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Abstract: The fault detection problem is investigated for the full-envelope networked flight vehicle with time-varying
short delay and stochastic packet loss. First, the flight dynamics is modeled as a switched polytopic system, and a locally
overlapped region partition method is presented to reduce the design conservatism. Then, the delay and packet loss can
be transformed as polytopic system parameters by introducing Bernoulli distributing and Taylor series expansion, and
the switched parameter-dependent fault detection filters are established. Also, considering the updating lags of the filter
switching signals and weight parameters of the polytopic subsystems, we analyze the system stability and l> performance
under asynchronous switching by combing the switched parameter-dependent Lyapunov function and the average dwell
time method, and the sufficient existing conditions of filters are derived in the form of LMIs. Finally, numerical examples
based on the HIMAT (highly maneuverable technology) vehicle are given to demonstrate the effectiveness of the proposed

method.
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19A17m(a,;) 193177”((1];) 0 _Pm(a/k-Jrl)OO ﬁAlm( E) ﬁBlm( jg) _ (1—a)Pm(ak) O
Cm(ag)  Dm(ay) 0 0 10| Cn(az) Dm(ap) 0 ol |
1967’17m(a,;3) 19D1,m(a,;) 0 0 0r1 ﬁ01’m<ak) 19D17m(ak)
RS AHER I, A 20(30) AT
Dym(ag, ak1,a5) = >0 app > ik Y @ik (0i50) <O0. (30)

lem

1€02m

JESm



%6 FREESE: 2T

KL 1354V € [ky + Om, korr), B
E (AV;,(k)) <
—aVp, (k) +E {r] (k)r T(kB)w(k),

(31)

FARTFE 7%, 854 RQOEF AT EIEFw(k) €

Ly [0,00), Yk € [ky, ky 4+ 0m) I,
E (AVi,(k)) <
BV (k) +E{r (k)re(k)} —v2w™ (k)w(k). (32)

%/:.\JE(31)—(32)$D§IIEZEI 3, BVIGEM T R
G(10)4: J/— 8y Jrwinfee. h¥p = 1HIN
=0, ADKIAL I
erl. =
4.2 JEPEA WU (Filters design)

SE T2 T WA DU i U8 s 8V AEAE I 7R 4 4%
PERSRARTTE.

EI2 AEFHO<a<1,p>—afly, >
0,Yme I, Zh=n+w+q9=+/p(1—p), 17
P1 i Po R S

3 i wTwT
ameJeQWVmeRﬁﬁTﬁquﬁy
BHXY (m,n) € T' x Tym # n J/L, WAE 7, 39 2
KOSV T, %%%(10)%)%—£&i"37‘iﬁﬁi&
FasE, HEWIIRAA N RAXQ DRI a5, H
Hy = max{vy,},Vm € I'.

¢11 0 00 b15 b16
* g2 0 0 ®25 ®26
x o« —1 0 ?35 ®36

k)}—vmw

20 B Ay = max{ vy, }, Vm

1EP, = >O,G: , n,iaB

7,85

i - < 0,
k k ok =1 Qs P46
* ok ok ok —(1—04)]3 0
Xk k% * —~2 T
Vi, 4,1 € (2,
(33)
$11 0 0 0 b15 d16
* o2 0 0 ®25 $26
—-10 b )
k% ?35 ?36 <0,
* * * —I ¢45 ¢46
x x x x —(1+B)P, 0
* ok kX * _rym[
Vi, j € Qi1 € Dy, O O\ 2y # .
(34)

[Fi Ff 4 A 0 8 i (8) mI e X 35) e A5, Hor

S U RGN 40 AT B A il 683
1€ 2y, Vm eI
Ch,i Dy 0 I i Din.i
BHA
b1 = =P, —G—-GT,
§Z15 _ RTAU + Bn,léli An,l
STf_lli-i-Bn’lC_'li An,l '
Fug = RYBy; + pBy, Ba;i
1 STBy; + pByBai
- R Ay + By Coi 0
bos =0 | oq ML
S+ Ay +Bn,102i 0
. RTBs; + B, Bo;
P26 = Te o= =
S+ Bs; + By Bo;
(535 = [Dn,léli - CjVV Cn,l]?
§[_)36 = PDn,le - DW,

