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Simultaneous Estimation of Actuator and Sensor Faults for Uncertain

Time-delayed Markovian Jump Systems

LI Xiao-Hang! ZHU Fang-Lai'

Abstract In this paper, a method of simultaneous estimation of actuator and sensor faults based on a class of uncertain
time-delayed Markovian jump systems is presented. The transition probability matrix (TPM) is assumed to be uncertain.
By extending the sensor faults as an auxiliary state, the system is converted into a generalized descriptor system with
Markovian jump parameters. Based on the transformed system, a Markovian jump observer is designed to provide the
estimates of the states and sensor faults. Meanwhile, a set of adaptive laws are given to adjust the actuator faults.

Sufficient conditions of existence of the observer are given in terms of a linear matrix inequality optimization problem.

Finally, two numerical examples are simulated to validate the effectiveness of the proposed approach.

Key words
tion, time-delayed component

Markovian jump system, Markovian jump system observer, actuator fault estimation, sensor fault estima-

Citation Li Xiao-Hang, Zhu Fang-Lai. Simultaneous estimation of actuator and sensor faults for uncertain time-delayed
Markovian jump systems. Acta Automatica Sinica, 2017, 43(1): 72—82

LR BFRAR R G e — RS S RS AR
AR O TS AR B TR 28 RS AE SR BB
ARG, BRI AR f —NEELSE N ] T A
A RS I SRR RS, RS EIE — M
IRETEES. SRBERBEAE R G 2 B T 8 LA
FE R PR B S A I R gE v, B 3E T R S
L ALR R Ge. il lk 5 g0 A0 25 4 1) &R g s .
LR, SR BHER B AR RGBT Oy T B i
YU — DA A, EEF R OERE S &=

ks H 1 2015-06-24 &AM 2016-05-17

Manuscript received June 24, 2015; accepted May 17, 2016

E X B RF 34 (61573256) ¥EBh

Supported by National Natural Science Foundation of China
(61573256)

AL THERE HIEHE

Recommended by Associate Editor HU Chang-Hua

1. FF KR T 5E L TRER B 201804

1. College of Electronics and Information Engineering, Tongji
University, Shanghai 201804

LT8R A PN 5 A 4 15 16200 g K
RS R Aty 13- 7 9, 16,20, 20=24] - 7 b Ty SRR R
PR AR el vt B T, SCER (9] XA R S
IRFHREAR R G vt TGS, SCHR [16] FE T ik
RYTTE, M — KB B MARL AL I 5 /R B
KRB RGBT TIBM S, 45 7 RGUREM
R IR AR R A T, IR B B A I ] . S
Bk [20] X — SR PR EENLIZ 3N 1 5 /R B Bk
AR AR GUAL B T A AR I R I AL R TE VA AR 2 SN 3R
ARG L RBIRBAE R G, SCHR [21] ©F
FC T80 2 M ASOUL N 25 A 47 A 45 e T [ AL SCHR
[7,22] 25 58 TARASAG T FIE D ) . SCRR [23] £ X
HA AL KA T /R BRI AR R G vttt gk
AN FELE DI 25 R AL TH RGPS, TR [24] 2T H
AT LI % T R B R B AR R ST R 1 R A v ]
AL AECL BT, SCHR [7,21-23] &R SR



134 ZEMRATEE: SEIR AN E S /R B R AR 2 G HPAAT F5 A% TR s R ) i 1 753 73

b 5 B A R 40 B BUAT B O T 1 R,
ik [24] DU R T 4T SR MO RO A8 B, AR
(16, 20) JET-HE B0 8346 Hh T $hT-35 00 k53 i
Py [, L 7 T 20 30 0 A B T 5 S
S TIPS R L AT SR
S MO T AR AR B AR R GG AT IR « BT S
BRR 0 5 B 1R €85 OB S 96 2 L. k4, 7E
SRR R Gh, R S ARK AR E A
B2, RS MR B R A,
A — B 5 P, TR MR T LA R AR R LR A
FERERA I 52k 11 TR0 47 4 06 DB 146 LAy BB
L

L% L FTIR, AR SCER — 2 A R IR A
WS (AR T AR B RIS R T 158 S
S TR (30T R S . ARSI B AE T
1) RS BB R E O IY T, XK A AT
SELFR A A2 MO 5 1 T R B RS R4 HH T
AT 52 8 58 MR B s 2) A SO Bk
RS WA R R LR T LR R e e, MR T
%%%%%%ﬁ%%%ﬁ@%iﬁﬂ@mﬂ%ﬂi

FIME; 3) RSB T 7 326 SR A BT S S
R R AL AT (35 5, Hotm, SCR [16] BEsRpk e b
S EURISE, DRSO AT BN S

1 AGRBFNO)E A
ZREW N EMESME (Q,F,P) LEAESHA
fiff e ) e PR 2B IR B /R BLHR AR R4
x(t) = (A(r) + AA(r))z(t) +
Aa(r)z(t — 7) + B(r)u(t) + D(r:) f (1)
C(rozt) + G(r)f,(t)

y(t) =
z(t)=¢t), te[ -7 0]
(1)
Her, Q AR, F 2FEARSEE BN o-RET

%, P MERIE. () € R", u(t) € R™ 4519 %
G ARBHIMA. f.(1) € RY A £.(1) € R* 4
2 S AT S R R W 06200 () R
FEAIRIE S = {1, ,s) POV FOXELERT 17030 MOk
ASH T AR RN, e LA A R R AR

mijh+o(h),  i#]

