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Global robust exponential stability of

interval cellular neural networks with time-varying delays
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Abstract: The global robust exponential stability (GRES) of a class of interval cellular neural networks with time-

varying delays is studied in this paper. A transformation is made on original system by the Leibniz-Newton formula, an

analysis is also given to show that those two systems are equivalent. Based on the transformed model, applying Lyapunov-

Krasovskii stability theorem for functional differential equations and the linear matrix inequality (LMI) approach, some

delay-dependent criteria are respectively presented for the existence, uniqueness, and global robust exponential stability of

the equilibrium for the interval delayed neural networks. The criteria given here are less conservative than those provided

in the earlier references. Finally, numerical example is included to demonstrate the effectiveness and superiority of the

proposed results.
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1 5|E (Introduction)

20 Hfa A 22 X 4% (cellular neural networks, CNNs) H
19884F [ Chua 1 Yang $2 i LAk, Jh 5+ 2 4F B
REN T T Z W IE T N 5 5 A0 R
Al FRAS BR AL BN AR AR 4 AR EOT BRI, (H
FETE N AR ER Y 5 () R RIASE FL R 1) BT SE Bk, HH
15 TR 5E B A BRI, (75 9 4% R4t i) i )
WG AT RS, 9 A0 AEAR W 4% 5 | NI R) ¥ 5 2
&2, AATH3) H b B A EE, #3914 18 B 1 i
JE RIS 2K, SR, IR R 5 I NS5 ) 2% B A 1 e
kT BRAR. 4T, 2T I 4 Mo £ X 4% (DCNNs)F&
SEMERIRIF T2 BT I SR 131,

TN, 75 M 2 AR A ST IR R, SR NSRBI AT R
G HANBN R AT REG . B, 17 05 Z X W 4%

WA H A 2004 —11—16; W& S5che H #1: 2005—12—-27.
RETH: BER B RFEEES R BN H (69874008).

BEAT B MR RS MR A, AR M 2% BeAE A AL B A
SHINNAFAERIE LU T ORIFAEE. R ) SCHR oK
F1~13 % DCNNs [ &R faE P 4 BTt 1R 2> W,
"R ) A B SR P 2% 48 R R I T 2525 1) SO RV S
BRI11). B2 T, SZ3CERI101H) R &, ASCHEST T —28
DX TRV AR E) | AR IS il 40 A 22 ) 4% ) 4 JR) e
R EM R, 752 T X TZREEREBEHEER
SE ME AR XA BT KA CNNs FL % B
HER TR MR X B BUE L FHESE T
PR E5 R KA AT ML S DU L.
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2 RGBS T HE(System description
and preliminaries)
DX T I AR B AR I i 4 A 22 Y 4 O B AT

AR R PRSI R R

(4D — —Cy (1) + Ag(y (1) + Boly
dt

Ct ={C =diag(c;)|C <C<C, i

¢ < ¢ <GY,
At ={A = (a)nxn A< AL A, ie,

Q;; < 0y < azy}

( (1)) +u,

Bt ={B = (b;j)nxn|B < B<B, ie,
bi; < biy < b},
y(t) = [yi(t), yo(t), - ,ya(t)] ot i %I 0 4 50

FIREm &, C = diag(c;)nx, NIEEFHEE, A =
(aij)ani%’H‘(/iu%fi/fﬁ%Em?, B = (bij)an%%
EWWROERE v = [, u,]
AP AR, T() A REN I HHELO <
T(t) < 7 < 4o0,7(t) < 6 < 1, g(y(t)) =

[gl(yl( ))792(y2( ))7 7gn( n( ))]Ty‘]%ﬁ 'L'I'Jl f'ﬁ,l %a
W52 LT Ak
D) gi(y)(i=1,2,-- ,n) AR BIFEABEREL
i) 0 < (c)c(@ SLLVG#G. @

R&RGEDE — P Sy, AR BT
i, A Ha(t) = yt) — v ot — 7(t) =
y(t — (1)) — vy P Ry BB RS BAE
iR, RGO AEF LT EA:

dx(t)

