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Robust H-infinity control for a class of
multiple input fuzzy bilinear system with uncertainties
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(1. School of Science, Xidian University, Xi’an Shaanxi 710071, China;
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Abstract: A robust H-infinity control approach is presented for a multiple input Takagi-Sugeno (T-S) fuzzy bilinear
system(FBS) with parameter uncertainties and disturbances. The fuzzy controller is designed on the basis of the parallel
distributed-compensation(PDC) method. Sufficient conditions are derived to guarantee the robust global stability of the
overall fuzzy system. The controller is obtained by solving a set of linear matrix inequalities(LMIs). A simulation example
shows that the approach is effective.
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2 ARG HIAR(Systems description)
HHT-SHSE 2R 4 3 1) 22 fm N AN 72 RO L2k 1 2%
g5, E R AN AT R R
R :If & is FY and ---and &,(t) is F, Then
&= (A;+ AA)x + (B; + AB;)u+
{(N;+AN;)u}x+ B,w(t), x(to) =0,
z2(t) = (Cy + AC))z, i€ S:={1,2,---,s}.
ey
b {(N; + AN)u} 2 > (Nij+AN;;)u;, Nij

j=1
Jen x ndEHBEBE, AN, jEn x n4E AN E
FEBE, w2 ulf 25520 B, w(t) € ReEZ2PishiA B
w(t) € Ly[0,00), 2(t) € ROEF P 1A &, F)it
BOMIES, 7 = 1,2, ,0: & = [&(1),&(®1), -,
)T RETH MR, 2(t) € RYERE N &, zo& W)
IR, v € RGN &, A;, B, By, Ci7e
CL AN 1 R E ) R G .
i ike:
1) HIHR ) B (¢) Ml AL & K ah & BT K,
2) AA;, AB;, AN;, AC & I A8 ANHff e F R,
Ft Haw 2
[AA; AB; AN, x|=HiFi(t)[Eoi Evi Bl
AC; = H.,F,(t)E...

e B, By, Eni gy Eviy Hyy Ho B2 OUR5 16 4E
BHEEERE, k= 1,2, m, Fy(t)2&— /AR
i AR B, I T ZLebesgue AT I HL AT &5 40 AL
Frt)F,(t)<I,i€S.

TH e PR SRR AL, SRARHE LR L BRI
D78, BORA I R S 1) S ATy

b= 3 hul(As + AA)z + (Bi + ABu+
=1

2

{(Ni + AN;)utz + Byw(t)], 3)
2(t) = ; hi{(Cy + AC))z).

ha(e(ty) = —2E0)
; wz(é-(t))

wilE(t)) = H 1y (E(1)),
phi; (E(2))72E; () AEF T R L pR K. by T A5 b
ST R
ST wil€(t) > 0, VE(t) € RY,

R (E(8)) 5 T 4
hi(€(8)) > 0, z hi(€(t) =1, i€ S.

)

LU AEAN G DRI F5 B0 R 2R, (E(2)) A Ry
HRYE AT o3 AT AMEE LI, Vvt 28 5 MSOR 42 ol 4
H
R : If & is Fj and ---and &,(¢) is F)', Then
S L LR ) 4)

Hrp: D,y € RUMERE M FIa G, p; > 02
FEEMIbrE, § =1,2,--- ,m. MEENRFEHPIRES K
B HIE ] RR N

d piDija(t)

uj =3 hi =
=1 \/1 + :L'TD;I:ijm
Z hipj sin 91'7]' =
i=1
Zl hiiji,j COS sza:(t) (5)
IXH: . Dix
S1n 9i7j = 9
\J1+2"DE,Dse
1
cost,; ; = ,
\J1+2"DEDisa
. T T .
S S79i,j S [_5’ 5]7 J = ]-a27"' , M.

FEFE IS IIVE T, A A R G 7 F Al R
A

T= > hihj((Ai +AA + > (Bixt

i,j=1 k=1
ABiJc)kach COSs 9‘7'71C + Z (Ni,k+
= ©)

ANi,k)pk sin ej,k)f[] + BwZUJ(t)),

A1) = 3 hi(Cy + AC))a,
i=1

HH B, , AB; 73 WERB;, AB; (55K

EX 1 XFHERFEHr >0, 152565 T
P A3 A Q) AN e 1k, DL 4R A2 1) w(t) =
O, FIIA R EL(6) 2T A E I1; 2) TEFVIUR ST,
SHEREAEZw(t) € Ly0, 00), HIF RLE(6)i AL

2ll, <7 llwly, -

JUFR R R GE(6) (EH o MERESR BT T B R ARE .
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FEH  PEREfRARr N B .
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MTYFA)N+NTF* ()M <eM*M+e'NTN.

