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Abstract: This paper investigates the problem of simultaneous fault detection and control (SFDC) for an unmanned
surface vehicle (USV) with a dual-channel event-triggered communication mechanism. Considering the actuator faults
and external disturbance, an SFDC framework is established to achieve the control and fault detection objectives, simul-
taneously. To save limited communication and energy resources, two integral-based event generators are deployed in the
sensor-to-controller channel and the controller-to-actuator channel, respectively. Under the event-triggered communication
mechanism, the co-design criterion of fault detector and controller is proposed. Eventually, the effectiveness of the proposed
event-triggered SFDC method for USV systems is demonstrated by a simulation case.
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Fig. 1 Dual-channel event-triggered SFDC for USV system

USVIE sl 564 H HEE, 20 BN  #
ey BERE . IR 8. AU USVIIHT RN
wAE, H B R Y- M R-E T 2% LWigs).
USV g 82 7 fE nf 3R Aol

FE) = T2 0(0) + on®) + 0 — oo,

P(t) = wi Kapd(t) + wiws (1) + wi Kupo(t)—

w?(t) = 2Cwnp(t),
Kdv 1

Ky, 1

o(t) = Z0(0) = 7o),
o) =r(t),
3(t) = pl0).

(1)
FHorr: r(t), p(t), v(t) 7 BIMETE IR EE | BRI
HEHAE A AR SR IR GE L o (2), (1), 6(¢) 735l
FORWLIA A BERE A T7 R REAR A wy (8), we(t) 730
F N IR AL 18] £ AR RE 7= AE 300 Kapy Kars
Koy, Ko FIK 3, 9 CRNE 55 T80T, 8 45 7 I 18] &



Fam

FREAREE: T XA S A AU 4 74 T IE A ) e el 42 595

. w, MCHFRIRTCRHE B SRR AR JE R4
€ Xa(t)=col{v(t),r(t),¥(t),p(t), p(t)} €R™,
w(t) =col{wy (t),wy(t)} € R Ju(t) = §(t) € R™,

M ARG RIN N
&(t) = Azx(t) + Bu(t) + Fiw(t), 2)
Hor:
1 -
—T—v 0 O 0 0
K 1
e — 0 0
1| T T |
0 1 0 0 0
wiK,, 0 0 —2(w, —-w?
0 o0 0 1 0|
Kd'u Kd'r
B=[g, 7, 0wk O
1 T
0 — 0 0 O
E1 — Tr
00 0w o0

FEPAT R, USV RGEn RN
&(t) = Ax(t) + Bu(t) + Eyw(t) + Eof (t),
y(t) = Cx(t), 3)
x(ty) = xo,
He: f(t) eRIFBRRGMFE, y(t) € REARGHIH,
X0 TR RBHNIHIRES, By, C L E W HAERE.
Bi&1 RGO, f(1),w(t) € L, (A,C)2
AR, CRATIHRRE.
ST SR B A AN 4 ], R 0 R T
M8 (1) SEDCARHR:

2(1) = A®(t) + Bu(t) + Ly(t) — 9(1).
o) = Ca(0). “
7=V~ 5(0)

u(t) = Ka(1).

€ R'7 A=
YT

&(t) € R", g(t) € R?, 7(1) €

HRA S R EE S, L, V, KR

SFDCH) 25
PTG AR ZE PP A bR

0= \F e

Xth = sup  x(1),
f()=0, w(t)eLn

IRV TR BRI TR 22 15 5 (RN R
ARG R AR, R T 5 R TR RR
HEATFUWT. AL A AN B AT R

BRSO () R 2 B X 0):

- (&)
X(t) > xm = RGLHIE,

MR ZEVFAT R B0 O N BB, MW RGERE
b 75 R G .