PT(THh:jm:i):{ 1+ mh+o(h), i =j

He b >0, limy, go(h)/h = 0, 7;; &MEE] ¢ Ak
R ¢ BIRFE]) ¢ + b AR § FIRSHBMR, A
Tii = _28—1 iz Tig» Tig = 0. EX = {m;} A
i%ﬂﬁ’]ﬁt*%?i‘%iﬁﬁi Hii 2

Hg{H+AH: |Amy| < kijy 55> 0,845, 4, jes}

Hot 11 = {7} ROMEHEBERE, 7, >0, i # 4,
i,j € S & my; BMTHE, ALl = {An;} R
R B R M P R E M, Amy NER
Tﬁﬂ‘i%%7 %HE%KE% [ —KRij  Rij } EPE’X'TEa
FtieS Ha,, = —Z;:M#ﬁzj M Am,; =
Z] 1,i#j AWU A(rt>7 Ad(”): B(rt)v D(Tt)a
C(r,) 1 G(r,) & BAELGHHET r, KK

. AA(r,) RS EOAH E A FHE B, Jf
% AA(r,) = M(ry)F(ry, t)H(r,), HH M(r,)
H(r,) ECHBIHEIERE, F(ry,t) A& 52856 04
W2 FT(ry, t)F(ry,t) < I. 7 > 0 & SR SR i
. M o) 21 [ —r 0] LIOVIERE, R4
WIGEHEAS N ro. MR G (1)) RFVIHFE.

AL AXEE G(ry) RIWKERA—
R B, VE 22 9% T TR 2% B A 1 0 STk R F 2
TR 062020 T S HORHE M AA(r) =
M(r)F(r, t)H () WBS R AEE R AN E 1 R G
) R0 (PP P A AT I P 126271,

NT RRFTE, AT LT EIEE U A
U(r,=1i)=V,, i €8S, FEZEx{t) A x(t) =

EX 1. EXTES = {S( )} € Lz[ 0 oo ),
W Ly #4049 S, =/ f5 S0) S (1)t

EX 2P X F 7 >0, ﬁu%ﬁ?u = 0,

AA; =0, f, =0, f, =0, VIt (iL‘o,?"o) il
Fﬁﬁﬂi)(ﬁ: [ —7 0] LWAREE (), A

[E I xT<t>x<t>dt|xo,¢<t>,ro] < o0
0
H E g, MRS (1) ARV E R,
EX 3128, 5 D RBHR B R G0
#(t) = Aalt) + Bu(t) + Bow(t)
z,(t) = Ciz(t) + Du(t) + Dyw(t)
How(t) BT WEFF N >0, fFAEFH
M(mo,?”o) E M(O,To) = 07 ?ﬁ]—/@
B[ ea0aimnn)] <
0
MW + Mo, o))

MRS (2) AR e HEA H, THHH L .
I3 1. XFhrE o > 0 FISZHEFE ©,, O, &

@T@Q + @”2[‘@1 < 0'_1@’111@1 + O'@;F@Q

SIFR 2. AHFE U, V! A F/(t) NAEEGE AN
SRR, o U RV OREEN, FY(t) AR H
B FTF(t) <1, 5F e >0, I FA%ENR

UF')V +VTFTUT <eUUT + e VTV



74 H ) 1k, &2 i 43 %
/TEII‘:EETLE@ In Onxw = R
Big 1. f. AT, Efa € L,[0 o). co G 72 51 3 Bk ). I A7 1E 55 B
E 2. AUHBA ST BER TEMARIE [ Rerord f1 O ¢ RO 30
(0 A R R SR 1 B R, E Qe R
mLLﬁIT BLHIE A S MR AT S, 5 R TiE+ QiCi = Ity (5)
()b G 1R i o e i ) b 51200 &% 18 SR N L o — 2R
MR R LT — M E SRR G LT R A
AZH, B f, € La[0 oo). HIELTSCHR [29] ok 517 1
T f, AR, SR THAT AR R R 1 1 T; = & [ 0 " ]
BA— ek, : pxn
N T REIR B A B AR A R BA oF 1 H g1 O
.= - nx 6
%X*4%%§%z:[; € R+, IR, it “=le [ 1, ] ©

&, R (1) WS A
A

Dz—fa (3)

ARG (3) AT AR RS, WEAREEREN
R FE B WS, R W RS (3) Wit —
AW B, 5 e 0% 1R I 15 B 5 R Gt 1R S AR 2%
Eﬂlﬁaﬁ’]fﬁfr

