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Functional observer for time-delay systems

with unknown inputs and output feedback stabilization

ZHU Shu-qian, FENG Jun-e, CHENG Zhao-lin
(School of Mathematics and System Sciences, Shandong University,, Jinan Shandong 250100, China)

Abstract: The design of linear functional observer for time-delay systems with unknown inputs is concerned. Under some
rank conditions without loss of generality , sufficient conditions for the existence of the observers dependent on and independent of
delays are given in terms of linear matrix inequality (LMI) . An improved method for the functional observer design is proposed.
Moreover, the design of the reduced-order state observer is considered and the observer-based feedback stabilization conwroller is
obtained. Then the eigenvalues separation of the closed-loop can be realized and the internal stability of the closed-loop is guar-
anteed. A detailed example is presented for the method.
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1 5| & (Introduction)

KXFEH RGN R, BRICA AP
SRU-6) ek [ 2178 36 T BE WL 1 46 B 60 S b Bk & 1
TLEE T —FFE XA, HAEF IR R
T RG K S B S P, 8 % AR
AT REMMNEFE DR RGNS . SR (3]13F
W T AR PIERET A B B WL I 28 ()8 11 1a] R, T 3C
B4~ 6] MG TRENE RGEREFNI B
T R SCER (5], & LR PEAE B A % 5K (LMD)
TR AR T R0 BT e 0 AS 9 3t i B UL =% B4 A7
R, HFrBge e T 3CR[3IM[4]1M 48R . R
M, SCER[S 1A B BT 5% WA, BDLL IMI 45 H
R BRFETE R AR A RS HHB LN
B, XL R TEBRARTHT . 2T &K A8 AR
WRG RV ER R SO A B 1. 2 BB RS

WORR F #H :2003 — 04 — 215 U4 oRe B 31 :2004 - 04 - 30,

FAERFBA NSNS TR REHES), B, 5
FXK PR E M TRLBRFHREGEN.
A ISH XRS5 IR iE, HE & R A A B
i 7R GE R R BV I 2% 8 7 . A SCAT A5 B ity WL
BETEMEHINE, T R TR B , SRR A e Y
W, BUBAMH R LM ER S H, AT RN
X4 LMI, X F T A R SRR R4 4. 53Uk
[SIHMER, A SCIE AT P iE AR RL B T iz v R i R
B RSFHE RN T TEAE T 30K A, A SR
W T BRI ZS MR, B T 8T W28
BUETEHIER, S T AR RRER B R NRRE .
2 (A RYHE A #0 & (Problem statement and
preparation)
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2(t) = Ax(t) + Agx(e — 7(¢)) + Bu(t) + Mf(2),
y(t) = Cx(2),

z2(t) = Lx(¢).

(1)
He: 2(¢) €R",u(t) ER™,f(t) ERY,y (1) ER?
K z2(t) € R FARE BB A RAEA BN
ik BT R . o (o) B AT E RS B R
O0<t(t) cr9,0<7(t) gty <1.4,4;,B,M,C,
LACHBBEEREEE. AR —BE, R ankC =
prrankl = rBrank[LT CT]" = r + p.
A3 H B SR BTN T TR AU 28 .
E(e) = Ne(e) + Ngg(e = z(e)) + Dy(e) +
Dyy(t - z(t)) + Eu(e),
2(e) = ¢(¢) + Fy(e).
(2)
He: £(e) € B HMPEBBRE, 2(¢) € R H 2(¢v)
BT, BEoK 2(¢) DIIREEREIR 2(¢). N, N,
D,Dy,E M F HFsEEHEAERE .
ORI BRR 2 N
e(t) = 2(¢t) - 2(¢r) = (L - FC)x(t) - §(2),
(3)
HiC ¥ = L - FC, itEMNBMEREE , #F

é(t) = Wi(e) - ¢ (1) =

Ne(t) + Npe(t — () + (¥B - E)u(t) +

(WA - N¥ - DC)x(t) + IMfF(¢) +

(PA; - Ny - D,C)x(t — 7(2)). (4)
B, E T &M

1) YA- NV -DC=0;

2) WA;- N, - D,C =0;

3) E=¥B;

4) YM=0;

5) R e(e) = Ne(t) + Ne(e - o (2))HIEER
ERWER, MERZFIRE ()R BEEERLT
T B0 2( ) ARBCR BB (o) Fr A, & LR &
ﬁ:ﬁﬁ/@,i r+p= n, MATERE « BfEITE 2

