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Robust stability for a class of Cohen- Grossber g neural networ ks by
dividing delay interval
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Abgtract : Robust stability of a class of Cohen Grossberg neural networks with timevarying delay and parameter
uncertainty is studied. An idea of dividing delay interval is used. New robust stability criteria based on this idea
is derived by construsting a new Lyapunov functional. Moreover, the restriction of the time derivative of
time-varying delay is released in the proposed criteria. The smulation result verifies the effectiveness of the proposed
criteria.

Key words: Cohen Grossherg neural networks; Robust stability; Time varying delay ; Parameter uncertainty ; Dividing
delay interva

1 Coherr Grossberg
Cohen Grossberg . won
[1] y [0 I ] ([ ) ’
, L yapunov ,
. , Coherr ; L yapunov ,
Grossberg , Cohenr Grossberg ,
[24] [59] T() <1
2
T (1)
1 2008-03-24; 1 2008-10-14.
(60774048 ,60728307) ; (20070145015) ;
(B08015) ; (20062018) .

(19819, , , ; (19599,



3 Cohenr Grossberg 343
Cohenr Grossberg 1 @
() = (3)
-O(i(Zi(t))[Bi(Zi(t)) - jZa_ijj(zj(t)) -
"o 1 AA() AB(Y)
ijijfj(Zj(t-T(t))) - Ui], ,
z(t) =4, -T <t<0,i,j=1,2, ,n BAA() AB(Y)] = HFO[EB BE].
(1) ‘HBE B ; F(1)
2 (1) toi o, (2 (1) FI() F() < 11
0 <0 (z (1) 2 Bi(z (1)
< wBi(z(1) @0 bi (3{0V\ K¢ ©
‘U I 3 fi(z (1)
% (1 (1) osLﬂ)u:—f/Lmsn,
T (1) 0 <T (1) <T J: < Yuv R.UZ V.
T() SM2T M1 M2 M2 =M. 1159 uv Ww
1 Hi o Mz, M M =M A%
U1 <Mz < 1:2)1 <M1 <Ma. ,2) < |
(1) >1 M+ UVW + W'VTU" <0,
(D & = (& +Aa (1) €,
by = (b +A by (1) M +€ *UUT +eW'W < 0
Ag (1) Ab (1)
. 3
a(z(t) = dagdi(z (1), Gn(z(1))], 1 T (1)
B(z()) = Ba(z()), Bal(z()]", Cohen- Grossberg (3 1
A=A+AA(Y), B=B+AB(1), 3, N, €.,n%Xn
A= (a) ,AA() = Qa(t), P,D,Y1 Yz,nXxn R,W:
B = (b),AB() = @hbi(1), W2, Nn X Nn
f(z()) = [f1(z (), falz(D)]T, Qu  Qu Quw
U=[U,Uz, ,Ua]" o- QL Qu Qn
(1)
2( =-a(z()) B(2()) - AT (2(1) Qv Qv Qn
- B (2(t-T (D)) - U]. 2) :
Cohenr Grossberg (n (2 [: + Q- Q :ol:| <0 @
z' =z .2, ,zn]", * -€
x() = z(t) - 27, (2) - _ i
=n 0 0 Z1.N+3 PB
x(t) =-oa(x(0))B(x(t) - Ag(x(t)) o
- Bg(x(t-T(®))]. ¥ =- [
* % Zuame 0 LY.
o (x(0) = diagltts (xa (D), #a(x(0)], ... T
o (xi (1) =ai(x(t) +z), 06 06 0 0
B(x(D) = Bu(xa()), Ba(xa(D)17, * 0 0 0 O
Bi(xi(0)) =Bi(xi() +2z") -Bi(z), Q=|* * 0 0 0,
g(x(0) = [a(x(D)), ,g(x()]", * o+ x 0 0
gi(xi(t)) = fi(xi(t) + Zi*) - fi(Zi*)- * * * *




344

24
0 6" 0 0 O g [x(t-T())]Rg[x(t-T(D)]. (6)
O 6 6 6 2 3,
Q = * * 0 0 0O, -B‘i(Xi(t)) <-yaxi(), (7)
: ‘i 0 g (x (D) < lixi(), g(0) = 0. (8)
7 ;= di 1i) , Y2 =
TZ (W O ol | (7 (@, Y1 = diag(ys) ,V;
hom- 2F 4 Wi, dlag(yzi), yi >0 y2i > 0,

ine3 = PA-TD+LY1,
nezn+2 = - (L -M2)W1 + (1 - H1) W2,
2= DA +A'D+ R- 2Y: +£EE{ B,

N+3,N+3

n+anea = DB +EEl B,

nean+a =- (1-H2) R- 2Y2 +€ E B.

