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FEB FEREE B A8 E 9

TR E B O, R ) R GEROAR SR I AR e o, RAS SR B2 i 2 BRI R GUIRAS ) — R i
SR B 2 53, HAAUBPEAE T AR 0 LD AR, (H2 d T RGOS AN T BN B4
BR A 1R S ABHE 1 VBRI B TIRAS A T2 AR POoIR S S B SR R R S AR AR 2 —, HAT S AT R
2 R B AE WL R G RVIRS A THE WU 7 KRR TR, SCR [6] A Lyapunov 25E P E S B
7T HA AT B S B — IR AR & SR R IR M 2% R G RS Al i AL STHR (7] WHFE 1 BEAL
iy I TRV SE AR ) B AR RS At 1. STHR (8] %6 T4 72 RS Al A AL S AL, W78 7 t Al AL i
Wi T, — AL 2% R GERPIRA AL . TR [9] 26 T-07 2L %, B FUAEAS R Z RS DL f A2
REFRHINE e

SRIM, BEAE X 26 22 (R R R AN A8 R (20, KBRS AR T 2, M8 AL A5 R AE AL fd R v
PR R, (5 T A R i 98 AR, 3O X 2% AR o A R g S e L (5 R AR AR
HOANRT 3 G R 2 B B 28 I SE L R4 R, I SRS I S8 A A 2R, & 51 M R G AR
SE. DRI, el s ORI s 98, BRAR M2 Ay 51 17 [ A MR R 2 IR BEORTE . H TR 2 B B
R A R i, B AU B Bk DO, H AT SIS T ORR BT FUSCR. SCRR [11]
PR T — FAEIR W 25 P 2R 8 i P il s AN AR s 3K R BTk, STk (12, 13] 0 AR AN 7] 7 14
YR RGBT T DA F R A AR, BT T AR AR R E IR B2 R 8 A BETHRLIR A 1
R, SCRR [14] BEUE 72T F AR 5 R TR, BT Bn b T &S 2 B RER R
G iy R0 e L R TR (E L3R SR P T R SR AR BRI R 2 R I T AR 22 BN iR 22 T 2
[, ARGUREEBIN BN, X RF M S 2 B R EEEF B E K, FBUSHIE AR
HERHBSAT, I P ECARGEREAR 2. N se ik EIRF AR Al A LA A3 — BRI, ASCRE TSI AN — 3T
18] — SEPEAR LI 1 A SR S i A AL, REAT R0/ A% TR (5 B RO &, R SCERIBE I 1 &5y
IS Tl A A 5, AT BASR my R GE A PERE.

7T, WA P 2 4 el T IR 2 A SRS T R B R AL A el 52 L) JE A [ T P,
SN RGURE 5y 2 KBy, W28 B0 ANE BRR G 7 AE 7™ E I S A A, T Had 33
P2 A SR A Bl Ba I, AT R4 R Gk RE ™ B N B, FEE R GURT. AT ER MR i — EL2

BEXTIR MR PERE BT T e Stackelberg 2l 4, JF /04 1 EIE 52 2% Mook T~ ARS8 H0 PEREA T34
FasE PR, SR [16] BHRTFEH] R G A7 AE RE RS2 IR FDTEAE 28 IR 55 (Dos) AT A3 1 S 0KE)
PRI ] S . ORI A2 A1) PR AL At A, 2 W SR 0 BB I, ) S R GRS ISR L RS
VIR R, XTI AT SR NN, IEAT VF 245 A DR 1 1)

HAl, B O ST R M RGHPIRA AT BT 7T, (HR X S B R A AR L 2 1% ¢
RS R LA R A 1y (10~22) ) S A 1 A TR A AR WL FRDIRZS A T 170 L. B 5 5 4% T 4% 18
TR PR SR i R, oF R 4% 0 542 1 i AL FOA9F 7 2 2% [ B 2% FE B 2 R 2% 15 R LR AT B
BT ie, HIERENLIN A X PTB TR, JEa5 & B2 M RGHHRFE, I — DA — S TR
Gy An R Al R AL, BT RENLT A A 2% R HPRES A THE Y, 76 ORIE R IE R ER AT H2
, W Tl A ORGEA T A, SN R 2R Rk R GUH RAIRA LT

AL AEARSCH, R ARG o 4ERVRRECEE, | - || FoRAERRATEE, 1, o 4EERAIFERE, A > 0
(< 0) RIIEFE A ASLIEE (f5E) 5665, 755 M = diag{-} 1%F M Nt MR, 0, rn—A
1 x m MESHHE, @ K78 Kronecker et
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BRMEE: 2% B PR S T 5 2 4 R G o A 2R A il AR vt

