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Abstract

This paper investigates the synchronization of fuzzy cellular neural networks with vari-
able coefficients and time-varying delay by designing a impulsive control. By taking
Lyapunov functional method and the matrix inequality method, the linear matrix in-
equality conditions are given to ensure the synchronization of the system. Meanwhile,
exponential synchronization conditions and asymptotic behavior of unknown param-
eters are derived. Finally, a simulation example is given to verify the effectiveness of

the proposed method.
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2. IRBET
AR SCE B SE T — S AR EL ORI AT 22 50 4 55 K o ) T [

k=1 j=1 =1
+/\ ijj[uyt*T Jr/\
j=1
+\/5zjfj[u](t—7( —|—\/S”vj,zf1,2,---,n,tEO,t#tk, (2.1)
j=1 j=1

Aui(tk, ) = U,Z( ) u,(t;,l’) = —Hikui(tk,zz;),k € Z+,t = tg,

u;(t,x) =0, (t,z) € [-7,+00] x 0, 1=1,2,...,n

wi(t,x) = (t,x), (t,x) € [-7,0] x Q, i=1,2,...,n

Horbtw (¢, ) XERCT I 2 FI2S [l AR T IRPIRES; n AR E TN © = (24, ..x) T €
QCcR™ HQ = {2 = (21, ..., 2)T | 7 |< wp, bk = 1,2,....,m} R EARFLRN A T EE
HmesQ > 0; Dy, = Dy (t,2) > 0 B BREG w; > 0 Ron 0028 W48 AR EH: H A SN
JEZERF, B0 A TR L E SRS IR Z; 0, ( Biy), Tij( Siy) 70 Al B it () &
BRI AT 5t B /N (R BRI TC R, a; Flby; R ATBER A R BRI TR, A (V) R
F(ER). I Flu; 50 BR RS MEITTHMARRME. 0 < 7(t) < 7 RRAZEIR, f 2385050 ek 5L
Yi(s,2)(i = 1,2,...,n) RRIE[-7,0] x Q G FWFIESN). 0 (i = 1,2,...,n. k € Zy) KR
BE Atk = 1,2, R 0 <tg <t] <ty <..<t < ...,kli}n;otk = 400, tlirg ui(t, ) = ui(t, z),

wi(ty , @) = wi(te, x).

B2 1)MNRS N
u(t,z) = ; Bzx (DikTIk) i(t, @) + Zbu UJ (t,z)) + ZCLUU]
+ L+ N\ W () filas (= 7(8),2)] + /\ Tijv; + \/ Bii () fila; (t — (1), z)]
j=1 j=1 j=1
+ \n/ Sijvj + El(t)(ai(t, J}) — Uz(t, .’IJ)),Z = 1, 2, cee ,’I’L,t Z O,t 7£ tk, (22)
j=1

Nty ) = 4 (6, 2) — 4ty x) = —Opti(te,x), i=1,2,...,n,k € Zy,t =ty,

;(t,x) =0, (t,x) € [-7,+00] x 00, i=1,2,...,n,

w;(t,z) = ¢i(t,x), (t,x) € [-7,0] x Q, 1=1,2,...,n.

Hrpe(t) = (er(t),ea(t), - ,en(t)) € R*(i = 1,2, ,n) Rl a1 . ¥ FEDIRZEE X
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Hei(t,x) = ;(t, ) — u(t, z), BATEH

j=1

+€i( )ei(t?‘r)? :1527"' )nat207t7étk)

ei(t,x) =0, (t,z) € [-7,+00] x 0, i =1,2,...,n,

ei(tvx) = ¢z(t7x) - ¢i(t7x)7 (tax) € [_7_7 O] X Qv 1= 1727 sy N

=

Files(t, @) = fila;(t, x) — fi(ui(t, ),

n

A msflea(t = 7(0),2) = A msfilis(e = 7(0),2)] = A m il -

J

3

V B les(t = 0,2)) = V Bufylaste = (0,2)) = V St = 7(0),2)]