3 = Cr+Af(e®))+Bf(x(t-(1). G)
a(t) = [w1(t), 22(t), - 2 (8)]" H BT IR ZS 1
F@®)=[fi(z1(8), fa(ma(t)), -, ful@a(®)] HH

fi(zi) = gi(zi +y7) — 9:(y;); i(0) = ¢i(0), 0 €
[—7, O] A RGEWIESFAE. HXQ) WA f; (2,2
{f (G <L, f(0)=0(i=1,2,--- ,n), @
FHG) < LiGifi(G), VG € R.
BRI, SHIR R SR (1) T p o BRIAR R T 1a) AR kA

THRRG(3) I B e P ) AL
25, AR SCRR(131I 7V, KA (3)32 o

T
dzit) =—(Co+EcXcFo)x(t)+ (Ao + EaXaF,) -
f(x(t)+(Bo + EgLpFp) f(x(t—7(t))).

(&)

He: ¢ = (C+0)/2,A0 = (A+A)/2,B, =
(B+ B)/2. #Hc=(C—C)/2 = diag(7)nxn,Ha =

(A-A)/2 = (ij)axnMHp = (B—B)/2 =
(Bij)nscns W
Ec = [yAier, -+ 0,0, /rea, -
0,0,y /Tmnlnxnzs
Fo = [\VAner -+ 50,0, /7ae, -
0,---,0,---, %en];xm
E4 = [\aney, - ,\/amen, -,
VOn1ns 3/ Cmnlnsn?
Fu = [Vamien,  /Qimen, -
Vanien,  \/Qumenlpans
Ep = [/Bues, - 7\/6?617"' 7
\/ﬂen,--- 7\/5;%]”“27
Fy = [V/Bue, - 7\/@6717"'7
Ve,V Bunenlizns

o E‘E:diag(&“n,'“ y€1ny "t €01yt 76nn>7
| e R eyl <1G,j=1,2,--- ,n).
A e; AR n GEERALFERERI S 5 DT ) &
EX 1 HHFEFEHE >0 M > 1, 1359
2
lz@)[l < Me™™ sup > |di(t)],

—7<t<0 i=1
Vt>0, CeCt, Aec At, Be BT,

LR Z Q)R AR B TR AR 2 1.

SIE 1 X TFMETH g, (v:)(i=1,2,- -, n)
R A5 DR i), MRS AR AP A

I 2 XWEEMEWDbc RAAERHEMEX >
0, LR AR RAL:

2a7b < a™ X 'a + bTXD. (6)

SIE3 SHEAAEUERNEREX = X7,

M,NFMR=R" XMMEBWHEFTF <RWMFH
X+MFN +N'F"M™ <0,

ST MR > 0, 8 T AR
X+ AMMMT+XNTRN < 0.

3 FEE W (Main results)
M RGEARG)KSHE RS

dgﬂ = —Cox(tHAo f (w(t)+Bof (z(t-(t))). ()

LAUNE s RGN & Rfa BURE &1
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[2kP—PCy—CoP Iy 0 PBy  CoLR 0 0 0
I8N Iy 0 0 0 DB,y AFLR 0
0 0 (6—1Q 0 0 0 0 B{LR
BTP 0 0 2k 0 0 0 0
(=) <0, 8
RLC 0 0 0 o-1Rr 0 0 ’
0 BID 0 0 0 4 Qk%) 0
€
0 RLAy 0 0 0 o R o
0 0 RLB, 0 0 0 0 O-LR]
lz(®)]] < o e ™ ((Am(P) + 2Am(DL) + AR FILL T 22 R G0(7) AR HAs A
(e — 1) dz(t) t
A(LQL / _
o WM(LQL) + ot B, T as)ds
%AM(R))\M(LL) y —Coa(t) + (Ao + Bo) f(x(t)): (12)

