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T RES T RE AT — SN2 B, i T RIS A I 46 A i 2, PTRE 2 S BUR [ & PE 1Y
0 1T 7 W N e L 2 o G S 7 B o S o e e Sy S B e i A R N i SE v
B, AR TN DB B 5 — U I, K R A P B I AR I AR SE SR - — A DA A 3
PEHIES T — AR AP 25 BT a0 L W 5T B i s A A 19 CVNNs 8l 12447 H
HAHEEE X,

— M, W R4S R R A RIEOR BRI, 58 R G 2 Bt b il 2 TIR S 1Y
{5 BRATIAT I R B E USRI (bl 20 o 266 v 3 3 3145 1 U M e R 1 o
BT 3800 A TR S DL I — SE s SR MERE , A7 0 B 38 mT T At 00 O A
M TCIRA BHRT, XA M RS T, O 2 GE TR Sk 17 ] e
A E TS BORATER ), BT — R R EOR | BIFFE T — 2 HAG I8 I 9 AN 1 2 ol
25 25 (1) A R S Ak T TR, Sk [ 18-19 ] 3 3 #4 1 & 45 119 Lyapunov-Krasovskii 17 PR, £l H
Newton-Leibniz 23 20 FIZEPEHREA G20 (LMD B, 1718 1 BAG 25 80X 0] A A8 B s A0 43 A Bisf A
P P 22 P 28 RS A T 1) R SCHIR [ 20 T WIFSE T B AT 22 U v I 1) 5 130 [] 42 B o 22 1Y)
Y1) H o, IRASAG A8 A9 BT TR AL SCHER [ 21 ]38 13 e PR 2419 Lyapunov-Krasovskii 12 bR FF ) FHA#]
O B A SR BIFSE T B AN I 2 RIS A2 I i 1 5 5 28 0 4 IR 25 A
THRIELAE T, A SCHRS TS0 HAT T T Iy ity 2 AP A3 ity e A1 g 7228 3 7 52 268
P RARSAE TR, 45 1 M ZRES TR & R AR L 2 A TR, A SCR BTk &
TRIAE 3 A5

1) ARSCHES™ T 3CHR[ 21 ] RYSE2R, SASCRY MR It o 0, JF BN IR 73 413 1y 22 e
IF, AT DA 3 SCHR 21 ] R 4R

2) O AR AE AR CVNNs 0 R E0 i o S90S HEVR Y 25 R P 5T
HAFBN SR DL BN A (CVIMD) BB 45

3) T Es I R A B B S A AR B R Y A AR B S S Y Lya-
punov-Krasovskii 72 PR,

ARSCHIESIANT : 55 1 A T ARG Bl R, L FE A e I 2 AR A S (B IsE 2 5
B 55 2 W T HA MR I VRS T B A s AR 2 I 4 4 SRy i AR E 1 FE A PR
a5 56 3 1 — N EUE DT ELSGIAIE T 5 B A A s RS RS T A SO I A,

1 fl 2 MR

RSP SO TR BB . TR M B2 (A I s R, C 523 20R S8 S MU R
C" SEBIAR T 0 4 SEH SRR B R O A IR n xm 4S8 SRR
HUMIHE A X = V(X > ¥) F0R X - Y P IR R (EERY) (17 7 S IFR i B
i 1) S
11 MR RERS EANE

P AT MR A A P I B CVNNs,

Ww(t)=—Dw(t -8) +Af(w(t)) + Bf(w(t —d,(t) —d,(t))) +
c| Fow(s))ds +J (1) (1)