L = diag(ls, 1), = dagy:, Y.,

0 Nn o
(3)
L yapunov- Krasovskii

V(x(1)) =

n x: (9 n x; (9
2in.Io em(s)d“zizd'fo a9t

J.t-'ﬁ?A (9 @ (9ds +I"‘(‘) x" (9 Wi x(s) ds +

t-T (1)

I"T x" (9 W2 x(9) ds +

J.:'T(‘) g' (x(9) Rg(x(9) ds. (5)
AT(s) =
[xT(s) XT(S-‘E\IT) XT(S__NI;I_Jr)],
Q,W1,W2 R )
3 V(x(9) t

V(x(D)) <

- 2xT () B (x(0) +2x" (1) PA x
g(x() +2x" (1) PBg[x(t-T (V)] -
29" (x(0) B (x(1)) +2g" (x(1) x
DAg(x(1) + 29" (x(1) DB x

gl x(t-T(D)] +AT(DQ (1) -

AT(t- JNT)@(t- —LT) .

X" (OWix(t) - X" (t-T)Wax(t-T) -
(1-p2) x"(t-T())Wax(t-T (1) +
(1-H2) X (t-T())Wox(t-T (1)) +

g' (x(1) Rg(x(1) - (1-H2) x

0<2x () B(x(D) - 2x" () # x(1), (9
0 < 29" (x(1) B (x()) -

29" (x()) O x(v), (10)
0 <- 29" (x(1) Yrg(x(1) +
29" (x(1) YaLx (1) , (11)

0<-2g [x(t-T()]Yaq[ x(t-
T())] +29g"[x(t-

T(0)]YaLx(t-T (D). (12)
P D L T
(9 (12) (6) ,

V(x()) <&€T(DE (1). (13)

ET() = [AT(),x"(t-T) ,x" (t-T(V),
9" (x(9),9" (x(t-T (D)1,
P=Q+Q - Q,

Q =
= 0 0 Q1 nea PB
*x W, 0 0 0
k% = e 0 L Y2
* % w * Qnesnes DB
- * * * * Quis ned
Qines = PA-TD+LY:,
Quianezs = DA +A D+ R- 2Y1,
Queanea =- (1-H2)R- 2Y2.
(13) , <0 |,
(3) : @
0 0 RA() RB(Y)]
Qo +| * = 0 0 0 +
* * * 0
* * * 0 i
Q- Q@ <0, (14)



3 : Cohenr Grossberg 345

Q, =
[Zn 0 0 PA-TD+LY PB |
* * W2 0 0 0
o * T 0 LYz

DA + ATD +
% * * 2 oy, DB
L * * * * * Queanes
1, (14)
Qo+ Qv - Q +=0F(1) x
[0 0 B E]+
[0 0 B B]'FF()=J <0. (15
1 , FT(t) F(t) <1,
(15) , € >0,
Qo + Qu - Q2+;::LEOEJ+
F o7
gl 0| [0 0 B EB]<O0 (16)
=
L E
(16) , Schur (16)
(4) : (3
. d
1, :
2 T (1) Cohen-
Grossberg (3) 1 3,
N, €1 €2,nXn
P,D,Y1 Y2,nXn R,W:
W2 ,Nn X Nn Q( ),

T+t - Q =o o

* -€11 0| <0. (17
* * -,
= 0 0 SN PB ]|
_ W 0 0 0
S = nezne2 0 LYz
* * * * S Ne3Ne3 DB
Lo« = = * * = Neaoned
1 . (3)
1 , (15)

