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H-two/H-infinity fuzzy state feedback control based on

fuzzy observer for nonlinear MIMO systems
LIU Guo-rong''2, LUO Yi-ping?, WAN Bai-wu'

(1.System Engineering Institute, Xi’ an Jiaotong University, Xi’ an Shaanxi 710049, China;
2.Hunan Institute of Engineering, Xiangtan Hunan 411101, China)

Abstract: The problem of mixed H-two/H-infinity fuzzy state feedback control for nonlinear systems is studied . A nonlin-
ear plant is approximated by a Takagi-Sugeno fuzzy linear model using local linearization method . The system states are estimat-
ed by a fuzzy linear observer. The fuzzy state feedback suboptimal controller is achieved by minimizing the H-two control perfor-
mance with a desired H-infinity disturbance rejection constraint. The optimization problem is transformed into two eigenvalue
problems( EVP’S) - One for observer and the other for controller. The EVP’ S can be solved very efficiently using the linear
matrix inequality(LMI) optimization techniques;so it can simplify the design. The closed-loop system designed by the proposed
method is locally quadratically stable at equilibrium and its disturbance rejection and dynamic performance are satiefying as well

Key words: nonlinear system; H-two/H-infinity control; fuzzy control; linear matrix inequality( LMI)

1 3| E (Introduction)
PR ER ST, K AERE S s AT,
BRI 10 4ER AMIBFFTB BB M — R - —
BEEH T-S BN HERREBEERERE, A
FEAETHBMEMRRER ) EREKEH,
BACHERBTEHR; B — B EH W EAT H BH, B R A
8 H BB RE 1R B F— 1R AR
ik, EREIAT NS B RASEEN A%
WAMERH RS RA TS ERE, AR R
MEENE BT JLEAMNTFERIELERERN
H,/H,, B A8 . SOk (5, 6 |95t T I SRkt
REM H,/H, B % R &8, & 4 7 —F Hy/H. 1B
SR ER D R R BRE A FORBE—1
32 X84 9 Hamilton-Jacobi-Issacs i 84 1 2 (E. 2

IR H 12002 - 12 - 03; W S0R H 35 :2004 - 05 - 09.
LT H M E A RBEEES VBT E (0177Y2062) .

e, KX — i o T B R R A RE 7 ik
R, AR HAER) , EAY KRB AR
&1, RIFAEH R AR B — R0, B 5fr
MR IE it MIMO RS K Hy/He 1R &M 2
. A T-SEM AR BB R R R G, X &
GHTERRE R B ER . FEIARSHELER
GURASR TR , FRSCRILI 2% B RGOR .
A B FTRE, W T ARSI AL
RGBT —MREHETEBUMAFH
Hy/H, BOMPAR 25 BB 8l B2 007 2% 07 s S P 36
REMBE M B BERSI SRR RN R LURIE , ¥
— A E RARALRERHALR T 2 MELERE
(EVP), M LMI J7 35K M@, Tk 8 ETA. 5
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TR SR : B THOR RN 28 A9 FE R MIMO RS Hy/H. MM K i ) 13

AR FAMERER R, HEE T EME T REN R
GYERERI R .
2 o)Ay (Problem description)

M TIENERESHA/ SRS

(1) = flx,u) + ay, R
Yy = Cx(t)s (2)
ﬂ':':" x = [x19x2’x31'"9xu:|T 6 R" j‘]ﬁ?&rﬂjﬁ,

sun ]t € R™ HiEHlm &,y =
[yi, 223,09, 17 € R S EIR, f(x,u) BH
¥ R¥, H £(0,0) = 0.C € RP? N HEM, w, €
R® FAR K HWA RSN TE.
FERHRG () WRTEER A X R ATk
FH T-SU VIR A 30 R RGE (R 0 T
S': if z;(t) is Fi*--and z,(t) is Fé
then
2(t) = Ax(z) + Bu(t) + o;(t),
y = Ca(1),
w(t) = w(t),

u = [ul,uz,ug,-"

i =1,2,-,L.

(3)

AH, Fi REBITHE, A € R, B, € R”",(C, €

RP*", L & if-then UWHL, z,(2),-, z,(¢) AL

B,0,(t) = f(x,u) - Ax(t) - Bu(t) + ws(t) A
B RE 5N TIZA.