2 FELER

X ARG (3), AR SR — R REFI Nl T R 4t
RES AT 3 A0 A% R A B 1 15 S UL I
BEUH T B & M S R S

z2=N;z+ Ly +TiBu+
TiDi}a + T Ag(t —7)
T=2z+Quy
fa = él(y_g)
Ny \ (=} X =] = i Ny
Hrhz e R WAL E, 2 = [ 7 ] N

~

z:[;]mWMgf FAT BB . RO

B(t—7) NIERRE ot — ) . Ny, Li, T, Qs
D, JiE A KRS R . AR H AR
SKEGERE N, Ly, T,y Q; R ®; (645 55 (4) WLLE
Ho, 07 UM 2% (3) HORAS, W7
AT S £, 76 Hoo 72050 RO

E
Ny G = ARk, FATa LS 2 [ o ] =

Hor “«—1” N5EME ) Moore-Penrose it
EXMNEE e =2 —x, HARS (4) FIE
A= (5) AI1E

e = .’Z_J—Z—QZC’Z-'I_: - ( n+w Ql
Rl 22 B A& T FE AN

)Z—2z=T,Fx—z2

e=T,Fx — %=
T, Az + T,AAx + T Apz(t — 7) + T Bu+
T,Dif, — Niz — Liy —
T,Bu—T,Dif, — TiAud(t — ) =

EB{U‘ + EDi.fa — Niz
T:Bwu —T:D,f,

— Ly—
— T ARt —7)+

N, T,EZ — N;,T,E% =

Nie + (T;A; — L;C; — N T,E)Z +

T,Dif, + T,Aw(t — 7) + T,AA

N ) (7)
Hpf =f.~f,zt—7)=z(t—7)—2(t—7). W0

%'/Téf: %EI}? N c R(n+w)>< n+w) ﬂ’;n L c R(n+w Xp
i o
WG (7) TR

ée= Nie + ﬂDi}a + EAdz.’E(t — T) + T;AA,m (9)

ANHE R I 2 T (8) HI—2H RN
F
L; = K; + N;Q; (11)
Hrh K, NEAE ST S .
HARS (4) =AMk 1 753
fo=1f. —®,Cie (12)



134 ZEMRATEE: SEIR AN E S /R B R AR 2 G HPAAT F5 A% TR s R ) i 1 753 75

N T RENE T LSRR BUEFE K A @, 5 SC— AN

B¢ = [; e Rt IR 2R (9) A
(12) ATLAE IR
¢ =(Ai—LiC)¢+Dw+ Ayl (t—7)+AAzx (13)
;H\:EP AZ _ EAz ,—TZ-Dz ’ Ai _ K’L' ’
OqX(n+w) Oqu P,
A - A O(ntw)xq
Ci - [ Cz Opxq :|7 Dl - Iq )
. T; Ay ntw A NEPEN
Ay = Aa Devwrxa | A4 - VLE 0N,
Oq><(n+w) Oqu

Ay = { A Onxw }, M; =

EMz O(n+w)><1 ]

0q><1 0q><1

B L BSREUT .

EE L. WERXNFT N; > 0, wy > 0,
€15 > 0 *ﬂ Eoi > 0, l,j S S, ﬁEXﬂﬁkﬂE
SEMEBE P, e Rtwrox(mtwte Rooc R
X € Rl(n+w—~-q)X(n-&-w+q)7 Z € R, segi Y, €
ROFwtoxp fl 4 > 0 fF4 TR SR AR (15)
AR (b, « TR F J\ullﬁz\, 3X L0 X PR
FE 0, p < 0 RARKFRHLE o £ EN), WiRZER
4t (13) EiUREm, HRE H, THImHK
¥y, Hep
Iy, = PA, — Yé + ATP, — (YC) + Togwsg +

Z fa )‘szn+w+q+ Z WUP + X

J=1,j#i Jj=

= RA;+ ATR; +Z+

2
B

A ) N Z i Ry + Z .
Fi(t) = diag{F;(t),F;(t)}, N; = [ 0 ’ ] A PiLi=Yi J=Ly#
Ixn —
o = fuo i F(O) BT Q) B EE B=[A-R - P.-h
FI(®R(1) < P =B o B- B
::E: (10) (11) f(13) FTUVE H, NEBEHE 5 [ R, - R, R _R
BE L; 155X (13) A28 FRBEALE & 10, WIES (4) B ’ o e
TTLASEL. KERE K, A, ol e F A3 Ripy =Ry - R, = R
K, =] Intw Omtw)xg ]iz Ay = diag{ —Aidngwigs s = A Intwtgs
; (14)
Q; = [ Ogx(ntw) 1g ]Li — At Intwrg _)\isln+w+q}
FHREES T AL S, ZeRA  Au=dag{ —paln, - —paon I,
gt 730 (13) ISR E ERUEN], B4 T — prigisn) s - —pis Do}
min -~y
s.t.
Ty PAu 0 0 0 0 PD; PM; P 0 0 |
* —-X 0 0 0 0 0 0 0 0 0 0 0
* *  Te RiAa; RiBi RiD; 0 0 o N' RM; N' R
* * * —7Z 0 0 0 0 0 0 0 0 0
* * * * e 0 0 0 0 0 0 0 0
* * * * * -1, 0 0 0 0 0 0 0
* * * * * * —2I 0 0 0 0 0 0 <0 (15)
* * * * * * * —El_il.lg 0 0 0 0 0
* * * * * * * * Aq; 0 0 0 0
* * * * * * * * * —c1il2 0 0 0
* * * * * * * * * * _52—2_1]1 0 0
* * * * * * * * * * * —eo;h 0
| * * * * * * * * * * * * Ag; ]




