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Abstract

This paper investigates the master-slave synchronization of sampled-data for delay Lur’'e systems
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with uncertain parameters. In order to save the channel resources, the aperiodic event-triggered
mechanism is introduced. Only when the trigger condition is satisfied, the current sampled-data
will be transferred to the network. In order to reduce the conservatism and make full use of the
nonlinearity of the system, the appropriate triple Lyapunov-Krasovskii functional terms are in-
troduced. It is not required that all symmetric matrices are positive definite matrices. A new syn-
chronization criterion in the form of linear matrix inequalities (LMIs) is given by combining the
integral inequality based on auxiliary function, inverse convex matrix inequality and Schur com-
plement lemma. Finally, two numerical simulations of Chua’s circuit are provided to show the ef-
fectiveness of the conclusion.
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1. 51§

TR RGE— PR R RS, EMSHIR. REBIEE. BB R%. AW TR, BGAEESE
HASBIZ N FRP R RGN B EERE A, B2 R RGN Lure R, HlW0
Chua’s HLEK . EBIRTEML S T2, B, Lure RGHIFEIR IR T 412 k.

TESERR TR, dRZRME RGN 2 A7TE,  RUHE T i AR A B = 08 B SERRE . i
T AFE 22 R0 RGO E PRI BE,  ZEAT SR AR SO il FVRVE Lure RGRIE W@, CA %
TR TR IR [1] [2] [3] [4] [5]. Sk AL BEAE I 5 450 Hh R s 18] AE 3R s 87 FH B ¥ 401 792361 O T Jik
AN AR i R G Re s VAR PRI R S I, AR T 2 57k, BB TAESEREMNA T — &G LK
A, Gimtis o e,  ARTI RREIR AE R BRI [7], 2 B EE A = EA S T ek 48],
TURIR IR A IR B R R [9]. B R L-K 32 BRI SR i T i, InsGERI bR . B
IR REEE[10], R A5 Jensen A% [11]. Wirtinger A5 x[12]. FEF 48 Bl s £ AR 0 AN 2
[13]. 1 HREATE [ 14].

BT EALEA . B FHAR MR RN AR, 75 T Er s RO &, X
AP R e R A AE B EU 2S5 PR, BOKIRD T N4 (5 RS SRR EOE I 12 il
ZERFEHEDE, )2 TSRS

NTH—BiREEG RENEERAR, ERGEFGINT ARG, AT I HE LRl LT R
FH R R AR A e ) e, A 7R AR R IE LT, a0 RS A 2 iR i 2 25
NP LRFE E— R EdE . SESM AR R, EfREH KREERMATR T, sIANFE
fisk LA BB IR0 AN 00 BE BB AR B I 25 Hh, A A B o DR 280805 5 B R FH 26, ARG IR i A 22 g T
REME . SCHRSR H T 25T A Ak A WL A1) 2 A A KA 42 i 28 SR S IR Lur'e R4 AIRIP[15] [16], A&
B R AME SRR, HLSCE AT W R B RIS 8 P o SCRR[L6)%H X — 2 2 2 P L ICR SR 1) 7 HODE
IR, Bt T —F & S Sl R 7 R [17]. SCEREEE T HA SECA I E N Lur'e 5 G A8 i ) 154%
#1[18] [19].
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CEEFTIR, ARSCHEH T —FhE TR BA A 1 S BN e IRHRTE Lure RGURFEEIE M
[F8 7 ASCHHRTIER A R 1) ASCHIE TR T FYE S, AR 0. 2) Fridid L-K
B, HABRE AR IEER, HEE L-K BRI IEENE, mas R M AR A It
FIHE . 3) FERRE E ST A IS 25 & B8 T BA IR A Al R ML TR Lure RS0 32 IR 1]
A IR SRR RGN — DR IR R 4) FEAbTE L-KZ B S Hh LRI AR 7 i 51 1 2 T4
BRI A E N, BT A% NEE T Jensen A% 0T Wirtinger B A2, X238 X
FROY T O FR FE B T 1S, B DAz R SO S e T S, PRI AR SCRE RS A5 21 1) [R5 0 98 1
SFHEREAK

