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Passive Control of Linear Time-Delay Systems

Yuli and Chen Guoding
(College of Information Engineering, Zhejiang University of Technology - Hangzhou, 310032, P. R. China)

Abstract: In this paper, the passive control problem of a class of linear time-delay systems via linear memoryless state feed-

back controllers is considered. A sufficient condition is derived for the existence of controllers which render the closed-loop system

to be strictly passive. This condition is represented as the existence of a positive definite symmetric matrix solution to a certain Ric-

cati matrix equation. Also, a construction for such a controller is given in terms of the solution to the Riccati matrix equation.
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LA, SRR AN A R G IE L4 R E %
)7 AT r E L xS R A Y B
T SRR R R R A R T ' B
Mok, 7 — DU BRI, R R R M B
AT A — AN ELRGE 2R, A4, — A58 R
B 22 40 (0 A% 10 SE MR ORI A S SR B 37 1) 8 A
fag ) Sok (3% R BUAE T 7503 B9 B 5, 4L i
Tz B — A Se s A AR, BB AT 1k, X
ARG Rl R BN IR IR TR

ST — B R G, AR UUE SRS, AT
JE TG PR A . AN SO $ TG R 1 B A 5 B £ 1
W RGP B 57 4R 1 BV 2R G Y YR A ) 1) . AR 3L
W EBERRET M EAREHEHRERS,
2 W T AFTE A FACAL R MR A SR T #4514
PR GE R T IR T 43 45 A B L, 3R T AR L HY
Ve RS BEIT 7k, X AR — A &8 7T DUE R A
— N8 M HAEE Riceati 55 B 5 F2 1 1E & iR 153 .

2 RGEWiAFIE X (System description and
definition )
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x(t) = Aga(t) + Ayx(t -
2(t) = Cx(t) + Duw(e),
x(t): §0(i), te[_ dvo]v

d) + Byu(t) + Byw(t),

(1)
Ho x(r) € " RREmE,u(t) € " BEHIm
BLow(e) € CRAEEA R w(t) € L0 «),
(1) € O RBEK N, Ay, A\, By, By, C 1 D &3
MR EBUERE , d > ORAIG I RIFEL, o (0) 2
n #1325 S U R B R A
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u(t) = Ka(t). (2)
Hoip K€ omen JE R g5 R I, 6 45 5 0 A 3R
RE
x(t) = Ax(t) + A;jx(t = d) + Byw(e), (3)
z(t) = Cx(t) + Dw(s)
EREW, HRAHETEME, K A = 4g+ B K.
R, SETl 3T R E X
X Z g (3) B O R M TR TR Y (strictly
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0,153 R 48 (3) HA FX 16 4 1
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STAEMERE T MBFA w(t) € L0, T] WL,
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3 TR F R H %I (Design of passive
controllers)
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A'P + PA + PAIR'A\P + R +

(ByP-C)Y(D+D)YY(B,P-C) <0 (5
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A JC R A H 1 AR 9 B4 3 25 4B I

W BEHFFEKE ™, P >0,R > 0,5
(5) 2B B w(e) = Ka(e), UAH R R P 3R R G
(3) Rt EX

V(x) = 2 () Pa(e) + |
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BRV(x) B—1TEER. HREG) UK,
V(x,) KT a2 R

d%V(x,) =

' (¢)(A'P + PA + R)x(t) +

2x" (t)PA x(t - d) + 25" (t) PByw(t) -

&' (t = d)Rx(t — d). (7

HFXEEMN x,y € " MIEEXFRIES R, HS
2x'y < x'R™'x + ¥'Ry.

dx'(r)Rx(r)dr, (6)

A
20'PAx(t — d) <x' (t)PARA Px(t) +
2 (t - d)Rx(t - d).
B EAERXRAR ()R, 85
dy(x) <o/ (AP + Pl +

PAR'A[P + R)x(t) +
2x' (t) PByw(t).

R EARER(S), #2153

Ay() <~ 2 (OIBP - €Y (D +

D')H(B P - €)]a(t) +

24 () PByw(t). (8)

B w(i) = 0, WA BIAE-LV(x) < 0, MU
Bk[6] FEIEH 4.2.6, R (3) BRAEH. #M, N
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DU AN (8) = AT RATE 5
%vm) <— () EEx(t) + 2w (t) FEx(2) +
2w (t)z(t) - w () F'Fw(t) =
2w' (¢)z(t) — [Ex(t) -
Fw(t) V[ Ex(t) - Fu(t)] <
2w () z(¢).
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2j:'w'<t)z<t>dt > V(xp) = 0.
FUL,MER T > 0F w(t) € L0 T], A
jOTw'(t)z(t)dt = 0.
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L)Tw(t)[z(t) - aw(t)]dt = 0.
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u(t) = Ku(t). (9)
Hrp
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K=-58 g P. (10)
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ALP + PAg - %PBIS‘IB'IP i
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PAR'A\P + R < 0.
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ALP + PAg - %PBIS‘IB'IP h

PA\R'A'P + R+ (B,P - C)' (D +

D) B,P-C)+eQ =0 (11)
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ARE(R,Q,S,e) =
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200D+ D) 'C+R+eQ =0 (12)
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(ByP-C)(D+ D) (B,P-2C) =
PB,(D + D')"'BP - C'(D + D) 'B,P -
PB,(D + D')"'C+ C'(D +D')'C <«
2PB,(D + D')"'B,P +2C'(D + D')"'C. .
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SERE, ST R IE X ARMERE S, Q€ v TRER
e > 0FBMER " > 0HEXHEE € (0,
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4 f)F (Example)
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x(t) = [_02 Hx(t)+[g ?]x(t—d)+

[?] L [(;]w(t),

2(1) = [0 1]x(e) + w(t),

y(t) = x(t).
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Fig. 1 Description of feedback foop
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FE HBAT T4 JC U, W AR B8 SCRR (8] H A9 i 3
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[0 1,6 = 1. BIEASHRE M RM, LR G A
BRFEHM BN FEHM, R Q = 1,S = I,R =
I, AH B Riccati FE(14) =&
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[(1)][0 1P+ (2+¢)I = 0. (15)

e = 0.45,1% %) Riccati H#(15) ) — M IEEM P,

HETARFER(ODBBNRLE 6 19— TR A
u(t) =-[0.6352 5.9385]x(1).

5 453RiE (Conclusion)
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