2 RBEELA

SKBRIK R4 R ST R 4417 FEAT BRI B 2 S SR A R £ A A R AR AR R AR Rl AR 155
Ty PR ZE I FE S LR, W4T s A5 JE A A T G A I, (RIS 0 26 RS2 B MRS T
PR RENEAT NI R A NERA T E N, ASCHIEUT N AN R BN R 2% 9 25 5 7

N N
i(t) = 0(O)Afr(wi(t)) + (1 = 6(2)) Bfa(xi(t)) + Z gijT;(t) + Z 9ijTa;(t = 7(t)) + Eqw(t),

(1)

Hordt i (t) = (war (), waa(t), - wan (8))T N @ DTRAVIREZRE, vi(t) = (ya (), yi2(1), -, yim ()T N
B AR ER R, 208) = (20(t), 2i2(t), - .., 2ip(#)T R @ AR CBGE I8
5%, w(t) NIMBIENGES. A, B, Ci, E; 5 L HORIMREGERE. 7(t) Roam M4 RGBS AR A, 3
B0 1, <7 <7are f1(0) 5 fo() APNERNLE 1T R BhEAT RN BELL A B R AL o(t) IR
Bernoulli 737 BB 2751, HIHEEN 6, JT 2R 6(1—6). T1 5 T 2851008 ¢ Al ¢ — 7 (¢) B Z 1 P9 36
MG, B RAHIA TG RORES M E T AR BRIEEKXR; G = (9;) € RVN RRM%EH
NSRRGSR, AR G W ERIGER — R g = —Zj\’:l)#i gij (i=1,2,...,N).
TEARSCHHFE A, B M2 A — R, R TAMBGHERE G HITER g, > 0 4b, WAMEGHFE
VA AT PR A, TG BRI PR P A7 R Sl 75 o) 2 AR 55 3 S v ) ) % B

AL HERMBE RERDEFEAZ IS5/ R, &5 &7 S AR AH
K, BARBIM L R AT i, FEATE NSRS, HBSAT AFAEATE I, A5 R
Bernoulli 7317 FIBENIAE & 0(t) RAEXFENZAT NN, AL (1), JELMEREL f1() B ()
IR T BT R R ASAT N, AL o(t) BEATRENLY] 4.

FRIg1 X T Vu,v € R, JEERMEIESL MR R f1() 5 fo() WL NI &A1

{Qﬁ@)—ﬁﬁﬁ—Eﬂu—v»WhOO—ﬂﬁﬁ—Eﬂu—vD<07 @
(f2(u) = fa(v) = Ez(u— )" (fa(u) = f2(v) = Ba(u —v)) <O,
Hh =1, s, B3, Sy RAELERIFHOERE, JEHWERMF E, -1 20,50 - 55 2 0.
AR2 s 1, wrA
T T -
Tl Lkl -
fi(@i@) ] [Qo1 In| [ fr(@:i(D)) fa(i@) | Qo1 In| | fo(@i(t))

Fop o = SLEEEE o) = _Bum ) = HEHES 0, o EuE

A3 A RE RS AR @ T, ik 1 2 AN E PR R R, X BRI AR
B IR 1) W 28T IR SIS AT 8, WEILEBE, st WA TAIRESAT A3 bk, XA s
RS o i) LA AT 5 ).

B S BRI, IS AE AR = AL KB R, s AN BT SRORE 5 IR 9%, [H]
I eI 268 28 GE 1R BEAN 3 KRS, A SCHERRALAR IRG AL TF 88 Z IR SIN— MR S s &%, 1 T] i
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Figure 1 The framework of hybrid-triggered state estimation for complex networked systems

TR R i B 45 7€ IO W BEAT U048, ] 1 Bs. e o i ANTR -G Al R 4% A D1 U 2 -

A A FE R R,
' 0, Il RAE,

ZKH 0;(t) & — MR Bernoulli 73 A IFEHLAZ S, H Prob{6;(t) = 1} = 6;, Prob{6;(t) = 0} = 1 —0,,
HHEA RO A, FA il A SR S B 4 A SR R SR PR R A B REAT O e, 7 2R AR IR
FEAE TR, 20 M2 AR IR S Al Th 4%, WERARAE 5 RBORETBUVIA], A 887598 R 0 b — I 2 AR I
55

N T JT ARG, Xof X 28 4T 7R A A I PR A A St DA S A LR

BRig2 ERBCRFEEFEWOY h, 245 @ TR R TR EIRIC Y v (tLh), X REIERN 2185
(Al € (ko kr ko o} € {0,120 )}, FEEL ko = 0, BN VCHAR— S RI: 15 5 A AL IR o e
AIEIR, BB 2] ] h WAL S B THER I TAEIR N 7 < h, WROKIER EFON d = max {7}