76 H ) (8 =4 [ 434
JERR. iEHY Lyapunov-Krasovskii %L i, €585,
t
Vi) =V + [ Coxco - Snp < S ap
t j=1
. T s
Ve +/””” (0)7(0)d0 3 Nt A (B = P))
Jj=1,j#i (19>
Hh Vi(¢,i) = ¢ P, Vi, i) = 2T R, 58 LT . . AR
AT B RR IR Lyapunoy Esii0gs sy sey -1 mu 09 Ay LTS 9 REBE L,
j\] )\ij >0 jﬂ'fi)ﬁ'\*ﬂ_\‘g- ﬁﬁXﬁ? 1, € S, Hij >0 ﬁ
. dc . s s
V(¢ i) =VI(¢ ) - E|m:i + ZﬂijV(Q]) Z miiR; < Z wijRj+
Jjes j=1 j=1
SRR
d 2 el + oy (R — L
fV(.’l:,i) = V(.’L‘,Tt) : %’m:i + jze;mjv T J=Lj# 4 !
$ 30 (17) ~ (20) RN (16) A1

BN TERie S H

V(¢ x, i) =C¢" (P(A; — L,C)) +
(A; — L;C)TP)¢ + 2" P.Dw +
W PAAx + 2" PALC(E—T)+
CXC-CT(E-T)X¢(t—T)+
2" (RA, + ATR)x + 2" Zx +
2¢TR;Bau + 22T R, D, f , +
20" R Az (t — 7) + 22T Ry A A —
2Tt —1)Zx(t — 1)+

CT Zlﬂ-l]]jjc +$T ZITFURJZ
J= J=

ST Rt 2T PAAz B 22T R A Az R B
208, T ey, >0Mey >0,i€SH

(17)
A

2$TRZAAZ.'L' < EQZxTRZMZMZTR1$ + 52_i1$TNZTNZ'.'L'

(18)
BEAN, FE T RS B ML R0 B B R P AT AT RA23
GE

7= 7=

Z%P + Y (4P -P)+
A j=Lj#i

Uy

(P, = P)

xt B AT R BN S EE 1, AT RS B0 T

V(¢ 2, i) <CT(B(A - LiCy) +
(Az - i/zéz)TPz)C +2("PDw +
eri{ " PM;MFPL + ey 2" NF Nz +
QCTPiAdiC(t —7)+¢X¢ -
CT(t—7)XC(t—7)+2"Z2 +
T (R;A; + ATR)x + 22" R, Bu +
22T R;D;f,, + eoix R, M; M R;x +
e ' NI Nz + 22" R Agx(t — 7) —
2T(t — ) Za(t — 1)+ CT S 7y PC +

j=1

2

5 K _
CT Z (Zj)‘ijjn-&-wﬂz + )‘ijl(Pj - PZ)Z)C +
j:S1;j7éi
' Y Rz +
=1
s 2
z" (fﬂij—’nJrufjl(Rj - R)*)z
J=Lj#i
AW = V(i) + (¢ Yo'w, Hfw =
u
£ |,
v
W < ¢ (Pi(A; — LiCy) + (A — LiC) T P)C +

2( BDiv + 1€ PzMzMzTPzC +

e @ NI Nz + 20" P AsC(t —7) +
CTXC- (- T)XC(E—T)+

2T (R A + ATR)x + 2" Zz + 22" R, Bju +



134 ZEMRATEE: SEIR AN E S /R B R AR 2 G HPAAT F5 A% TR s R ) i 1 753 7

EgleRZMZMzTRZZ' + SgileNlTNi.'l: +

2$TRiDifa + 2.’L'TR1AdZ.’l:(t — 7') —

Tt — 1) Za(t — 1)+ (T Y 7y PC+
j=1

s 2

T Kij _
DY (f/\ijfqu + X (P = P)*) +
Jj=1,j#i
T o A oS K
x Z TFinjx +x Z (T,uzy[n +
Jj=1 Jj=1,j#i
_ T
Hijl(Rj —R))x+¢ ¢ —ym'w=n"Qmn
/\I:':‘
T, P Ag; 0 0 0 0 P;D
—-X 0 0 0 0 0
To; R;Agq R;B; R; D 0
Qi: -z 0 0 0
—2Im 0 0
* 7721,; 0
* 7'\/2[(1

Y1=Pi(A; — LiC)) + (A — LiCi)" Py + Ly g+
511‘R‘MiM¢TP¢ + X+ > 7P+
j=1

L Nij D rwrqt A5 (P — P)?)