IR 2 XSELEREREC,, O T AT

CIC; + CTC, < CFC+ CTC,

I3 36 WA D, E, i 4538 4 5000 s 50k
M, HFT(t)F(t) < I, WAREKEP > 0, ¥ T e
e > Olfiftel — HTH > OB, H 1 F AL AL

(A+ DFE)"P(A+ DFE) <
ATPA+ATPD(eI-D"PD)"'DTPA+<E"E.
3 EHa % P4 Hr(Robust stability analysis)

TR 1 WTFHEWr >0, WAL, > OF
IE W e, eais iy WAFEFEP > 0, Dy, | =
2,3; 4,5 €8, k= 1,2,--- ,mii & I A FEASE
A7), W AR & Gi6) /e Hoo 1 e T A & FE Fa 2
f:

;

@i PBy; .

. 2] <0,71€8,

¢,; PB,, ®;; PB,; <0, (7)

*  —r?] x  —r2]
1<i<j<s.

o
éij = (ﬁ@‘ + CZTCZ + C;I‘HZZ(EZLZI — HZHzi)_l X
HLC; +eyELE,,
> 5;i§k(D}?kBiT,sz‘,ij,k + NWNix) +
k=1

(61; + &34y )PH,HEP + e) ELE,; +

xi

m
—1 T T T
> €345k (Dj7kEbi7kEbi,ij,k +Eni,kEni7k)?
k=1

(3)
€9ij = E2iikPhy €31 = Y €3ijkPrs 1, € S,
k=1 k=1
Eyi 1 BN Ey 5k,
UE JEEU T Lyapunov R 4
V(t) = 27 (t)Px(t), P > 0. )

Fok, HiEw(t) = O R Zu6)H Wi i B2 1.
fEw(t) = O, REO) XS Ny

T= > hihj((Ai + H,FE,;)+
ij=1
> (Bix + HyiFEyi i) prD; . cos b, +
k=1
Z (N%k + HIZFEnZ,k)pk sin Hj’k)x. (10)

k=1

W REL0) IR, XV (1)K B, T4 5

V(t)=a" 3> hihy{[(Ai + HuFE.:) +

i,j=1

NgE

(Bix + Hyi FEy; 1) prDj i cos 8 +

>
Il
—_

NgE

(Nip + HyFE,; ;) X

=
Il
_

P Sin Oj,k]TP + P[(A; + H.,FE,;) +

k; (Bix + HyiFEyi i) prDjj cos 0 +

Y (Nix+HyFE, )% ppsind; i }a. (11)

1 LA T I e, e, L= 2,3, 41
(HyiFEy)" P+ P(Hy FE,) <
e PHHLP + e ELEy,
prcos b, DS Bl P+ PB; wppDj, cos 0 <
eaijipiP? cos® 0 + €55, D By Bi 1 Dy,
presind; N P+ PN, wpy,sin;, <
gzijkpiPQ sin? 0k + sgi;kakNM,
(HyiF By prDj g cos 0;) P +
P(H,;FEy ,prDjj cos0;y) <
53ijkpiPHmeTiP cos? 0k +
EQ;ijT,kE;l;,kEbi,ijyka

(HyFE,pprsing; )" P +
P(H ;FE,; kpysing; ;) <
esijepr PHo H,, P sin® 0, + Egii-kET Eyi k.

ni,k

Hrhk=1,2,---,m, i,j=1,2,---,s.

H ()5 V() < 0, BrELal &1 R Z5(6) & Wi
FRE .

DL R % IR R UG 4 AF TTw(t) # OW 1 34 &
GL(6) M E M H PERE.

W RGO STV (1)K T, nf 35

V()= 3 hihy{a(O)[(Ai + HoF B +

m

1;((31-,;@ + H FEy 1) prDj i cos0; i +

(Ni,k + H:mFEnz,k)pk sin Gj,k)]TP +
P[(A;+ H,,FE,;) +

m

Z ((Bi7k; + HxiFEbi,k)kaj,k COS ejAk +

k=1
(Ni,k + H:ciFEni,k)pk: sin 0]’}6)]2?(15) +

w' (t) By, Pz(t) + 2" (t)PByw(t)} <
3 huhyla™(5) w (1))

ij=1
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¢ij PBuyil| | x(t) (12) — &340, —&350, -1, -1,
0 w(t) | H}H.; — eyl H H.; — eyl

P | B2 5 | B3R AN T3 ey > 0, T aUor:
2T (t)z(t) — rPwT (Hw(t) <

Z hle(ClTCl + C;THZl(é}MI — H;Hzi)_l X
=1
HLC; + en ELEq)x — r*w” (tw(t). (13)

H1A(12)A1(13) AT LA 21
2T (8)z(t) — rPwT (Hw(t) + V() <
(14)
SN CETIES
V(t) 4+ 2T (t)2(t) — r*wT (H)w(t) < 0. (15)

X RAS)BL o> FF AR B, &t — ool i) LA 15 2

2]t < rllwlle.. AT ER R Gi(6)EHL L fE 5

brr T JE B FERRE 1.