S Ak 5 I 220 e T 0 ik A 2% AR A E -

(4)

[y: ((k + 3)) = yi(k)]" W [yi((k + 5)h) = ya(kD)] = oagi((k + ) Wiy ((k + j)h), ()

o Wy R E IR ERERE, o0 € (0,1] NERISEE. HAERK (5) WAL, B vi((k+5)h) $etkh.
A TR 2009 ¢ h, I (5) FTRAE H, T O SRR TR O I %10

tirh = teh +min {jh | e, (O Wieyi(t) > oiyi(tih) Wii(teh) }, (6)

Fort eyi(t) = yi(tih + jh) — y; (¢ h) ARG HTH tH BE 5 Sof i A0 2 M i w22, 8 7 5 T it
W, 4t € [tyh+ Tistih + 1) B, SINCUR EREL 4, (¢):
t—tih, t € tih+ 7, tih+ 1+ h),
di(t)=q t—tih —ih, t€tih+Ilh+7,tih+m+(+1Dh), 1=1,2,...,p. — 1, (7)
t—tih —7h, t € [tih+ pLh+ 7t  h+ ),
AR, 0<di(t) S h+7 <h+d=dy, FH dy BEMGE RBIER R () 19 EFL. LT STER [13]
W73, NP di(t) (i =1,2,...,N) BB NESEREE 0 < d(t) < dy RE.
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BRMEE: 2% B PR S T 5 2 4 R G o A 2R A il AR vt

TS AL (6), TR T i e R RAE B i 2 o R AN K
eyi()Wieyi(t) < piz) (t — d(t))CFW;Cii(t — d(t)). (8)
SEEE SUHBBLREL, Mt € [tph + iy tegrh + 1) BF, 5 AN SRS AR
yi(t) = yi(tih) = yi(t — d(t)) + ey(t). (9)

i ) ik A A A S A A B — R B, 2455 i DD A TR A A B, I ey (2) = 0, BT
XA — AN R A TR B P AR RN % ¢, NS (8) D3RR, AT, 24 7R & il A L A i ]
fiu R Al R AR R (4) DI, SRR oA

gi(t) = y(t = d(2)) + 0i(t)eyi(t). (10)

B RE M8 AN IR PUB T4, A SCERBO LB AR 5 A RENL T3, IF B M ET mah&S1T N
FRI R, WA T 2% SRR RIS g, (¢) R TRA 2 e -

{ﬂz’(t) =7i(t) + ayi(1), (1)

ayi(t) = a(t)Cih(z;(t)).

K at) AP R IER RSB MR A, I EEN o, TEN a(1-a). H aft) =11,
5 EAEA IR PO B RS, Y o) = 0 R 5 N IEHE S, RZBSMTM L L.

PZE AT T AR PUIC A2 5% T R4 5 UIRESAT A — DR YERR L () - R™ — R, HX v,y €
R™, B AT A

[h(z) = h(y)l < [U(z = y)ll,  h(0) =0, (12)

Forh U R MR 0 A B 4R SEHIE

g3 AN EIRBENLAEE a(t), 6(1) 5 0(1) = diag{01(1), 02(t), ... O (1)} FHEASE, 3
ELBEHLA R 01 (1), 02(0), ..., O (1) REBHETERN.

SERA LRIREIN a(t), 0(1), 0(t) H 3 FERFIXM RAEAN R T MBEHAE R, Hork o(1) Hiik 7
245 AT AL NE, 0(2) = diag{01(1), 02(0), ., On (1)} R AMBIEIIR A A S 2P0 — 1of 40
RYNBeHO AR, 35 EH e o2 LI 40 2 0, T o) AT PO PO 0T PO MBE 5237, 35 £ 0 46 35
BB, PR 3 A

Gt % HE BHLIN 26 AT AR B i P2 oS (0 SEBifth, R4 RGEISE ¢ A1 AR ST I T ()
A TR

N N
i(t) = Zgijrli"j(t) + ngi"i(t —7(t)) + Ki(g:(t) — Cizy(t)), (13)

2;:Lz£z(t)’ 7;:1,27...,N7
Horp K R EREER o DR BIRES TG AR RE, 2 (1) ARSI E.
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L oei(t) = zi(t) — #4(1), Z(t) = zi(t) — 2(1), &ERN (1) 5 (13), FRE « D ARG THRZER

N N
Gi(t) = () Af1(x:) + (1= 8(8)) Bfalwi) + Y gigTre; (t) + Y gigLae;(t = 7(1))
j=1 j=1

il(t) = Liei(t), iZl,Q,...,N.

