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AT, Iz R R AN 2005 R A B8 I b 22 I 28 FRPIR A A 1) R AE SR (9] H, Al
H Lyapunov-Krasovskii BRE(5E Tk, 1E# VEAIEIER 145 A I AR IE B A5 A1 AEIR (1) Markov BRERHZ
X 2% FIFRECIRAS MG TH IR . SCHR [10] XV A X A AR B i A I 48 R, T T R A PREA T
[ .

Ty 78, B R A BRI 28 A 12 1] (1 XS, X2 2R G et v 2% R B A s i 1) S e
BNV B O T A S s AR ) 1] BRI P L eT LB R 1956 4F, Kalman 8] i H 20351
FINTTREFEA R4 H AR R AR IR . 5Tk, VP2 %38 T 1 s n /R B 7, Mo 51
SRR o JIR A 5 ) B PR A B R VR RS B i 28, SR Vr 2 EE I R 1920, F R E A
W26 AL, Qu S 7ESCRR [12] WAL T 4 45 1 R Ge i S A Al A ds bl 1) R L 55 OO B AN i
TE RS, (R EEA b, BT T B ECR G R 0. Meng 55 17 £ L1 2 BRI R 4,
BIF 9812 FR G0 I A S At HH AT [R] 22 1) /. STk [19] St 7 B B T4 5 B S Ak S s il i 7 vk T
PRI 2% R G, % ERAIRSATH S B UL A 91 R 2 2 F AT .

BB AN, ey BEAIG 10 2 A7 e, A 5k ) FH s 5t 52 3 [ A b 2 e FE DRV D e IR A R A1
R, B> AN B THRONEAE TR AOTR 2, 7ESCHR (21, 22] HHAERAHARSR AT T — R T A RAE
T3k, BUFTIE H Sl AL, e Rl i — AN A A BT A R R S 2 IR R B A2 TS AR i, 1%
TI RGN — TG 200 AT R FE I — M k. SNl R L T DLk 45 diAE 2% (1 AT
RE AR RAR . R\ RGBT, B, Ik, R 2 5238 5o ARk 0 BRI T 1
W 14 23~250 ek [14) BT R AUFI AR fd R ML IR 5 B8, AT 1 2R I 2% R Gefs il [a) j. SOk [24]
W N EERGE PR R A S AL S AR LR R T — MR T VR PE 2 B R A
S AL, IXTE— B R LR T TE, RN AT T AL A FIPAT 8 1 BE R AR, A [20)
BEX LS50 R GE, 28 T 2% ) R 48 rh IR FH ) DX 28 PR ARp A 7 TG MR R IR S T 15 T T B R
FRG T ) AR AE Kl AR 45 LA S B 1a] R AT 5, o s A A A AL ) RS0 £ A A BT A 3R )
HRAEME L% RS, K PRI LB IE AR D WD, DR SR A R WL ) 2 FH T 22 I 2% 2R G s AR
HULEL

BT DA b BRSSO R T i A R B A R I i b 22 o 2% R GRS i T 2 et 1] R
F. B N AL, e R IR I e S T, RS B A S AR (S S BT AL
PR 2 S T S A R R A T I 2 X 2 RGUIRAS A T AL, B Lyapunov 2 B2 E
PR 4 HORAS A TSR BT 0%, JRas 07 LS BRI IE A S 45 H 07 - A Rtk

2 RpEHE
5 AN B A I A 2 0 2% R e 1)

{w) = —Aa(t) + Wag(x(t)) + Wag(e(t — 7(1)). "

y(t) = Ca(t),

b 2(t) = 21,0, ... 7,7 € R" FREFIE; A = diag{ar,as, ..., an} B—DEEHE, H a; > 0;
9(@(t)) = [1(w1(1)). g2 (w2 (1)), . g (0 (1))] " AEIHEE AL (RIUR BEEE Wo A W S IR B 2O LIS
HEBAUE IR O FLIE & 4 M B B (1) F RGORASINE, I ELIAE 7(1) € [rny mar], Forb
T A mar YA 7(6) BT TR ET y() = [y1, g2, y,] T € RT ZoR RGEHIMR .
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Figure 1 A typical state estimator for event-triggered delayed neural networks with quantization