SR, TR AL G)NERERE N

(£(2) = Zp;(z(t))(A.-x(t) + Bu(t)) + w(t),
y(1) = Z#;(z(:))cix(t),

w(t) = 25 p(a(e))w(t) =

ACxy ) = 20 (a(0) (A(2) + Bu(1)) + w.

(4)
A

pi(2(2)) = ﬁf'(z(t))/gl‘[lm(:))
(5)
Fi(z(1)) %% () BT FiRRE, Fi(2,(2)) =

0, = 1,2, g JB vz,EIKIF%zi(z)) > 0,0

A p:(2(2)) =00 = 1,2,,1L), Ey(Z(t)) - 1.
%m&mum#%am&%m&* K FIENRIR

AR BB FR RYE, TT SRR 5L .
(1) = Z}yi(m))uiz(:) + Bu(s) +

G(y(1) - $(N)], ©)
y0%=émuUDQﬁn, (7
ey
u(t) = ZL) - #i(z(2))Ki2(2), (8)
Kol G, € B, K € RA(i = 1,2, 1) A3
48 11 2 SRR S 2 A
d1(4), (6)RI(8) T8
. i}i}m(z(:)) :
GO - BK)2(E) + GGe()], (9)

é(t) = 2(¢) -2 (¢) =
Eﬂ, (2(2))Ap(t)- 23 D7 6Ce(t) +w,

i=1 j=1

(10)
AP e(r) = () - 2(¢) NEWRE .S

-1 gL

WA
¥ = 22;1, z(t)),ul z(t)) - Ay - i(t) +@.

(11)
o HEMETDREMI R TIRAR,
HRGMEELE EE SR EENERRERR
E.EHNH o REHENER, BAXEZR
AREBMNESEERES RS- HE. BT
RIRERE K (i = 1,2,-,L), AR RGEAGHEF
MEEHERESENE /8. RINA .8
R GRERENESENE, A B, BBk R R 5N
SHERE, W REELIT Hy/Ha IBRA R
AT H S RHEAE TR R R REH R -

[l502a < 2O P0) + ¢ '5Tadr,

(12)
Rp, 1 BRBHELE, 0 IERALER, 0,
Fo3E X4 4 B0y I AU BRI S8 SR B, Py mufamﬁs
SRR

I(w) = [ {FO0#() + W DR de,
(13)
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2 w5 N H

Bnk

RH, 02, Ry HIE LGB A FRIEE B .

BT HIRR, X TR (1), FHR—DEH
FEHI3R(8) , B RAEWHE Ho THMBILHR(12)
HIRGFT , KR RRIER (13) RIS KL . FE 5
WHIRGT AR RSE

t (1) = 25 20 p(2(0)p(2(1)AE(r) + DG

o (14)
EPES (x(e) = 0) REF-KAEREN. X+

R

86 = [0.fCx,p0) = 20 ila(0))(Aee(e) + Bu())]"

(15)

H T ELIRE.
BE1 XIFRZEQL)FEAFRSH A4, 5
[ Aw(e) | < | AAx(e) |,V 2(2), (16)

KH, Aw = flx,u) - _Z;mz(t))u,-x(:) + Bu(1))
3 H/H. E#R &R R (H-two/H-infi-
nity fuzzy state feedback control)
E 8 Ho #2503 T & 45.(14) , 3% Lyapunov PR
Bv(e) = () PE(e), W
V(t) =
') Pix(t) + (t) Pz (1) =

J

25 25 m(a(0) (2 ()& (AP + P& (1) -
(%Pli(t) - pw(t))T(%Pli(t) ~ pa(D) +

0% (1)@ (1) + p%fT(:)PlPli(t) <

L L

D330 s a(2) (2N ET(2)(ALP, + PLA, +

i=1 je=1

pizPlPl):E(t) + Pfa"()a(1). (17)

EE 1 TSRS, R P = PT>0
RTEEAEN AR

Z’iffpl + Pl‘iy + plzplPl + 61 [ 0,1, = 1,2,"',L,
(18)
B2, FAENERAKTER o, THRE H, EH

HEaEIEIR(12).
iE BX(18)F

/]EP1+PIAy+pi2P1P1<—61, (19)