FIHFEFER Kronecker #1, LUK (14) Fom NEE K

é(t) = () aF1(x(t)) + (1 = 6(t)IpFa(z(t) + (GRT1 — KC)e(t) + (G@T2)e(t — 7(t))

—KCx(t —d(t)) + KCx(t) — (0(t) ® L) Key (t) — a(t) KCh(z(t)) + Ew(t), (15)
A(t) = Le(t),

Hrb, Fli(e) = [ () fH(22t) - fav®)], F(e) = [fs (@) f(@2t) - f (@n®)],

at(t) = [z1(t) a3 (t) - an@)], €' () = [ef () e (t) -~ ex(B)], ey (t) = [egi(t) 652(?5) ey (B,

0(t) = diag{01(t),02(¢),...,0n(t)}, ET = [E} EF -+ EY], In = IN® A, Ip = Iy ® B, K =
diag{Kl,Kg,...,KN}, C= diag{CI,C’Q,.. CN} L:diag{Ll,Lg,...,LN}.
SEX T () = [zT(t),eT (W), &HIN (1) 5 (15), FEILUMET R TR E RS

N
() =G(t) + (0(t) — 0)(IaFi(x) — InFa(x)) + (a(t) — o) Dh(x(t)) + Z(&'(t) —0i)ZiKey(t),

G(t) = 614 F, (z) + (1 — 8)IpFs(x) + An(t) + Bn(t — 7(t))
+Cn(t — d(t)) + Crey(t) + aDh(z(t)) + Ew(t),
_(;591?1 0

_ _ G 0 - I _ I
A= B B = ' 5 IA_ 4 ) IB_ ? )
KC G®I'y—KC 0 G®Ty Iy Ip
_ [ 0 0 _ 0 _ 0 _ E 0
C= ) C(1: ) D= ) = ) Zl: NE
—_KC 0 0@ I,)K _KC E I

L=1[01L], I'=diag{0,0,...,1,,...,0}, 6=diag{6,0s,...,0xn}.

AR FAE B AR RIBH A IR A AR AR LR R B 8 MBI 05 R, S0 A i i
ERGE (16) MR VEAME, HEHEE B A sUR AR B (6) 02 BOR T SE IR A it 118 250
Me, (RS MR 2 RS (16) RBENLWT LR IO ELIE R4 E I Hoo MEAE ~, B 0 F RO
A

(1) 2 w(t) = 0 I, iR R RN R
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TFMGEE: W4 28 By PR3 T S I 4 2 4 10 o A 3R A il SO il i

(2) TEEVIGHLM T, 55E M v > 0 Al w(t) € L[0,00), fhitHRZE 2(t) WL N Hy HRE
/OO FV()z(t)dt < 2 /OO wt (t)w(t)dt. (17)
0 0

TERZE B G RaE M3 B RDIRAS A T 2 B A b, 728 N TR 5 3.

SIEEL (11)) XMERMHE 2,y € R® MIEEMNFRERE Q € R, W 22Ty < 2TQx + yTQ ™ 1y.

SIEE2 ([22]) & Qp, Qo A Q REAGEHREL ORI, B8R 7(t) € [n, ), MAZERX
(T(t) = 71)Q1 + (12 = 7(£)) Q2+ Q < 0 AL, HHUAFEL (—1) U +02<05 (n—7)2+02<0
Cilings v

3 EEBHER
3.1 TREMS

EE1 WTAEMMESE 0< 7 <7, du, o, 0,05, 05 (5=1,2,...,N) Fflita% R0 35540
B K, AR50 A 2R B Al RLAR 0 DR 28 X s 2640, AR EOIRESAG THRZE RS (16) =& REHL#T 3R
E B Hi 245 E W Hoo TERE v, MMPAFAEILEFEFE P = diag{P1, P2} >0, Q; >0, R; >0 (i = 1,2,3),
EBEMERIERE M, N, Ay, Ay, F5U R FEA R T

211 —+ T —+ TT * * ES
221 R * *

D(s) = <0, (s=1,2), (18)
231 0 RA *

241(8) 0 0 7R2

Yin * ) .
Y= { ], Y1 = [Xo11 Xo12], R =diag{—R;, —Ra, —R3}, Ra = diag{R,..., R},

N+1

00R;3+CP 000 Ry
00 CfP 000 0

Y111 = 0 0 Ri —Ri—Qp x * * , 2112 = N
00 aDTP 000 0
0 0 BTP 0 0 = * B
00 ETP 000 0
0 0 0 0 0-0Qy =«
0 0 0 0 0 0 —Rs—0Qs

by 0 =
231 = [ 3t ] s 2113 = diag{—Rg + HTCTWCH7 _VV; _Pla _’721}7
0 X2

Sor = [T ®Iy (1-Mi®Ip Ti®Is 0 Iy®@Ip 0 0], TT) = [rR Vm1Ry duRi,
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Yor2=T1u®@C I ®C1 al'n®D Ty ®E], B3 = [6(1 =0T ®Ia 6(1 -0l ®Ip 0Ogl,