WE TR, 9 1 52005 SR, FEAR G Al
A 73 ] 5N T Al A s 102, FefloA s 21053 )
Fon AR (k€ N) Bl 2w N AR BYETC:

{x(t) <y = FRGeHE,

tiﬂ =
t t
iItlf{t > th+ 7 Li e, 2,e,ds > 6, Li |y|I?ds},
(6a)
tepr =
t t
inf{t > t; + 7. L eX 2,euds > 4, LZHuHst},
(6b)
it ey (t) = y(ty) — y(t). ew(t) = u(ty) — u(t),

Rr it I Al R 280, Al N BRI R, 6, F16,
F kR B, HE R Q, A2, A R AUERRE.
MATAT, y(t) = y(t7), t € [}, tii) Ku(t) = u(ty),
t € [t thy)-
A1 RETCR16], BiNHA B BETCR $H il
R BRI T E T TR A% ) A I A T R ) /DR
PPUT REIE, HAT M R G AR S B L4 B IMETC,
{55 7 a8 a2 e TR 45 3R AT A . R, RSOk 1614
B, BT SRFH F) UL T S fid R ML Rt B A Rt P AR R 4%
T b A BRIRVE FE.
EXz(t) = x(t) — 2(t), re(t) = r(t)— £(1), As
=A+ BK,A, =A— LC, HRXB)-@)#H
®(t) =
Agz(t)—BKz(t)+Bey(t)+ Eiw(t)+ Ex f (1),
z(t) = Aiz(t) — Ley(t) + Erw(t) + Ex f(1),
re(t) = V(ey(t) + Cz(t)) — f(1).
(N
zo(t) = col{a(t), 2(t)}, e(t) = col{eu(t), ey (1)},
v(t) = col{w(?), F(1)},
MG KRG W

k() = Acxe(t) +
re(t) = Com.(t) +
EF].
A, —BK
Ao = lo A,

Bee(t) + Ecv(t),

(8)
D.e(t) + F.o(t),

\

~

B 0

Bc: )
’ 0 —L




596 B oW H w5 M OH 39 %
E, = lgl ? , C.=1[0 vV, 7, < min{ 25“L29 , o, LQ 1,
L ML+ )\ MBI
D.=[0V], F.=[0 —1I]. AP
AR, X8 7 < min{ %%ﬁg,
. 2
éult) = K[Auze(t) + Bue(t)], o MU+ 35
&,(t) = ClA,@.(t) + Bye(t) + Eo(t)] 73 }
>N . _ J2 ?
! 3O + 22)
=[A+BK —(A+BK - LC)), 02
= [B L), E, = [E, B, Sul Kcl? + 8, ICc 1 < 0p7,
—[B 0], A,=[A+ BK — BK]. Ou, + v, < 3,
KIET%&%?ﬂﬁﬁ$#ﬁE%mwmﬁﬁ 12)
el TR 1) 1, B4 e
1) W ARG EHRERE — 1Al Ly = |Bull, Js = | A, ]I, Jo = |IB, |,
2) FYIRZKATT, ) KRG Q) LA H e 7 =|E,|, K.=[K - K], C.=[C 0],

v, BT TAER(t) € Ll
LmrzﬁﬁgﬁﬂjéwzfmvT
AR LS RAE I A 2 DL 5]

SIE 12 B —HELERE() R R, ¢t
mmnmumj s)ds 1742 FLA B, U7 49

Az x(t) =0.

3 FELEHR
ARy BEAT T RS RLF Al R B TR L R A

RGN 2% AR 2 1) 2 B BE A 81, FF AR #E BE T I SFDCAR

ﬁ%i&ﬁ?%#ﬁmﬁ%%ﬁz%&ﬁ

SEDCH %5 L, V K, ﬂu%ﬁﬁ%ﬁﬁi P > 0 P2 >0,

2, >0, 2, > AEXAD) AL, NG RG8(8) 2

L fese i) H A G H HERESR bRy,

Fll F12 Fl3 F14
*  Ihy 0 I3y

(tv(t)dt.  (10)

<0 11
k * F33 F34 ’ ( )
k * * F44
Horr:
- [PLA]s + pi1 -P BK
1 * [Py A)]s +p2I |
Lo [PE P [PpB 0
YT \RE PE|TY | 0 —PRL|’
Iy, = diag{(p5 —+*)I, (05 — )1},

I, = [O VO]T, Iyy=—-1I, Iy = [0 _I}T’
F33 = dlag{_gua _Qy}7 F34 = [O V]T’
HETC (6) 2% &

A - Anlin(“(z)y 2= dlag{guy Qy}; /_\u = Amax('(zu);

Li=1,2.

