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Study on robust fault tolerant control of
uncertain linear time-delay systems
LIU Peng, ZHOU Dong-hua
(Department of Automation, Tsinghua University, Beijing 100084, China)
Abstract: Robust fault tolerant control of a kind of linear uncertain time-delay systems is studied. Based on Lyapunov
method, a kind of feedback controller with time-delay is presented. The sufficient conditions for the closed-loop system possess-
ing integrity against sensor and actuator failures are given, and simulation results are offered to illustrate the effectiveness of the

proposed approach.
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1 35} 8 (Introduction)

MERENBFEREFREE LR IERB %S
R — R A, B TR Riccati T EKM A HEEEH
BT EERRNBFRERFENEEEH EE T &
BRATIEHRAN-.

XER(S]H BEAENBRENFEEWRE, 5
HTHHERENEBRBRBMRETEREUEN IS
M FERTEBEARERENGEAEESR
B ER RSP R ERRPRAEIIAMN
HARERB, HEHBRBRE BREHEXN RENER,
HAmXi AN ABRELEBI N EXHETREA
2R A HEEN SR EFEER RS, BFat iR
ERMIIABER AP, 63— MK 58 E L& R HF
ARG , BT Lyapunov BB E R, EH T — R B
RS RRE R BT REX TERIB[AMBKIT
HHER AR EMESREE T EIHEE T &R
BB B .
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2 @R (Problem formulation)
ERHEREERERRE
() = [A +A4,(6())])x(2) +
[A; + AA(0(2))]x(e- 7) +
[B+AB(6(e))]u(s), (1)
y(e) = x(¢),
>0, 2(t) =8(t), -t <t <O.
HP, 4,4, €ER™",BER™™,x(t) ER",u(t) €
R™ R REmMBMESME;y(:) € R" I
FME;0(:) € R A/BRBABHEHRN S Hm &,
&N AWMEREB 60(e) FEMERERS; ¢(t) € R”
IEZVERK R ;r > 0 .
TEAEFHEMNWAERMERFXR(1]P
BHAESEHOFA NI RERBRES 8B
) 2
u(t) =-BT™Px(t)+ Fx(t-7) o Kx(t)+Fx(t-7).
(2)
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MBS ARENBHRUEREN B REAFHREFIR 79

¥ (A,,B) T#8},A, + BF RS RTLLGE T EE F
TEEREEN, A\ —EFE X Lk A, + BF
A B F TR & X £, F B/ER ™ LA it
WMMARRENE . BR, XHEFREEN FHAR
— A THEHE IMEHE 29, B - LABFH
PRI, LMERA B BRBRMRITRRER
BFEME. P > 08T Riccati 518 BIXT ¥R IE E f#
ATP + PA, - 2PBB"P + al, + Q = 0. (3)
HF, Q R EEXNHKER,c > 0 FiEIH2E.
3 FE 4 F (Main results)
3138 10 SHMEBARRES X, Y AEK e >0, 8
XY + Y'X < aX™X + 272YTY. (4)
3.1 BTN M A1 R (Actuator failures)
FIAZRRPAT SRR ERE L,
L; = diag(l,,1,,",I.). (5)
1, HPATH j EHET,
o= ST 28 SRR
WHATRR I E V(< 2™) AR, BN L
= {Ly, Ly, ", Ly}. LB, BB RGETT LA eh T iR
2(t) = [A; + 84,(6(1)) 1x(s) +
[A; + A0 Ix(s - 7) +
[B +AB(6(e))]Lu(s), (6)
y(t) = x(1),
>0, x(¢) = (1), -7 <t <O.
TR BEXQRAK(G), BB SHFHRATHBE L
HHAF R ER R
(1) =
(A, + AA(0(2)) + (B +
AB(8(8)))LK]x(t) + [A; + AA,(8(2)) +
(B + AB(G(t)LF]1x(t - 7).
SR , EXBFWMTER:
EE1 BERHABERE(NBEIAAE
W R
|l AA Il < ay, 124l < a;, 1ABI < b.
(8)
Hp - | BB ERE, M TRERLZ(6)
RAEWNRQHN AFRRE()MMRITHRLREE
BN RGRFEEESE F.LUERZ2H ¢ > 0,
5