t=B1 (1) =Bo(1)
Khe=0, w(t)=(w,(t),wy(2),,w, ()" e C"FIRTE t B ZNHY n DAHZTTIRAS ) 55 H
WHEHAUEM D = diag(d, ,d,,-+,d,) € R™" Hd, >0 (i=1,2,--,n);A = (a;),,, € C™
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B=(b;),., € C™",C=(c;),, € C™(i,j=1,2,-,n) 535 ZEHAUER | 85U 22 i
TR W R 43 A1 B 722 B i 3 FE AR B SN A T = (U, 0y, 0) " e €5 f(w(t)) =
(fiCw, (£)), folwy (), =, filw,(£)))" e C" FRPHETTHAE RE R 6 > 0, Ntk
BRI AR I A AR 22 5 d. (), Bi(1) (0 =1,2), R 0 < d,(1) <d,,0 S B(1) <
B.(i=1,2), Hhd,, BREERSE,IFH d(1) =d (1) +dy(1), d=d, +d,,B(1)=B,(1) +
B,(t), B =B, +B, .CVNNs(1) (I¥IME AR
w(s) =d(s), se[—-h,0],
Hrf ¢ e C"TE[ - h,0] FREEZMN, JFH h =max{d, B, 8} .
APTTA, W ITRA (5 B F AN 58 40 F N FH e I 25 i (s ), 9 BRI 260
Z BN AR ANE TP PR A i 0 45 0 it A
m(t)=Ew(t) + Fz(t, w(t)), (2)
Hhm(t) e ¢" FoRllEHL E e ¢, F e C™" BOMBEERUENE, z = (2, z,, -,
z,) " Rx C"— C" FoRM g s 2ocdE etk T4k,
A7 CVNNs (1) AR APIRSAG TR AN T
v(1)==Dv(1t-8) +Af(v(1)) + Bf(v(1t -d(1))) +
ijfﬁ(f)f(v(s))clsw(t) +K(m(t) - n(1)), (3)
n(t)=Ev(t) + Fz(t,v(t)), (4)
Hrfry(e) BERI(L) RPREMIHE, IFH K e ¢ Rt it i3 5 56 5.
L h(t)=w(t) —v(1), WIRZIRSHAL N
h(t)=—KEh(t) —Dh(t-8) +Ag(h(t)) + Bg(h(t -d(t))) +

Cf:_B(’)g(h(s))ds ~KFZ(1, h(1)), (5)

Hrp g(h(t))=f(w(t)) = f(v(t)), z(t, k(1)) =z(t, w(t)) —z(¢t, v(t)).
TOCH B 25 AR K AR, (AR5 22 RASARAL (5) 42 i ke e
N T AT FELE R A SCHR LT k.
BiZ 1 BUERES () BESW IJFHMMER o, ,a, e C,fffEy, e R,i=1,2,-n, f
I fila,) —fila,) I <7y, l a —a,l,
2T =diag(y,, vy, =5 7.) -
‘&2 XMEENM, m, € C, fFE—DEHIEHL=(L,, L,,-~-,L,) e R"",i=1,
2, m, WA
Pz (tp,) —z(t,p,) | I L;!'(I"l —py) 0, t =0,
I 1 X e ¢ E—NIFEEN Hermite 555, W4 REL 0. [a,b] —> C",IFH a < b,
JUES)

(ficJ(s)ds | *X(fiemds )< - a)fi 0" (5)X0(s)ds .

51327 XMEEMINEL e €, a € (0,1), IEEHEQ € ¢, JEEW,, W, e C™,
Y e €, AR Y WA

o
Y' O
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W R S ANRE AT

| 1 N
¢(a,Q):;§TW1 QW1§ +m§ w, szg =

WeY (o Y\ (W<
Wl (Y* QJ W)

2 FE 4R

EIE 1 RS 1 AR 2 MOL A, WnSRAFAE IEE IR A M.(i = 1,2,3,4)

G e R™", IEEH) Hermite JilE P, € C™"(i = 1,2,-,10) ILEBIEFE R, , R, R, R
R RSS’ Sll’ SlZ’ S22’ Tlla T12’T22’ Wl’ W2’W3’ W4’ Q’ /ﬁiﬁ%‘:u? LMIs Y%E