61(1— 0,)T1, ® (2, K) 0 0

Y312 = . . |
GN(l—ON)FH@(ZNK) 0 0
0 O[(]. - Q)Fll X D 0

M3 = HY (A1 @ Q1) 4+ 6PI4, M3 = H (A @ Q01)" + (1 — §) P,
g3 = —R —Rs+ Q1+ Q2+ Q3+ AP+ PA+ H' (A @ 1 )H+ H (A @ Q11)H + LTL,

Yu1(1) = vV7ar — N, 201(2) = Vs — MY, Y =[0s N =N+ M — M 05),
N =[N Ny - NYJ, MY =M My - M), H=10].

HERR #3&E R AR Lyapunov 12 B8

V(tn(t) =" (6)Py(t) + / 7T (8)Qun(s)ds + / 77 (8)Qan(s)ds

™

t
+/ 5)Q3n(s ds—l—rm/ / v)Rin(v)dvds
t d]\/j t—TmY s

t—Tm
/ / v)Ron(v)dvds + dps / v)Ran(v)duds, (19)
t—1m Js t—duy s

HF P>0,Q; >0, R; >0 (i =1,2,3) NFFRMITRAFLE. X V(nt) KT ¢ KIHXHEHES

E{V(n(6))} =20" ()PG(t) + 1" (t)(Q1 + Q2 + Qa)n(t) — " (t = Tn)Qun(t — Tin)

=0 (t = Tar)Qan(t — Tar) — " (t — dar)Qan(t — dar) + E{n" () Ri(t)}

. /t ) Rui(s)ds - /t ) Rai(s)ds — d @Ry, (20)
X R=72Ry + (s — 7o) Ra + darR3, M
E{7"(t)Ri(t)} = GT(#)RG(t) +6(1 — §)[IaFi(x) — I_BFQ( T RIAFy(2) — IpF(x))],

+a(1 — a)h" (z(t)) DT RDh(z( Z KT ZI'RZ Ke,(t),

2t = [ (1) &), Hr

&) = [F(x) B (x) 0t () 0" (t—71m) 0" (t—7())],
&) = [n"(t—ma) 0" (t—du) n'(t—dt) ex(t) h'(z) w'(t)].

MG Newton-Leibnitz AT, N1 HIZE2H BT
26T ()N |9t — 1) — n(t — 21
£7() [m ot / T@ ] (21)

—26T(t)M ln(t —7(t n(t — ) / ] (22)
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TN 2 BT TG R A 2% R G A R

il AR At T

Herp M, N OUSINE A BBGERE, g5 2 1, AR

t—Tm

2NN [ i)ds < (710 = )€ ONFS NTE() + / () 0 (s)Raii(s)ds,  (23)
t—7(t) t—7(t)
-2 ()M i(s)ds < (tar — 7(1))€T () MRy " M E(t) +/ 0" (s)Ran(s)ds.  (24)
t—Tnm t—Tn
PEAR, MRHE Jensen ANEES MU ] DA 2 R 1 A9 AN S 20k a7 :
_ T
T / o @mmeas < | " T e (25)
t—Tm 0t —Tim) Ry =Ry [n(t—7m)
T
) n(t) -R3 Ry O n(t)
—du /ﬂi 0" (s)Ran(s)ds < |yt — d(t)) Rs —2R3 Rs | |n(t—d(t))]|- (26)
| n(t —dwm) 0 R3 —Rsz| [n(t—du)
AR 2 K (3), FAAEHRE Ay A Ay 18 NS T:
T
z(t) A ® Qg * x(t) S0, (27)
Fi(z(t)) A @ Qo My @I | | Fi(z(t))
T —
B(z(t)| [A2® Qa1 MA@ L, | | Fa(2(t))
FH 9 28 i JE 26 R AL R &4 (12), & Up = diag{U, ..., U}, WX FIEEMERE Py, NRRAL:
N
N (HYUL PLUyHn(t) — KT (2(t)) Pih(z(t)) > 0. (29)
R A il AR S L i fid ke 2% AF, ANSEC (8) & T
T ~
[x(t—d(t)) CTWC 0 [ (t—d(t))] o .
ey(t) 0o -w ey(t)