% ——\ar(CoCo) + At(AF Ap) i (LL) +

Ma(BF Bo) (L)) Am(P)z. (9)
EE 1 HSEZRGDWHERG), L=diag L;
HAFEE A EEXNRFERE P, Q, R, IEZEXS
FHERE D = diag(d; > 0) FI—ANIESZH Bk, 15
U0 AR AN S @) AL, A R LTI JR K
4 Rfedoase, IF A RO, H
]722 = D(AO + B()) + (A[) + Bo)TD + erTQ.
iE  JEFEUWR Lyapunov-Krasovskiiiz B
(V(t) = Va(t) + Va(t) + V3(t) + Va(b),
Vi(t) = e*' 2T (1) Pa(t),

Vg(t) _ 2e2ktii1di foxi(t) fi(s)ds’
_ G2kT Lt_T(t) ks 1T (2(s))Qf ((s))ds

_ 2 0t oopg,T
Va(t)=1= 5L<t)ﬁ+f h¥(2(0)) Rh(x(0))dods.
(10)
H:k>0,P>0,Q>0,R>0, D=diag(d; >0).
| HLeibniz-Newton AT, X = 1,2, - -+, nFH
z;(t)

Va(t)

fiws(t=r())=filw() = [ 7 fils)ds =
filwi(t) = [, Filai(s)i(s)ds =
' ! i\S S
fiws() = [, Fi(ils)ds (1
o (6) = D i) =P
BRADRADT, H4
h(w(t)) = f/(2(t) =
@ ()i @), fal@a®)in®]",

T ECRE IR (D) A(12)55 0. BT 5 RE(12) 22U AR
I3 IR AR I B 23, BRI 2 2R G T A
PR g crp ST IS ¥ AR 48, FEXT IR IR R e e e
SIHTI, BN RE AN T AR 3 T3 R R E

() + By j:_T(t) F@(0)do=0.  (13)

JTFR(13)IFHIE BB £ RT 5 oA
¢ _ A—T(t)s
e (e,
S
BEH ((s) € [n(s)e ™m0, w(s)], F(C(s) B n x
n4E 9% # B ELI 20 < f(C(s)) < L. Bis = 04h,
RE(HMEZE S S THRHENZFSES:
G(s) = det[sI + Bof(((s))(1 — e ™) = s"F (s).
(15)
BRI, BB (12)F0(7) FRIARFAE BR B0RT %0 2R S (12) A
RAENEN, HHISE RGO IR EESEN T2
ARG (12) AR et
R RO B, 43 5 R H Vi), Va(t),
Vs () FAV, (¢) XTI 8] ¢ 54, 18
Vl(t) = 2ke?kty T( t)Px(t) + 262ktacT(t) x(t) =
2kt T( ) ( ) th:IJT(t)PCOZL’( )
)
)

F(s) = det [I+B0

2k:t T(t

T (AO + Bo) ({L‘(t

t
ft 7(t) (l’(s
Vh() = ke 3 d; f ! fi(s)ds +
i=1 0
202kt £ T (1(¢)) Dir(t) =
4ke2’€fgjldi fo‘“(t) Fi(s)ds —
2e2F T (2(1)) DCo (t)+

)P ) —
2’%T(t)P )ds, (16)
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2e°" f1 (2 (t)) D(Ao + Bo) f(x(t)) —

22 (@()DBo [ ha(s)ds. (17
AR (6)Fa=BT Px(t), b=h(x(s)), X =e Xt R,
N 5 22, st = (16)H AR 73 T
2015 (1)PB, | o H()ds <
e%t(&k;k_l)xT(t)PBoRlBlBg Px(t) +
Sy T () Rh(a(s)ds. as)

M, 23 (6)Fa = By Df(z(t)), b= h(x(s))F
X =e 2k R WX (17) R T

—2¢2k £T(2:(4)) DBy L_T(t) h(z(s))ds <

2kt(62kT—1) T —1pT
e fH(x(t))DBoR™" By D f (x(t)) +

2%

f:_m) 25T (2(s)) Rh(z(s))ds. (19)
b,

V(t) =

75 [=Con(t) + Ao f (x(t)) + Bof (x(t -
()] LT RLE-Cox(t)+ Ao f ((1))+ Bo f (x(t -
7(t)))] - tT(t)e%shT(JU(S))Rh(:U(S))ds. @1
LER16)~(21), 15
V(t) = Vi(t) + Va(t) +
T (4) ITE(1).