M
/

23

125 13 229

R, R, R,
R = Rzz R23 > 0, (6>
* R,
S, S
S = 11 12 50, (7)
* S22
T T
T:( 11 12} >0, (8)
* T,
P, W,
X, = >0, (9)
* P6
P, W,
X, = >0, (10)
* P7
P, W,
X, = >0, (11)
3 % P,
P w
x,=| " 4) >0, (12)
* Py
02=(4,),,, <0, (13)

0.=0,0, =diP +d’P, +BiP, +p’P, -0 -Q",
2,=R,-Q" -UE+P ,Q,=-0D, 2 ,=0A, 0 ,=0B, 2 (=R,,
2 ,=R;, 2 ,=0C,Q ,=-PD, 2 ,=-UF,
Q,=-D'P,-PD+P,+6P,+R, +R, +R, +R, +S, +

d?PG +d2P7 -P,-P,-P,-P,-UE-E'U +I'"MI+L"GL,
02,=-0D+PD, D, =—R,+W ,Q,=—R,+W,,Q, =P, -W,
0, =P, -W,, Q. =W, 0, =W, 92 ,=P, - w,, 2,,=P, - w,
2,,=5,+04, 2, ,=0B, 2,  =R,, +R,,, 2, ,=R,, +R;,, 2, , =0C,
0, =D"P D, 2 6,=-UF,2,=-P,, Q2 , =-D'PD,
0,=T,-S, -P,+I'M,I", Q =P, -W,_, !24,]3 =T, -S,,
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e =~ Ry, !24,,7 =-R,,,0Q,=-T,-P,+I"M,T", O, =P, -W,,
w="T,, 0 (=-R;, 0 ,=-R,, ,=-2P, +W + W,

Ly ==2P, + W, + W, +I"'M,I", 2, =-P,, 2,,=P,-W,, Q,=-P,
o =Py =W, 2, ==2P, + Wy + W], Q| ==2P,  + W, + W/,
=Sy +B°P,-M,,2,,=T,-S,-M,, 2,,=-T, -M,,

sas =— M, _(216’16 =-P,, (217,17 =-P,, !218,18 =-Pg,

o190 == Py, 2, ,, =- G,

W

OO RN R RN

HAL €2, = 0, A AREBEL CYNNs( 1) HER22IRA B (5) 4 R UIE R E 0. 96 FLAG 14 0
K ELHK=0""U.

BB 4g0= (), [ h)ds, [ rG)ds ) n() = (h(), g(h()) ", Fs
T Lyapunov-Krasovskii PR%Y :

Hrp

V() = V(1) +V,(1) +Vy(1) +Vi(2) +Vs(2) +Ve(2) +Vy(2) + Vi(1), (14)

5

Vi) = (n(o) —Dfi_ﬁh(s)ds) P, (h(1) —Djj_ah(s)ds),

V)= b () Poh(s)ds +5j0 [ B ()P (s)dsdu,
V(1)=& " (1)RE(1)
=] mr@sneds+ [ 0t T()ds,

0 L 0 1
V() =d,| [j Hh*(s)P4h(s)dsd0+dj J () Poh(s)dsdd,
-d;” 1+ -d” 1+

Ve(t) =d1fid thh*(S)Pﬁh(s)dsdH + dﬁdf h*(s)P,h(s)dsdo,

t+6

V=] [ g () Pagh(s)) dude,

V(1) =,81ﬁﬁ ﬁwh*(s)Pgh(s)dsdG +,3f;f:+gh*(.;)Pwh(s)dsde.

HABIL(5) K V(o) RSEL, RAE518 1A

,(1) = k(1) - Dh(1) +Dh(t -8)]" P, (h(1) D[ n(s)ds )+

(n(0) -pf h(s)ds)*Pl[iz(t) “Dh(1) +Dh(t-8)] =

R*(O)PR(t) +h*()PR(t) +h"(t)(-D"P, - P.D)h(1) +
h™(t -8)D"Ph(t) +h"(t)P,Dh(t -8) +

h*(t)D*PlD(fziah(s)ds) . (j:ﬂsh(s)ds)*D*Pth(t) '
' (1)(- PD) Uziah(s)ds) " (fiiah(s)ds)*(—D*Pl)h(t) "

h'(1-8)(-D"PD) (f_ah(s)ds) N

t
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(Jziah(s)ds)*(—D*PlD)h(t—6), (15)
Vy(t)=h"(t)Ph(t) —h" (1 —8)P,h(1 - 5) +