7

Ay = Amax(2y), pi =
MUE  HELyapunov e Z4n T
V(t) =z (t)Pz(t) + 2" (t) Pz(t).  (13)
N TR RGN HL ERE, € L REL
IO =V () +rit)re(t) = Yo" (Do(t). (14
FELE(t) = col{ze(t),v(t), e(t) }, MIXFERTE IEEK
p1, p2 P13
3(t) < ET(1)PE(H) + e”
Rl (Delt) - pbo

(t)2e(t)-
(t)o(t),

3
kS

b=d+I"T T =
B Fll Fl? F13
D= * FQQ 0

* x  I3ya
HiSchur ] 1, AR P < 0% T A
I, S AN UKL
LO e’ Reds < 901f T.x ds—i—pQJ v vds.
(15)
(15 TEFSFBIETC (6) F L. H

[Ce Fe D],

A1), [

N UE B ANSE
EVOLIES

d
< lewtt)]

d
eyt

< Lyullee(t)]] + Lo.ulle(®)]], (16a)

< Jigllze (D)l + T2y lle)]+ sy v @],
(16b)



% 4 0 EARASE: T RUEE T PR DRI K SR M) S 597
Hrh: 5, f: [ v]|2ds. (20)
= KLy, Lo = [IK][ L2, Ly = [|Aull, T, 454 20 (19)-20) R 5 58(12), 0 T+t
Lo = |Bull, Jiy = |CllJ1s Joy = |IC]| s € [to, ), TR
= [|C|[J3, Ji = [|Ayll, T2 = | Byll, J5 = [ Ey]|. LZ eTReds =

TE LRGN 20t b2, = {th} U{th}. Bk
WEAAREER(15)EL € [to, t1) LT, & X

t
Ty = inf {t| L e’ Neds =

t>to
t
2 2 2
00t [ lwellds+ 73 [ o] ds}.

%[ﬁe(to) :0, JH:TOZ?%E %Eki‘lij;, %TO >t1, Z:
HRASTEL € [to, 1) LA 5Ty < ty, KTt € [to,
To] I3

LO eTNeds < eplj a2.]|2ds + pQI v]?ds.
(17)
T e (t), BT, — to < 7, H13U(162) 115

t
2t~ to) J, (Lallel)? + (Laulel])ds.

A b ABU
t
(t = t0)? J, (Lasallwe])*+

[ lealds <
(Lauel)ds.

M7, X Tt € [ty To), WIS
t t t
AJ, lelPds < 0p} | flaelds + 3 | [lv]ds,
H) = A (2). 130312), KTt € [to, To], TR

lewll” <

BV

[ eteds <

Ault —t0)* (L7, + 2ds+

ult = to)’ “f lolPds <
2 2
Sl ] llwel*ds + 6., [ lol*ds,  18)
3 1

Jorh: Ko = (K = K] A = A ). = - (0
=1,2). '

Z RGN —to > Tu. IRIEETC(6b)FI K (18), XF
Tt € [to, t1), FpROL:

+ t
| elneads <P [ fae]?ds+
to to
t
O, ], IvIPds. (19)
ﬁ@ﬁﬁ%“)ﬂﬁ\ﬁ_ﬂ?
t
J,, evuends <4,[1C| Lonmc||2ds+

t t
f er2,e,ds —l—f e, 2,e,ds <
to to

t t
2 2 2 2
00 |, llwel?ds + 73 [, olPds. @

B, B SToM e 7 JE. BRI, T > ¢ fF
ETC (6) Na AL, BIAZERAS)TEE € [to, t1) LA H
A2 FHE.