4 $EH|2R T (Controller design)
XFE B RI(T), 43 20 A Rdiag{Q, T}, Q =

P~ 0P ED;xQ = My, HRHESchurth & BE, W)

K@FM R T

o $?
[ A3 kA3 < ()7
*

® 1 €S,

oY + o W
i T DU 0 i< i jes.

* 455»35»)
(16)
Horr:
@(1) — I+ éQijI + (5“ + éSzj)HmH;«l; Bwi
9 * —7"2[ )
I'= QAT + AQ,

o = [MIBF QN QEIL M!E}

QFE,, QC! QCH.. QE}],
@E?) = diag{—¢&ai; I, —€2iil, —e1:1, —E5:1,

— &l —I, HYH,; — eyl —c;' 1},

) = MBI MIB} QN! QN}

QE,, QE), M[E) ME,

QE,; QE, QC! QC}f

QClH.. QCTH.; QE}; QEZ],
D = diag{—&si; 1, —Eajil, —Eaiy 1, —Ea5il,

— eyl —e;l, —E3i51, —&351,

—eg 1, —e T},
QE; = [QE;le to QEEi,m]a
Eq;;1 = blockdiag{ea;j1 1, - ,€2ijml},
€s,71 = blockdiag{es;j1l, - ,€5iml},
M} Bl = [M;, B, -+ M, B,
QN =[QN;, -+ QN,,
M}'Ey = M\ Ey;, --- M}, Ej .
EE2 XTHEMr >0, p, > OFIEH $ey,
WERAFEHEQ > 0, M, Meyy, €oijrs Eaijks 15) €
S, k=1,2,-- ,mifi A AR (16), W &
Gu6)EH MEREFRbRr T &M te0E, B R w2 Hil Y &3
iR AD; ) = M; Q"
5 i B H(Simulation example)
Bl 1 B P AR A R 4
R': If z,is L;, Then
£(t) = (A1 + AAz(t) + (Bi + ABi)u(t) +
{(Ny + ANy)u(t)}z(t) + Burw(t),
z(t) = (Cy + ACY)x(t).
R?: If 21 is Ly, Then
(t) = (As + AAs)x(t) + (B2 + ABs)u(t) +
{(Ny + ANs)u(t)}z(t) + Buow(t),
z(t) = (Cy + ACY)x(t).

Hor:
1 _ _ _
A, = 22 8 Ay = 113 10 7
50 —100 50 —100
10 10 -1 0
By =DB;= 1 2] y, Ni1=Ny1= 0 _ 1] )
-1 0 1
N12_N2,27 [ 0 —1 7Bw1_Bw2: [O]7
50 50 10 5
Eoy = Eyp —  Epy = By = ,
1 2 100 O bl b2 O O]
05 0
En = En = En = En = s
1,1 2,1 1,2 2,1 0 0]
—0.5 0.2
Eu=FE.=[0.1 0.5], Hy = H,o— ,
1= B =| ), Hor=Haz [—0.5 0.1]

-Hzl = Hz2 = ]-acl = C? = []‘ 0]
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1 —cos x;
2
HERr =1, p1 = 0.54, ps = 0.46, €41 = €40 = 8.
R4 5 #2h (1 4 1E(16), T EMATLABSK fi# 4
M fFJLMISs, 7] PAFS 3]

pr, (T1) = s fn, (1) =1 — pup, (21).

| 17324 —0.5241
©=1 05201 07535 |
€11 = €12 = 10.4365,

My, =[-0.3425 — 0.2455],
M, =[-0.1346 —0.7899],
M, = [-0.6875 —1.0595],
My, =[—0.3702 —1.0023],

Eo11x = 0.3212, €919, = 11.3462,
921k = 8.3650, €990, = 0.2351,
311 = 13.7033, €319, = 6.0502,
301k = 0.5731, e300, = 1.6543, k = 1,2.

e W 4614 A[—0.6, —0.8], w(t) = e %2 sint,
FIHFIMATLAB/; 5, & 12 RGUIRA AR i [ i 420
Ryl s g, iy B gl Rl LG H, 7Epr ot
FEHRIZRG) T, RGBT BE.
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B 1 ARGURA LY 2 R th 2k
Fig. 1 State responses of system and control curves
6 458 (Conclusions)
AKIWIT T —FH S HAE N T2
i NBRI X NE 28 e 1) 5 W HL oo 22 1 17 8L, AR 4 PDC
R T RGUERERUE e 45 1F, JF B0 T8 HH
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