5f5[h*<t)P3h(t) R (= W) PR(1 - w) du <

h*o(t)(Pz +82POYR(L) +h(1-8)(-P,)h(1-8) +

(J:_Sh(s)ds)*(—h) (] neoras), (16)

t=6

Vi(1) =€"(1)RE(1) + & (1RE(1) =

h(1)
h(t) " R11 R12 R13 ¢
h(t) - h(1 _dl)} ( R, R23J Jr—dlh(s>ds +
h<t> _h(t _d) * R33 f h(s)ds
h(t) :

4 R11 R12 R13 h(t)

J, oy Ry Ry ||h() ~h(i-d) |-
f h(s)ds * R,)\h(t) —h(t-d)

t—d

(R, k(1) +h" ()R A(t) +h* (1) (R, + R + R, + R)h(1) +
' (DR, (f:_dh(s)ds) " (j:_dh(s)ds)*Rl*zh(z) +h" (DR, (f:_dh(s)ds) .

il

t

il

=

B()ds ) R + b0 (R R ([ (s ) +

B()ds ) (R + Ra)B() + (1) (R + Ry ([

t

ﬂlh(s)ds ) +

(f_dh(.s)dS)*(R;; +R33)h(t) _h*(t _dl)Rl*Zh(t> _h*(t)Rnh(t _dl) -

t

(= DRGH() ~ b (ORh(1=d) ~ k(0= d)Ry, ([ h(s)ds ) -

(f_dlh(s)ds)*Rzzh(t ~d)) -h*(t - d)R}, (f h(s)ds) _

t—d;

(fﬂllh(s)ds | "Ruh(t—d) —h'(t - d)R,, (j

t

ﬂlh(s)ds ) -

h(s)ds ) Rih(i-d,) -
-d

R (1 - )R, (f:ﬂlh<s)ds) -(f

t

Vi) =q" ()8n(1) +0" (1 =d)(T-S)q(t-d,) —n (1t -d)Tn(t -d) =
h™(t)S,h(t) +g (h(1))S,h(t) +h™(1)S,g(h(1)) +
g (h(t))S,g(h(t)) +h™ (¢t —d,)(T,, =S, )h(t-d,) +
g (h(t-d))(T, -S,)h(t —d,) +h(t-d,) (T, -S,)g(h(t-d,)) +
g (h(t—d)))(Ty —S,,)g(h(t —d,)) —h" (t —d)T,h(t - d) -

7Ih(s)ds)*R33h(t —d), (17)
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g (h(t-d)TLh(t -d) —h" (1 —d)T,g(h(1 - d)) -
g*(h<t—d))T22g(h(t—d)), (18)
Vi(t) =h™(¢) (diP, + d’P;)h(1) -

dlfﬁh*mmh(s)ds —dfﬁlh*(s)Psh(s)ds <
R () (8P, + d°P)R(1) - (jiidhmds)}‘ (fiidh(s)ds) -

Uj_dh(s)ds)*Ps (fi_dh(s)ds), (19)
Vo(t) =h" (1) (diPs + d°P;)h(1) -

[ b () PR(s)ds —d[ R (s)Pi(s)ds, (20)
V(1) =Bg" (h(1))Pyg(h(1)) —Bfi_ﬁg*(h(s-))P8g<h<s>>ds <

B (h(1))Pg(h(1)) —B(t)f:_wg*w(s))Psg<h<s>>ds <

e (h()Pg(h() = ([ ghto)as) P [ gneona). @)
Vi(t) =R (1) (BiP, + B°P ) k(1) -

Blf:_ﬁ B ()P (s)ds —Bf:_ﬁk*(s)P,oh(s)ds. (22)

