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Event-Based State Estimation of Complex-Valued Neural
Networks With Mixed Delays

LIU Feiyang,

LI Bing
( School of Mathematics and Statistics, Chongqing Jiaotong University, Chongqing 400074, P.R.China )

Abstract: The event-based state estimation problem was investigated for a class of complex-valued neural networks with

mixed delays. Based on the measurement output, a novel event-triggering scheme was introduced to reduce the frequency of

5l

— .

updating while ensuring the estimation performance. A waiting time was first employed to avoid the Zeno phenomenon. By
=]

means of the Lyapunov direct method and some properties of complex-valued matrices, a sufficient criterion was
effectiveness of the proposed method.

established to guarantee the globally asymptotic stability for the error system. The weighted parameters and gain matrices

were designed with resort to the feasible solution of matrix inequalities. A numerical simulation example illustrates the
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SIASERFI ], F45 -G s iR 2, &t T —JSFny il 2 HLE, A AR T AT H a8 AR, W] Akt
T Zeno MG & M A& BY Lyapunov-Krasovskii 32 bR, A1 LR £l 15, 4531 1 i PR 25 R 40 4 Jer e
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1 BRI A TR R
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RAFE R nZERR G 25 [1], R FICn 53 3117 n x nfh) SEHE B Filn x nt S BUEFE SRS . Cle,d], CHFRIR[e, d1F
Cr LR E S R B X T A e R ATH A7 23 5 KR I A 5GBS, sym(A)FRRA+AT. A > 0(3KA <
0V 7~ A 2 1E 8 55 B (3010 8 55 ), diag(R, 15, -+, ) (B diag(R, 1, -, 1)) o % 52 B0 B diag(ly, b, -+, 1)
ISR (), « FR X RRIE M A XF FRIC R, col () Fm— A5 [ .

AR EEA n M T TR A B SR AR AP 2 45 .

{zm = —Az()+ BfO)+Cf =)+ W [ f(z()ds.
p(t)=Dz(1),

Horz(r) = col(z1 (1), 22(0), -+ ,2a(1)) € C' R LITTIRZS 8] HE, p(1) = col(p1 (1), pa(D), -+, pa(1)) € C"Fe7 M 25 I it iy
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rO<ty, HtO<a < ; u@®FRRA T4 A0 B0, HIE R0 < u@)<um. A SRR (1) 911 540 R 200 =
@(1),1 € [1p,0], HHP'1g = max{rym, um}.

J T, IATERAEE 5 2(0) = x(t) +iy(0), HorPx(0), y(6) 50 7R 2(e) WO SRR B, 1 0 E XA, IF:
Hi= v-1.

X T P45 0TS R, FRATTEA S — Rt k.

BRI 1 f(=(0) W] Ao IS A

@) = fREm)+if' ¢,

Hrp SR(®) = col(fR(x1 (1)), [ (x2(0)), -+ [ (xn (@)D, f1(x(1)) = cOl(f{ (x1 (D)), f(x2()), -+, f(xa(D))).
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i 2 XFTFAEREM € (1,2, ), x1,x0 € RELx # xo fFAF IE 5 SSBOHIE LR = diag(IR, 1%, - %), LI = diag
{0, LYl
IR o) = fR )| <8R 1y — xal,
| o)) = )| <E xi - xal.
Mxy = xo = O, BEeRELRC), £1OWE R RO) = £10) = 0.
SE 1 MUR (1) RIS I8 T A S8 O R A B, R 0 SCR T BRSO R 4 20 A, 445 43 e o
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ZIFFFI 0 T 7 2 -
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Hde=0, by > 04 E MR, @1, Qo R il % BE s AR STEEFE; pR(0), p (07 BIZE R S 5 p()i
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Ad(t) = 1 — ty, B <d(e), o iR 24 FT I 20, PR AR SCEH A0 ik 2 DL AT LUBE % Zeno TR & 2B 7E 2
Pl B AL BRI R, RS I B A R A 5 T LR A
PO =p(t) = Dz(ty), 1€t tr)- (3)
5 RSl R ALH] (2) FORZI, TR T an I SRR S A 2%
{%a) = ~AX0+ BIGO) + CFG=ToN+W [ fE)ds+ KO- po),
p(t) = D2(1),
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W ARG A (4) BORIUA 451 M) = 0,1 € [—1,0].
AMEFRZE6(r) = p(1) - p(0), fhiHRZEe() = 20 - 20, X (1) 1 (4) ATEMAt RS R 56
é(t) = —(A+KD)e(t)+ Bh(e(t)) + Ch(e(t— (1)) + W Lt_um h(e(s))ds+ K6(p), (5