RN TS RS i R S
l9(x) = Ura] "[g(x) — Un] <0, (2)

Horp Uy, Uy NSeses &R, RS2 U, — Uy > 0.
1 HBEBI MBS IRZ IR, TR S RS R, ARSCRAIE 1 FR S
fil R 2R EALSS . R EREPATHI TN RIE BREAL S, FRRHE SR BRAL DS, HHRAEAS DL 2 1
JE R AL B F A 2%, R 28 RS 500 2 — & A A AR S B R AL s
ARSCABEAL By 5 R A2 2 I A SR BN1), RAERS PR AN b, RAEERSZIN kb (k= 0,1,...), &
HZRABSTRR [21] A A Sk o 2% A

[y((k + j)h) = y(kh)] " @ly((k + j)h) — y(kh)] < oy ((k + 5)R)Py((k + 5)h), 3)

Horb @ REEHBMIEEERE, o € [0,1), y((k + j)h) TR UL RIEIRAEEIE, j = 1,2,...,y(kh)
TR AR BOR R R HBHE. REPIRS y((k + 7)) R (3) MAReAEH, HA RFEEHE A 2
A (3) A WAL MBI B AL G

E 2 HEAR AR (3) WA, SREREEUE RN 2N S EL o AR, T HIEFN R G 24 1T
RFEIRZS BT — ORI IR S K.

FE 3 A A0 SRR S SR A I O R 5 R SR A A (3), TS AN 2 A
R, A W AR I B A 3%, I @ I o 2 A i B IR A4 T2

FEEAOR MU (3) T, Bl R 2R BEBCEAR N 2R koh, ki, koh, ..., to = 0 HIAGIS %I, AH R
()R £ 5 S N dj, G R 2 5 RS0 (1) 1SEbrill &40 1

y(t) =y (kjh) = Cx (k;h). (4)
RFEEE y (k;h) BS 8, WEHHE )5 112 N
y1(kjh) = q(y(k;h)). (5)
B () Wi
q(y) = diag{q1, g2, - -, s}, (6)
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qi(+) AXFRE), WAL g (—yi) = —qi(ys), FFHXTEEALLS ¢: (1) E SN

ul(’), if 1+15qi ul(z) <y < 1_15%_ ul(’), y; > 0,

¢ (yi) = 4 0, if y; =0,
—qi (—yi), if ¥ <O,

Hr g, = iﬁjf (0 < pg, < 1), pg, R AT E, 72— E 13 2L

FRE X

A, =diag{Ay, Ay Ay}, Ay € [0,,00]i=1,2,...5.
N T HE, BAVEHEE 0, = 0,, 6, F—NHEL ISR [12] FHILE T, o) TTERN
q(y) = (I + Ag)y.
220 (5) 5 (9), WPREAGTHS 1 LB T 5
g () =qy(kh)) = (I +Aq)y(ksh), t € [kjh+dj kjrh+dja).

W A, =0, q(y) =y, BIEEAEH.
2 LB B X 28 I i R R I, AR SCR B AL T SCR [21] IID7VE, TR THDRE 2 PR 00K 2% &
BRA Mkjh+h+d>kjsih+di B, X R d=maxd;, & LR

d(t) =t—kjh, te [kjh+dj,/€j+1h+dj+1),

B FT LA B d; < d(t) < (kje1 — kj)h + dje1 < h+d.

(10)

(11)

TBR B kjhth+d < kjprh+dj N, FELUNWANXIE] [k;h+d;, kjh+h+d), [kjh+ih+d, k;h+
ih+h+d). BT d; < d, FIAFE— DN IERES doy > 1, 15 kjh+dah+d < kjpih+djpr < kjh+dyh+d.

