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Robust passive control for singular systems with time-varying uncertainties
DONG Xin-zhuang, ZHANG Qing-ling

(School of Sciences, Northeastern University, Shenyang Liaoning 110004, China)

Abstract: The problem of designing robust passive controllers is addressed for a singular system in which all coefficient

matrices except £ contain norm-bounded time-varying uncertainties. Using the method of linear matrix inequality (LMI), a suf-
ficient condition was firstly presented for the unforced system to be generalized quadratically stable and passive. Then the exis-

tence condition of a state feedback robust passive controller was given and the explicit expression of the controller was derived in

terms of the solution of LMIs. Furthenmore, the existence condition of a dynamic output feedback robust passive controller was

shown by means of matrix inequalities, and the design method of the controller was also given via solving matrix inequalities.
Finally, an example was given to illustrate the validity of the proposed methods.
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1 5|5 (Introduction)
HEtEPERFERENEMRPEEREENE
O HARES CRFAE— N ERMEEE R (BIfF6E
BE) , FERANREEREL/ NTRENMELEE.
mEEENEEBEN - MEESFE, EHRE AR
&H‘Jﬁfﬂf’ﬁﬁﬁﬁ%ﬂ@f;@?ﬁ%,WfET%ﬁﬁﬁﬁﬁ
AZGTREHZERFEE. FE L, T Lyapunov
B EE IS, AT LU ORI 9 FA B I LA RE
A, EEMER EN—FEEERNOHE R
R, IFB¥EFELEHEEL FHEMB T KENTE.
Dafa g2 e T IRt R G A C IR R A, L
B2 HEERR, X3 4] MERBTIER RE
BRI S, EX T X RFEHERESR, &K
RHGE A ER AR E L RENEELR
4 a8, B RS FIHERE R SEMa S SR

WoRE B 3#A:2002 - 12 - 24; W EcRE B #A:2003 - 11 - 19.

IS, LREARRGER L KiaER, B

AR A B 8 Rt 2 1A R R TR

2 S#EIEMS HT (Robust passivity analysis)

X RIN TR AERET XRE%E

Ex(t) = (A+AA(£)x(2)+(B1+AB (1)) w(t) +
(B, + ABy(1))u(t),

3z(2) = (C+AC;(£))x(1)+(D,+AD; (1)) w(2) +
(D, + ADy(t))u(e),

y(1) = (Cp + AC(2))x(2).

(1)
H, (1) € B BRESsu(r) € R™ BEHRBWA;
w(t) € B BINFEA, Hw(t) € L,[0,0);2(2) €
RF REAE ;v (2) € R 2B E, A, By, By,
C,,Dy,D,, C, BiE MAERRIE FLHBUEM s ank E =
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r < n;AA(¢),AB(¢),ABy(t),AC(t),AD(¢),
ADy (1) AC(¢) RBTIANH i SCH I R, HL LA
UTHER:
H,
H,
(2)

AA(t) AB(t) ABy(t)
|iAC,(t) AD\(t) AD(t)

ACy(z) > *

FY()F(t) < 1.
He H\,H,, Hy  E|, E,, Ey 238 S48 558 BUR
BE.“ " RESEXHLXHMERE, F(t) € = &—
NEFH Lebesgue P T B 7 5 2 0 R R B 6 2 50
(2) BT & RN R AU e

FXRNRE(DHAEZREES u(e) = 0) #H1T
GBS . AEAEOR , 51 HE S

A(t) = A + AM(¢t), B (¢) = B, + AB,(¢),
C\(t) = C, +AC\(2), D\(t) = D, + AD\(4).

EX 18 MFRE(DMARZESE, MEY
w(t) = OB, REXT TR T AA(¢) #HZIE
W ERE KRR, MR ARZ(DH AR REZE
FRER .

EX 2 XNTFRFMBIGERS, MWRFAR
W P, HEAEK

E'P = PTE =0, AT(4)P + PTA(1) < 0O
HF AT LR AACe) BSn, MIFRRSE (L) W AE
FERT N _KBEER.