4

Hrp h(e) = f(2) - f(2).
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P )T Z)G, T BAF R A, Nt + PR, AR RS TR RS2 foh & 2% 1 (2), L& T —fil & i 218k 5 4L 5 fuh & AL AR
L, AR SCI T A s e SR ELAT 1 2 1) S8 R B (), REAT A0CkE S 0T 2 B2 . TR 25 SR BIAL AR s, AR SCAY M & 2% o R, B
EH TSRS,

AR L AMTHRZE RS 3) TSN R MU T IE:
éR(1) = —(A + KRDMeR (1) + BRIR (eR (1)) — B'h' (e (1)) + CRIR (eR (1 — (1))

C'h (e (t— (1)) + WR jt BR(eR(s))ds— W' j’ B\ (e'(s))ds + KRR (1),
t—u(t) t—u(t) (6)
é'(t) = —(A + K'DYe' (1) + BRh'(€' (1)) + B'hR (eR (1)) + CRB' (e (t — 7(1)))+
C'HR(eR (1 — (1)) + WR L’_ M) ds+W! L’_ IR () ds + K16).
SI3B1 FHEEBUEMER e R, (s) : [a,b] — RYE—A M5 pREL, a < b, FHAHFAIF 300 2 T 51 A 55K
b T b b
U g(s)ds] R[L {(s)ds] <(b—a)L T (9)RL(s)ds. 7
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Ai(i= 1,2, ,4), L RSCBURRER,, 25, Y5, Y3, Ty, Tay My, My, Pa, SR, SUFIIESEE R € (0,4], 815

F+ 2=
xo<hk>=( o= % )<0, (8)
F+%Id(t):hk w hkl,
Xi() = * 0o Mo |<o, 9
* * —]’lkN
Xzz(f ?)<0. (10