LR, X XNA [ty 1 ) BEAT 20 AT, B SR IRBANSE
RASXSE € [to, ty) AL, & XN

t
_ 3 T _
Tp = inf{t > 4| L e Deds =

t t
00 |, lzellds + 3 | [[o]*ds}.
A FAFMA AR VRI2AE I RIS A, B S it
Ltk eTNeds <

tr tr
097 | leelPds + 03 [ "lo]ds.
AR A 1 B AE L N B A, Bl anfi A 4% 2
BT, WIS
Ltk €. 2,e,ds <
2 (T 2 b 2
S K [ llwelPds + 6, [ "lolPds.

MITUER T T, AR, RN, 5T > tiyr, A
KASTE X [ty trr) B ERARBOL. BT, < by, KT
Ft € [to, t), NERADTEL € [ty, Th.] FROL.

SF ey (t), ATty =t ftT <t BN

ity = ty, AR R TEL € [to, te] I KL
W DT, — te > T, T, — t, < T G, X Tt
€ [ty, titr), FITF

t
f ezﬁueudsg
tk
2 t 2 t 2
S K [ Nel?ds 4., | [[v]ds. @2

Fth <tp, MAFFERIH L0 < k<kHt, = t;. Mifi
AERQ2)TEL € [ty tryr) LAKOL.
TI:IETJt < [tk,tk_;_l)J:X_jey( )1& ﬁj*ﬁj/%l‘

t
Lk e, 2,e,ds <
t t
S CC? [, lzell*ds +6,, [ llof*ds. @3)
455 (22)~(23), TEt € [ty tryr) B NRBEROL:
t t t
Lk e" Qeds < 0p° LkH:ccHst + 2 Lk||v||2ds.



598 oA R 5 N A

39 %

}‘Aﬁﬁ, Et € [tk, tk+1)J:‘FﬁEETL:
t t t
L e’ Neds < 0p} LO |zc|?ds + p3 LO |v||*ds,

0

KT E SO JE. RIIT, > ¢ 76 F A floZ AL~
B ROLIY, BN 2SR (15)7E 2(12)%4 & 1 F -l
%%&FX#?'ZI‘EI“ S [to,tk_;_l)ﬁij.
BT L Hr, AT
J;t J(s)ds <
J;t T PEds + fot e' Ve — plxix, — psvTvds <
J;t e' e — plxlx, — pivTvds 0.
Mt — oo, IEEMIRFHAT T, AERA0)KAL. Hov
=0, /1%
bor 2 (* T
L e (leds < Op; LO T, x:ds,

V(t) - V(0) < ~(1 - 0)g} | alaeds <0,

BIHEr RGURFE M. R, ML
—(1—0)p? Lj xlx.ds

(IRRBRAFAE HLLL—V (t0) A T 5. 31 BELAT AL, |22
PSRN . R RGQ) M fa e i H A G Hy
Pefgy.  AEEE

A2 fEEFIH, SEDCH R MR A B S,
AEFH V8 10 T A TSRAR. BRI, 420 DL 52 BRI bkt
T B 25 R B0 25

EIEZ éﬁ%E{E%ﬁ Pis Ki (Z: 1,2),’)/,96
(0,1), W RAFAEXFRFFE W > 0, 2, >0, 2, >0,
ASAEREN KRR, L, Vi 2 2 (24)F1(25), i
" RGU) R R 1 H B Ho HEREFRFR.