2. |ejEaEd
SR PE AR 3 Lure 2245 RSB R 0 F

" {( )= (A+ AA(0)x(1) +(B+ B (1)) (1 1))+ (E-+ 4B (1)) £ (Dx(1) "
p(t)=Cx(t)

. y(t)=(A+AA(t))y(t)+(B+AB(t))y(t—z(t))+(E+AE(t)) f (Dy(t))+U (t) @
' a(t)=Cy(t)

Hep, MEERZ, SERERSG, x(t)eR"y(t)eR"ZERGREME, p(t)eR'q(t)eR ZHiH
®, AeR"™,BeR™ CeR" EcR"™™ &CHMFE, KA 7 (t) L
0<7 <7z(t)<r,u <7(t)<u, (3)
AR f ()R — R™JE T IX [k k| WAL R 4
< fi(31)_ fi(SZ)Skfr

k- 58 #S,, 1=142,-,m 4
) g
S HAH E FE R AA, AB, AE 5 /2 41 %A
[AA(t),AB(t), AE(t) | =MA(t)[N,, N,, N, ] (5)
Horb, MUN, NG, N2 AN BA & SRR AERE,  A(t) IR AR S s B, W2
AT(t)A(t)<1 (6)
BB )25 1R 22O R FH SR AR ) ¢, 1025, HLO=ty--- <ty <---+oo, RFFAMIN FEAREEH, Wie:
o<r(t)=t-t,<h, vs>0 )
Ferbrhy by 20 G SRR R R AT S
SKHURIE Lure RETEM D FERARE R 45 00 F -
C:U(t)=K(p(t)-a(t)), t <t<t, 8)

Hof, K R HIE RS .
Ae(t)=x(t)-y(t), B (2). @) UPMFFEIRZE R
e(t)=(A+4A(t))e(t)+(B+aB(t))e(t—7(t))

+(E+4E(t))g(De(t))-KCe(t,), t <t<t,,

Heh, g(De(t))=f(De(t)+Dy(t))- f (Dy(t)), MR LAFE]

)
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k < g‘(d;e’ y)_5ld (y+eT))_ (4 y)ski*, dTe=0 (10)
d'e di'e
Horp, dT ZHERE D SR AT,
TR 2 DAL T s P ] 2 R T AR Al 25, A BRFERE W6 R AR SR AT, R AR
BUPEHIAS, AT RAEEE AN R MR A, R ORISR A . A SO BT B Sk R 2% A dn

E

e (t,)O(t,)—oy(t)e’ (t,)O.e(t,)—o, (t)e’ (t )Oze(t ) <0 (11)
Hot, =t 2o h RSHTRREN ), b BRI AL e(t)=e(t)—e(t,), HFEO, (i=12,3) RIEEAH
W, E o, (), 0, (1) WL

. 1] 1 ; .

Gl(t)zal(t){al(t)_ﬂl}[g (t,)©.2(t,) - xe" () Ose(t,)] (12)

AR N S [ el

O'Z(t)—o_z (t)Lz © yz}[g (t,)0,(t,)—xe (tS)G)ze(ts)] (13)

A, w1y, 0, 1, R4 E B IEH L TEH—<01(I)<K2, i<0'2(t)</clo
M )

NTAET 50T, IREFIX A H B i G H, =[tt,,), H =UH,, s=01--t,, -t -1 7EXFMHELT,
A 25 1% 22 22 40 (9) FT AL

e(t)=(A+AA(t))e(t)+(B+AB(t))e(t—7(t))

+(E+AE(t))g(De(t))-KCe(t)+Ke(t,), teH

N T PAFIE Lure REEMFBIOHE, & Z5I T 5.
FIHE 1[20] g —MNIEEHFER >0, X THESLRH {o(s)|selab]}, MU FAERRL:

(b-2) "0 (5)Ro(s)ds > [*w(s)ds) R([w(s)ds)+307R0
Hrr, 0= j ds——jj s)dsdr -
G182 [13] XM TAERGAEMIEERER >0, M— A fMEE {x(u)|uelab]}, AR
3 QTRQ P
b- b
H X" (s)Rx(s)dsdg = 20, RQ, +4QTRQ

(14)