XEW=(a,)W,o= diag{o1,09,...,0n}, W = diag{W1, Wa,...,Wn}.

i (21), (22) WAL MR (20) HA4IL, FHFRIHAE (23)~(30) BEATHLE, HHFE Ho

PERE, AI1S

E{V(H)} + 21 ()2(t) — 7w (w(t)
SEWEn + T+ TR +GT(ORG(E) +0(1 = §)[[aFi(2) — IpFa(x)] " RI4F1(z) —
N
+a(1 — )W (z(t)) DT RDR(z(t)) + Z (KT ZIRZKe,(t)
Hr(t) = rml€T (N Ry ' NTn&(t) + [rar — m()]ET () MRy ' M T ng ().
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R

E{V(t)} —y*wT(t)w(t) + 2T (t)z(t) <0

TV FA T, FEXA] (to, +00) EXF (32) WU, FHH &

RO, B HAXHA (18) BOL.
E{V (n(+00))} >0, AT LA 2

ETORIEW R G HIARE

B WALRRT 7(t) € [rm, mar) KNS, FIAIFIEE 2 A1 Schur #b, A%

(32)

/mzﬂwaﬂwgyf/wa@wumt (33)
0 0
PE, e B{V (¢)}, FIFH BRI 73, wT LAAS 3
E{V(t)} < Amax(®(s)E{[|n(t)|}, (34)
diag{LTL,0,0,0} £HICE 21 FIERATRIBIRE T, Hd L=1[00 L 0g).

Hr (s) AP @(s) —
AR, ®(s) < 0. 4 Lyapunov FaE
JE) Hoo PEREZKF .

3.2 &Mt

PEHE, FISRZEMTE RS (16) RERENLENEIEE R, JF B 2%

FEHL 145 T B THRZE RS (16) FENLIIEARE 780 261, (HIFRF B A THER Bt
BROR, R 1 A BEA b, IR g H AR TR B il A A AL S BE AL I 2 X T R R, R 2RI

AL (1) FARSAETHE AR K, (i =1,

EHE2 XNTHENHRESH 0 <

<7

RAEFHLEI AL 28 X L8y 26 AF N, WERAFAE IR EFERE P = diag{P1, Py, Pas, ..

R; >0 (i=1,2,3) KEEHBIEE M, N,

2,...,N) ik
< T2, dM, «, (5, 9]‘, gj (] = 1,2,...,N), E%%ﬁﬁ?ﬁﬁ%ﬁm
PQN} Qz > O

Ay, Ay F1Y = diag{Y1,Ya,...,Yn}, ﬁﬁﬂ HEMIESH

g (i=1,2,3), WH LA FEA S A HAL:
S+ YT+HYT o« o x
igl 7?, * *
- - <0, (s=1,2), (35)
231 0 Ra =
Sa(s) 0 0 —Ry
>N EP,
So1 = S im], So1 = [6T10 @ (PTa) (1— 06Ty @ (PIp) Ty ® (PA) 0 Typ® (PB) 0 0],
5212 = [F10 ® (PC’) 0T ® (Pél) al'1p ® (PD) I'o® (PE)], Tio=1[mm Vv —Tm dnl,
_ P(G®T 0 _ P(G®T 0 _ 0 O
pa— | ) . PB= i 2) . PC =
YC PGl -YC 0 P(G®Ty) YC 0
_ 0 _ _ PE| - 31 0
POlz aPD: 7PE: 7231: ~ ’
02 1,)Y —yC PE 0 S
2311 = [(5(1 — 6)F10 X (PI_A) (5(1 — 5)F10 ® (PI_B) 06]3 PQ = diag{Pgl,ng, .. 7P2N}a
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R = diag{ﬁl,ﬁz, Rg}, Ra = diag{ﬁ, R}, = 52R —2¢;P (j=1,2,3),
W
N+1
91(1 — 91)F11 X (legK) 0 0
i312 = . ' . )
On(1 —ON)T11 @ (ZNP2K) 0 0
0 a(l— o)l ® PD 0

WA, BRRMEARSMHTHRE RS (16) ZRHLEHT R E K Bl 248 €K Hoo VERE v, HARSME TG
HiREN K =Py, Bl Ky = PYY; (i=1,2,... N), 3R AR SEERE N W, (i =1,2,... N).