S

>

j=Lj#i

J=1

> (rpalatp (R — Ri)*)+
Jj=1,j#1 o
EQZ.RWZ\4P7\4ZT.Rz + EilNzTNi + 55ilNZTNi

¢ Ct—7) =z z(t—7) @ '

R PL, =Y, Hxs (15) tHEEF /R4 7145
W <0, Bl 0V +¢"¢ — ywTw < 0. H Dynkin's 2
X, H

E{V(¢,z 1)} E{V(¢¢;xo,70)} +

/g 0)do — E/wa(e)

Hrb o, o, o PAIMINIRIWIAEME. KL BATAT
LATG 2

e[ NSO

HE X 1 B
[ / PO < [ [w(@)]} +
V(Co’mmTO)]%

RGeS 2 M3, &5 (13) ERbENARE H A
A TFHANHIKF . O

w(0)dd <0

)do — E/oo Yo (0)w(0)do <
EV(C()?an 7‘0)

(21)

7 3. AXH AN T Lyapunov-Krasovskii B8 %
>R Kb #E T A I A A RS MEE B, FIAH Lyapunov-
Krasovskii pR%LH R4 TRT DA 5 45 1 ) s 2003
[FPIRZS 51N BI R AE BEA S, T A A Lya-
punov Fa 8 VR A DUEIS RS R G0 RS 2
X2 [ER.

HER 1 iR, R4 (4) 2RSA (3) MNE#HE
WEZS, - H AT DA REUIRES « BAT A AL R
. /E:flliﬁﬁﬁ?fﬂ[ﬂ::

1) 3N (5) 1 (6) THESHHE T, 1 Q;;

2) jzﬁmﬁwmcﬂ@ (15), & A, W] LIS 2
L = P7YY,, st = (14) iH AR K, 1 ©;;

3) ¥ K; AR (10) A1 (11) BIFTEEI5EFE N,
L,

2 0O 25 %) R HAE B 28 SR AT B, U g
(4) w5 LLSE Y. %@EE’J%**M?W%%E&BETHH
& =1[1, Ongw JZ A f, = [ Open I, )T 153,

£, ATHIRS (4) s = RIEL 153,

SE Al RGE(4) R RIMIES AR T SRR
KA R G HIR, TR 2 R G B AR B0 —
AT, WD 2% AH B H ) e XA, b, W &8
AR T R MEZR ;343 R b BBk AR Fir 7t Sk
(e, PRIk, WIS (4) AT DAMFAIELE R GEBRAR 15
T TRl T RGUIRAS . AT BRI SR 25 i

SE 5. AR SCAT TR T ik AR AR A A Y R
Eiﬁﬁk [16] AHIERL, FRFIH T iR RS0 8

L AEE T2 R R FBUR AN E 1. STk [16]
Hﬁ%fi%%ﬁﬂlllﬁ'?l)\%ﬂ?’* ARG, REE T Z R IR
ARGV T IE B IS, T ¥ B f i) 7 1%
IR ARG RGUIRTS (1 & A& AR W) i
T Ak TEL T A S R AR B W S AR R
o EEOHRRR R EE T B IE SO A, 1O AN
AR DA T R Gtk 25 AL A8 S s, 38 mT LAYEZR B
ST PAT AR . AT SRR [16], A SRR LA
TR 1) ASCEER R —REA S HOR ) HAR
SRR A E IR B /R B R BEAS R 4, 11
R [16] e RS H BB TE, XA —ER
Bl 2) ASCEEAGTE TARES . AT 28 AL AR i
B, SCHR [16] 5 %A ¥ & BT 28 5 1 f5 i 3)
T3k [16] 385 3 v R I 28 A5 T R etk A A
o) £ S A B, R I R B AT R A A SRS R 1)
R MRS A I

3 hESHh
3.1 HEHT

NI UEA ST 42 5 A 2k, % & — B
(1) B RA P ES AUE SE IR B /R BEHR B AL



78 H 3 b &5 i 43 %
R, MES YT 30 ' ' ' .
-5 0 1 -6 0 1.1 '
A= 0 =75 0 |, A= 0 -8 0 20
2 0 -5 0 0 -5 s
02 0 0.1 1 1o
Adl = 0.1 0 0 7B1 = 0 0.5 1
0 01 O 1
O_ -
0.1 0 0.05 0.5 039 10 2‘0T. ) 30 40 50
me/s
Agp =1 0.05 0 0 , By = 0
@ 2 B MRS 20 S
0 0.05 0 L 0.5 Fig.1 The curve of the estimation of x;
- 03 [I{ealx
0.2 0.3 Estim;ted X,
D] — 0‘1 7D2 e 0.05 O?\WMMW
0.1 0.1 ]
-0.5
1 10
01202:[() 1 0] !
0.1 -L5f
0.1
G1:G2: 7M1:M2: 02
—-0.3 0 ‘ . ‘ .
0.1 0 10 20 30 40 50
Time /s
B2 RE zo BIMhTHNZE
N, =Ny = [ 0.1 0.2 0.2 } Fig.2 The curve of the estimation of x2
2.0
Real x,
Fy (t) = Fg(t) = sin(t) Estimated x,
1.5
\ . g —-04 04
fhiTh PR S B M R R 1 = ;
K12 = Ko1 = 1 il A2 = Aop = €11 = €12 = €21 =
€92 = W12 = M21 = 1, Hﬁi}iﬁﬂ‘]‘gjj"j 3s. *ﬂﬁf%ﬁﬁﬁ 05
Wi e N f, = sin(5t) + e 2 + 2cos(t), 154 '
PR E AN f, = sin(t) + 2cos(5t). Ak SR E
KRG 2 A S = {1,2). of
M EFY N EEVHERE ¢, =
[3 =2 2]%, 20 = [0 0 2]% o = 1AM 05 10 20 30 40 50