Hll H12 H13 H14 H15

* HQQ 0 H24 0
* * H33 H34 0 < O, (24)
* * x Il O
* * * x Iy
CW = N'C, (25)
Hor:
T — Hl[AW+ BK]S —K,lBK
e * ko[ AW — LC), |’
E, k.E [k, B
11, = s ) II,3 = i 0 71
KIQEl /€2E2 * _HQL
H14 - [O ‘_/ C]T, H24 - [0 - I]T,

W 0]
0 Wl

H34 = [O V]Ty H15 = l

B-I 0
115 = l ? 2)] ’
133 = _

33 0 _-Qy

20
) H55 = Pr ~o|
0 -
H44 - —I

HETCZH#i 2 :0(12), J 1 SFDCHE i SR (2,
AR AR
{K — KW', L=LN"T,

) ’ (26)
V=VNT 0,=N"10QN"T.

. o 1 _ 1
E BEP = H—W, Pyl = —W, Hiky, Ky
1

Ra
N IER. & LF = diag{W,W,I,I,I,N,I}. %
AEERADEE S HBREEFAFT. UK =KW,
L=LN"V=VNT Q2,=NQ,N". fiSchurh, K
XA HAERQYLRIE. [F]F, SEDCHY & P K
FERE02, 7T K (26) KA. KA E HL T, TIESRS
) RG0(8) I A e M H o R HEEE.
3 24 H T SEDCHIETCHI B EN, 2
B2 SRR (25) ANREF OV 1 T RAS HET B ROR . A
TR TR, R T S FE B R TR
EME3 HGEIEESHY, pi, ki (0= 1,2), AR
TFAERPEW,, > 0, W >0, 2, >0,02,>0,K, L,
VA SERQT) AL, MG R 50(8) AW AR E 1)
HEAGH, PERebRy.
ﬁu ﬁu ﬁlS ﬁ14
x Iy, 0 0
* * ﬁ33 0
* * * ﬁ44
oA AR BT AT I8 5 B W X T WL X+
X T W X433 (Forb X, 1 X, 75 5K(28) P45 ), HEETC
Z 4 2 2(12). [FIE, SEDCHY 25 LA EREQ, AT R
HRAF:
K= KXW X, + X3 WaX,) !,
L=LYXwW; x> 'v"
V=VYXwW 'y 'y"
2, =YX W'Y, Ew it E v,
ME N AT R MR A IES R X € R,
Y € RP*Piji L

<0, 27

X1 b))
X5 0
Hrf: X, e R, X, € RPXn 37 = diag{s,, s9,

-, Spt, sid N AR FECT Y AF F HF AR E. AR 4 SOk

XY = l

cYy = l ] , (28)



Fam

FREAREE: T XA S A AU 4 74 T IE A ) e el 42 599

(251 Rf51 202, AW AT R A

Wi 0
W — XT X =

X1TW11X1 + X2TW22X27
Hr: Wiy > 0, Wy > 0, WAFLEHE FEN I ECW =
NTC. ¥R ) H AR W 8N XTW,L X, +
XTI W,y X, AT 3SR (27). H, 52 B2 I 20 3R X
Q4 F1z025) T B Q7)Y BRIE. K AR R #7772, ATk
TR R50(8) HIMmE AR AT H o PEREY. UEEE.

FE 4 EE3g T SEDCHS 2RI i A LR A I 11
BN SEIE SRR A R 27) 25 S 1 BB Hoo VR BT
By SR, I FT A SR K 21 (6) F RIEERERF 7] | it
RBEAR /N, AFF3 il 5% B8 Sy e, 8@ A3 SRk K
0. BRI, 6 Sl e 3 T LA A P BT PR 2300 125 780
Z TR . T R R M RE I RTIR T, R AR
RCIBRAE P28 1T 92 o5 .

