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Abstract: The problem of H-infinity control for linear parameter- varying(LPV) systems with a parameter-varying state de-
lay is investigated. The state-space matrices and the time delay of the systems are assumed to be dependent on parameters that are
measurable in real-time and vary in a compact set. A new parameter-dependent H-infinity performance criterion is achieved by
the introduction of a slack variable that eliminates the coupling between Lyapunov functions and system matrices, which enables
us to obtain a more easily tractable condition. Under the new condition, the H-infinity state feedback controllers are designed to
guarantee the desired performance for the closed-loop system with respect to all energy-bounded input signals. Sufficient condi-
tions for the existence of such controllers are established in terms of linear matrix inequalities, upon which the design of admissi-
ble controllers is cast into a convex optimization problem. Numerical example is provided to demonstrate the feasibility of the

proposed condition and controllers design procedure.

Key words: linear parameter-varying system; H-infinity performance; linear matrix inequality; state delay

1 5|5 (Introduction)

&4t 2 BE L R4 (Linear Parameter-Varying
Systems) B — K BHEMMNERE, KRETZHEE
S R B SRR AR 2 BRI T RE R, T X S B R S
B LERRER, F ZELERGEE A A AR
TR EER X LR RAWHRCHERER
RRRE-T.

B FE#HRKBRAFE TERENYERETIHEE
ERRBRAEARE ML REHERREE, W BT LPV R
SRR EAEBRKNEE MBLEE X . BT a3
LPV 2GR A RINIES , HbScEk(4,5] T 26t
STRRITHHE LPV REM Ho £, CER[6] 7347 T BY
# Tk B ik LPV RER IS EHE R . A 30
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SCHR(4,6 R b, — B R T —RAFHESH
TR A B RS EEL RSN Ha 25
2.

FICERT ~ 9] &, A CE EH XM LPV
RGERET —MF KB TS8 Ha tEREHER] . X
HENE 5| A—FrnsERE R B T 23 Lyapunov
SR 5 RGUERFZ B0 2 B AR, T8 3 H SR
[4)E5 TEIM He, tEREMER]. ZEL BB R AL
HEREREAFRBAR R T MM Ho R R E
B EENEEENRS REFRREEEAF
BRI R AR (5] 431 , - 1) T 30 100 o6 280 OO 48 1 R 124
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RS B EA ZEAREH A AR 1PV
o . BUETERIE T Frigi FEm el
2 [ fE#R (Problem fomulation)
BT LPV 4 :
(1) = A(p(£))x(t) + A (p(t))x(t - h(p(t))) +
B, (p(t))e(t) + B(p(t))u(s),
z(t) = C(p(t))x(2) + G(Pp(tNx(z - h(p(1))) +
D(p(t))u(t),
x(9) = $(8), v0 € [- h(p(0)),0].
(1)
A x(t) € R" HREZR; (1) € R? HiEHlA
hi;u(r) € R AEHISA;0 € R HISIHA &K
ERGHEEE AC),4,(+),B(+),B,(+),C(+),
C.(+),D(+) FHFE h(-) ARES B p(-) IR,

Hh(e) HR
O<h(t)sH<+o, h(t)<eo <1, Yt =0.
(2)
SHER p(2) = [p(t) p(t) - p,(2)]" ¥

J oi(2) ERATEA o,(2) € [ p:,0: ], BEIEMAE
7(t) € [z, 7, ). UTFATIRETE, H p Mo, 7531
ﬁiﬂ *upi(t).
HEN TEROEICILRE R FHEH 2%
u(t) = K(p)x(1), (3)
He K(p) HtEREE TS50 55 R .
AR R G H
() =A(p)x(t)+A,(p)x(t-h(p))+B(p)a(t),
z(t) = C(p)x(1) + C(p)x(t - h(p)),
(4)
Hrp
A(p) = Alp) + Bx(p)K(p), B(p) = Bi(p),
C(p) = C(p) + D(P)K(p),
A(p) = A(p), Cy(p) = Gi(p).
(5)
A3CH B R RG (1), BI5RHE He fHREHE

a) M RGL()BHERE ;b) AR RF (D RA -
A Ha B RERKF, ARSI S A o (1) B
Hz(e) 0 L, - L R/ THeE. BMESTHRA
BT (Eo(e) = 0RN)HR

up Iz I3 <y 6)
w0 || o |3 ’

P y RAEWER, |0 13 = | 0" (Daldr,

1203 = [ e(Da(e)ar.