+ /\ 7 ( nlj)f] [ (t —7( ]+ \/(ﬂw(t ﬂz])f][ﬂ’](t —7(t),x

Neitp, ) = ei(t),z) —ei(ty ,x) = —Opei(te,x), i=1,2,....,nk € Lt =t,

(2.3)

7&“)‘(2 L Tt z) = (it ), . n(t, 2))T € C([=7,0] x R™,R") M[-7,0] x R™ F|R" L

[ 3% 452 bR B BT Y Banach 45 (8], € X

() ||2—$Z||wx 12,

2

Eqﬂnwi(t,x)nz—(/ﬂ up |wi<t,x>|2dx).

—7<t<0,z€Q

EN2.2. WRAFEL >1,e>0 #7158

It x) — uilt, ) 2=l e(t,2) o< L | & — ¢ |2 e, (t,2) € [0, +00) x Q.

MIFRFRGE(2.1)M(2.2) e & /4R E R . o

i=1
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SI32.1. #h(z) € CY QL R), h(z) [oo= 0, @ B FEE, |2, [< wplk =1,2,....m). NG

oh \?
hzxdx§w2/<> dx.
/Q (> g Q Oxy,

%]fi2.2.( [2]). XHL?V ?7@‘761']' S R, ﬁ

3

i3 11.f5 (uy) — (@)1,

J

| /n\ i fi(ug) — N miifi(a;)] - <
Jj=1 1

ingh

J

3

| ,\Z/l Bij fi(uy) — ,\:/1 B fi(@)] < 1833 1 f () = F(@))]-

j=1

5|182.3. X} T Vao,y € R* fIEEHEEQ e RV, H

207y < 2T Qx +yTQy.

SIFE2.4. (Schurtb5|H) XT-7r P

Xll X12
X = >0,
XL X
H X1, Xop RETTFE, T A2 S

1) X131 >0, Xo9 — AXlTQ‘Xlill)(12 >0,
2) Xop >0, X1 — X12X5' X5 > 0.

3. EBHER
RNTHRRG(2.1) F1(2.2) R, R PLF AR AL
(Hy). fi(x) fELipschitz LM, 248 by > 0 {Hi15
fi(x) = fily)| < halz — vy,

V.’I},QER, x#yvl:1727 Iz Ehzlrgag((hf)
(Hy). 7(t) > 0,0 < 7(t) < p < 1, SHER ML, X By ZH
(Hg) eik eR *ﬂ@vk S [0,2}, 1= 1,2, ceey 1. ke Z+.

(Hy). POV AN

( T Q(nl +181) )
> 0, (3.1)
(Il + 18)7Q E

DOI: 10.12677/pm.2021.118174 1563 HibHF



https://doi.org/10.12677/pm.2021.118174

FKIAFR, IR

:/H\:EPQ = dzag(ql),W = dzag(wl),B = (bij)nxna|77| = (nij)nxna|/8| == (|/sz|)n><naH = dlag(hz)a
I'=QD+QW —\Q - 3(Q|B|H + H|B"|Q) — - H"H, A > 0, E JEH k.

EIE3.1. T (Hy) — (Hy). Bk (t), bij(t), 7 (t), Bi; (1), ei(t)(i,5 = 1,2, ,n) iHhifE:

wi(t) = J-eMe(t, )it ),

bij(t) = —g-eMei(t,x)g;(i,(t, 7)),

mij(t) = —goeMei(t,x)g;luy(t — 7(t), 2)]|sgn(ii; (t) — nij), (3.2)
Bi(t) = —ie”lez(t )95l (¢ — 7(t), 2)]|sgn(Bi; (t) — Bij),

Gt) = —geMei(ta).