WERR € X J = diag{PR; ', PR;', PRy}, & F = diag{I,J,...J, I} E30 (18) A5 5
H,_/

N+2

Febl F RHEE, G EAER —PR;'P < —e2R; —26;P (j = 1,2,3) WATIHAE, Horbr &; NEEIIE
EAESEH. ERBIMEEAED, g LY = PQK BRI (35). & Py = diag{Pa1, Paa, ..., Pan},
ARS8 K = Py 'Y = diag{ Py, Pyy', ..., Poy } - diag{V3,Ya,...,Yn}, B0 K; = P;'V; (i =
1,2,...N).

FREs B 2 RIS AR, HAURHBRAEREAER (18) T RIARLIEDI. fEABT R+ 3
TAF WA IE, — IR A A S AT A EAR, 73— 07 s ) 5 el ARt ol fEix —
BHGIFET Py(0 © I,)K Fl Py(0 ® I,)KC ZAELMT, X T — BRI &G 4E 8 E 2 5 P, BT
Py(0 @ I,)K # (0 @ I,) P K, BRI, iZAFZ DR AEVE B, /£ 23 2 hHL Py = diag{ P21, P2, ... Pan}
NP, MERERX RO LL)K = (0@ 1,)PK L. 2 Y = PK, BEfAER T AL M0
RESKAR A 1] A, SR fai 8 45 21 1 IRZS A5 1 253 (10 1 25 46 R

FRE6  ASCHI NI BREL a, (t) BATER R GuH HAHIE R B RS IR 45 5 B
A—E MR, 25 80k s BT FRRIRR, RIS Bt 5 5 500, MR 5 SR Gu R AR s, 4
X — [ R A A g — A PP % Bk 5 5P A 0 i R, T DABE T — AN I B AT R, HERR
XA —AME AT T i) L

4 HEMHE

FEATI R, PL— AR PN S R A B2 2R N 28 R GO B0 i B2 5 VR A Rk, £ RS (1)
i, BBZE M EE RG0S 5 DR, B R BCIRESARE D 4R, RS AERE RIS
AR S R T

(15 1201 0 0 0.01]
1201 =15 0 0 0
10 01 0
G=1001 002 -16 0 002], T;= , Ty= .
002 001 0 —160.01
L0 0 001001 —14)
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SR RS (1) I RG S HOEREUE

0.2 —-0.2 0.2 —-0.25
A= 5 B = )

-04 0.3 —-0.35 0.3
Cr =102 —05], Co=1[020], C3=[0.2 —0.6], Cs =[0.2 0], C5 = [~0.7 0.2],
L, =]

0.4 —0.3], Ly = [00.25], Ly = [0.22 —0.36], Ly = [0.32 0], Ls = [-0.27 0.32],
Ey =05 —01]F, B2 =1[0.3 —02]", B3 =1[0.8 —04]", B, =[0.2 —03]", Es =[0 —0.5]".

BB LA (1) HPERIART R ¢ BT AR ARZE U I N A R RE S

fi(zi(t)) = =

[o.zmﬂ(t) - tanh(O.?)a:ig(t))] e

0.3z1(t) — tanh(0.2z:2(t))
O~9$i2 (t) — tanh(O.?xil (t))

}, (t=1,2,...,5).
0.81‘2‘2 (t) — tanh(0.6xi1 (t))

R4 (2), ATE

0.8 0 _ 04 0 _ —-0.7 0 _ 0.3 0
1= y =2 = , =3 = y T4 = .
0 0.2 0 0.5 0 0.6 0 04

TEAMRFH | R IA 2T SBENLI S AT A DR IME 50 = 0.7, BEHLIMZ K H 5 5 5
HHEREIME o = 0.65, LIRER 7, = 0.1, 7y = 1.2, TSl R AR IBME 2 B8 6, = 0.05,
6y = 0.09, 3 = 0.13, 6, = 0.19, 05 = 0.25, FHHf K LIRS E 01 = 0.56, 03 = 0.24, 03 = 0.22, 04 = 0.22,
05 =018 XTEHE y=14,61 =3 =3 = 1. IR EH 2, IH MATLAB ) LMI T HAH, T LA1S 2]
HRMLERGE 5 AT AR TS5 58 25 R0 B A L VR A ik & 2 B R 43 oA

0.0190 3.9943 0.0069 0.1100 4.1538 0.0042 0.0169
Kl = ) Wl = ) K2 = ) W2 = ) K3 = )
—0.0692 0.0069 4.0757 0.0360 0.0042 4.2518 —0.0688

(1]

Wy =

4.3675 0.0057 0.1252
, Ka= ; Wa=
0.0057 3.9701

4.0605 0.0119 —0.0582 4.2710 0.0049
, Ks= , Ws= .