Horp £(t) := col{z(t), f(x(t)), f(z(t —7(t)},
Ihy 1Ly O
= |II5 Iy 0 |,

0 0 Iz

Vs(t) + Va(t) <
(22)

(23)

1L, .= 2kP — PCy — CyP +

(e 1) 1 pT
5% PByR B, P—I-TC()LRLC(),
1Ly := P(Ag + By) + 2kD — CyD,
Iy := D(Ao + Bo) + (Ao + Bo) "D + e*7Q +
(e2k7’_1)

4
- DBoR B} D+—T5ATLRLAO,

41
~(1-9)Q+ 7 5B§LRLBO

F FSchurth 7] f iﬁ(sﬁﬁ Ho o< oo M
RQYTHMMAERE () # 0 V(1) < OfKIL. #B
BEEREHE R EEEHTMARK1)E R
E. HEMETTMS % RFDBEREE. 55t
HV (t) < ORI &1V (t) < V(0), T

V(0) =

H33 =

2T (0)Pz(0) + 22 i [ i(s)as +

[0 als) QU (als))ds <

Mi(P) [#(O)]* +2 2 dizi(0)fiw:(0)) +

221 (R)

1M—5 x

n_ .0 0 510 ; . . .

z;j—T(O)L M f2(x:(0))27(0)d0ds <

(GZk’T _ 1)
2k

Am(CoCo) + Am(LL) x

erst +

wi(LeLe o) [°

{Am(P) +22m(DL) +
22 (R)

1-96 2]{:[
(A (Ag Ao) + Ma(Bg Bo))l ¢l

Herllol = sup (0 )|l 5k

) llz(@)1*.

B, H1 e (P) [|lz(8)]|* < V(1) <V(0) AT 4k
K. #— PRI HF E e LT R S(12)
hARREARE, REMDW 2R E.

L

T E B RS 4 S A E M, AR
G5 HIA R TR E &

EHE 2 HREO)WLKM), L = diag(L; >
0) BAFTEIE MR IE BN FBREEREP, Q, R, IE5E
S FHPED = diag d; FIIESEH Bk, ei(i=1,2,-
5), 8 15 2 1 5 B AN 55 20 (26) L, %B/Am‘ﬂfa
KIS HCeCt, Ac AT, Be B, RGN R A
&R Ede e, 3 BAERQEOL.

AM(LQL) +

AM(LL)
(24)

—7LI<0

V(t) > M A (P (25)
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Iy Thy 0 PBy CoLR 0 0 0 FY PE4 0 0 0 v 0 0 ]
m5 Iy 0 0 0 DByAJLR 0 F§ DEs F§ FF 0 0 53 0
0 0 (6-1)Q 0 0 0 0 BIIR 0 0 0 0 FY o o 0
BIP 0 0 v 0 0 0 0 0 0O FF o 0 0 0 0
RIC, 0 0 0 % 0 0 0 —FaLR 0 0 0 0 0 0 0
0 B)D 0 0 0 v 0 0 0 0O 0 FF 0 0 0 0
0 RLAy 0 0 0 0 0 0 RIE4 0 0 0 0 0 0
0 0 RB, 0 0 0 0 Yo 0 0 0 0 0 0 0 e;RLEp -0
Fc Fc 0 0 -RLFY 0 0 0 —=I 0 0 0 0 0 0 0 ’
EP E};D 0O 0 0 0 EJR 0 0 -l 0 0 0 0 0 0
0 Fg 0 Fg 0 0 0 0 0 0 -l 0 0 0 0 0
0O Fg 0 0 0 Fg 0 0 0 0 0 - 0 0 0 0
0O 0 Fg 0O 0 0 0 0 0 0 0 0 -0 0 0
0 O 0 0 0 0 0 0 0 0 0 0 —2 0 0
0 ~» 0 0 0 0 0 0 0 0 0 0 0 0 —y 0

00 0 0 0 0 0 eELLR 0 0 0 0 0 0 0 =—e5 |

(26)

[z(@®)] < A(ATA) = sup An(ATA),

kt AcA+
e + 2\ (DL

‘(‘¢2‘LT - 1(§ " e Mi(B'B) = sup Au(B'B).