MR R SG (6) SRR E R, HAG T8 2500 K /T LI
KR = P,7'SR, K'= P78,

FEF = [Fyjlomn Fit =20P+ Ry +uyRy—2Yy = 2P, A— 2SR DR+ (LRYTATLR, Fiy = =Yy~ MT, Fi3 = P— Py~ YT—
0, AT PT — 0, (DRT(SDT, Fiy = M Fis = —T;F + Y5, Fig= —T;F+ Yo, Fop =200 + Q1 + umQr —2M, — 20, P, A—
20,8' D'+ (LYTATLY, Fy3 = YT, Faoy = Q—6,Py— MT —6;ATPT —5(DVY'(SY)', Fas = My —T7, Fyg= My~ T, Fy; =
—20,Py, F35=Y3, F36=Y3, Fauu =-203P>, Fus=M>, Fio=M>, Fss=2Ty, Fs¢=T1+T3, Feo =2T2, %= [%;jlenxens
%33 = (e —dO)U, %44 = (h—d(0)V, @ = [@jlonsions € = [Eijlanxians @11 =€ = PoBR, win =€ =-P,B', w3 =
3= PR, wyu=Eu=-PC", wi5=§5=PWR, @i6=E16=—-PoW!, @17 =E&17 = —0,AT(P)" — 04DV (SF)T,
@i =& =S8, @y =61 =0PLB', @y =En=01PBY, @y =£63=0P,C', @y =£E,=0P,CR, w5 ==
01 P,W! w56 = €26 = 01 PaWR g = €2y = —05AT P — 05(D)' (S w210 = €212 = 018 w31 = €31 =, P BR w3y = €3, =
—0,PyB', @33 = £33 = ,P,CR, @3y = &34 = —0,P,C', @35 = &35 = P, WR, w36 = E36 = 0. P, W', w37 = €37 = —04 P,
@311 =&311 = SR, @y = €4 = P,B', @y =€ = 03P2BR, wy3 = €43 = 03P2C', way = €4y = 3PrCR, wys = Eus =
O3 P,W!, @y = £46 = 3 PIWR, @ug = Eug = =05 P, @412 = 412 = 038", O = [Fj]onxens $11 =912 = Yo, dyy = = M,
Oy =0n=Y3, dy=0p=M,, 5, =95,=T, ds1 =962 =T2, 0=1[0ijli2nx120 T =[Lijlianxians 011 =T11 = —Ay,
017=T17=04BY)'P], 013=T15=05(BY' P}, 05 =In=-As ©0="L2y=-0B)' P}, 03=1I%=65B")"P],
033 =T33 = =A3, 037 = I's7 = 04(CY)' P}, 033 = I'33 = 05(C") P}, Qa4 = I'sg = —Ay, 047 = 'y = —04(C)' P}, 043 = I'g =
0s(C?YT P, 057 =T's7 = 04(WR)' P}, 0ss =I'sg = O5(W)' P, 067 = g7 = —04(W)TP], 063 = I'es = s(WX)TP], 077 =
I77 = (LRYTAZLR +(a—1)e ™Ry, 07,11 =711 = 048R, 088 = I'sg = (LY AL+ (a— 1)e™>7™Qy, 0512 =I5 12 = 655",
099 = I'og = = 2™ Ryunt, 010,10 =010 = =27 Qount, Tiiiy =21, Tioo =20, Tizpz=—€21, Typa=—€25, N=
[Nijlonxans N1 = e727U, Rpp = €727V, @ = [D;]4pxan, P11 =20P+ Ry +umR, —2PA - 2SR DR + (LRM)TATLR, &5 =
P—P,—0,ATP] - 0;(D®)'(S®)T, @y =20Q + Q1 +um@> — 26, P,A -26,S'D' + (LNYTATL!, @24 = Q- 6, P, - 0:A" P} -
63(DHYT(SHT, D33 = =20, Py, D33 = =203 P2, 0 = [0 ]onx120» FABARZETN BYHE Ry Z 5 5.

JERR My Lyapunov -Krasovskii {Z PRAN T

Z Vio),  reltntrh),
V=4 5! D
ZVi(l), t € [t + g, trs1)s

y
|

Vi(0) = (€R(0)"PeR (1) + (€' ()" Qe' (1), (12)
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Vo) = f:_ o eI (eR(5)) R e (s5) + (€'(5)" Q1€ ()] ds, (13)
Vi(t) = f_ow) L:g 27601 (eR ()RR (5) + (€'(5)) T Q1" (5)]ds d6, (14)
Va(®) = (hy — d(©) L’_dm 2GR (5)TUER (5) + (6'(5))T Ve (5)] ds. (15

