CHAPTER 4
CONCLUSION

In this work, we study robust stability of zero solution of discrete-time
cellular neural networks with time delay. We give sufficient conditions for robust
stability of system and robust stability criterion for discrete-time cellular neural
networks with time delay system with polytopic type uncertainties and discrete-
time cellular neural networks with time delay system with time-varying polytopic

type uncertainties. The main results are summarized as follows:

4.1 Robust Stability of Discrete-Time Cellular Neural
Networks with Time Delay Systems

Theorem 3.1.1 The zero solution of system (3.5) is robustly stable if there exist
P=PT>0,G=G">0,Q=QT >0 and L = diag{lh,lz,...,In} > 0 with
7T > 0 such that the following LMI holds
L1y 0 0
M=|0 (220 0 |<0
0 0 (3,3
where
(1,1) = ATPA— P+ e ATPWWTPA+ eATPH,E,EL H PA
+eATPHEETHTPA + ¢Ef HL PWWT PH, Ey
+¢BSHy PHEETHT PHoEy + eATPH  Ey ETH] PA
+ eATPW\WEPA + eETH PWiWTIPH Ey + 7G + Q
+ e LW PW\WTIPWL + ¢E] Hf PH\E{ETHY PHyE,y
+ e LWTPHEETHTPWL + e LW PH\E, Ef HT PWL
+ ETHIPHyEo + ¢ LETHT PW\WTIPHEL + LWTPWL
+ LETHTPHEL + ¢ ' I + 61 L2,
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(2,2) = eLETHFPHEETHTPH\E\ L + ¢ LWL H\FL\ EFHT PW,L L
+ LETHTPH\E\L + LWEPWIL + 87112 — ,
(3,3) = —7G.
Theorem 3.1.2 The zero solution of system (3.5} is robustly stable if there exist

P=PT> 0, Q= QT >0,T= dz'a,g{tl,tz,... ,tn} >0,8= diag{sl,SZ,. ..,Sn}
> 0 and scalars ey > 0, e > 0 and e; > 0 such that the following LMI holds

. © TIl, —-ATPW, ATPH, —ATPH —ATPH,
t [ln O LS 0 0 0
s+  + [l WTPW, -WTPH, WTPH W7PH,
M=|s+ % %«  [l. -WTPH, WIPH W{PH,|<0
* * * * Il.;  —-H{PH -HYPH
* * * * % Il HTPH,
| * * * * * * I |

where

[Ty = ATPA~ P+ Q + e Ef By,
Il,; = ~ATPW — LT,

[T, = —@Q

[z = WTPW — 2T + eEE,
[l = WEPW, — 25 + e ET B,
Il = HEYPHy — el

[les = HTPH — e,

Il,, = HfPH; — el
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Theorem 3.1.3 The zero solution of system (3.5) is robustly stable if there exist
P=PT>0,Q=0QT > 0, T = diag{t),ts,...,8,} >0, S = diag{si, ss,...,5,}
2 0 and scalars € > 0, ¢g > 0, e > 0 and e1 > 0 such that the following LMI
holds

My 0 [, -ATPW  ATPH, —aTpg —ATPH, ]
£ Ly O LS 0 0 0
* * L, wWTpw, -WTPH, WTPH WTPH, 1
M= 4 * * 1T ~W{PH, WIPH WIPH; { <0
* % * * T —H{PH ~HIPH,
* * * * * Iss HTPH,
* * * * * * 11~ |

where

[1 = AT(P - e " HyHD) A + €EfEy— P+ Q + eoET By,
[lis=—4TPW - LT

I = -@Q,

ITos = WT(P — ' HHT)W + ¢ETE — 27"+ eETE,

s = WP~ — X HL HT)WE + eETEy — 28 + ¢, ET B,
Iss = —eol , [Jes = —el, Il = —eal.

4.2 Robust Stability of Discrete-Time Cellular Neural
Networks with Time Delay Systems with Polytopic
Type Uncertainties

Theorem 3.2.1 The zero solution of system (3.5) with polytopic type uncertain-
ties (3.2) is robustly stable if there exist P=P'>0 @ = QF >0, T; =
diag{ti, o, ...t} >0, §; = diag{sy;, $ai, ..., 8n;} > 0 and scalars e >0, e; >




52

Oandey >0,i=1,2,..., N satisfy this condition

(698) Miga+ Migs + Mysp + Mg+ My + My,

() Myz;+Ny<—I,i=12,...

(ZZ) M,i,j + Mj,£’£ + ,Mrijl,- 4+ 2N; + NJ‘ <

N

1

i=1,2,...,N, i#j j=1,2,....N

+2N; +2N; + 2N, <

where
M; ;1=
| ATRA 0 —ATRW, —ATRW
0 0 0 0
~W'FA: 0 WIRW, WFRWy
~WiiPA: 0 WIBW, WEPRWy
HiFA:s 0 —H{BW: —BIP,Wy,
—HT"P;A; 0 HTRW, HTPWy
-HTPA; 0 HFBW;  HIPW.
M@ o -1z o
0 —-Q; 0 LS;
—LT 0 el 0
No= | 0 LS 0 [0
0 0 0 0
0 0 0 0
0 0 0 0

and [, (4) = eq: B§ Ey —~ P, + Q;, I35(3) = —2T; + e, ETE,

[14(?)