L17'12(¢)
0 =[] [70) (5)
BX(5), 5 3.2 5, K STH BT E TN M4
4R R B8 DB R A (1)

3 FELZHE(Main results)

3.1 £R1EeR I Y A 28 #Y 18 1T (Design of linear func-
tional observer)
Br+p<n,B[LT CTI"ATHiBk, ATHBIERE

T, 8LT C" T de#R, 4" ¢ 117 =

(H, F, E],E¥H E€R™,F €R™ BRE N
DFE2)RER
CA
NL =LA -[F K][C], (6)

(7)
Ht: K=D-NF,T=D;- NF.¥(6),(1DA

A
N = LA, - [F T][ cd]'

®[H, F, E],1%B%
N = LAH, - FCAH,, (8a)
K = LAF, - FCAF,, (8b)
FCAE, = LAE,, (8c)
Ny = LAH, - FCAH,, (9a)
T = LA4F, - FCA/F,, (9b)
FCAE, = LAJE,. (9¢)
B v = L- FCRAZKM ) ,%#B
FCM = LM. (10)

B bR, R 8% (2) M IHE R I F,
18 i) F %2R (8),(9c)F(10);ii) B F &K
(8a),(9a)H1GH N, N, W R &A% 5) , 7500 N, N, i
BB IRE BT

é(t) = Ne(t) + Ne(t - t(t)) (11)
FRRWIATAE . I, R (8), () F(10) KB H

2 = 6. (12)
Hr
S = [CAE, CM CAJE,],
® = [LAE, LM LAJE,].
511 HFRODER F, FENY
rCA CM CA;7
LA LM LA,
rank ¢ 0 0 =
0 O C
L O 0
-0 O L -
[CA CM CA;T
c 0 0
ank 0 0 C | (13)
L 0 0
Lo 0 LA
iE HTRO2)FRYENY
rank[ 3T OT]" = rank[ 3], (14)
HIEE IEEE.
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KR(BMRIETHERMS 1) ~)BEE N, N,,
D,D,, E fF WFETEYE, T % B 5 #2(12)
BRI RIFE  BZHERES) . TR(12)H—
SRR

F =03+ Z(I - 33%). (15)
Heh Z HEREFEBER . 25 XH(5], #EAR
(15) , M E X (8a)F1(9a) ¥ N, N,, 15
N=A-2I', N, = A - ZQ. (16)
K
A = LAH, - ©5* CAH,, I = (I - 33*) CAH,,
A = LAH, - @3* CAH,, O = (I - 33*)CAGH,.

EE (WM EXEARE) REWFERN
() H—AFEAr SRR SRAF(13) oL, BFFTEE
BHEEP > 0,0 > 0K YHEWT LMI:

[PA +ATP+ Q- -T'Y" PA-YOQ

N TR

(17)

UEBA M .

PLTFPHE I ES (2) 7 7E BB A A R B AR . 2t
FHRAEFTWIERE , TS ME TitHe . AR mSC#ER( 5]
MG RRR TN, B AR (SIS HK LM A2
A RS HLR Y B — R, X5
ABERZYIH Lyapunov-Krasovskii 17 B8, 3 5 K ¥
A Z R T RO ¢ HIRE.

B 2BHAHXRAE) RE()FERD
2 ()M — T R RB AR (13) oL, BFFTEE
HBEEP > 0,0 >0,X,URYHETH LMI:
P 3, to{ ATP - YT
* —(1-1)Q (AP -2TyD)|< 0,

L * * ' - oP
(18)
X U

x P > 0. (19)

He
S, =(1-))(PA+ ATP 4 1o X + U + UT -
Yr-r'y" + g,
3, =(1-7))(PA - Y02 - U).
iE #A%¥(18),(19)F# P >0,0>0,X%,
U X Y. 5} A Lyapunov-Krasovskii {Z P&

V(ie,t) = Vi(e,t) + Vy(e,t) + Vs(e,t),
(20)
o
Vile,t) = (1 - 7,)e"(t)Pe(t),

Vy(ent) = Jimj:wéT(a)Pé(a)dadﬁ, (21b)

(21a)

Vy(e,t) = J:_t(l)eT(a)Qe(a)da. (21¢)
FMAFREFRONDBEHR
e(1) = (N + Ne(t) - N,,J:_t(‘)é(a)da.
(22)

