTHES.

HBRE 1 BoL, WARE-ANRERR v, =
Kz, X BHENIEEMNFHKERE Q;, T3 Lya-
punov HRFTEME—IE € ERERE P,

(A; + BK)"P; + P,(A; + BK;) =- Q;. (2)

XA RAEMZBRENARATSE R, ME
5% ()P FREHEHRN N M EBZEE
ik HBEFRE D PENTFRENAHE K (3
F), USSB B A B . M EER 2 E AR
B SR A S SRR TR AR HE R PO R A T AR
B S)

R:IF x,is A and %, is Aband -+ and x, is A%,

THEN y is B/, j = 1,2,-:-,N. (3)
Hiah R
F(x) = "E(x). (4)
Hrep
0 = (6,,6,,,00)",

E(x) = (e(x),ex(x),,en(x))7,
6 = r;lggB"(y) (I1<j<N)
REH,

e(x) = HA’(x )/Z[HA'(I )1,

Al(x;) RERIE A' B‘Jiﬁ@ﬁ
BEHELO < ¢(x) < 1, FiUU

FEG) | </ e}(x) + - + k(x) <1
MERA B JE R BCE F Gaussian B ol $ B, By SCER
[5,6)7T A, Ean(3)f(4) MEMZBEB ARG RAA KL
FAESGERAEREBRIER SRS .

EEAXH, BEMREDFEFREENTHE
HWHITA— B FAE, B §(x) + | Bl () +

2 o (%) SRBEHITE N AR I(3) F(4) BKEHE 18
%%%ﬁﬁ%?%%ﬂ@Tﬁﬁ%fﬁ B4 TR R :

sup I 6:Cx) + 11 B:ll 3 (x:) +Z @i %) - Fi(x)|l < &;.

(5)
P, e MERLEHIER.
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R B A I SUR R/, I BB B b AR RB 38 R X R
ETHEIL MR .

3 =580 88 M8 it (Design of con-
troller and adaptive laws)

L0, =0, -0i,6; = ¢ —¢,. HF ¢, AN
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HSH.

X FRG(1), AR08 T AR B
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u = (u'lrv u'lrvn'vu}‘V)v
a b < (68)
u; = u; + u; + u;.
FHr
= K,—xi. (6b)
K HBE 1 e .
BPa;
-ty T 0Ei(%), BIPx; %0,
. l ST lpp ) BP0
0, B'EPixi =0,
2 _
uf = — L""—IB'}‘P;x;. (6d)
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é- =-a;0, +22 (P) | x; | E:(x), (7a)
6= — Bid; + 22, (P Il % I . (7b)
ﬁl:l:, ai’,Bi %Tﬁmﬁ&yiﬁﬂ:
2 i
_é_ + (1+ I B; II2) A",Izin(Qi) - (8)
i a; 2 (P;)
BR, RE

o = B, >2[1+(1+ I B IH] 2
' ' Ahia(Q2)

MR (8) B2 T T e 2 MRS LUE
HLOMREBERSE (DRSS BERE WEEE LT
BRI SR LB a;, ;.

FAERSCMABENERT), BRMTER.

TR 1 FERA/F5E0), MBRBEE 1,2 K
SEL, MFERE B B R 40 (5) B R v B3 W 2% (6)
MEBENEMEFRERT 442K (DBHRE
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B
V =

Aou(P)),

ﬁ; {- 210 + 221PiOi(x;58) +

é;c'{P,-Bi(uf-’ + Agi(x;,t)) +

2x'fP,-Biuf+2x'{P;ZN:AH;j(x)—é'{éi—él—éi}. (9)
B 2 R (60)  (6) T LS )

V<
N

Z - x'{oixi + 2Al;nax(Pi) “ x; " . [C,(xl) +

I B: Il 9:(x) + _qu.-,-(x.-)] -

22 - 1) | «TPB 1| 2

a;

21',' ” xTP,B, ” 9TEI(Z,) - (9?9, -— été,} . (10)
HHEHERG)WEMEZE RS, TR
V<

N
E { - x70m; +2e AL (POl +
i=1

2R (POl = o Il 2TPB; I 10TE (%) -
202 - D | £TPB; |2

a;

878, + aif; - 225, (P) | 2 I TE(5)] -
éi[éi + Bie; =22, (P) T x H ] +
2;0:07 + Bieie;t. (11)
FI M P B2 A S BE (7)), 318
zZ; =\/;L ”9 ”2+‘Bl-el’

8 =
\/ (P)lell2 (3 P ll- 2l s TPB N A Ei( x)ll2
B: o
(12)
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V<

N
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.Bz €2 aq; 2_ .Bt 2( Tzi—l) ” xTP,BL " 2
e-> o .
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(13)

EER N E) I <s1X
2P < A (P 2 112,
BX(13)%8

V<21_,1 AP - 216,17 - ﬂ‘ 2 4 M.