EFHIH1M5IH2, A
—d,[ R ()Pi(s)ds =

t=dy (1) . " . )
- d]f_dl h*(?)P6h<§)d9 - dIJ'_d()h*(S>P6h(S)dS <

- U a7 o ) -

4 (1) (f,-d,uf’“)dS) r ([

t=dy(1)

. h(t) ro 0" h(t)
R P HH Mimdy |-
dl _dl(t)
h(t-d,(t)) A A h(t-d,(t))
; h(t) T AR h(t)
dl h(t-d,)) [O]PG[O] h(i -d)) | <
(1) h(t-d,(1)) -7 -1 h(t-d,(t))

h(t) o I P W h(1)
-| h(t-4d,)) -7 0 (* PJ h(t-d,) |=
h(t-d (1)) I -I k(1= dy (1))

il(s)ds) =
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h(t) ’ P - W - P+ W/ h(t)
[h(tcm J -W, P, -P, +W, [h(tdl) J
h(t -d,(1))) (-P,+W, -P, +W 2P, -W, -W |J\h(t-d(1))

(23)
[Fi) B AT 45

- df h*(s)Ph(s)ds <
1=d

h(t) * P, -w; -P W h(1)
_{h(t—d) J -W, P, -P, +W, {h(z—d) },

h(t =d(t))) \-pP,+W, -P,+W, 2P, -W,-W, )\h(t-d(1))
(24)
—ﬁljiiﬂh*(s)Pgh(s)ds <
h(1) P, -w; - P, + Wy h(t)
{ h(t -B,) J A P, -P, + W, ( h(t -B,) J
h(t =B(1))) \-P,+W, -P,+W, 2P, - W, -W; |\h(t-B(1))
(25)
_ﬂji,ﬁh “(s)Ph(s)ds <
h(t) P, - W, -P, +W, h(t)
_{ h(t_,B) _W4 PIO _P10+W4 { h(t_,B) J-
h(t =B(t))) (-P,+W, -P,+W,  2P,-W,-W, |\h(t-pB(1))
(26)
AN, RS 1 AR 2 AT
O<h (t)I"MTh(t) —g"(h(t))M,g(h(1)), (27)
O0<h'(t-d)I"M,Th(t -d,) -g"(h(t -d,))M,g(h(t -d,)), (28)
Osh"(t-d)I'" M,Th(t -d) —g"(h(t-d))M,g(h(t -d)), (29)
O0sh*"(t—-d(t))I"" M, Th(t-d(t)) -
g (h(t-d(1)))Mg(h(t -d(1))), (30)
O0<h”"(t)L" GLh(t) —Z"(t, h(t))GZ(t, h(t)). (31)
SR BB RE 3
0=[h(1) +h(t)j*Q[—h(t) ~ KER(1) - Dh(1 - 8) + Ag(h(1)) +
Bg(h(1=d(1)) + €[ g(h(s))ds = KF2(.h(n) | +
[~ (1) - KER(1) =~ Dh(1 = 8) + Ag(h(1)) + Bg(h(1 - d(1))) +
cf  g(h(s))ds —KFZ(t, k(1)) | @ [h(1) +h(1)]. (32)

t=B(1)

i (15) ~ (32) AT
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V() <X ()X (1), (33)

)
iy

X(1)= (R(1), (1) h(1=8) b1 =d,), k(1 =d), h(1 - d,(1)),

h(t =d(1)), h(t =B,), h(t =B), h(t = B,(1)),
h(t=B(t)), gh(1)), g(h(t =d,)), g(h(t -d)),

gCh(e=d0)), [ ntoyas, [ neoas, [ gln())as,

[ nsyds.z, n(n)) )