3 FEZ R (Main results)

SIE 1 WMREK()HBEHERK v, E
FIEEZVBUNWNIRIE B P(p) € R™" MIXFHR
EEER Q € R™", 18

[ (AT(p)P(p)+P(p)A(p) +
028 0 Co
AL(p)P(p) o o+ x| <O
B'(p)P(p) 0 -7 =
| c(p) &p) 0 -]
1)

Xt 574 S B BB R L, MPT R () W2
EWRRER Ha A 2
PR EY )

i=1

MEIE 1 ATLAE &4 (7) P FF7E Lyapunov
PREUERE P(p) SR RGE FFR R, B R (5)
R, RIF () AREREEHFEASR BRI — R,
% SeRRU -2 o BB, 5 A MR RSk AR AR, AT 18
BHH B, AR

EE1 HRE(MABEWEEE v, RF
TEEL A MAIREEER P(p) € RV XHKRIE
B4R Q € R™" fMERE W € R, SHETA S5
BB R LT REE RS, MAR R 5 (4) B

0 R IG) R RS RS kR, DREARREEH He tERRIHTT.
- (W+ WY * * * * *
A%p)W + P(p) - P(p)+ Z(ri"’—;)w x % .
AT(p)W 0 -pQ % * * |<o. (8)
B'(p)W 0 0 -yl =* *
0 C(p) C(p) 0 -yl x
w 0 0 0 0 - P(p)
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iE RIFABESIES, SR (8)%M T(9),
© 0 * * * * *
. [ -1
P@>-mm+§u§§no o x x )| |o
3T
0 0 - uQ * * * + fh(p) WO +(*)<0. (9
0 0 0 —yI « * BT(p)| |0
0 C(p) Gip) 0 -y = ° 0
) 0 0 0 0 -P(p)l 40
m(I0000O0][-14(p) A,(p) B(p) 0 I BZMSEIY
0 0 0 0 07 TA(p) A(p) B(p) 0 I
1 0000 I 0 0 00
071000 0 I 0 00
007 0 ol 0 0 I o ol
0 00T 0 0 0 0 I 0
Lo 0 0 0 I L 0 0 o o I
&&%&#Fi
—P(p)+2(r.a )+Q 0 0 C"p) 0
0 -pQ 0 Ci(p) 0 o
0 0 -yl 0 o |=7 (10)
C(p) Ci(p) O -7 0
0 0 0 0 —P(p)-
mem+Pwmu%Jmn+2u )+o xox o x *
AL(p)P(p) -pQ  x * * 0. (1)
B"(p)P(p) 0 -y x A
C(p) Ci(py 0 -y *
P(p) 0 0 0 -P(pH

B Schur 203/ E(0) A1) RXEH FEIE 1
RIZ(7), TR (10) AR &+

_P(p) + ;u,ﬁg—;) +0 <0

EEREXG)WAEREFEX()ZH, RAFER
GRS E TS A . H s (8) BB LRI 3F R
GiELteELRBLAEN H BB R, TEEE.

E 1 O EASIAKMER W, £H 1 BT Lyapunov
RBSRAERZE RS, XA ERFATR
BRITRGAE EHTHRELA.

i3 fRER Lyapunov 58 RF I 5 S48 B 2 (8] KO 5
ERW/ DN R TR BB R AR (9])FR H,

R AT AT E B ERY . MG SR8 1S B TR
E R RAY RIS R, SRR 71K R
B LPV RG M Ho RE R B S8R L,
AT XA S AR ZERS R LPV 3 46 70 i R FH % R L 3t
8, A SCRPRZ LN E SRS R, HE S T N R R
LPV ZG K T 2800 H. tEREMEN . T iRt
FARL A9 Ho ARZS B I EEH188 .