T)\M(LQL) + —5AM(R))\M(LL) X BeB*

- WE @ FE2V]E I 5 H3 B #E E, BR
2E(CO) + (AT AD(LL) + FRUE, 1% BARFHEA.

A (BTB)AM(LL)]) /Am(P))?. 27 4 BEHF (Numerical example)

Horh. FRRARG(DIF M

]711 = 2kP — PC() - C()P, C = 0.3 0 , C’ = 0.7.0 ,

N N 0 17 0 23

71 :=[e1PEc  e3PEg], -

-12 02| - [-08 06
= diag(e11, e3l), A= , A= )

” ngl o) “7 04 —5.2] [ 0 —4.8]

L (21 —11 1.9 —0.9

74 := diag(eal, 41), B=| T " ]7 B = [_11 - '4]

% 5_1 | 0.9 —0.6 —0.
=——=R, %=——

EA—dlag \/Zalj, \/ZGQJ, - ;\/g)v
j=
EB—dlag \/2/81]7 \/2/82]7 o 7\@)7

Ec = Fo = diag(v71, VA2, > V)5

FA - diag(\/;ailv \/;OZZQW" ) “ ;Olin),
FB = dlag( ;ﬂilu 2151,27 ) “ Zlﬁln)a

0.5 0 1 04
“=1 2]’ 0_[—02 —5]’
30:—2—1] :020]

1 —05

0.2 0.2 0.1 0.1
Ha=1, ] [ 1 01]
Ec—Fc—dlag(r \/7
E 4 = diag(v0.4, vV0.2), Ep = diag(v/0.2, v0.2),
FA = diag(\ﬁ r) Fp = d1ag(m, \/@)
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Bt R N gi(y) = 0.5(ly + 1] — |y —1]) (i =
1,2), BRWLEFMHQHL = Ly = 1. 7(t) =
0.5sin’t, Bt 7 = 6§ = 0.5. & k = 0.5, BT
MATLAB #2 4t (ILMI T B 45 fi& 25 1 46 B A &%
K Qo)1

0.0467 0.0024]

0.0024 0.0318 0.0997 0.4295

[0.0233 0.0997]

_ [0.0749 0.0196| . |0.1760 0
~10.0196 0.0383|" |0 0.3955 |

gi=1(i=1,2---5).

HI T3 P, Q, R, DI IEE W 41 LR © M R 5
2RE BRI E.

[FAE IR G, FSCER 121324 ) Ae e A4

()5 B ) Sk A e HAR E . i T, 15

B* :B(), B* :HB, i = 1 (i: 1,2),
%} = miin [c;] = 0.3.
Hi2r — 1 = —0.4 < ORTHIANHE R 4. B it )
TR RS, SCERI12)FE A2 e HITE A se i 2
A, T A S B B 458 Be R UEFLAR 8, Fr DAAR 3
25 AR e S RA BN AR SE .
5 #5#(Conclusion)

AL 5E R FLeibniz-Newton A X HEXT R4
rhPRDIR 2 B i i H AT B 4, 15 3 TS AR
P Ay, Fe T IR, B A Lyapunov-Krasovskiifa
BN E A EAF T EHRR T ML
JR BB RS E I I AE O 1K 7R 4 A A, T AR
A AR A E A TE XSG H, DUERE D)
FLMIT HAF VSR AR. 18 I B0 25 4 SO
B RGAT NG RATHER, WRER T AL
RETATATHE S0, A, AR ST 73R8 AT LAWY,
FH 23 18 B8 5 2% 19 &R 4t Al Hopfield AT XY fi) R AR T
17/ 4% (BAM) 2525
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