BEAL, y(k;h) R kh+ b WA (3), KB i =1,2,...,dy. AR

I = [k;h + dj, k;h + h + d),
I = UP = kjh + ih + d, kb + ih + h + d),
IS = [k]h + th + Ci, ijr]h + dj+1)7

t—k;h, tel,

dt) =< t—kjh—ih, teI’) (i=1,2,... dy — 1),
t—k‘jh—th, tels.

gi BRIk, iR () BIE X, AT

0<d; <dt)<h+d, tel,
0<d; <d<dt)<h+d, teIl’) (i=1,2.. . dy-1),
0<d; <d<d(t)<h+d, tels.
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EHBHT kjyih+djp < kj+ (da + 1)h+6i, 5]l (12) K55 3 ATHAL. AR
0<d; <d(t)<h+d=2dy, tekjh+djkjiih+di). (15)

EREOL A B, BT ¢ € [kh+ dj, kjah + dja), X MREFE e (t) = 0.
RN B H, 2 X
0, tel,
ex(t) = y(kjh) —y(kjh+ih),  tel’ (i=1,2,... dy —1), (16)
y(kjh — y(kjh + darh)), t € Is.

Hi e (t) (R5E ARSI 26 AF (3), W13
k' (0)Per(t) < oy’ (t—d(t)Py(t — d(1)). (17)

E a4 R d(r) BIE XA, d(t) AR T RAEEBRR U %), 1 HR T KA Y b, 5
TR d(t) SHEMZ PRSI () AR .
AR S P I B Y, A SO PRI RS R 4

E(t) =-Azt)+ K (9t)—35(), (18)
(1) = Cz(t),
HA & () RATHPIRES R, K ARG PR AL T 833 5.
FESCRZTUA e(t) = x(t) — 4 (t), X (1), (10), (16) F1 (18) AIfR1RZE R4
é(t) = —(A+KC)e(t)+ KCx (t) — K (I +A,) Cx (t —d (1)) 19)
—K (I+Ag)ex(t) +Wog(x(t) + Wig(x(t—7(1))).
L zt) = [2T () N7, Mg A (1) M (19) HRILURET RS
z(t) = Az(t) + Bx(t — d(t)) + Wog(HZ(t)) + Wig(Hz(t — 7(t))) + Cex(t), (20)
Hrp
| 0 | m] Wl[m], HT[I]’
KC —(A+ KCO) W Wh 0
_ 0 0] _ 0
B= , C=
[—K(I+Aq)0 0] (I+A,)
FNR, NS T R AT, g5 H DA LA EE ] 3L
5138 1 ([26])) XMEEMIFE z, y € R® FIEEMSFREM Q € R™*", FHAZE XKL
20Ty < 2TQr 4+ yTQ 1. (21)
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513 2 ([27]) XEEMHEE n S5 R > 0, 7 FEATFEAAL:

T
—-R R

R —-R

ﬁ/t j:T(s)Ri(s)gl ()
t—71 z(t — 1)

5138 3 ([28]) MK 7(t) € [T, Tar], d(t) € [0,dns], Qi(i = 1,2,3,4,5) J& BA A& 44 C kN b,
AER QL+ (tar — 7(1)Q2 + (T(t) — 7)) Qs + (dar — d(£))Q4 + d(t)Q5 < 0 JRAL, 24 HAL 2 T AL
DR

=) ] . (22)

z(t —11)

Q1+ (Tar — ™) Q2 + darQ4 < 0,
Q1+ (T — 7)) Q3 + dmQa < 0,
( )

(23)
Q1+ (Tar — Tim)Q2 + dn Qs <0,
Q1+ (Tar — ™) Q3 + duQs < 0.
3138 4 ([29]) MTFHFE R >0, X AUEREMISE o, Nl AZE R 8o
~XR'X <X - 2R. (24)

SI32 5 ([30) A, D,E,F REAEAER I HWL |F| <1, WAHERRZERE >0 f
N AN OB :

DFE +EYF'D" < 'DD" + ¢E"E. (25)

3 EELR

R 1, B A, C, Wy, Wy FUIRESAG T8 a8 K 2R, R Lyapunov 72 BR A2 PR RE
ANEF T, 755 R E AR LA =L ATHE T, X RS (20) Hfse AT 2.