EFE 2 MRSG(DMESEWEEH v, RF
FEBELER AR IEEHERE X(p) € R XM FRIE
FEEME Y € R JEK V € R™" MEMK R(p) €
R™*" {15


http://www.cqvip.com

%158

TR % MW LPV RYEH Ha B %

147

-(V+ VD)

X PTH 2 BB L, W AR R G (4) Wik Be

B4 %M He HERBIER .
& LRAREXFETTR, NKET2HHR
SRR ISR B
K(p) = R(p) VL. (13)

E FJ = diaglWw !, W, wi1,I,w!} %
X(8) 2% TH, EXL X(p) = WP(p)W,Y =
wTow-l, v = W, FEER(S) AR (13), MR
(12)5XB)F M. EAREXNAA 7%, WA B 0
R(B) IR RERE. I,

E2 BTHSRARKBIE, (12)33 MR R %
BIRHERE RN S S 4, A8 B T TR 2,4 A9 37 M0 8 6 33 A )
B HORTT LML D B AR R AR A5 R i BUE

BEEEN D) (p), W

X(p) = th,l‘f,-(p)X,- > 0, (14)
R(p) = Zf;(p)R,-.
Enﬂ:ﬂuﬁﬂ*ﬁ(uﬁﬂ]( 14)13 8] H, #5185 .
F3 R AUBERTR Xis X Ry,
s Ry YAV MRAERER SAA, WRX T ¥ %t
EMASRA, ML TH r e — MU B kB BRI
BhFEM K, Bp v 38 R oK % i 89 0 ARk R BB R B R4
(DB E# H, B HI8%:
min ¥ subject to (12),(14)
B R BRI B RN EEETBR (13)R T
4 {5 (Simulation example)
BT RAMSRER LR LPV R4
0 1+0.20,(2)
-2 -3+0.1p(2)
0.20,(2) 0.1
[- 2+0.1p;(z) -0.3

(15)

]x(t)+

x(2) =[

J x(t - O.(Dpz(t)) +

* * * * *
S
V'A™(p) + R(p)BI(p) + X(p) - X(p) + D) (= g—;‘) v Y % £ % «
i=1 i
VTA}.‘(P) 0 - pY * * * <0
Bi(p) . 0 0 -yl % *
0 C(p)V + D(p)R(p) Cip)V 0 - *
4 0 0 0 0 -X(p)
(12)

0.2 0.20,(t)
[0.2]"’“) * [0.1 + :.ll;(t)] u(t),

) =[] e+ [Juco.

(16)
HH p1(2) = sin(z) M p,(t) =1 cos 5t | HFtEES
B, %R
p1(2) € [- 1,11, p(2) € [0,1],
p1(2) € [-1,1], po(2) € [-5,5].
h(t) = 0.090,(2) RATEERAE, HALKER 0 3
0.09, 3 HWRE h(t) < 1. B8 B M=K H
HERHHI R E M Ho RS R BEFI 28 BT 0
(4 1EBUL I RER :
CS(p) =1, fo(p) = p1(2), f5(p) = pa(2),
TRA:
X(p) = X1 + p1(2) X2 + po(2) X3,
R(p) = Ry + p1(2) Ry + p,(1)R;.
FAREEAESH TR 545 % 9 x
9 MK, (15 AT RBRRRITEHAKE v = 1.
8209, HHIL A HE I 853K 42 5B
K(p) =[-0.2330 -0.3667] +
p1(t)[-0.9606 - 0.4641] +
p2(1)[0.0472 0.0786]. (17)

TR H RS (16) FEH 28 (17) Fra i
HAEG.B1ARTYSEH 0,(1), 0.(1) LR, H
KRG TEMN TR IR, TR BSR4
FLE P, IR R G R S S8R, BRI SR R 5
BHHERER.

B 2 4 T BT A () BINEIE R AR, B
RS U BB AR R HE 8 st R
R h(:) ¥EE, B2 1 AR RTINS
Bl ERME RN LR, TUR L ERA
h(1) SEERASILTEE P, M 0 ) 0.09, FIF R Gl
WNFEWA TR/ T B R E i 83547, 3 HHI3F
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5 &2 (Conclusion)

F 3 — R B RSB RERTERL T
SYFLRGE, Rt THOIKBTSHW H, i
R, 318 B) T AR PR R AR AR BT T k.
XTSRS R AR AR DR,
R LPV RERH#E —FHEA TR RING
Fal DS BIAH £ REd AR AF LA B AR Hi
B LPV REi.

MWBE 5 BB 25 R o] LLE B X LPV #
HRGHME W, B, XK LPV RERF ¥
Fis— S RRRE.
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