(14)
Hrp
A =
Atnin( Qi) ; 1 (+ hB1?
Ai (P)_zAmax(Pz)(‘Bl'l- a; ),

M= 2(“‘ ho, 02+ B2

Eﬁ'ﬁﬂ/\ = mim (A%, ,yﬂ;)v%ifﬁﬂ‘:ﬁﬁdnﬂi
WRERAG),MAm A > 0, Ma(14)7 4

V<-AV+ M. (15)
EH 1151E.
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4 {AR#EHI(Simulation) HGIRE Y4
ZERWMTHINFREANMNERER RS 22+ | BID)[ALu(P)T?
a; = ‘8,'= c; + i ’
1 0 0 1 Amin Q)
.’X'I1= —3 -1 0 x1+Af1+ -1 (ll.l+ i=1,2,3,
0 0 -2 0 ¢, =4,¢, = 6,¢5 = 8,7, = 100,
Agl) + AHp(x) + AH3(%), (16a) 79 = 1,73 = 1.
-20 1 0 S3 R GE(16) 1 3 A F RS, EE 10 (3) F
22| 10 0 o+ ffy+| -1 \(up + (@) BBA 5 KANE R EMEE RS, &5 TR %
-1 o-1 ! A6 0 S R BB -
Agz) + AHzl(x) + AH)_‘;(x), (16b) : ] )2
*n=In
%3 =(0 1)x3+Af3+(0)(”3+Ag3)+ Anlan) =e 2,
00 1 = -2.5684, — 1.3245,0.2568, 1. 2345,2. 6789;
AH31(x) + AH32(x). (160) -

H

xyp = (xu,xlz,xls)T,

%2 = (%21, %2, %3)",

x3 = (x31,x32)T.
B EBE 1M KEBERNK =[-6,-2,3],K, =
[1,2,1],K; = [- 1, -2]; Q; = 2I; (BLi5ERE ) ; A
BED A RIS TR

(x”e_"fzsin (t)
Afy = | sin (xyxp3) |»
x18in xpp
( xycos (t)
Af, = | sin (xpan) |,
L X218In xp
xpsin (x3;)
Afy = ( ) );
x3sin (x3;)
x118in %y
AHp(x) + AHp3(x) = | xppsin %3 |,
x138in x93
X918IN X3y
AHy»(x) + AHp(x) = | — xpsin %3 |,
. x;3sin Xy

AH'_;](x) + AH32(x)

x3zsin X11
. ’
X3181N X971

Agy = %13, Ogy = sinag, Agy = 5.

N2
(x=J1p)
Ap(xp) = e 2,

Ji2=-2.3246, -1.7824, -0.9824,1.5674,2.4562;

. N2
(23-Jp)
Ap(x3) = e 2,

Ji3=-2.5687, - 1.3245,0.2541,1.3456,2.5769;

L N2
_(“21 =Jy)
Ay(xy) = e 2,

Jar = -2.3260, - 1.2456,0.2546,1.2387,2.2450;

. £2
(20— Jjp)
Ap(xp) = e 2,

Jn=-2.6542, - 1.3245,0.6542,1.2456,2. 2463;

N §
(x3-Jp)
Az‘;(xz;) = e_ 2 9

Jn=-2.2360, - 1.2365, - 0.1234,1.2365,2.4521;

_o82
(23, =Jy)
Ay (x3) = e 2,

Ja=~9.2154, - 4.2654,0.01254,4.2456,9.9854;

. \2
(xy—igp)
Ap(xp) = 2,

jn=~10.9832, -5.2465, -0.093,5.5642,10.2461.
BME

x(0) =(9 -8 8T,
x%0) =(-7 7 -6)7,
x3(0) = (2.5 - 2)T
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2 B 2 HRGEMHHBEIRE €1, 60,6, MM ML
B 3 A REMMEITSERE 0,,0,,0; WML,
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Fig. 1° The state respond curve
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