# ERRARO)TE
V(t) <

=20 2w p(2(e))E™ () Q1% (2) +

i=l j=1

e (t)a(t) =
-0 (1) + P2 (a(2), (20)
Bl LR P8
V(i) - V(0) <
- [F R + R ICHOTIDES
B
| # (DB < 7O PEO) +

pZJ;‘a,T(t)c:,( Ve (1)
ks
W SEAT He B Hl, /MR T AEEIRE R
ERER TARER. THITIERBRAEN KR
RIS bR ERIRE . B A FAEERIRZ Aw, R
fRZ G IR R BRI bR B AR X, RATHGER
B, @i B/ME H, PERERS A5 (13) 3R 3K Rl A IX
. R (13)F
J(u) =

I;ffiT(t)azi(t) + uT()Ryu(t)lde =
Z7(0) Px(0) - x7(1) Pyx(eg) +

J AT (00220 + w0 Rpu(0) 4
i(iT(t)Pzi(t))ldt <
(F(O)PE(O) + [ 157D, +

L

20 5(2()KTR, 20 15 (2(0))K)2(2) +

-

(2 20 e NAE() + MG Py 2(e) +

J

(P D) 20 () p(2(1)A; (1) +8@) e <

i=1 j5=1

zT(0) P,z (0) +

J:{ D3 20 (22 ()FT(1)(Q; +

K'RK; + AP, + PA; + PyPYi(2) +
A& ()Aw(e)lde, (22)
AP K = [K,0]. HEBEE 1A |Aa(e) I <
| AACx) |, FR
Aa"(1)Aa(t) <

23
(AAx(2))T(AAx (1)) = z7(1)$T82(2), 23)
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A ¢ = [a4 AA). BR(2I)LA(2)E
Jo(uw) s_iT(O) Pz (0) +

KD IR E IR BIC N

KR:K; + ATP, + PoA; + PoPy +

$Td)z(¢)}d:. (24)
WR AP, + PA; + KRK; + PPy + ™% + Q, <
0,84 Jo(u) < 27(0) P,%(0). B, KA AEH
RO AR i R R #5400 TR th Ak I R -

n}l)in xT(O)Pzi (0), (25)
2
A;:l;P2+Pzﬁgj+k}ﬁ2kj+P2P2+¢T¢+62 < 0,
(26)
P2 > 0, (27)

B B/ME J(u) 89 EF, B KB R
(13) KRR, SEBL H, AR .

LR 5 HTHET He BBIER M H, BRI
FIEE. IR AR — A RE P, HERHER
(18)#1(26) , B2 BB T RAVMER B 7, AL
FEWE Ho TR AR (1) XA T, EHRT K
AR R R, REEKE T H/He RS
B .

ERREREHAR T
minx"(0) P (0), (28)
P:PT=P1=P2>0, (29)
AP + PA; + pizPP + Qi <0, (30)

AGP + Pﬁg + Kﬁizkj + PP 4+ $79 4+ 0, <0,
i=j=1,20L. (31)
M ETE A HT AT, B TR 28 Y Hy/H,
BEEMEGF TR R EL RAER (28) ~
(1) KL MR R A SLERE P AR (28) ~
GDAR—A N R B8, M LK 2 3656 B
P. AN S ER KR E R R %R (LMD (7).
LMI X ER R FEAE(H (EVP) [ B8, W] LA o S B 1k
FERRE.
AT R, &
P = diag{ Py1, P!, .
l(?l = diagl Qu» Qr! » (32)
Q2 = diag| Qa1, On!.
BHEHER: P, 01, Qn, FT LLHBORAES ) 2 FUBLHI N
MR B IR B (32)RA(30),(31)E

(Ai- BK)"Pyy+ Py(Ai- BK)+5 P + Qu Pu6g, ]
e <0 (33)
(6:6)"Py (Ai—Gic‘,>TPn+Pzz(A.--G;C,-)+P%P%ZQm
'(Ai—B.'IQ)TP11+P11(Ai—B;IQ)+K}R21<j+MTAA+P%1+ Qm | Pucicj +AATAA ]
 (GC)TPy +AATAA (A= GC)"Pp+ Pn(A;- GC) +0A™MA+ Ph+ Q)
' (4) .
4 W = diag| Wy, 1} = diagi P!, 11 $¥3K(33),(34) M; = G(;,