I Hei(tr) = ei(t), @ilte) = @i(t), bij(te) = by (&), i (tr) = i (EF), Bis(te) = Bij(tF). ais wi,
5i)7i7aijagij)0ij %'fi%E(JIEﬁﬁ, m”%éﬁ(21> %D(22) Iﬁ‘l_fL/F, j‘JFE_
lim (@i (£)) = e, Hm (bi; () = bij, Him (755 (2)) = myj, lim (By5(2)) = By;- (3.3)

t—o0

JERH. #Ji&Lyapunov-krasovskii B8 %{

/{ qu{e,\tz )= w;) +Zaw by)?

0i; (Bi; (t) — Bij)* + 0:e3 (1)} (3.4)

V(t)

-

+ E 045 (735 (t) — mi;)* +
Jj=1 1

J

' L A(s+7)| £T
" /t_T(t)l—Me |7 le(s, 2]l fle(s, z)]|ds}da.

XFFt > 0,t # ty, k € Zy, THH(3.4) 1S3,

VO = [ ke n ™G+ et £ - i)
+ i i (b (1) — by )bis () + Xn: 0ij (Mij (t) — 1) 5 () + ZZ: 01 (Biy (t) — Bi3)Bis ()

j=1 j=1 j=1

£ 5D} + e fTe(t, 2] Fle(t, @)
— OO0 T e(t — 7(1), @) fle(t - (1), 2)] }da

< /{qu{e’\tez kz:aa des t,x)) wieMe(t, )

Ly

+ ZZ: bigeei(t, x) fi(e;(t, @) + AeMei(t, ) + z:% InijleMes(t, )| file;(t — (1), z)]|

+ zwmeﬁext 2| files(t = (), D} + 1 AT et, )] fle(t, 2)]
Hiff) M=) et — (1), )]Hf[e(t—f( ),z)][}dz,
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IR 2.1 Rl A

de;(t, a:))
= _ D; Ve;(t, x)dx
/Q ( ’ Oy, k=1 ( )

-5 | Dy (868(3:7 )>2dac

k=1 k
<-3 % e2(t, x)d,
k=1Jq W

RV = (G2, 2 0T BT, I H

Oe;(t, ) i
Bxk k=1

Oe;(t, x) D Oe;(t, ) D Oe;(t, x)

= (D; , D y oo i, .
(Din o0xy 2 0xs 0T )

M (H,) F5IEE 2.2, ATE
e < [ Zqzz
=1 k=

+ Zqzke“ it ) +

Jeel(t, @) +Zze”qz|€z(t )|[bi; |1 £5(e5(t, )|

=1 j=1

HM:

52 3 Malelts )l les (¢ = (9,2

_|_
HM:

EZI ailei(t 2)[18i |1 fles (t — 7(8), 2)]| + T2, XD | f T e(t, 2)]]| fle(t, 2)]]

- lff? M=) | fTe(t — (1), )| | fle(t — 7(t), 2))|}dz

< [T D@D + QWhe(ta) +e”22ql\eltm>||b”||h||e]<t 2)
£ AT () Qelt, ) + T (1) Q| + (B lelt - 7(8),2)]
LD A0 T Lo(t — 7(8), )| et — 7(0), )]

+ e et )| fle(t, )],
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B (H) FI315E 2.3, 778

V(t)

IN

2eMfTe(t -

/Q{ eMel (t,2)(QD + QW)e(t, x) +e”leT(t,x)ll(QlBIH+H|BT|Q)I6(t,x)|
Aerel (t, z)Qe(t, ) + 5 e’ (1, 2)|Q(nl + 18)(Inl + 18))T Q" |e(t, )]
(1), ©)]|| fle(t = 7(2), 2)]]

L A0 T fo(t — 7(1), )| et — 7(2), )]

1—p

b, 2] et )] Y
< [T DHQD + QW - AQ - (@IBIH + HIBTIQ)
QU+ 1B (Il + 18)TQT — L HT HYelt, )