X Vi i = 1,2,3,4), IWE IR ERGCK T, 7T LMEH]
Vi) +20 V(1) = 2[(e8 (1) PeR (1) + (€' (1)) Qe' (D] + 207[(eX (1) T PeR (1) + (€' (1)) ' Qe (1)), (16)
Va(t) + 20 Vo () <[(eX (1)) "R1eR (1) + (€' (1)) Q1" (D] — e 7™ (1 = a)[(e®(t — 7(1)))" R R (t — (t))+
't—T1) ' Qie'(t— (1)1, an
Vi(t) + 20 V3(0) <
um[(€X (D) RoeR (1) + (€0 Qo' 0)] - | &7 IE () Rae" (5) + (€ () 2! ()] ds, (18)
Va(t) + 20 Vi) <
- ff_dm 7[R () U (5) + (@' () Ve (9] ds+(y —d)[E@ () Ut )+ @ @) Vel Dl (19
H 53 1, A2 (18) I A 254k Ky
Li ® [(€R()TR2eR (5) + (€'(5)T Q2! ()] ds = u(t) W] () Ryw  (£) + wi (HQ2wa (1)]. (20)
Lowy (1) = — &R (s)ds, walt) = — ft e'(s)ds, MIAEE (18) HTLAASIE Sy
u(t) Jr-u( u(t) Jr-u(n
V3() +20 V3 () <uml(e® (1) Roe® (1) + (' (1) T Q2" (D] — e > um[w] () Raw 1 (1) + w3 () Qaw (D] 2D
AN (19) U] 15
Vi) +20Va(O) < (b — dD))(ER (1) UER (1) + (' (1) Ve ()] —e>d®)[v] (DR 1 (1) +v3()Qav2 (D], (22)
e R Loy
H v = 0 L_d(l) ¢ (5)ds,val0) = o5 L_du) é(s)ds.
H R 2, FETEXTFASEREA; > 0G = 1,2,3,4), FATAT LAAS 2]
(€R) (LYTA LR R (1) — (hR (e () "A 1 hR (eR (1) =0, (23)
@O T(LHTALL e (1) — (h'(€' (1)) T A b (€' (1) =0, 24)
@Rt —1()) (LR TASLReR (1 — (1)) — (WR (eR (1 — (1)) "As AR eR (1 — 7(1)) =0, (25)
€'t —1)) (LY ALL e (1 — (1)) — (h'(e'(t — 7(1)))) "As B (€' (t — 7(r))) =O0. (26)
\i/[t € [tks tk + hk)Hrj" X“J"ff%’fﬂg%ﬁﬁiYZ’ Y39 Tl? T29 M19 MZ’ Pt(l = 2a 3, to 97)’ ﬁ’fl‘]ﬁ uﬁ%?u
0=2[(e"(1) Y, + (") Y3+ (€8t —d)"' Ty + (' (t—d(1))) ' T> + (e' (1)) M+
)M [—eR (D) + eR(t = d(D) + d(t)w, (1) — €' (1) + €' (t — d(1)) + d(t)v (1], QD
0=2[(R(1))" Py +(€R(1) Ps+ ("t - r(r)))TPd[—éR(n —(A+KRDMeR (1)+
BRER (R (1)) - B'R'(€' (1)) + CRER (eR (1 — 1(1)) — C"h'(e' (t — 7(1))+
WR f:um IR(eR(s))ds— W! f:um h(e'(s))ds + KR6R(1), (28)
0=2[("(®)" P3+(€'t)" Ps+(e'(t— T(t)))TPﬂ[ —é'(t)— (A + K'Dhe'(t)+
BRuE(e' (1)) + B'ER(eR (1)) + CRE'(e'(r — 7(1)) + C'hR (eR (1 = 7(0)) +
WR j:um h'(e'(5))ds + W' f:u@ RR(eR(s))ds + KW(;)}. (29
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8> Pria = 0ePa(k = 1,2,-++,5), WIAFAE SEHUR [ SRANSY, i f3 KR = P;'SR, K' = P;'S'ar. f1X (16). (17) &
X 2D)~(29), FATAT LIS H
V) +20V(O)<a ()X (1),

F+x @ d@od
Xlz[ * 0 do ] (30)

% x  —d(ON

Hrr

a() = col(eRa),e‘(t),e'R(t),e"(t),eRa— d(t)),e'(t—d(t))h® (e (), h' (€' (), kR (e (t — (1)), ' (e'(t — 7(1))),

I’ o € ) ds, I’ ) ds,eR(r—r(t»,eI(t—r(t»,w1<r>,w2(t>,6R(r>,6‘<t>,v1<t>,vz(t))—r(r)),

F = [Fijlonxens % = [#ijlonxens @ = [@ijlonxizns @ = [Qijli2nx120> & = [Fij]2nx6ns 0 = [0ij]2nx120, N = [Rijlons2n-
RIS X, < O, FATATHIV() + 20 V() <aT () X (1) < 0.

é\

ao(t) = col(e“(z»e‘(r>,éR<r>,é‘(r),eR(r —d(t)),e'(t—d(1)), KR (e} (1)), h'(e' (1)), B} (e} (t — 7(1))), B (€' (t — 7(1))),

Jr B s, [ K s ds.e =), r(r)>,w1<r),wZ(t),6“<r>,6‘(0),

HRAEAZES (8) Al (9), FTLMGEIAN FICA:

hi—d d
=40 o Koo + h%)

H AT, 24 X () < OFNX, (By) < OB, V(1) + 20 V(D <aT () X (1) < 0.
Mt € [+, tre I, XFeEAT BI(E RS (2) A9 F BT
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Fig. 1 The state of the neural network Fig. 2 The state of the estimator
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