S

(% (s)RX(s)ds>bl QJRQ, +—— —QIRO,

5
=

Q,=x(b)-x(a), Q, = x(b)+x(a)—n

6 b
Q. =Q +——
o= [ X(s

Q, = X(b)_EL x(s)ds, Q= x(b)+i x(s)ds—————
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513 3 [14] W TAEEMEO<a, f<1 Ha+p=1, WHRAFIEHEIER >0,R, >0, AUEEE M4EHHIE
S, F1S,, MU AR T

P 2[Rl+(1—oe)P1 (1—a)Sl+a82j

le * R, +aP,

B
M, P=R-S,R,’S),P,=R,—S RS, -
BIH 4 [21] % HE S ERIORERE T2, W BT =, B AR F e FTR <1, FeRs
KY+TFE+EFT' <0, WAL PIHe>0, I FAFEARL:
Y+eTT +62"2<0
SlZ

S
5158 5 [8] X T4 MR FRAERE S =( "

j » NIHEAFAEEN

1)S<0;
2)S,,<0,S,,-SS,'S,, <0;
3)S,,<0,S,, -S,,5,,S}, <0;

518 6 [22] Bz (t) e[r,. 7y | (1) €[0hy |, HAEEHERNFIFE, 5,,5,8, Q, B0 FAE

05 AYA
Q+(7(t)—7,)Z, +(7y —2(t))E, +h(t)Z;+(hy —h(t))E, <0
ENERE
Q+(ry —7,)8, +hyE; <0
Q+(7y —7) 2, +hyE, <0
Q+(ry —7,) 3, +hyE, <0
Q+(ry —7,)2, +hyE, <0

T RSB RE AR, e AR
£(t)=col {e(t).e(t-7,).e(t—(t)).e(t—,).e(t,), g (De(t), 2 e(s)ds,———["* e(s)ds,

It T(t)—rl t-7(t)
1 t-z(t) 1 2 ¢t gt 2 (-
ds,—— ds,— dsdg, ———— dsdé,
o SO ] fe()ds T ferl, "ets)
2 tr(t) pt-r(t) 1 t ot .
—_— e(s)dsdéo, e(s)dsdd,é(t),e(t,
[Tz—f(t)]z -[t—rz .[9 ( ) (t—ts)z ItJa ( ) () ( )}
m(t)=col{e(t), e(t,), [ e(s)ds|
X1T+X1—X2T—X2 X X
2 2 3
X = . —XlT—Xlz— XZT—X2 X,
* * Xq +Xg
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L:COI{GTOOOGTOOOOOOOOOGTO}

N={N, ON,0OON, 00000000 O 0}
& :(OnX(ifl)n I OnX[(lsfi)mm])’i:l’ 2,5 & :(Omx5n I Omxlon)

&= (Onx[(i—z)mm] In Onx(le—i)n )' i=7.8,-,16

e, — € e, —e,
E = e, +e,—2¢, E, = e, +e, —2¢
e, —e, +6e, —6e,, e, —¢e, +6e, —6e,

3. FELR

R, 4 RS EONHE R R Lure REEIETZ00 b & ML (10 A2 ) 2% ¥t se il 3
MIEE 7572, AL PR 2R G (L4) SRR 78 43 2% A1

EE L W FAEMED>07,27204 >0 >0 (1=12), U777 4455 P >0,
Q>0,R >0 (i=123), J,>0(i=12,-,6), ©,>0(i=123), J =diag(J,,33,,53;) (i=4,6), {Fi&i&
MYEHOERE X, B (i=12) 1 G, 45 51 LMIs & a7

h(XT +X, - XJ - X
P+ (X 12 £ %) hX, hX,
—h( X[+ X, +X] +X
* (XX, 4 X3+ X,) hX, >0 (15)
2
* x h(XJ +Xs)

Y+, +%,, P, LM &NT

* « 00 (16)
* *  —cl 0
* * * -l

* J,+J; 0 0 -0 an
* * —¢l 0
* * * —l

0 EEBS v, =[w, ] MEATEEL T,

W, =Sym{(X, - X,)/2—D"K]FK,D +GA} -6R, - (n*/4)Q+ J, -9J, - 6J;, ¥, =3J,,¥,, = GB,
¥, =-X, +%2Q+ATGT -YC,¥,, =GE+D'K/F"+D"KJF, ¥, =—24J, -6J,,
W50 = (1°/4)Sym{ X} = Ry, —6R;, ¥, =303, +12J,, ¥, ,, =12R;,
¥, =P+D'K,AD-D'KAD-G+A'G", ¥, ;=YC,¥,,=-J,+J,-9J,-6J;,