JES AR ISEDC Y 5 1 0T B 4R R L )
A AS IR 1 2 . 3C(6) AR S B FA R R LR S
o] BN DASEEL, MR R 7 i3t
4 fiERHl

N T T BH BT A R S ik K B SFDC 7V A 23
PE, ERESIPRUSY RG240 T fstol:

T, = 0.5263, T, = 0.4211, K, = —0.0103,
Kg, = —0.0202, K4, = 0.0380, K,, = 0.7980,
K, = —0.4600, w, = 1.6300, ¢ = 2.0840.
B
E,=1[06 —120.81]",
C=[1081 —10.6],
USVHISFDCHEH W] 4 IR A5 N (0) = 2o = [—1.3
1.4 —0.2 —0.7 0.8]. KRG Shw, N E oAk
N(0,0.03), $ish
wy = 0.3sin(2t), t € [0,4],
wy(t) =
0, A,

WRHk =18, ko=1, py =0.35, p, =3.16,0
= 0.96. 7117 g B A I 14 e AN P 265 38 15 11 20, ik
HH  HEREFEFRY = 13.6, HEFE3 A5 SFDCH

K =[2.6122 3.3818 4.3608 — 2.6196 2.6896],
L = [0.4295 0.3455 0.4283 — 0.4276 0.2569),
V = 0.0689.

ETA9(12), ETCSHHN T

7, = 0.0059, £2, = 0.3709, §, = 0.0011,
7, = 0.0060, £2, = 0.5000, &, = 0.0011.
USV ARGtk A N0 2 B, 78 XCEE St &

|
o

v(t)/ (m-s™)
|

r(@/(°).s")

|
N O

|
e e e
wn O W

w(@®) /()

p®/((°) - s

0 2 4 6 § 10 12 14 16 18 20

1.0 T T T T T T T T T
05F 4

0.0 [ E— I L 1 Il 1

o) /(%)
/

t/s

B 2 Tohibs R GUIRA

Fig. 2 Evolution of system states with no fault

DIVEAl I B H 7 % B iR U B, 25 FE AT &%

HipE
1, t €3,8],
t) = 29
7o {0, St )

SFDCASE R [ 7k 22 i 7 41 B 3 Fr s, B 1) A (¢
= 3 )M HR G T4 T R E R, XA BT
e R AR ) T 75 PO EST T B 2 VAV bR 0 L R dn Pl
Fis, Forp B xen, = 0.0035, SEDCHLH fEt =3.224 s
oL DN 21 22 e, R B A T 6] 290,224 5. 33 R 2
PN SRR REZ BIAMBHLANE 5 w (¢) FIEEIH, FTi
(5L T i & (¥ SFDC T A AN B % F st A6 31
SR, o ReEE G AN ER DL AN S T B iR AR IS Y
T 45 P ke 8 B 28R ik A TRTBR, 7E20 47 LA
() ERL, S ik 2% LRN2 00 R AL AN 43 ) R STRISAAN,
5 B HARAE AR EL, @R 28 (175 58 5 AR 3 T R R
fiK.



7w oo 5 MM

%39 %

5 4

ASCHE AL T RUE TE R 53 B A s mAE AL R
USV Z Gt YISFDC a8 1A AR 73 784 1 S A4 ik A 2 0
) S A TR U A ) 8 — U SRy D i 13 B R
5 AN R SEREVR AT FE. SCEa4RH T 36T X0 2 11
R R A N 2 R 42 o) 2 BE A B U T v, IR AE T RIG
SFDC 1 i $ t 1 S fi e 2 AR v HE ). BT
FI 7 VEAMY RE % [ I SE B US V28 Gt A g 5 6 000 A 428
], WEEA B IR R B . f)h, USV RS
(I B4 FEGAIE T e 5 v A Rk