@)

mini,,(H,) > O. 9
LEL

K
H, =

Q+2PB(L; - I,)B"P—¢(a,+b || LB"P || )*-
2a'P(ay + b | LF || )2P-eP? -
2a"'P(A, + BLF)(A, + BLF)™P. (10)
An() AREB/PIFIEEE T .
iE HX Lyapunov BR¥ N
V(x(1)) = #7(e) Pe(e) + aj:_rxT(s)x(s)ds.
(11)
HHEHEBEARZRLE(T)RSHE
V(x(1)) =
xT(t)P[ A+ BK+AA,(0(2))+AB(8(e))K]x(t) +
xT[A); + BK + AA(6(1)) + AB(8(t))K]Px(t) +
axT(t)x(t) — ax(t — 2)Tx(t - 7) +
2T (¢)P[Ay+ BF +AA,(0(1)) +AB(O(t))Flx(t—7) +
x(t—7)T[A,+ BF+8A,(6(t)) +AB(6(t)) F1Px(t).
WRIES(H 1,8
V(x(1)) <
xT(s)P{A,+ BLK+AA,(6(1)) +
AB(8(+))LK]x(t)+ x"[A, + BLK + AA,(6(2)) +
AB(8(1))LKIPx(t) + a 'x"(2)P[A;, + BLF +
£A,(0(e)) + AB(6(e))LFI[A; + BLF +
AA,(0(1)) + AB(B(t))LFI"Px(t) +
ax(t-7)"x(t-7)+axT(t)x(t) —ax(t -7)"x(t-7) =
x"(t)[PA, + AJP + PBLK + (BLK)"P +
PAA(6(2)) + [AA,(8(1))]"P+ PAB(O(t))LK+
(AB(O())LKT'P+a'P[A,+BLF + AA,(6(1)) +
AB(9(t))LFI[ A+ BLF + AA,(6(1)) +
AB(O())LFI"P]x(t) + ax"(t)x(1) <
x7(t)[ PA, + AJP + PBLK + (BLK)"P +
P(AA(8(2)) + AB(8(1)) LK) + (AA,(6(2)) +
AB(O(:))LK)"P+2a ' P[Ay+ BLF1[A,+ BLFI'P+
2a'P[AA,(6(2)) + AB(O(t))LF] -
[(AA,(6(2)) + AB(O())LFI'P + al,]x(t) <
x"(t)[PA, + AJP + PBLK + (BLK)™P + eP? +
e ' (8A,(8(1)) + AB(8(£)) LK) (AA,(6(2)) +
AB(O(t))LK)'P +2a 'P[A, + BL,F][ A, +
BLF]I"P+al,+2a 'P[AA,(6(2)) +AB(8(2))LF] -
[AA,(6(2)) + AB(O())LFI'P]x(2).
H&EREG)ERWHE, N
V(x(t)) <
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5 M A ®|20%

- x"(e)[Q - 2PB(I, - L;))B™P — eP* — ¢ '(a; +
bl LB*PI)* -2a'P(ay + b Il L,F || )P -
2a'P[A, + BLF][ A, + BLF]"P]x(2).
HEHREFOBBWHE, N
V(x(2)) < 0.
ZEHEBT »(¢) = 0B R, B H1 Lyapunov £
EHEHBANERARINERESN . UEEE .
3.2 45 RRE%H IS B RV (Sensor failures)
SIARSERBBENERE M, KEH 5T
SRR REERE L, AHR), BP
M; = diag(m,, my, -, m,).
{1, L RRE j IEFH AT,
0, LR j KA.
BAEBSHELE N(<2") ASGHEN, T
B M = Mo, My, My | 2546 28 57 B th BL 4B
M, FM; B R LARRA
u(t) = - B"PMx(t) + FM;x(t - 7) =
KM x(t) + FM;x(t - 7). (13)
FEm@EFERKQ). TE, XX THRSE(), HE K
AR, PR AR GE AT DA R BR
2(t) =
(A, + AA(6(2)) + BEM, +AB(68(t))KM) x(t) +
(Ar+ AA(A(2)) + BFM; + AB(H(L))FM,-)x(t - 7).
(14)
EE2 XNTEREAEN,YRARESRBER R
Q)& , AR RE(B) XN ERBRBRERERENR
DEURFHEERE F. MBS e > 0 FE

min A, (H,) > 0.
Hl..ﬂ’iebl

(12)
H+

m,-:

(15)
Hrp
H, =Q + (M, - I,) PBB"P + PBB"P(M, -
I) — e '(a;+b || BTPM; || )2-2a"'P(a,+
bll FM; || )*P— eP>-2a7'P(A,+
BFM;)(A,+ BFM;)"P.
iE S5E3 1 fiERBAAHEL, 754 RS .
4 {f HE (Simulation results)
AT RBFER B, B A SCE (S 1896 &
S BERFOTHAN KRR BHEERTUE
W, BT RSP T B A, B T R GRS
HREGOET W, NTTIRG 7T EFERSR(EREE
PR, RAKEREE) .

(16)

5 1\&g5(Conclusion)

A SR IR Y B9 RS RO R O B AT AR AR — 26
B 8 AN B R G 2 PUAT A% 2 1% R R A BT,
HRAEEWEREE, FEREERNEEEZ TR
s, AT MR RRE HEAFEIET rig
BB RE.
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