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State estimation and fault reconstruction from
an adaptive descriptor sliding mode observer
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Abstract: An adaptive descriptor sliding mode observer (SMO) is proposed to estimate system states and reconstruct
actuator fault for a class of uncertain system with both actuator fault and output disturbance. The system model is firstly
transformed and augmented to be a descriptor system model. In this way, the actuator fault and output disturbance are
decoupled, and the output disturbance turns into new states of the transformed system. Secondly, inspired by the idea of
unknown input observer and sliding mode observer, an adaptive descriptor SMO is developed where the strict constraint in
the dimension of outputs is relaxed. Meanwhile, with the help of adaptive technique, the requirements of known boundary
in disturbance and fault are liberalized. At last, actuator fault is reconstructed based on the idea of equivalent output error
injection. Case studies of a reusable launch vehicle during re-entry flights are conducted to demonstrate the effectiveness
of the proposed approach.
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FEREAT I S BCTE 210, H 58, 5IN0T 51 B &
Gr(1) AT AR AT .

SIER 1151 R, AR A A
B [2g, 2B £ wa = Tiwp, (Y5 yal" = va =
Toy, i3 RGRA I N B

{ Tq = Aaza + Bau + Faf + My, o
Ya = Cazq + Dyw,

Hrp:
Ay Arp B, Fy
Ay = By = Fy=
d lA21 A22 ) d B2 ) d 0 )
Cll 0 0 Ml
Cy= , Dg = , My = .
‘ l 0 022 ! lD2‘| ’ M2‘|
VR, A Fy € R™% D, € R~ x(P—a) FEfk.

bR, 5 a2 (2], 2T, 67), 8 = Dow, # B3
RGN

Fi=Ax+ Bu+ Ff+ M+ N6, 3)
y = C,
Hr:
_Iq 0 0 A A 0
E=10 I,, 0|,A=]As A 0 )
0 0 0 0 0 Ip—q
_Bl Fl Ml
B = BQ 5 F - 0 ) M - M2 )
i 0 0 0
[ O Cl Cl = [011 O O],
N = 0 5 C= )
I CZ CQ - [0 022 Ip—q] .
| {p—q

A3 AU T AR B 5 R, AT kAR
PRSI EEAEAE T, Kot sh AL T 2 R Q) IR
AE, T T RS RT
3.2 WSS i K ke xe HEEBH ( Observer cons-

truction and stability analysis)

ARG REAT M S Bt B AR SLBURE S il
T R TETJESHIER, 1% RS Q) HlE— P ab s, 4



Fam

PR BRSO RIS IR A T AT A 485

T £ Sz, Alfg

{ ES~'3 = AS~'4 + Bu + Ff + M¢ + N6,

4)
b FERE SRR 7, 5 SOR S I VRARIIE £ 7772
Wt EUE R SOF BN &8 B A 1 454
2 =G,z2+ Gyy + Bu+ Fu,
%)
T=z+ LDyv

b 2z A RS Gy, Gy, Lo AR E
TR, v N ANESIR, 2 T

. (91 + g2)sgn s, e1 # 0,

O, € = 0.

ﬁl:ljl S = F1TP1€1; 61:(5'1—.@'1) S qul; P1 cRI*4

KR TSI S350, A g 0 LB T HI B

g'é = azHSHSgn(HSH - /82)7 i = 1) 27 (7)

(6)

HA
9:(0)>0,0<; <2,0< B, <1,i=1,2. ()

A4 )T R R 58 R A, 2 s||
> B, W8 Wig 18K, FOH R 5 ||s| S E L, 2||s|| < B,
AR TTURE NI AN TR, BB, N RO, —
HEAL T IS E), B s|AE B0, LRI A ||s|| < B;, B i A
/INIRE FEE FAAR A 2 P S B ORAE T TR AR AN 20 K,
—EREE B AT LA g5 2 B S R RHRELSL.

SIEE 219 il () AirE U EE NI A IR
FEME: i B 5 Rgr, Hep > Ay gof B 5 Rgs, H
g5 > As.

SIFR 317 FEAERERE L € RUvir—axe JEfp:
0 O
Lp = , 9
D 0 L 9

;H\: EF': LO = diag{ll, s ,lp,q}, li(i:l,m D—q) > 0, 1%
13S £ E + LpC dE& 5.

SIE 4 E NG, Gy
G, =W, +KZ, (10)
Gy =Wy + KZs,, (11)
HI 2 R4
(W1 Wa| = AH™, (12)
(21 Z,)=[1-HH"], (13)
JUES)
G,.E+G,C = A, (14)

Hrp: K € RUrp=a)x(n2p=a) Sy e 455 1 1) o R B
H=[E"C"]".

EE 1 XT RS, BEMMERES), HAATER
FRIEEHFE P:
P, 0
P = P, eRY P, e R*P~20 (15
0 P2 9 1 S ) 2 S ( )
FHEFE Ly, 2
min-y,
X * %
Y= |MTP —y % | <0, (16)
NTP 0 —y

Hf: x = WP+ PW, + Z'KTPT + PKZ,+
PO N Z gz e e, HagZ=RH, 1 GE
fabRik s, /7.
i AREMNRE ZEe = 7 — 2, FIH 5 H3F5|
4, FENRE RGN T
e=Ge+ F(f —v)+ ME+ N6. (17)

1 H Lyapunov A %L

Ve =6TP6+%(91 - g% (18)
X HOR, 153
V., =
¢"Pe+e'Pé+ (g1 — g7)gi =
e (G, P+ PG,)e+
e"P[M NJ f; +[€" 6] N; Pe +
2¢"PF(f —v) + (91 — 91)d1, (19)

e'PF = [erf 6’;3] lP1 0]

0 P, 1;1] =el P Fy. (20)
FEXIT £ 2¢"PF(f —v) + (g1 — g7)gu, IS
(6)—(7)A1(20), ITFEH 5N
I =
2¢TPF (f — glsgn(erfplFl)) +
(91 — g7)au||sllsgn ([|s]| — B1) — 29z ||s]| <
244 |Isll = 2g1][s]| + (91 — g7)uls]| =
2M44([s|| = 2g:[|s|| + 297 ([s]l — 247 |s]| +
(91 — g7)au|sl| =
2(A0 = gD)lIsll = lgr — g7l (ea — 2)|Is]| — 2g2]|s]]-
(21)
FIHA@)A G H#2, 5311 < 0, Kk
V. < eY(GFP + PG,)e +

t [€" 6" lMTl Pe.

e"P[M N] ; N

(22)



486 oA R 5 N A

34 3

R T RERNRBIRSAGTHREm, 45 2 W R
2R

E=V,+n'm—yn"n <0, (23)

o= 0le, = (€7 67]", WARFEIHHN FARE.
FIF Schur#h 5 #EIST K 3022)FNH(23), 1551
E<e"(GIP+ PG, + ¥ W)e +
T

M
e'P[M Nn+n" ]Pe—’WTU:

NT

GERP l; (24)

B, 7Y <0, M= < 0; B, =% RGUETLARE,
HH ERESRbRH 2

o
HHHOOZ sup < VY-
S Ol Y7

FH I 5 FRAEHIE. JIEEE,

3.3 IR SRS Ko E I (Sliding mode synthesis
and fault reconstruction)
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4.1 RLV % ZZH it (RLV model description
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[0.0067 0 0 0 0 0 0 0 |
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4.2 B4 H K453 (Simulation results and analy-

sis)
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