V,;=30J;,¥,5=-6J;,¥,,, =-30J;,¥,, =12J;,¥,5=-6J;,¥;5 = B'G' a9 =-6Jg, V51, =127,
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2
Y,s=B'G",\W,, =-J,, ¥ =-Sym {YC —%}—%Qﬂh Uk, )©, +(1+uk,)®,, ¥, =GE,

Weis =—G—-CTYT, Wy o =—(1+Uk )®, +YC, W, =-Sym{F}, ¥, . =—AD+AD+E'G",
WV, =-192,-18J,,¥,,, =180J, + 24J,, ¥y, = —18J, ¥y, = 24J, ¥y, = 18], ¥, = 24,

h2
\PlO,IO = —18R3,‘I’10,14 = 24R3’ \P10,15 = T X3T ) ‘Pn,n = _180‘]3 _36‘]51‘1112,12 = _36‘]6’
2 h? 2 2 712 722 _712
W15 =—36Jg, Wiyus = —36R;, Wi 5 =h Q+TR3 +1.d,+(r,—1,) J, +7J5 + Js —Sym{G},

Wis1s = YC, Wig1s = (1+ 14K, ) Oy — (14 + 14,) O,
W, =W, +elh(R + Ry + Sym{X,})e, +eh(X] +Ry, Je; +e/Sym{h(X, — X,)/2} &5 + el hRyqe;
+e,hX, e +eshR.e;
L1’3:‘{'l—elThxgem—eSTthses—esThleem—4helT0(R1+R21)am—elTOSym{hZXS}em—3helT4(R1+R21)e14

W, (z (1) =-[ E[ (3, +3, )E1+E2TJ‘4E2—E1TJ‘6E1]

_Tz_T(t) El J,+3,-RIRT R

,-7, \E * 0

_T(t)—‘l‘l E (o P E,
- = =L

-0 \B)J (* ‘]4_PlT(J4+‘]s) CPIN=

E

o2 (P e G 1 AR

MR 2 KRG (14) 24 Rinafase . HINHE s s il B 25 56 1 .

K=G7Y
IEHT: #9i % Lyapunov-Krasovskii 32 B8 1 -
V(=3 () (18)

V, (t)=e" (t)Pe(t) +(h—r(t))n (t)Xn(t)
=250} Alks 0 (9)Jas+ 22, [0 (5) s Jes

Va(t)z(h—r(t))j:seT(s)Rle(s)ds+(h—r(t))E[eT(s) e () R.[e"(s) €"(t,)] ds

)], J,¢ s)dsd@
=h f ds——.[ [e(t) ts)]TQ[e(t)—e(ts)}ds
VG(t)z L&) e(s)ds+j TleT (s)J,e(s)ds
+le J' 3e(s dsd@ +(z, - 7,) J'I rl'[ s)dsd@
+[ J [ () 35¢(s)dsdodp+ [ “jt e (s)dee s)dsdadp

il
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Vy(0) =2 % (1) 4502 (1)
VR RS, RV (1) K TR S
V, (t)=2e" (t)Pe(t)—n (t)Xn, (t)+2(h—r(t))n (t)Xn(t) (19)
V, (1) =2[ (€ (t) D"K, - g7 (DTe(t))) ADe(t) +(g" (DTe(1)) e (t) 'K, ) aDe(1) (20)

Vs (1) =(h—r(t))e"(t )Rle(o—I;eT(s)R@(s)ds
—J[ (s) € (t)]R.[€"(s) eT(t)T (21)
O[O e @R[ e ()]
=(h r())eT() e(t)- f‘eT<s>ae<s> J e’ (5)Ruie(s)ds
~2[ €T (s)dsRue(t,) - (t)e (1) Ree(t,)
+(h=r(t))[eT (R.e(t) + 2" (1)Rye(t,) +e <)R23e<ts>]

V, (t)=(h=r(t))r(t j j s)dsdd
< j j s)dsdd

t
(t

Vi (t) = hee ( ——[e e(t,)] Q[e(t)-e(t)] (23)