H V(e,t) w2 (11) XF ¢ W B
Vile,t) Iy =
(1-7)e"(t)P(N + N e(2) -

| 20PN e(a)da) <
2(1 - 7)) e"()P(N + Ny)e(t) +
A=) (-2 PN e() +
T
[l Lo AL <
(1= z)[e"(t)(PN + N'P + X + U + UNe(s) -
27 ()(U-PNe(i-2(1)+]” ¢(a) Pe(a)dal,

(23a)
Vz(e, E) |(“) =

j(i m[éT(t)Pé(t)—éT(H,B)Pe(t+,B)]dﬁ+

f(;)j'_ L@ Pe(a)de <

roéT(t)Pé(t)-—(l—rl)J

Vi(e, 1) lan <
eT()Qe(t) — (1 - 7,)e"(t - z(2))Qe(t - (1)),

( )éT(a)Pé(a)da, (23b)

13
-7

(23c)
4
' e(t) 17 e(t)
Vie,t) I < [e(t _ r(t))] y[e(; - (2))d"
(24)

Hr

(1-r) )(PN+ NP+ regX+ U+ U)+Q+1oN'"PN (1-1,)(PN; - U) + roNPN,

(1-7,)(PN; = U)T + tgNTPN

B Schur M ¥ < O %M F

~ (1 - 70)Q + toNPN, ]
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(=72 ) PN+ NP+z2oX+U+UD+Q (1-1z)(PN;~U)

*

wmR(16),l Z kA, LA, QR EKXFZN,N,, I
Py, B ESCEPSR (18). TR 43K (18),
(19)ERP>0,0>0,X,URYHE, MMaSiRES
BODZTMmaaaE. k.

&% -] 15 R BN 38 (2) B BRI IR

BB, 1 BE R &M (13) BRE B L. &AL
HAT—#%, BMELL;

BB 2 FIIERE T ER/ILT T TR
#A(LT ¢ 1177 = [H, F EiTBEEH
SHAT,ARQ. e 1(BEH 2) BExXRKE
IMI(17) (8K (18),(19)) , EHBMA z = P'Y
AT —3, FMELL

FB3 K (15),(16)HHHE F,N AN, &R
(8b)FI(9b)itHE K FI T;

$%4 fD=K+NF,Dy=T+N,jF,E =
(L- FC)BiHED,D; RE.

3.2 ETWMAN:E A H H R 5% (Observer-based output
feedback)

AW« ERA

rank[ LT

42z-

C'I"=r+p=n.
4

(LY C"1""=[H, F],

SO BN (1) rank| | | = rankl ],
Rp
rank[ CM | = rank[ M]. (26)
B 52 (10) (FRBPR (12) ) AR
F = LM(CM)*+ Z,(I - (CM)(CM)*). (27)
KR 27 (8a) F1(9a) 18
N=A -Zi[', Ny= Ay - Z,0,.  (28)
Hrp
A, = LAH, - LM(CM)* CAH,,
= (I - (CM)(CM)*)CAH,,

[P1A|+ATP1+01-Y1P1-FTYT

*

[AP2 + P,AT + BY, + YIBT + A,0,AT P, ] .
<

*

M85 GO EERE (1), I HE SR8 J
Witk = Y.P;'.

oN'P

-(-7)0Q oNP | < 0. (25)
* - 7oP

Ay = LAH, - LM(CM)* CAH,,

0, =-(CM)(CM)*)CAH,.

i 4(1) = [H, Fl][z(t) (29)
£(e) B0 2 (1) HIMTEMITTR. H

w(t) = J(1) = JIH Fl][z(‘) (30)
ERTEE(DHEX 2.() = [4"() (D],
%

{xc(t) = Ax.(t) + Agx.(t = ) + M f(2),
y(t) = chc(t)-

(31)
H
A+ BJ - BJH[ Ad 0
[A‘=[ 0 N ]’A‘d=[0 Nd]’
M, =(M" 0]", c. = [C o]
(32)

TR IFHER Y EER) HRRKG) A
ERESER, FHRRK G ML EREE TR
(1) HEERER R v = Jx IS BIMARK LR
RRH.

UEFA MBS .