EX3 WFREN) MABERSE, RFLER]
WAETUEREL V(a(e)), BHRTHEEAEFR

V(x(t)) < 0 ()z(¢), VE=0
HFEEMBAGS (1) € L,[0, o) FIFA RV
MABEERSL, WHRRAZ(DMABRERL
Fa.

SIE 1Y MERZK(DMARRHZRS X =
KREN NELREERERN.

1 A EREEE, S RBRERX A RE
MRS MR E SR, TG R R X RS SR RE Y
K.

SIE2 WTFREWMBERERESR, MRFLET
W P, #HEAEFER
E'P = PTE > 0, (3)

AT()P + PTA(e) P"B (1) - CT(2)
Bi(t)P - C\(v) —-Di(e)-D(1) <
(4)

F(t)[El E> E3],

XFFRR AVFRIATREERN, MAR (DM BB R
Gl L TIWKBEEHXES.

iE 43 3), (BN, BRAF(DM AWK
FE R X ZZKRBREM 2 V() =
A" (OETPe(e) W) V(x(e)) = 0, HIFER 4K
(4) LB, A Vix(t)) < 20"(e)z(e), M ER

Vilx(1)) = 5 V(x(e)) BBEH 5 X 3, TR
(D A ERER B .

SIE 3 AEEMERMES Q.H MK
d @ XFFR, W
Q+ HFM + M"FTH" < 0 (5)

MFARE F'F < W F B0L, Y EOCHFE—D
W e > OWE
Q+eHH" + e 'M™M < 0. (6)
M5 2 A5 3 3, AT LI R T i E BE .
EE 1 WRFEE o > OHAIEHERE P I
ARG)UETR

A™P + PTA P'B-C" oET P'H,

B'TP_C -D-D" oE} -H,
ok, «E, a0 |° 0.
HTP - H] 0 -a
(7)

WRFK(DWABREZS X ZKRE H AR,
iE (OIS A, Hh
) [ATP + P4 PTB-CT
B'p-c -p-pV’

PTH,
H = M =[E, E].
- H

TR (S) MY B FE—TE$ e > 0, 7K
(6) R . Xt (6)FIFH Schur #MER , £ M HYEE
RESMEHHIC « = ¢!, BIFREIR(7).

3 28R (Robust passive control)

o TC YR S AR X R 48 (D) TR Hil R,
HERF RS T A RAFN A EEEHET X2
e H TR, N RIS 6 8oV & B ERE
Hils .

HEFERERFEBEXEE WS v(0) =
Kx(¢) WRIFFFE S FIBOT I s

EE2 WREFEER > o, FTHEK X IHE
B Y iR

EX = XTET > 0, (8)
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AX + BoY + XTAT + Y'BY B, - X"C" - Y'D] X"ET + Y'E} &H,
- CX - DY - D, - DT E} - ¢H,
<0, (9)
E]X + E3Y - €l 0
eHT - eH} 0 — el

MAZ(DFERES R e TR 25, A= H
AT A u(e) = YX ().
iE XHARREVAER 1, 238 90K
LA, Hid P = X KPP = YREIRTAH AR
(8),(9), 3 A5 EIE Hl dF Ay R85,
B N th e R E RIS i
3R shadSR i R R E R g R RO
Ex (t) = Ax.(t) + B.y(t),
u(t) = C.x.(t).
Hrp x(2) € " 2ERSRE, BB E SR/
(1) PHERE E AR . AR AR REAN
Ex (1) = (A + HHF(OE)Dx(1) +
(Bl + ITIIF(&)Ez)CU(t),

(10)

() = (C 4 BFWE)x( s D
(l_)l +H2F(E)E2)w(t)-
Hrp
x(2)1 _ E 0
£ = [xc(z)]’ [0 E]
. A B,C _ B,
A_[Bcc2 Ac]’ 1=[0]’
¢, =[¢ D], Dy = Dy,
— H] 0 _
H1=[0 BcHa]’sz[Hz 0],
- [F(z) 0 ]
0 F(1)
. E, EC. _ E
E‘z[E, 0]’2_[ ]
I 211 212 213 214