600
025 T T T T T T T
- Jo
020 L //V\ — Wl
S
/
0.15 /
= 010
~
0.05
0.00
_0'05 1 1 1 1 1 1 1 1 1
0 2 4 6 8§ 10 12 14 16 18 20
t/s
Kl 3 Bk ZEmE
Fig. 3 Evolution of residual
- - - JoilE
0.12 — J
S~ Tk 7 RME.
0.10 — ]
. 0.08 T B
ng 4
0.06 X:3.2240 17
Y:0.0035
0.04 ‘///_/ —1 1
0.02 1 d
3.0 3.5
000 """"""""" f—— | I ) S . |
10 12 14 16 18 20
t/s
4 BRIV R HE N
Fig. 4 Residual evaluation response x(t)
1.5 T T T
<o) |
@
=
& g5
* b et T
0.0 MT ‘ ‘
0 5 10 15 20
(a) I TRV A 251
2.5 . . .
- 2.0 - 4
@z 1S i
=
::}R 1.0 - 4
=
= 05¢
o i LT CLTITEITTION]

fin R Z /s
(b) TN A 252
Kl 5 ik RGN %)

Fig. 5 Evolution of event generators with fault

SE30Hk:

(1]

(2]

[3]

(4]

[3]

[9]

[10]

[11]

[12]

KIM J. Target following and close monitoring using an unmanned
surface vehicle. IEEE Transactions on Systems, Man, and Cybernet-
ics: Systems, 2018, 50(11): 4233 — 4242,

QIAN Zhengfang, LU Jiang, SUN Xiaoshuai. Brief analysis of deep
learning application in future unmanned surface vehicle platform.
Shipbuilding of China, 2020, 61(S1): 6 — 13.

(BRIETS, BEL, FhIN . AR RE 2 S FE AR SROKIH TE AT 65 FO L
. SRS, 2020, 61(S1): 6-13.)

SHI Y, SHEN C, FANG H, et al. Advanced control in marine mecha-
tronic systems: A survey. IEEE/ASME Transactions on Mechatronics,
2017, 22(3): 1121 - 1131.

JIANG Y, PENG Z, WANG D, et al. Line-of-sight target enclosing
of an underactuated autonomous surface vehicle with experiment re-
sults. [EEE Transactions on Industrial Informatics, 2019, 16(2): 832
- 841.

FENG Aiguo, LIU Xixiang, WU Wei. Design of unmanned vehicle
navigation remote control system. Fire Control & Command Control,
2017, 42(8): 150 — 154.

(B% M, Xk, R, KIS S 6 RG99l -k
J15TRIERE, 2017, 42(8): 150 - 154.)

PENG Yan, WU Weiging, LIU Mei, et al. USV tracking control based
on cascade GPC-PID. Control Engineering of China, 2014, 21(2):
245 - 248.

(4, RABTE, XM, 55, Jo NERTZE IR FEGPC-PID # 4% 1. 421
TFE, 2014, 21(2): 245 - 248.)

WANG Y L, HAN Q L. Network-based modelling and dynamic out-
put feedback control for unmanned marine vehicles in network envi-
ronments. Automatica, 2018, 91: 43 — 53.

LIU Z Q, WANG Y L, WANG T B. Incremental predictive control-
based output consensus of networked unmanned surface vehicle for-
mation systems. Information Sciences, 2018, 457: 166 — 181.

WU L, HO D W C. Fuzzy filter design for It stochastic systems with
application to sensor fault detection. IEEE Transactions on Fuzzy Sys-
tems, 2008, 17(1): 233 —242.

CHEN Zhengquan, HAN Lu, HOU Yandong. Fault detection and es-
timation based on adaptive iterative learning algorithm for nonlinear
systems. Control Theory & Applications, 2020, 37(4): 837 — 846.
(FRERL, Wik, PR R, JE T G MIA S S FE R — Rt R
GrisFERl S5 05T RIS S, 2020, 37(4): 837 - 846.)
WANG Shenquan. Researches on robust fault deletion and fault tol-
erant control of time-delay systems. Shenyang: Northeastern Univer-
sity, 2013.