B AT FA R RGE (3D) HEEE(RP £(¢) = 0Bt
RATMARE)FM TUTHANRE:

é(t) = Ne(t) + Ne(t - t), (33)

i= (A +BDi(t) + Agz(t - 7), (34)
B HEREEREE . LT G e RIEE
HEBCOHEERK (WA TRE, FiTEHBE
B J.
TR 4(B TR B R EE)  H AN (26) 1K
SO HBHEERE P, >0,0, >0 Y, (i =1,2) HE
T3 LMIs;

PA, - Y,0
1= "]<0, (35)

- &

36

_ 0 (36)
iE AFXGS)MAFEXN)ERT - IEHK

RTETE , B e 2 1 D5 72 (33) MWL A sE . X5
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B (34) , LIRS (36) B P, > 0K Q, > 05I#H
Lyapunov-Krasovskii 72 P&

V(z,0) = A0 Py 5(0) + | 57(6)03'5(6)de.

(37)
HEXOGNBREGHEXT BRI J =

Y,P;', BB &R EE.  EE.
IR S(RTAF AR RUAIHE) AR (26)

S, BFEERE P, > 0,0, >0,U, X, B Yi(i =1,2)
R T % LMIs:

E PA-Y02,-U, To(AlTpl—PlTle)
<0

* - 7o( AP -0 Y])
* * - P
(38)
[E2 APy - Uy to(PrA" + Y1BT)
* - Q, 7o P, AT } <0, (39
L % * - Z-OP2
X, U X, U
L % pl] > [ P2] >0, (40)
Hr
E =
P1A1+A1TP1+01+T0X1+U1+UT- Y1P1-P1TYT,

By = APy + PyAT+ YIBT 4+ BY 4+ 1o Xy + Uy + UL+ Qs
4= 5188 GO)HE R (1), HishIgS M 7%
AT = Y,P;.

iE (38),(39)B0X(18), (19) fErtd#l « H
B, i 2 BRI (33) BEELEEE . 5t
FEG4), ] = Y,P;',Q, = P'Q,P;", SIAK
Lyapunov-Krasovskii 72 P '

V(,t) =£T(t)P§l£(t)-+ji_iT(a)62i(a)da .

j(irj;ﬂféT(a)Pf]a;c (a)dadﬂ,
HME R (34) K
iU)=M+M+MMM—Mﬂi@Mm

A5 EE 2 MR HEEME T V(z,t) 1, BIETE
FCHZHFERE.  iEH.
4 BB (Example)

ZRAG(),Hp

1 2 0 0.1 0 -0.1
A=10 -1 11,4 =1 0.1 0 0.2 1,
1 0 1 -0.1 0.1 0

B=[1 -12""mM=0[1 0 -1]",
1
[ OO]L_OOI:I,r=1.
010

FA3 2 THARMFERER 4 RITET
RS LI 28 1 R R E Fe il 2% , 18 B
N =-0.9661, N, = — 0.0932,

F=[-1 -0.0339], D = [0.9695 0.1328],
D, = [0.0966 0.1032], E = 2.9661,
J=[-5.5462 -5.8707 -1.9252],

2(t)
u(2)=[-1.9252 -5.5462 -5.8707]

: y()”
1B THERE () =11 2 -1 =217,
t € [- 1,0, RAMA £(2) = ORTHIFRRE(31) H)
RE 21,22, 23 KX e PR, MBE 1 FTELEH x, 10,
x3 R e BTABIAFE.

4 -=-X2
I - x3
2=V e e
AN FAN
- 0 ey
= --i\/.-:z- P
/
RN -2 .....-i ! -
Z 1!
o4 4!
v!
_6 .,I
-8 .

0 2 4 6 8 10

E 1 Eﬂ%’lﬁu X)Xy X3 & e H‘Jﬁ‘?ﬁﬂ%
Fig. 1 Simulation results of x,, x5, 23 and e

5 #5112 (Conclusion)

AR SCRGT & o 15 A BB S R G525 1 R B
BENEIT, B0 T BRI, TS B M 2817
T R BEF B A 56 0 34 408 T B G 36 B 8 1 DAk 4
1 R ks LML S48 . A1, & U8 T K
RSV S0, A TET M S s E 5
2, SCH T SR IR AE AR 40 B RN RAE . ORI
BHIER T A B E R
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4 i (Conclusion)
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BEPRENREWE, FEEA T RIFHRERR , B
B RIFHBRERTERE .
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