¢45 = (9D, 09 0], dag =IDyBai,

[ A, 0 0
A= |pCi (1-p) 0 |,
0 0 Aw
[0 0 0
AQZ' - CZ -1 0 )
(0 0 0
[B; pB.; Ba; By
Bii=10 0 pDg; pDy;|,
[0 0 0 Bw
[0 B,, 0 0
B3i=10 0 Dg; Dyl
0 0 0 O

Byi=[0 0 Dy; Dy;l,

Cii=[pCi 1—p 0], Coui=[C; —I 0],

Cw=100 Cw], Dw=1[0 0 0 Dw].

iE B aN(33)-(34) T, R ABL T STk [12]%0
WAFAEAE AT 5T BEG A G, W = GTG3 G,
e B AR FE R B TR, Hbi € 2,V
meln

G1 G2 A A a1
GL CGL 2R, Gy 2 SGTGs,
G4G3 1 2 4 3
Ayi Bil a [G4TO Ay L__? Gilaso|
Ch,i Dy 0 I i D 0 I
(36)
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. _ T A I 0 0.6 L e e e L
B AFAEP; = J P J, g = IR 0.5F 1
0G5 Ga 04F .
A R 36) N 3(33)(34), I Hdiag{J !, 1,1, = 03f s .
1, J 7Y I T A A A3 50 (19)-0) 7, H ol ]
H2(36) 8 L ENERAF ZHT 2 (35) KA. ' .

.
6 R4 IUANL RN AL, T

Fobr1, v2, 3L AUE S R R, DU R A B0 B
Fabry A, o TR A IR AU 1 2

&S]

E(S (1-0)'rf (sre(s) < 3= 17d" (9)d(s),

EKHTFRA DA, A Hw (k)2 A d(k), Bk a10) R ]
HiBE By, By i, Dig, Dy 5 8 0 L3 R ¥ 53 BB By, BY 4,
Djy, Dy . R FHARIFIE I 75 5, B AT 15 248 by 55 8 9240
LMIZY HS& A, R BE, 255 2 3805 20 Woye, 2, 3, FE A4 5
641LMIZI K.

5 FE A HE (Numerical example)

AT DL TR AL ENECS 41, 5 31 H 7 vk AT
KA, KAT 8 VI 2 M R G A 2 (S) B, o
A, Bi, B i HHSCHR (1417 4 AR RIS HEERAT
T = 0.0125 s i 3R1S, HACr = [1 0], ;L)
AR AT, Hrhi e 1
0.02 0.2
0.05 0.1

T BT AE [0, Tona) [ 38 5 3 A, Bl i = T, °F
BIFEA#40.05, RIE{0(k)} = p = 0.95. %L = 20,
d(k) HEIME RO, TRAE/NT0.51138 51 3 A BEN LS 7,
I E8 T B2 s 5

2 8 B K AT B iE2-4-5-7-8-9-12-14-15-17,
DIPSGH . ) AR SORH v B AR A L n 1 3 P s

By;= ,Byi=

] ,Dg;=0.1,D;,=0.2.

0.1882  0.0086 —0.1260 —0.3386 —0.9324
—17.4511 0.9456 —0.3473 2.0590 '—18.2117
= 03109 —0.0002 —0.0309 —0.6916 —0.7211 |,
,,,,,,, 0 .0 0 00657 : 0
0 0 0 —5.2581 1 —1.8223
0.1882  0.0086 —0.1260 —0.3386 —0.9324
—17.4510 0.9456 —0.3475 2.0590 | —18.2118
4= 03109 —0.0002 —0.0309 —0.6916 —0.7211 |,
,,,,,,, 0 .0 0 00657 : 0
0 0 0 —5.2581 1 —1.8223
0.1881  0.0086 —0.1260 —0.3385; —0.9324
—17.4518 0.9456 —0.3480 2.0600 —18.2131
Z5=| 03109 —0.0002 —0.0309 —0.6916 i —0.7211
,,,,,,, 0 .0 0 00657 : 0
0 0 0 C5.2581: —1.8224

117§ AT DX P9 AR DE e 2% 2 g2 s ()i {45 21,
HASCH i ST — A X R T, RIGEICE =4
A IR 3 ANRFAE A R 00 2 AE A A5

0'00 1IO 2I0 30 46 50 6I0 70 SIO 9IO 10IO 11IO 120
t/s
2 bR
Fig. 2 Fault signal

H/km

Rl 0
0 10 20 30 40 50 60 70 80 90100110 120
t/s
Kl 3 EhAfgoR s AR

Fig. 3 Variation of the altitude and Mach number

WW;(2)=0.52/(z—0.5), IRA&Z B W 54 Aw
= 0.5, By = 0.25,Cy = 1, Dy = 0.5.

b = 5, HRQD W H tHrr = 0.1250s. M
KA HHEA LT RET, 120K T 2B ARG
e, 455 1, HEBWHE T, =40 s, 3 2 X(21)
2.