o) =11 0 0], te[ -3 0] RGREAM
T 1~ 3 Fos. B4 AT 8 b H O, ©
5 AR RS R AL TR 6 N REREEAE R
i HfE S, MK 1~5 A LLE H A SO xR
A PAT AL B G IR A T BOR, T4
SRR T R AT AT

Time /s
3 IRE ws MM THZE
Fig.3 The curve of the estimation of z3
3.2 SBRBIF

N T BRSO it 75 1%, 5 T oRERR
AN SKBR BT HEAT O B, DASR IR UE BT T A R S8



134 ZEMRATEE: SEIR AN E S /R B R AR 2 G HPAAT F5 A% TR s R ) i 1 753 79

Y. R ALY F-404 AT 2918 K
R A N

—1.46 0 2.428
A(t)=| 0.1643+0.58(t) —0.4+ 3(t) —0.3788
0.3107 0 ~2.23

B(t) B—MAHE IS Bk B(t) WE—
N = 2 i) Markov it F&:

-1, rt)=1
Bt - “
-2, r(t)=2
HAFEFE B E R
0 —1 0
Bl — 1 ,BQ - 02 ,Dl - —01
0.3 —2 0
—0d 100
D = 0 ,O = C =
2 1 2 101 ]
—-0.3
-1
Gl == G2 == 1 ]
0.1 0 0.1
Apn=101 0 0
0 0.1 02
0.1 0 0.05
Agpe = | 0.03 0 0
0 0.05 0.1
0.1 ]
M1 = M2 = 0 ,Fl(t) = Fg(t) = Sln(t)
0.3

M:m:h103m]

ﬁﬁ%%%%%ﬁ%%ﬂ:[_f SI,Ama
B S 1.

30 . :
Real actuator fault
Estimated actuator fault
25T 1
20F
15

0 10 20 30 40 50
Time /s

B4 PUTEsbeas v 2k

Fig.4 The curve of the estimation of actuator fault

1 O T T
Real sensor fault

Estimated sensor fault

st

6t

0 10 20 30 40 50
Time /s

B 5 AR s A vt h 2k

Fig.5 The curve of the estimation of sensor fault

20 30

Time /s
K6 ViHfES
Fig.6 Switching signal

M Z B AR IR G 2L rank(Dy) #

i

‘
1.7 ‘
1.6
1.5
1.4
13 |
1.2
ML

"0 10

Switching signal




80 =] F| 1

ird 43 %

4E

rank(C1 D) = 0, X5 5T ¥ B0 I &% 7 F 464
Bt NS 5 B AL R T VRO (T 5% 1R R 7 IS
(. BRI, A% G - I ORI &% 1) VA AN RE T T 1%
REG. WA, HTAHEH RG2S RS, B
I 2R 45 1) i R BE ALY, X R R T AR
FE R A i T VB AT AT Y, RN 7 i
W E a5 B A BT SOk [16] s
TR RAG R ARG 2 A A H B B s, PR
— B R S B RS RO, RSO B Oy
EHON XA EAE TR EKR f, € Lo[0 00),
AL AR A B TP VEAE S bR S T B 52
N FH Y

N T IR R AR SC P B TE T v B A 3k B
A7 4% 5 R A SRR B 23 0 N fe = 0.3sin(t) +
0.5cos(3t) # f, = sin(2t).

EHET N RENBERSES 29 =
(1 1 1% 2z=[12 03 0], ro=1H
dt)=[1 0 0]5, te[ =3 0] RGUREAMIT
MK 7~9 Fiw. B 10 AE 11 55008307 38 fifE
RIS B 12 AL REERYIE 5. H
Kl 7~ 11 BT RAE AR SO IEAPIRES « PAT A AL JR
AT ARG A T ROR, 07 B A RWAEY] T 1Edn
5 PR, T EEARBCT SCHR [16, 20) HAT DU

4 i

AR XS BAT S BN 5 RIRE IR A1 (1 5 /- A
KRR G, RSB BRE A ENHET,
B T AT S AL SRS SR R N TR R, E
HE — AN SGIR R g8, B IZ A g BT EE
2 BR 25 UL I 5 A5 4 PRAT 45 A S 5 W B T LA ] B £
ThH. 2RI e A R R AN s .
FLAATIE I T %7 R AT