—_—],

(N —1)2
i=1,2...,N=2 j=i+1,2,... N1, 1

AT P;Hy
0
—W{ P;Hy
~WiiF;Ho
0
¥
0

SRk

1,2,...,N,

~ATPH - ATP;H,
0 0

WIRH W{PH,
Wi PH WL P H,
0 0
0 0
0 0 i
0 0 ]
0 0
0 0
0 0 ’
~HfRH —HEPH,
[e)  HTRH,
HIBH  [l0)
d

~25; + eu B By, [lg5(i) = HTPHo — eqil, [es(i) = HTPH — e,1,

Hw(i) = H{ B;H) — ey;l.
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Theorem 3.2.2 The zero solution of system (3.5) with polytopic type uncertain-
ties (3.2) is robustly stable if there exist P, = PT >0, Q:=QF >0, T; =
diag{tii, tai,- .. s tas} = 0, S; = diag{sii,52i,-..,5ni} = 0 and scalars ¢ > 0,
ei>0, es>0andey >0,i=1,2,...,N satisfy this condition where
(2) ﬁ/_f,,;,,-‘i+1\f,- <-I i=12,...,N
.. 1
(1) Migj+ Mjae+ Migs +2N; + N; < mf ’
i=12... N, i#j j=12...,N
(#18) Miga+ Mg+ M0+ My + My + My,
6
-4+ 2N; + 2N, < 1,
+2N; +2N; + !<(N—1)2
i=1,2.. N—2 j=i+1,2,....N~—1,1=12...,N,

where
My =
[ 6,G) 0 —ATPW, —ATPW, ATPH, —ATP,H —ATPH]
0 0 0 0 0 0 0
~WiPiA; 0 0s(3) wirwy -WIPH, WIBH W{FH
-WiPA 0 W[PW; 64(2) -WiPH, W{PBH W{FH |,
HIPA; O —HTPW, —HEPWi 0 0 0
_HTPA; 0 HTRW;, HTPWy 0 0 0
-HBTPA, O HFRW,  HFPWu 0 0 ¢ |

On(i) = AT (Pt — e T HoHT) Ay, 033(i) = WY (P! — e "HHT)W,
Ouli) = WE(P — e THIHT )WY

I, 0 =L 0 0 0 0
0 - 0 LS; 0 0 0
LT, 0 Jls() o 0 0 0
No= | 0 LS 0 Ilu.6 0 0 o |,
0 0 0 0 [Is(d) -HJRH —H{PH
0 0 0 0 —HTRH, [l  HTPH
0 0 0 0 —HfRHy, H{RH  Jn() |
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and [],,(i) = eEY Eo + e B Eo — P+ @i, a3(2) = eETE — 21; + ¢, ETF,
[T4s(2) = €ET By — 28; + e BT B, [lgs(i) = —end, [lggle) = —eil,
[1:(3) = —eul.

For future investigations, we propose study time-varying system de-

scribe by

a(k+1) = —[A(E(K)) + Adla(k) + [WER) + AW (a(k)) + [Wa(E(k))
AW f(o(k— (k) + b

where z(k) = [£1(k), ..., z.(k)]T € R" is the neuron state vector,
F(z(:) = [Alz1(), - - -, falza(-)]T is the activation function, b = [by,...,b,]T is
constant input vector, A(£(k)) is positive diagonal matrix, W{¢£(k)) and W1(£(k))

are the interconnection matrices of polytopic type where

[y wew) wie] <9

6 = {[atew) Wiew) wie®)] =360 [a W w,

i=1
N
> (k) =1, &(k) > 0},
i=1
where A;, W; and Wy; are known constant matrices and AA, AW and AW, are

uncertainty matrices which are of the form

N N N
AA= Ho» &(K)FouBo, AW = HY ¢(k)F.E and AWy = Hy Y &(k)FuE

i=1 =1 =1

where Hy, H, Hy, Ey, E and E; are known constant matrices Fy, F and F) are

- unknown matrices

| Foletk))  Fleh) R(E®)] €9,

Q= { [Fo(e(k) PE(R) RER))] =§€f(k) L

Y& =1, &(k) 2 0},




99

which satisfy

N N N N
YRR &WFu < I, 3 GEIFT Y &RE<I

i=1 i=1 =1

N N
and ) &(R)FY ) &(R)Fu<I
i=1 i=1

where I is the identity matrix of appropriate dimension , 7(k) is a positive integer

denotes the time-varying delay satisfying

11 <7(k) < n.