45 Ea = 0.01, 8 = 0.01, IR & #2590 $8 By,
AR PR L, SR YALMIP AL TR A, of
Anﬂ Bn,i

,,,,,,,,,,,,,,,,

R

2, 4FNSHE J ) = A DX I AT I, JE DA S E
o, EYMIESATAE SRAT, WK 2 v B2 R 5 5 40k
(Hay M) TAE SAL VE B 88 Z 8N E =ao 1 S0+
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TS BT VI ARG 2 AT Sk 685

askZa+ as =5, IS aili/e

agp +asgp +asy =1,

ag pho + ag pha + as phs = ha,

ag Mg o + ag My s+ as My 5 = M,,
HH H;y My i, i € Q20 TAE RLaAb B SR By 4.

15 B &5 R B4 7= 53 0l b ik 2 (k) F Bk 22 VF
fli 3T (k), AT LE B AEAAAE AR FNHAE] « 45 I 4T
Jo FAUNEBUT, HCER BE 1 AT Z0K I H R H 4
X(12)Z K A5 H ] 43 B E Ty, = 1.0582, H 4t =
15.3625's, 30.2750 s#185.2000 sHf, J(k) = 1.0631,
1.1282F11.1312 > Jyy,, KL TR T4 53 77 240.3625 s,
0.2750 sF10.2000 s, 2Ty, 29 A A I 5 /NS 0 B
], W T, = 0.2000s.

N RE— DU A ST AT Rk, DASCHR (814
W R L, 20 S D U sg ), SR [H) 20
)4 SR AR 7325, 19407 L 45 T WIS Prs. % L &4,
5%, SCHER [81J7 VR LR 2247 5 WAL Y, Joikfy
SRR DN HE A, BT B T A T VR A .

[F) B, Ay 1B — 25 43 A1 9 2% 2 H50ORH R I P RE 1 32
Wi, 3 AEAN RN A b R B RN AT B, 2L
TSEAAL, JI R R NR IR 2R,

S
<
1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90100110 120
t/s
6 T T T T T T T T T T T
— Jk)
4+ 0T I B
—_
=
=
2F i

1 I 1 1 1 ) 1 I o

0 10 20 30 40 50 60 70 80 90100110 120
t/s

(SR RIS

Fig. 4 Fault detection results
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— Jk)
4 V. e J, |
S
L=y
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MmAA,
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t/s
Bl 5 SCHR (8177 vRA 2t S

Fig. 5 Fault detection results of reference [8]

i 1 P = 1, Z:'—g]Tmax Bﬂ’#ﬁ/ﬂ‘]'ﬁﬁ%#ﬁﬁ‘
Table 1 Results under different delay when p = 1

Tmax T 0.5T 0.1T
Tym 0.1750s  0.1500s 0.1000s
~* 1.6539 1.6241 1.5879

i 2 Tmax =1, TF pﬂﬂ’i/ﬁ“l'fié‘léa‘%ﬁ
Table 2 Results under different packet loss rates

when Tpax = T

p 0.95 0.9 0.8 0.7
Tym 0.2000s 0.2625s 0.4875s 0.6625s
~* 1.7367 1.8142 1.9824 2.3214

Xf LR VFIZR2 AT 01, BEAG I A& b FR AL R )
B, R BEZ D BRI, BB B RS & 4
(IS ey R B 4 R G IR .

6 4518 (Conclusions)

A SCAIE S ] I A7 ] A 0 B 3 1 2 A 1 KA
ZENFCS ¥ & i By Il 1] . 15 S NFCS 20 4%
YATHIEEBON R ES VI EZMARR, 2 5H%IE
AAAERI S U3 ) 8, 255 U) e S 5K i Lyapunov
PRACRIT- I BE B I (R 7 v, 4 T DS B vE
WA Tk, B r il BUE A B UE T TR vk
(A RE.
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