25 T
2,0\
1.5¢

0.5r

Real x,
Estimated x,

035 5 10 15
Time /s

Bl 7 F-404 BEDIRES z1 Mfhvh 4k
Fig.7 The curve of the estimation of x1 of Model F-404

,20 L

725_

Real x,
Estimated x,| |

730 L

,35 1
0 10 13
Time /s

K8 F-404 BEDIRES zo MG TH 2k
Fig.8 The curve of the estimation of 2 of Model F-404

10

Real x;
L Estimated x,|{
8
6
41
ot
0
5 V
-4 1 1
0 5 10 15

Time /s

B9 F-404 BEELRES x5 ML
Fig.9 The curve of the estimation of x3 of Model F-404

50

Real actuator fault
Estimated actuator fault|]

45t

40r
351
30F

st
i
Time /s

B 10 F-404 BERIHAT 25 Hbe il v th 2k
Fig.10 The curve of the estimation of actuator fault of
Model F-404



134 ZEMRATEE: SEIR AN E S /R B R AR 2 G HPAAT F5 A% TR s R ) i 1 753 81

-1.5 - -

3.0 N Estimated sensor fault|

Real sensor tault

0 5 10 15
Time /s

11 F-404 HERME RIS B A T it 28

Fig.11 The curve of the estimation of sensor fault of

Switching signal

Model F-404
2.0

1.9

1.8

1.5

1.4

1.3

1.2

w
(=4
A%

Time /s

K12 Ui#fES
Fig. 12 Switching signal

References

Mahmoud M S, Shi P. Robust Kalman filtering for con-
tinuous time-lag systems with Markovian jump parameters.
IEEE Transactions on Circuits and Systems I: Fundamental
Theory and Applications, 2003, 50(1): 98—105

Park B Y, Kwon N K, Park P G. Stabilization of Marko-
vian jump systems with incomplete knowledge of transition
probabilities and input quantization. Journal of the Franklin
Institute, 2015, 352(10): 4354—4365

Liu M, Ho D W C, Shi P. Adaptive fault-tolerant compensa-
tion control for Markovian jump systems with mismatched
external disturbance. Automatica, 2015, 58: 5—14

Wu L G, Su X J, Shi P. Output feedback control of Marko-
vian jump repeated scalar nonlinear systems. IEEE Trans-
actions on Automatic Control, 2014, 59(1): 199—204

Zhang Y, He Y, Wu M, Zhang J. Stabilization for Markovian
jump systems with partial information on transition prob-
ability based on free-connection weighting matrices. Auto-
matica, 2011, 47(1): 79—84

6

10

11

12

13

14

15

16

17

18

Tian En-Gang, Yue Dong, Yang Ji-Quan. H., control for
Markovian jump systems with incomplete transition prob-
abilities and probabilistic nonlinearities. Control Theory &
Applications, 2014, 31(3): 392—396

(HRR, ER, Bdka. BABENLARZR AR 2 R L2 R A & /R
BIRRGM Hoo 4. #2HHIE 58, 2014, 31(3): 392—396)

Li F B, Wu L G, Shi P, Lim C C. State estimation and
sliding mode control for semi-Markovian jump systems with
mismatched uncertainties. Automatica, 2015, 51: 385—393

Du B Z, Lam J, Zou Y, Shu Z. Stability and stabilization
for Markovian jump time-delay systems with partially un-
known transition rates. IEEE Transactions on Circuits and
Systems I: Regular Papers, 2013, 60(2): 341—351

Wu L G, Shi P, Gao H J. State estimation and sliding-mode
control of Markovian jump singular systems. IEEE Trans-
actions on Automatic Control, 2010, 55(5): 1213—1219

Zhang Y S, Xu S Y, Chu Y M. Sliding mode observer-
controller design for uncertain Markovian jump systems
with time delays. International Journal of Robust and Non-
linear Control, 2012, 22(4): 355—368

Gao Fei, Zhang Hong-Yue. Stability of time-delay fault tol-
erant control systems with Markovian parameters. Journal
of Beijing University of Aeronautics and Astronautics, 2006,
32(5): 566—570

(F %, TREEEL A SRR R SR R A R R R AR e AT, b
FLE MR K 224), 2006, 32(5): 566—570)

Li F B, Wu L G, Shi P. Stochastic stability of semi-
Markovian jump systems with mode-dependent delays. In-
ternational Journal of Robust and Nonlinear Control, 2014,
24(18): 3317—3330

Kao Y G, Li W, Wang C H. Nonfragile observer-based H
sliding mode control for It6 stochastic systems with Marko-
vian switching. International Journal of Robust and Nonlin-
ear Control, 2014, 24(15): 2035—2047

Cong S, Zhang H T, Zou Y. A new exponential stability con-
dition for delayed systems with Markovian switching. Acta
Automatica Sinica, 2010, 36(7): 1025—1029