(CEH 4. I R G S SRR I 5 A T W . TERR: 2R
JER%#, 2013)

CHU Xiaoyan, NIAN Xiaohong, LIU Jingjing. Fault detection and
isolation for multi-motor web-winding system via robust sliding
mode observers. Control Theory & Applications, 2018, 35(6): 795



%4 1 FHOAREE: T RO S At A A L R 7K T 0 A AE R s Pl 542 1 601
- 804. [20] JIANG Y, SHI D, FAN J, et al. Set-valued feedback control and its
(CRERRH, SRl X JE T BHR BN 2 LGS R S application to event-triggered sampled-data systems. IEEE Transac-
WP IIAN G 2. P28 5 R, 2018, 35(6): 795 — 804.) tions on Automatic Control, 2020, 65(11): 4965 — 4972.

[13] KHOSROWJERDI M J, NIKOUKHAH R, SAFARI-SHAD N. A~ 51} MOUSAVI S H, GHODRAT M, MARQUEZ H J. Integral-based
mixed Ho/Ho approach to simultaneous fault detection and control. event-triggered control scheme for a general class of non-linear sys-
Automatica, 2004, 40(2): 261 - 267. tems. IET Control Theory & Applications, 2015, 9(13): 1982 — 1988.

[14] ZHONG G X, YANG G H. Simultaneous control and fault detection . .
for discrete-time switched delay systems under the improved persis- (221 Yp H, HAO E Input-to-state stability of integral-based event-
tent dwell time switching. IET Control Theory & Applications, 2016, triggered control for linear plants. Automatica, 2017, 85: 248 — 255.
10(7): 814 — 824. [23] WANG A, MU B, SHI Y. Consensus control for a multi-agent system

[15] WU Xiaoxue, DING Dawei, REN Yingying, et al. Simultaneous fault with integral-type event-triggering condition and asynchronous peri-
detection and control of two-dimensional fornasini-marchesini sys- odic detection. IEEE Transactions on Industrial Electronics, 2017,
tems. Acta Automatica Sinica, 2021, 47(1): 224 — 234, 64(7): 5629 — 56309.

RN, TR, RS, 55 MFMARMFIN GBS0, 54) KHALIL HK, GRIZZLE I'W. Nonlinear Systems. Upper Saddle Riv-
EEIEAEA, 2021, 47(1): 224 - 234) er, NJ: Prentice hall, 2002.

[16] WANG Y L, HAN Q L. Network-based fault detection filter and con-
troller coordinated design for unmanned surface vehicles in network [25] YANG F, WANG Z, HUNG Y 8, et al. Hoo control for networked
environments. /EEE Transactions on Industrial Informatics, 2016, systems with random communication delays. [EEE Transactions on
12(5): 1753 — 1765. Automatic Control, 2006, 51(3): 511 - 518.

[17] LIU Yuanshan, YANG Hongyong, LIU Fan, et al. Active disturbance [26] NING Z, YU J, PAN Y, et al. Adaptive event-triggered fault detec-
rejection control for multi-agent systems based on distributed event- tion for fuzzy stochastic systems with missing measurements. /EEE
triggered strategy. Control Theory & Applications, 2020, 37(5): 969 Transactions on Fuzzy Systems, 2017, 26(4): 2201 — 2212.

-9717.
Kz, ks, XL, 5. AR N 28 Re ik R g — S TR .
FE I SR, 2020, 37(5): 969 - 977.) & WA

[18] QIU Aibing, HU Xian, QIU Weidong, et al. An integrated design FHEAR  BhEREER, BRI RS AR AL
e ™ 5. YRS, i v g s o
(B2, WAV, BEILAR, 5. Je TSk fisis i 535 14 PP, HuiWh A7 mh2-DR G Sl i’ RS0
PRBCE. FERPEE SR, 2018, 35(8): 1159 - 1166.) PR 48, il A5, E-mail: feizhongyang @ gmail.com;

[19] NING Z, YU J, WANG T. Simultaneous fault detection and control

for uncertain discrete-time stochastic systems with limited communi-
cation. Journal of the Franklin Institute, 2017, 354(17): 7794 — 7811.

B W WA, HETHTIOT R N2-D ARG VRS, SHE

fil &4z, E-mail: yangliu_hit@163.com.