EE 1 NTHENNEER 7, T, dar, FHRURHLEIZE o ARG A K, WERAFEE IR
EHME P >0,Q; >0,R; >0 (i=1,2,3),® > 0, S G4EEHRE M, N, S, Z, IS A > 0,1 >0,
545 T AR AN S5 2R T

Qu+YT+ YT« «
Y= Qo1 Qo % | <0 (p=1,2,3,4), (26)

Qs1(p) 0 Q33

Horp
BTp 0 0 0
Iy * * *
A R 0 R 0 0 0 0
1 X 2 —1 — It * * _ _
Q1 = ;o A= _ s Do=\WIP-XNUS0 0 0,
AQ A3 0 0 —)\2U1 * _ _
WFP 0 —/\2U2T 0
0 0 0 —Q2 _
cTp 0 0 O_
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Az =diag{oQ, —Q3, —MI,—Xol,—®}, It =PA+ATP+ Q1+ Q2+ Q3 — Ry — \Un,
:[SMN—M - N Z-8 —ZOOO}, MT:{OMEM;OOOOOO},
NT:[OONSTNEOOOOO}, ZT:[oooozgzﬁTooo], ST:[SlTooossToooo],

721R1A 000 721R1B 0 T21R1V_VQ T21R1W1 TQ]Rlé

_ _ _ _ _ CTeC 0
Q21 = 7-7”R2A 000 7-7”RQB 0 TmRQWQ TmR2W1 TWRQC 3 Q= 5
_ _ _ _ _ 0 O
VdyrRsA 00 0 VdyRsB 0 Vdy RsWoy dar RsWy /dar R3C
TQlMT TglMT T21NT TQlNT
Q31(1) = ;o Q31(2) = 31(3) = ;o 31(4) =
Vdu ST VduZ" Vdu ST VduZ"®

Q9o = diag{—Ri1, —Rs, —R3}, Q33 =diag{—Ri,—Rs}, 71 = VT — Tm,

= H"UrU,H+HYUY U H = HYUr+HTUT
Ul = 12 —5 2 ; U2 = - 1—5 2 ;

R4 (20) HHLfa e
UEBR MiE R R Lyapunov 2 B

V(Ze) = Vi () + Va (&) + Va (T4), (27)
Hor
Vi(z,) = 2" (1) Pa(1),

Va(3e) = /t 71 ()01 (s)ds + /t  FT(5)Qai(s)ds + /t A )Qua(s)ds,

t—Tm t t
5(Zt) / / Rlx dUdS+Tm/ / z Rgil' dvds+/ / R3x )dvds.
t—Tnm s t—Tm J s t—dpy Js

X V&), Vo), Va(Z:) IERSE (20) KT ¢ TR SH
V(%) = Vi(Z) + ValZy) + Va(Zy)
= 22" () Pi(t) + 27 ()(Q1 + Q2 + Q3)Z(t) — ZT (t — T )QuE(t — T

—.f‘T(t — T]V[)Qg.f(t — TM) — i‘T(t — dM)Qg.f(t — dM) + (TM — Tm)i‘T(t)Rli‘(t)

_/ —Tm i«T(s)le(s)dS N TEnjfT(t)R2j?(t) _ Tm/ jT(s)sz(S)ds

t—Tm t—Tm

+dngi T () Rai () — /t id 51 () Ry (s)ds. (28)

JS2F B AR R T Y 15

26T OM[Z(t — 7)) — Z(t — T(¢ f I z(s)ds] = 0,

26T (HN[E(t - 7(1)) - x(t - TM> - :—;y #(s)ds] = 0, 29)
26T (1)S[z(t) — 3(t — d(t)) — [}y F(5)ds] =0,

2T (1) Z[z(t — d(t)) — x(t —dur) — [ d(s)ds] = 0,
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Hrf M, N, S I Z REFAEREBMERE, H 7)) = 270), 25 — 7), 20 (t — 7(2)), 27 (t — 1),

zt(t —d(t), a7 (t — dar), 9" (HE(1), g (Hz(t — 7(t))), e ()]
FEE7EZ I W R N R e Ws AR