=h n 2 ET
ST hIN X3 E]

2’{4 El E2 - EI
E\Qn E, 0 0
EH’IF EH’ITP” - EH;

HEM,ZEONDRST X _KBEEALEWN, R
R ¢ TP 2

E'P = PTE > 0, (12)
AP 4 PTA P'B,-CT E] PH,
Blp-¢c, -D -D7 E} -H,

_ _ < 0.
E, E, - ¢l 0
HTP - H} 0 -e7

(13)

BUZESR (12), (13) i B iTie sk g w25 (10)
EBOERERI T

fip=[Pll Plz] [Qn le]'ﬁEB‘J
P21 P22
SYYARFL. AW 0y T3 I8 1T = [Q” 0] ey

I P
ERMEY, A P - [0 P“] R (12) 4 AT
21 )
o A% I, mﬂﬁ(lz)%M$TﬁWf
E 0171Qn ! ] ET 0
(Y| R I A |t P
(14)
E = Q'lrl ETPI] + le ETP21- (15)

MR(13)FRNEH S = diag(",1,1,1) A ST, 3

IPT

A= P1T1A011 + P§13c620n + P};Bzccom + PglAchv
B - PiB., C = COQu.

M (13) %M T T
QLET  eH, 0 ]
ET  ePTH, eBH,
0 —eH, O
0 0 0 }<0O. (16)
— el 0 0
0 — el 0
0 0 - el ]
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He B4 1 28 (10) B9 R EUE R4 7 R
Su = AQy + B,C + QT AT + C"R], B [ 3.2696 - 1.5939 - 0.2344]
Sn=A+ A", S5 = B, - QhcT - C"D3, ¢ l_1.0378 -3.3703/" "° 0.1624
C.=[-0.1745 0.4647].

S = QLE] + CTES,

S, = ATP,, + P A + BC, + CIR7,

Sp=PiB -C], 23 =-D - D]
HIEBR M TR ERE.

EHE3 MBI« MEMKEP,,Q,4,8,
CHRAER(14),(16), M RS (1) FE S &

eI H 2 (10), T B §&F (10) B R

K AT BN
A, = Py'(A - PAQy - BC,Qy - PLiB.C) Q4
B. = P;'B, C. = CQ3.
XS EERE Py, Q HIFREI A (15)BAE .

F2 BTERE Py, Q RENERESKMAOS)EN,
B BT LB Rk m A R

E3 RERU6)ET ¢ FREWMN, BRTBER
LLoess « BE, BREatA%R16).
4 HH(Example)

EEAHE XFRG(), ﬁﬂP

N P

- [01 - [,

¢, =1[0 1], ¢, = [2 0],

D, = [8], D, = [4],

H = [(1) _01], H, = [0.1 1.4],
H, = [0.8 0.3], E, = g:? 0(_)2],

B - [ 0.1 B - [0.2
0.2 0.3
e = 1, I MATLAB & LMI T B RMEALEX
(14) (16) , 18 B —H T T1THER

P _ [ 0.4848 0 ]
n=0n =1 _o 652 _o0.4167

i [ 1.6774 - 0.9445

T l_0.8758 -2.84951°
B = - 0.1793 C =[-0.1745 0.4647].
0.1624
M A% (1) FFTESh AR B RIR S IR 4 (10),
0.7650 0 1 0 .

Tl B Py = | | ou=, |

5 #18 (Conclusion)

HRTARET LRGN EE IR .
HETAMHEEAEX, BB AKRRET X =
ﬁ%ﬂﬂﬁﬂ? K353 &A% , TE L EERE L AR TR

u\%ﬂdli‘*ﬁﬁ$Iiu\%%%?ﬁ}’iﬁiﬂ%ﬁ,ﬁﬁlﬂﬂ‘
%%ﬂﬁiﬁ&ﬁ&ﬁ?ﬁ%ﬁ%%,*ﬁﬁifl%%
HIEE IR R 2R T AT LA AL A A AN IE
SELR MR R S5 A R A i)
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