0.0863 0.0119 4.1555 0.0117 0.0049 4.3558

WERRMEE RS (1) 5 MW RAIRFAT 3N 210 = 1.5 — LT, 290 = [0.7 — 1.2]T,
x30 = [1.6 — 1.7)T, 240 = [1.2 — 1.3]T, 250 = [1.0 — 15|, $RANE T w(t) = 2sin(t)/3(t + 1), LK
XF L AR RN B S3 50) h(i(t)) = [—tanh(zii) + (10 + §)zi2(t)) tanh(0.6z:2(t)]T (i = 1,2,...,5). fij
HERME 2~9. & 2 25 TN ZEX MR 5, B 3 ARG S 2(t) BfGTHRZE, B 4 JPIRES
fETHRZERE |e(t)] KRN RGHIIENE S w(t), B 3 5 4 KU T ERMNERGH R
PR A T AR R T Bl B 50 A TR ML 5 AN s (TR A it & (1 Bt 2] AN 8 TR0 g, T4 )
PIRER WK 1. NFE 1 W] LR oA 20R A Al AL B S sl 7 o0 5 s B RO, (RIS ORAIE 1 45
TE Hoo VEREIKF . S0, ASSCHTR H BTR-S Al A AL, 7T DR RGEVERE AR, AT EEAT5
RIS i i A AR AT 77 58 )42 o i A 28 R b OB, DA By B8 AR T, AR SOt IR S
fili TH-ER AR B ik R s BB B U (0 D7 A A R
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Attack signal a,(f)
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Time (s)
B 2 (MERFEE) 5 M HRBENNRIEEE
al(t) #alP (), i=1,2,...,5
Figure 2 (Color online) Stochastic adversarial attack
variables a( )( t) and a( )( t) for five nodes t =1,2,...,5

1.4 .
15
§ 12} — le®|
§ 10 o — lex®)|
"g 0.8 — Ieg(I)I
] 0.5 — les(®
g 0.6 e
E 0.4 0 w(t)
g 02y 0 0.5 1.0 15
S - )
—02 . . . . . . . . .
2 4 6 8 10 12 14 16 18 20
Time (s)
B 4 (WEMFEE) REEHRERE |e(t)| Siah
w(t)

Figure 4 (Color online) Magnitude |e(t)| of the state es-
timation and disturbance w(t)
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Figure 6 (Color online) Release instants and intervals of
node 2
5 £HiR
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(Color online) Estimation error signal Z(t)
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node 1
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< 1.8 1.5 -
Q . o ¢ —e Event trlgger
3 1.6} — Event trigger 2 o Time trigger
2141 o Time trigger = ¢
(- — °
° 1.2t ° ° 1.0} ]
Tg Lot o ) ) ] E ] .
2 08f o 8 °
=06} 11 ° =osf e
S 041 g °
so20 Tl el Ml i JTTW AR ﬁ gt T

offel 4\ [l U] e S i
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Figure 8 (Color online) Release instants and intervals of Figure 9 (Color online) Release instants and intervals of
node 4 node 5

x1 NERFETRIEEMARE
Table 1 Hybrid trigger times for each node of network systems
Node 1 Node 2 Node 3 Node 4 Node 5
Time-triggered times 13 18 24 39 48
Event-triggered times 50 61 67 67 73
Hybrid-triggered times 63 79 91 106 121
Average release period 0.317 0.253 0.220 0.189 0.165
Percent of transmission (%) 31.5 39.5 45.5 53.0 60.5

A AL AN AL 2% B PR 58 R ) Hoo RS TH DR 2R & i A AR AL 1] 10 &1 20 2 BOR i K
XU AR LN BT R AE S, S T RS I THR ZS T RERE MR 5%, T
ISEPR L, ST AR REATEATTE, 40 T ARES Al v a3 10 S B (10 ve vt J7 ik, JF e 3 1R
AR RRIIZH. B&a, AT — DTEG T RAE T AR AR R IR M 2R T
AR
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Abstract A distributed hybrid-triggered Hoo state estimation is investigated for a class of complex networked
systems under networked adversarial attacks. First, we propose a hybrid-triggered communication scheme to
achieve the right balance between improving the performance of the basic event-triggered scheme and reducing
the network burden. Under the hybrid triggered communication scheme, a novel state estimation model is
established that assembles the items of triggered functions and networked adversarial attacks. Then, by using
a stochastic analysis technique and the Lyapunov stability theory, some sufficient conditions for the stochastic
stability of systems are obtained. In addition, a set of desired H estimation gains and trigger parameters can
be simultaneously derived by solving some linear matrix inequalities. Finally, a numerical example including five
nodes is provided to demonstrate the effectiveness of the proposed approach.

Keywords complex network, hybrid-triggered scheme, adversarial network attacks, state estimation, matrix

inequalities
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