—26T ()M [T d(s)ds < ((8) — 7)€ () MRT MRTIMTE() + [} i(s) T Ry (s)ds,
—2T(ON [T d(s)ds < (rag — 7(1)ET (N Ry INTE(t +ft g TRw( )ds,
“2T(0)S [}y #(5)ds < dOET (SR STED) + [y & )R33€( >ds
~26T(0)Z [0 d(s)ds < (dar — d(1)ET () ZR; Z7E(t) + [} #(s)T Rai(s)ds,
RiESIH 2, FH
o / t 7T () Roi(s)ds < { ) fo Mz =) ]
t—Tpm (t—Tm) Ry —R» (t—=7m)
TR 1 T
— T r T —
(1) 0 0, (1) ] 0
gH@) | |0F 1] | aH @)
ma (32), X T AL > 0,0 > 0, AU FAZEX KT
_ 1T r 7 — 17T _
NG U1 0, Z(t) ] o
gHEW) | |0F 1] |aHEEW)
_&[ se-ro) ] [oe] [ a0 ] Y
gHEE-r0) | [TF T | |aH @t r(1)

g4 (17) 1 (27)~(34), AT1S

V(fit) § QfT(t)Fﬂf(t) + i‘T(Ql ‘|‘ QQ + QS)i'(t) - i‘T(t - T77L)Q1-f(t - Tm)
—fT(t — TM)QQ,f(t — TM) — .f'T(t — dM)ngi(t — dM)
—Rs Ry

{ #(t) (1) ]

(t—7m) Ry —Ro| |Z(t—7m)

+26 (O)MIE(t — ) — #(t — 7(8))] + 26 (ON[E(E — 7(t)) — #(t — 7a1)]

+26 T (1)S[2(t) — 3t — ()] + 26T (1) Z[F(t — d(t)) — #(t — da)

< () = ) €T (MR MTE(t) + (mas — ()€™ (N Ry "NTE (1)
AOET ()35 SelW) + (i — d)ET (OZR; 27e(t)

*

U1 UQ

(1) ]
Uy 1| |g(H(z(1)))
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G(H(E(t — (1))
Z1(t— d(1)Qz(t — d(t)) — e (1) Dex(t)
H(rar — )3 (8)RaE(t) + 723" (8)Rodi(t) + dpgd () Ra(2). (35)

R Schur #b, M50 (35) A5

V(@) <0 Qu+7T+T1EE) + (7(t) — 7)€" (MR MTE()
(= T(0))ETONRYINTE() + d(6)ET (SR P STE() + (dar — d(1)E€T () ZR; 1 Z7E(t)
+(Tar — o) T ( YR1Z(t )—i—me (t)Roz(t) + dM:v (t)R3z(t). (36)
gh4 30 (26) A1 (36), HI51BE 4 K Schur #NAT 41 V() < 0 L. #id Lyapunov g EFLS 15 R 4t
(20) riEfe e
RYEEH 1 A5 A E 564, FEEBE 2 rpoleas e ARl AL AT AL IR 1 FH T ph 22 Y 2 2%
4t (20) BPRES AT 2R B K IR B
EE 2 XNTHEMRELE 7, mv, du, FHMEHNEIZE o, LESHL 54,6, > 0 (p =
1,2,3,4), WRAFEIEEEME P> 0,P, > 0,Q; > 0,R; >0 (i = 1,2,3),® > 0, LA KGR
M,N,S,Z UUSBE A > 0, A0 > 0, {515 F T2 MR R AN 25 3Rl :