Song Yang, Dong Hao, Fei Min-Rui. Mean square exponen-
tial stabilization of Markov networked control systems based
on switching frequentness. Acta Automatica Sinica, 2012,
38(5): 876—881

(R, 5, REBL BT VMR I S R BER N & 5 H R G875
TRHUEE. A3, 2012, 38(5): 876—881)

Liu M, Shi P, Zhang L X, Zhao X D. Fault-tolerant con-
trol for nonlinear Markovian jump systems via proportional
and derivative sliding mode observer technique. IEEE Trans-
actions on Circuits and Systems I: Regular Papers, 2011,
58(11): 2755—2764

Yu J Y, Liu M, Yang W, Shi P, Tong S Y. Robust fault
detection for Markovian jump systems with unreliable com-
munication links. International Journal of Systems Science,
2013, 44(11): 2015—2026

Shi P, Liu M, Zhang L X. Fault-tolerant sliding-mode-
observer synthesis of Markovian jump systems using quan-
tized measurements. IEEE Transactions on Industrial Elec-
tronics, 2015, 62(9): 5910—5918



82

H zlj (8

C 43 %

20

21

22

23

24

25

26

27

28

Chen L H, Huang X L, Fu S S. Fault-tolerant control for
Markovian jump delay systems with an adaptive observer
approach. Circuits, Systems, and Signal Processing, DOI:
10.1007/s00034-016-0277-8

Li HY, Gao H J, Shi P, Zhao X D. Fault-tolerant control
of Markovian jump stochastic systems via the augmented
sliding mode observer approach. Automatica, 2014, 50(7):
1825—1834

Wang Guo-Liang, Sun Guang-Jin, Bo Hai-Ying. Partially
mode-dependent observer design of singular Markovian
jump systems. Control Theory & Applications, 2015, 30(4):
733—738

(EER, #7, M. |7 SRR R BAR 2 G 138 7 B 1ot
WA wTE. kS, 2015, 30(4): 733—738)

Shen H, Xu SY, Zhou J P, Lu J J. Fuzzy H., filtering for
nonlinear Markovian jump neutral systems. International
Journal of Systems Science, 2011, 42(5): 767—780

Zhang X M, Lu G P, Zheng Y F. Observer design for de-
scriptor Markovian jumping systems with nonlinear pertur-
bations. Circuits, Systems & Signal Processing, 2008, 27(1):
95—112

He S P, Liu F. Adaptive observer-based fault estimation for
stochastic Markovian jumping systems. Abstract and Ap-
plied Analysis, 2012, 2012: Article ID 176419

Liu M, Cao X B, Shi P. Fuzzy-model-based fault-tolerant
design for nonlinear stochastic systems against simultane-
ous sensor and actuator faults. IEEE Transactions on Fuzzy
Systems, 2013, 21(5): 789—799

Kchaou M, El Hajjaji A, Toumi A. Non-fragile H., output
feedback control design for continuous-time fuzzy systems.
ISA Transactions, 2015, 54: 3—14

Yu L, Chu J. An LMI approach to guaranteed cost control
of linear uncertain time-delay systems. Automatica, 1999,
35(6): 1155—1159

Boukas E K. Stochastic Switching Systems: Analysis and
Design. Berlin: Birkhauser, 2005.

29 Jiang B, Staroswiecki M, Cocquempot V. Fault accommo-
dation for nonlinear dynamic systems. IEEE Transactions
on Automatic Control, 2006, 51(9): 1578—1583

30 Yan X G, Edwards C. Nonlinear robust fault reconstruction
and estimation using a sliding mode observer. Automatica,
2007, 43(9): 1605—1614

31 Yang Jun-Qi, Zhu Fang-Lai. FDI based on high-gain ro-
bust sliding mode observers. Acta Automatica Sinica, 2012,
38(12): 2005—2013
(Bt K75k, Jk T o 10 2 65 A8 R S JOL 00 45 P ik e Az 00 R0 g
HNE ¥4, 38(12): 2005—2013)

FERAL SRR T 5EETEYR
P ) B A 5 4% ) TR b 1 T T A
2011 4F3R7G BB TR Ty oy
B, JEEEE T A D9 AR RN UL 5 5
T, AR AL I 5 EE A DA R A A A S
11, E-mail: lixiaohang58@163.com

(LI Xiao-Hang Ph.D. candidate at
the College of Electronics and Informa-

tion Engineering, Tongji University. She received her bach-
elor degree from University of Shanghai for Science and
Technology in 2011. Her research interest covers unknown
input observer design, fault detection and reconstruction,
and fault-tolerant control.)

KRFEFR FGFRFRETHERLEYR
. EEOIUT O ARLNE R GG
P, I AR BT, J TR F A
HiEE. ACEEEE.

E-mail: zhufanglai@tongji.edu.cn
(ZHU Fang-Lai  Professor at the
College of Electronics and Information
Engineering, Tongji University. His re-
search interest covers nonlinear robust control, observer de-
sign, and model-based fault detection and isolation. Cor-
responding author of this paper.)