FeLl W, 3F#F|H Schur Complement 13

Mll Wll Ml' 0
Vu —Cit 00 o )
M' 0 My Py
L0 0 Py -l
[Ny Wy Hf N, 0]
Wy Np 0 0 0
H 0 Ny O 0 |<o0 (36
N' 0 0 Ny Py
L0 0 0 Py -
Hh
H; = KWy,

My = WyAT + AW, - BH; - (BH)" + 1/p%1,

My = ATPy + PpA; - ZC; - (ZC)™ + Quns
Zi = PZZGE’
Nu = WyAT + AWy — (BH)" - BH; + I, -
Ny = - (AATAA + Qzu)T,
Ny = - R;',
N; = GC; + W;,AATAA,
Ny=APy+ PpAi-ZCi-(Z,C)"+ AATAA + Qpp.
BERENSEA Pu, Pn, K, MG 44, BA, K
(35)f(36) RR— M B E, ME LI EHCR @ 9k,
R A o) RS R AR P 2 R SR AR, B B RN AR S
8, RERBIEHESH.
R (35), (36) v LAHEH
APy + PpA; - ZiC; - (Z€) + Q12 < O,
(37)
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AP+ PpAi—-Z,C;—(Z,C;))"+ AATAA + @y < 0. HE BASAE

(38)
ARG RENREBEERER . UL, ke
AR (28) ~ (31)A[FEL LT A4S EVP (o) SR % .

1) min e7(0) P»e(0) (39)
s.t. Pp = PL > 0,(37),(38).
Hd G = Pz,
2) min 27(0) W;'2(0) (40)

s.t. Wy = WL > 0, &(35),(36).

SR BE— EVP, 3K1§ Py, G, BHENMNRARK
(35)#1(36) ,7(35), (36) B T AR IEEBER
ZX(IMD, REHFRE - EVP %G P 5 K
(K, = HWi').

G4 ER TR, RN RITTENRITE
FITF.

1) SEERE RSN RGN ;

2) WHBUERE 0,,Q, M R, A5 FRATH
¥ o MAFSH AA;

3 BE— EVP A& (39),k48 Pp, M G
(G = P3Z,);

4) ¥ Pp,Z, A G RAR(35), (36), FE_-A
EVP [a)/5i(40) ,>R1% Py M K(Py = Wi, K, = HWi');

5) RERE 1 BRWE, MRAHE, AWA
REB AL, BR3)~5);

6) &R ILMIES (6) 5

7) HIEBERIE R AR (8).
4 FEIEEMSH (Analysis of system stability)

THE 2 FELEHRSE@DOF, 5T Hy/Ha IK
A R (28) ~ (31, FEAIME P = P> 0,0
AT EG(14) EVER 2 = 0 RRET-KEREN.

iF #J%E Lyapunov PREK

V(z(t)) = z7(¢)Px(t),

ny

V(2(2)) = i"(2)Px(t) + #7°(2) Pk (t) =

20 2w (2 ()T () (AL P +

i=1 j=1

PA)%(t) + A& PE(t) + ' (t) PAd =

Z Z#i(’-(t))#j(z(i))iT(t)(A’g-P +

I;A,-j).i(t) - (Aa(t) - PE(£))"(Aw -
Pi(t)) + Aa"(0)Aw(t) + (1) PPE(t) <
3D (2 (1)) ())& (1) (AT P +

izl j=1

PA; + PP + $"$)i(¢) <
DD (2 (0))p(2(2))CKTRK - () < .

izl j=1

HEEE 2 Al A FBREE 3 IR FEIRIHH
MR RG T ER & = 0 REB IRBEN.
5 452 (Conclusion)

AR THEEZHMA/ZHEREN Hy/
H. /R BRG] R 8, 32 T —Fh I T BRI L 28
FEMRERBRERRIT L. SEE2EHK— &
H/H BEERAEAL, A EREAU TS

1) BRETEMELRZEMINE T R
B . BERER ROt S S8 T AEE I R 2= X
RO HERERIR I, REH R RGBT B RE;

2) KAWL B E RO 4R KL
REEEALRR T PN FHIEEIR A (EVP) AR SR A LML 7
BokK @ EVP, K KL THEH REM R, ETF
R AR ;

3) REARNNASERE 1 HTRER
RS, LR K& TiRitetE, Je T
Wit
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