t=8

BRI, ft(13) #1(33) AT 15

V(t) <0, t=0, (34)
FRLL, RZERSHIRL(5) &2 Jmilrii fRE i, uEEE. O

3 BE D E

ZRELUN HA LIt CVNNs (1) B,
[-25-3i - 15+0.3i 1-1.7F -09-25i
_[ 2+0.9  05-18i } [—0.2+0.3i 1.0 - 0.2 }
- [— 0.2 +0.4i 0.1+ O.ZiJ _ [3005(0.&) + (8sint + 3)1}
-0.1+ 14 05+1.2i] 2sint — (3co0s(0.9t) - 2)i |’
6 =0.3, D =diag(0.1, 0.2), f,(w) =f,(w) = 0.3tanh(w) ,
d,(t)=0.21 sin(2¢) |, d,(t) =0.21 cos(4t) |,
B,(t)=0.11sin(3t) |, B,(t) =0.21 cos(2t) | .
I, X4 I' = diag(0.3,0.3), d, =0.2,d =0.4,8, =0.1,8 = 0.3 i}, i EMRBE 1 F Y&
o 248 Ay LR B (2) B BEANE

C[02+ 120 -2-15i [ -1+2i 1-05i
Sl -1-i -1-02i"" |-15+2 1-i |’
z,(t,w(e)) =t + 0.1w,(t) + 0.2w,(2), z,(t,w(e) ) =¢ - 0.1w, () + 0.3w,(¢),
0.1 -0.1 N - .
ML= {02 0.3 } I, 255 W AER 5 2 2.8 1] MATLAB T.EA4f YALMIP, a]3Kf# LMI
(13), 1%

P - (3218 + 0.00i - 8.97 + 6.64iJ _ { 16.65 + 0.00i - 10.04 + 5.501
b -897-664i 33.12+000i | ° -10.04 - 5500 16.18 + 0.00i |’
28335 +0.00i - 132.54 + 7.92i _ [86.55 +0.00i 037 - 0.37i
| - 13254 - 7.92i  183.41 + 0.00i J e [0.37 +0.37 8644 + 0.001} ’
P - 791.02 + 0.00i 2.45 — 2.08i} _ [12.23 +0.00i 2.69 + 5.30i}
> | 245 +2.08i 90.54 +0.00i |° " ° | 269-530i 19.79 +0.00i ]’
[3.32 + 0.00i 1.79 + 2.73i 108.34 + 0.00i 38.85 — 19.51i
| 1.79 - 2.73i 7.48 + 0.001} T [38.85 +19.51i  93.48 + 0.00i} ’
P - [18.57 + 0.00i 0.07 + 3.331} _ [5.77 +0.00i 0.88 + 3.911J
1007 -3.33 2212+000i| " |0.88-3.91i 10.51 +0.00i]’
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R - [— 0.96 + 0.04i - 0.22 - 0.081}
27 -0.20+0.14i - 1.19 - 0.06i |
_[-235-0300 - 116 - 0.49i [ 1714 0000 - 071 + 3.12i
R = [— 145 + 0.33i - 3.69 + 0.251} P [— 071 - 3.12i  19.82 + 0.00i } ’
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State Estimation of Complex-Valued Neural Networks
With Leakage Delay and Mixed Additive
Time-Varying Delays

LIU Libin', PAN Heping'”
(1. School of Finance, Chongqing Technology and Business University
Chongqing 400067, P.R.China;
2. Institute of Advanced Studies and Business School, Chengdu University,

Chengdu 610106, P.R.China)

Abstract: The state estimation of complex-valued neural networks with leakage delay and both
discrete and distributed additive time-varying delays was studied. In the case where the activa-
tion function of the network was not required to be separated, through construction of the ap-
propriate Lyapunov-Krasovskii functionals, and with the free weight matrix, the matrix inequal-
ity and the reciprocal convex combination method, the state of the neuron was estimated by
means of observable output measurements. In addition, complex-valued linear matrix inequali-
ties related to time delays were given to ensure the global asymptotic stability of the error-state
model. Finally, numerical simulation examples verify the validity of the theoretical analysis.

Key words: leakage delay; additive time-varying delay; complex-valued neural network; linear

matrix inequality; state estimation
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