Y(p) = *
II = 6451 —54.[ * < 07 (p = 17 2) 37 4)7 (37)
(Sqﬁ_g 0 —E4I

N [:I:]
M +T+YT %«
- N —PA 0 0 O 0
X(p) = Iy Qoo * |, A= , A= Az = )
YC —-P,A-YC YCO0 -Y
Q31(p) 0 Q33
. AT 0 0 0
I * * *
A Ry -Q 0 0 0 0
4 X 2 —J1 * * _ _
I, = 4= _ , As= |WEP-MUS0 0 0],
A5 Ag 0 0 _AQUI * _ _
WEpP 0 —XUL 0
0 0 0 —Qq
A 0 0 0

791 A7 000 79143 0 791 PWy 791 PW,  To1d5
oy = | 7,4, 000 7,43 0 7,PWy TmmPWi 1mds |,
VduAr 000 dyAs 0 /dy PWo /dy PWh VdaAs
Qoo = diag{—2e1 P + €3Ry, —2eo P + €3 Ry, —2e3P + €3 R3}, P = diag{ P}, P»},
L1 = |AT Opxsn 2143 7, AT /darAT 0 0] , Ly= [OWM C1 Onxan 1 onxgm] ,
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N=M+ AT+ Q1 +Q24+ Qs — Ry — MUy, Ch = {C O}-

HzH0re LAz 1, WARSE (20) #riktae, RS ITHYEEERE K = Py lY.
R X P =diag{P\,P,}, LK =Y,B=B+KC,, C =K + KCy, H,

0 0
-KCO0

ER (26) AP WFLL diag = {I, PRy, PRy, PRy, I} FIILHEE, 34545158 4 /43

0
-K

= . G=[ac0], K=

Qll—i—T + TT * *
ZA‘ = le 022 * < 07 (p = 17 2v 3; 4)7 (38)
Q31(p) 0 Qs

J
|

Tglpx‘_l 000 T21PB 0 7'21PV_V0 7'21PV_V1 Tglpé
Q1= 7,PA 000 7,PB 0 7,,PWy 7mPWi 7,,PC
VdyPA 000 \dyPB 0 \dyPWy /dy PWy /dy PC

Mk (38) XATESH

S =Xu+LTC+ £, 0 <0, (39)
Hrp
[ B™ 0 0 0
0 0 0 0 Q4T+ YT« «
Q= i o De=|WFP-\UF0 0 0f2Xn= Qo1 Qoo * |
Ag As

WE‘P 0 7)\20;‘ 0 le(p) 0 933
K0 0 0

791PA Opxsn ™1 PB 0 79 PWy 79PW, 79 PK
Qo1 = | 7,PA Onyxsn ™PB 0 1,PWy 1PW1  7,PK |,

VA PA Onxsn VA PB 0 /dy PWo du PW, /dy PK
£y = [E™P Opxsn ta K P 7y K7P VIGK P Opxzn] s £2 = [Ouxan C1 Onxan G O -
H20 (39), B 51 EE 5 ATHI, 171E 4 13

ST+ eali Ly +es 82" Lo, (40)
Hz0 (26), (37) A1 (40), FIA Schur fb, MRHEEHE 1 W13 RS0 (20) EHLFE. H PK =Y AJ &0k
BTG N K = Py 'Y, E BASHE.

E 5 ARSI Sl R AL RS AL AR A R W 2 A i 7, SRR Al T AR 1Y

G . [FINEE T DA, st ARG At T 25 AN SO T 190 22 388 SRR i A0S0 Ak A LA 28, T
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Abstract This paper presents an investigation of the state estimation problem for a class of delayed neural
network systems with event-triggered communication and quantization. The network bandwidth burden is re-
duced by using both an event-triggered communication scheme and quantization with which the state estimator
design for delayed neural network systems is concerned. Considering the influence of the communication network,
an event-based state estimator error dynamic model for delayed neural network systems is firstly constructed
by taking the effect of the event-triggered scheme and quantization into consideration. Then by employing the
Lyapunov functional approach and the linear matrix inequality technique, some sufficient conditions are obtained
under which the state estimator exists and the estimator error dynamics is asymptotically stable. Finally, a
numerical example is provided to demonstrate the usefulness of the proposed approach.

Keywords neural networks, event-triggered scheme, quantization, state estimation, networked control systems
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