= —KeM | et ) [3<0,

HHK =QD+QW - 2Q - 3(Q|B|H + HIB"|Q) — 5Q(In| + [8))(In| + 8N Q" — 1, H" H. it
SIH2.418, K > 0. REAV () < —KeM || e(t, z) |\2< 0.V (#) < V(¢ l)xﬂf—‘%a’]t € (tp_1,ts),
keZy, XBRV(01)=V(0). H(2.3)(3.2)(3.4) F(H3), AT%1

Vi) = / = Zqi{e“ke 0) + @) — ) + S oy By () — by’

Jj=1

+ ; Qij(nij(tk) —nij)° + éaij(ﬁij(tp — Bi;)* + 51512(15:)}

¢+

1

= A(s+7) | £T
+ /ﬁ—f(tk)l—ﬂe |f [e(s, 2)]|| fle(s, x)]|ds}dx

3 D 0 (1 = 0wt ) 4 @) ) D i) — 0

+ Zl 05 (7i; (tx
=

tr 1
+ / —e
tk—T(tk) 1 -
/ti—"’(tk)
- —e
te—7(tk) 1

)

—1i5)% + é i (Bij(tk) — Biz)* + 0ie7 (tr) }
ME)| £ e (s, 2)]|| fle(s, )] |ds

1

1

M| [ e(s, 2)]| Fle(s, 2))lds

—p

¢t
n /’“1€A<
b L=

< V(t).

S| [T le(s, 2)]l| fle(s, )| ds}dx

BRI, 5460(2.1) F1(2.2) 2[R ). B3 1R,

HEIR3.1. T E2. 1M %M, W (0) = 0, @,(0) = w;, bij(0) = by, 7;;(0) = 15, Bi;(0) =
B MRS (2.1) F1(2.2) & RFaEUA .

3.1, 40, =0,i=1,2, ...

JEIR A A 22 04 45 1 5 0L

n k€ Loy, RGE(2.1) AI(2.2) IBALSCHR [3, 4] o 8T8 kst &% )
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4. BUERRIU

fla.1. 7£(2.1) XD, =0, i=1,2.

1 0 2.0 -0.1
(Wij)axe = ( 01 >7 (bij)axe = ( 50 98 >,

15 01 o
</6ij>2><2 = (nij)2><2 = ( _0921 —18 > ,T(t) = m,gjﬁ) = tanh(t)

WIAZAFA R wy(t) = —0.01, us(t) = 0.05, @y (t) = —0.5, dy(t) = 0.5,
£1(0) = —0.1, £5(0) = 0.02;  b(0) = —0.02, by(0) = 4.46,
71(0) = —0.02, 15(0) = 0.01; 3,(0) = 0.2, B2(0) = —0.2.6;, = 0.1.

RGZHCHTIT I
bi(t) = —9.43x (@ —w)tanh(iy), ba(t) = —2.173 x (iiy — up)tanh(is).
m(t) = —6.65x sgn(ip + 1.5)|(ty — uy)tanh(a (t — 7))|,
a(t) = —1.45 x sgn(fs + 1.8)|(tiy — ug)tanh(ty(t — 7))).
Bi(t) = —9.22 x sgn(By + 1.5)| (i, — u1)tanh(iy (t — 7)),
Bo(t) = —2.5x sgn(Bs + 1.8)|(fiz — us)tanh(is(t — 7).
ér(t) —0.5 % (@ —u1)?,  Ea(t) = —0.35 x (fiy — us)?.

I E VR 20T A, REGE(2.1)F1(2.2) [, I H RGE(2.2) M REL, by, by i, 72 581, Ba, 50 HIET
Irf#aEF2.0, 2.8, -1.5, -1.8, -1.5, -1.8.

3

2k . e

0 5 10 15 20 25 30
time t
Figure 1. Synchronization errors e;(t) and ex(t)

1. RZEF e (t) Mea(t)
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—b,(®
——b,0)| |
—n,(®
n,(0
B,(®
—B,®

15

time t

Figure 2. Asymptotic behavior of system (2.2) parameters
B 2. R%(2.2) REGHHHEER
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