Qo+ Q1 - Q@ +=0F(1) x

[0 0 B 0]+

[0 0 B O]"F (=g +

ZoF(Y[0 0 B+

[0 0 EB]'F(H=s < 0. (18)
1, FT(t) F(t) <1,

€1>0 €2 >0,

Qo + Qu - Q2+(E']l‘ +£JZ‘)EOEOT+
o
€1 0| [0 0 B 0]+
=
L 0.
o
€2 O] [0 0 E] <0 (19)
0
. E
Schur (19) (17) . O
2 1 2, T (1)
M1 ST (t) <M2. [2-9]
T() <1 , 1 T() >1
1 . 1
2 T(t) >1 Cohen-
Grossberg , R =0,

4

(3) Cohen- Grossberg

_ [0.5330 - 1.052(1

1.0328 0.3621
_ [ 0.0184 - 0.13751
“L-0.6138 - 0.0802 '

[1.5 OJ [0.5 OJ
F = ,|_ = ,
0 1. 0 o
0.25 0.5 - 0.5 0.5
E = B o= ,
-1 -0. 0.1 O.

[0.2 o.j
H = .
- 0.2 0.

T (1) 0<T(t) <T,1 <Y1 <T (V)
< Ma2.

Matlab LMI , N =2M:1 =
1.1 = 2.0, 1



346

24

[1.6787 0.0160 O 0
[ 0.0160 1.3607 0 0
Q= 0 0 0.9772 0.0082 '
L0 0 0.0082 0.815
_[1.1962 0 7]
Pl 0 o9ead
_[1.5676 0 J
°=l o  os2d:"
_[0.1120 o.oo7j
" " lo0.0073 0.1252 °
_[ 4.4731 - 0.0858}
* L. 0.088 3.9440]"

[2.8121 0 J
Yr =
0 1.965

[1.2055 0 7]
Y2 = .
0 0.924

£ = 1.0324 (4) :
(3)
() [1.1,2],

Cohenr Grossberg
[(01] :

1 . Coherr
Grossberg ,

( References)
[1] Cohen M, Grossberg B. Absolute stability and global
pattern formation and paralel memory storage by
IEEE Trans on
Systems, Man and Cybernetics, 1983, 13(5) : 815 826.
[2] Lien C, Yu K, Lin Y, et a. Sability conditions for
Coherr Grossberg neural networks with timevarying

competitive neural networks [J].

delays[J]. Physics Letters A, 2008, 372 (13) : 2264
2268.

[3] Zzhang H G, Wang Y C. Stahility analysis of Markovian
jumping stochastic Cohen- Grossberg neural networks
with mixed time delays[J]. IEEE Trans on Neurd
Networks, 2008, 19(2) : 366-370.

[4] , ,

[J]. , 2004, 19 (12) :
1416-1419.
(Ji C, Zhang H G, Wang Z S. Dynamic anaysisfor the
generalized neural networks with time delay and
asymmetric structure[J]. Control and Decison, 2004,
19(12) : 1416-1419.)

[5] Xiong W, Xu B. Some criteria for robust stability of
Coherr Grossberg neural networks with delays [J].
Chaos, Solitons & Fractals, 2008, 36(5) : 1357-1365.

[6] Wang W, Cao J. L MI-based criteria for globally robust
stability of delayed Cohen- Grossberg neural networks
[J]. IEE Proc of Control Theory Applications, 2006,
153(4) : 397-402.

[7] Yuan K, Ceo J, Li H. Robust stability of switched
Cohen- Grossberg neural networks with mixed time

varying delays[J]. |IEEE Trans on Systems, Man and
Cybernetics: Part B, 2006, 36(6) : 1356-1363.

[8]Ji C, Zhang H G, We Y. LMI approach for global
robust stability of Cohen- Grossberg neural networks
with multiple delays[J]. Neurocomputing, 2008, 71 (4
6) : 475485.

[9] , , Cohen- Grossberg

[J]. , 2007, 35(1) :

135-139.
(Ji C, Zhang H G, Guan H X. New criteria for robust
stability of Cohen- Grossberg neural networks with
multiple delays[J]. Chinese J of Electronics, 2007, 35
(1) : 135-139.)

[10] Mou S, Gao H, Qiang W, et a. New delay-dependent
exponentia stability for neural networks with time
delay [J]. IEEE Trans on Systems, Man and
Cybernetics: Part B, 2008, 38(2) : 571-576.