\/'G(t):eT(t)Jle(t) T(t- Tl)‘]le(t )+e' (t-7)de(t-7)-e" (t-7,)d.e(t-1,)
+72e’ rlj €7(s)Je(s)ds+(z, - rl)ZéT(t)J é(t)

—(rz—rlj' e'(s)J 4e(s)ds+122e f j' s)dsd@

+T§% 3T _[ j “e" (s s)dsd@

(24)

V, (t)=0,(t)6,(t)+0,(t)5,(t)

| [ 00t s ol “

+ |:$(t) - ﬂz}[ST (ts )®15 (ts ) B KZeT (tS )@26('[5 )j|

<(1+ ;) e’ (t,)©,e(t )+ (1+ 4k, ) e (8 ) O (t )~ (1 + 1) &' () O (L)
R4 51 B 1 AT
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~[ €™ (s)Re(s)ds
s—& : eT(s)dsle':e(s)ds (26)
—&{L‘ e’ (s ds——J't 1] dsd@} D ds——_[l 1] dsde}
—J €7 (s)Ruse(s)ds
g—% : e’ (s)dsR,, :e(s)ds @7)
—&{ e (s ds——j j dsd@} {j ds——j j dsde}

A 513 2 43
~[ €"(s)3,6(s)ds
<= [e(t)-e(1-1)] 9 [e(0)-e(t-1)]
S{e( )+e(t-t) ——j } J{e(t)+e(t—t1)_3fTle(s)ds} (28)

ds-lzf j dsde}T ;
mjj mw}

' (29
2 gt 6 tpt
_4{e(t)+qjts e(s)ds —ﬁj‘ts J'ae(s)dsdei R,

6 t ot
ds——(t y J'ts Iee(s)dsdel

T (30)
S— dsd 6| J
j I } 5

DOI: 10.12677/aam.2021.104140 1315


https://doi.org/10.12677/aam.2021.104140

g &%

1 pten pter(t) pt=z(t)  ptz(t) pt-y . )
-Ii- J ¢ s)dsdd = - (j B NPT N Nt )eT(s) 36(s)dsd6
T
1 t-rp tny
_r(t)—rljt-f(r)e(s)ds} JG{e(t‘ﬁ)—mi_f@e(s)ds}

2 -7 6 tog tor,
o e OB g [ ], ()| 0,

[T(t)_rl]z

7, —7(t)
—4|1e(t—7 2 ' (t)e S - 6 e S 6
4 (t (t)) r —T(t)'[t 2 ( )d [TZ_T(,[):IZ .[t 2 I@ ( )d do | J (31)
ltr(0) e S ety
(7, —2(t)) j:(lt)e'T(s)Jeé(s)ds
MRIE 52 3 v 15
(7)€ () .8(s)ds ~(z, — (1)) [ €7 (5) Js8(s) s
—~(m-a)| [0 e ()35 ds (e ()7 €7 (5) d(s)ds
=—pil(f(t)—fl)f(t)eT(S)he(S)dS—p%(Tz—T(t))_[: Z(I)eT(s)J‘le(s)ds
1-p, tn .7
_ plp (z(t)-1,) o (s)Jce(s)ds
<-¢"(O)][ B (3, + ) B+ E] T,E, — E[J,E, ] (1)
_éT(t){pz[Ej [34+J_6—*P2J41P2T EJ[EJ ) @
T E, (0 P E T
- “’HEJ [ L—PJ(J}H‘G)*PJ EJF ©
0=2[e"(t)+e" (t)+e" (t,)|Gx[-&(t)+(A+AA(t ))e(t)+(B+AB (t))e(t-z(t)) )
+(E+AE(1)g(De(t))-KC e(t,) -« (t, >>J
0<-2[g(De(t))~K,De(t)] F[g(De(t))-K,De(t)]. (34)
25 FAEW AT 15
V(t)<E (1) \P1+h_;(t)\{’2+rg)\{fﬁ%(r(t))uMA(t)N+NTAT(t)MTLT}§(t) (35)
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4R 5 30 4 A 15

V(t)sz(t){‘Pl+h_;(t)‘P2+rf]t)‘ll3+‘P4(r(t))+g‘lLMMT+5NTN £(1) (36)
- - h—r(t) r(t) 4 T NT NI
HT5IH 5 M6 AIHl, 45, + S Y+, (z(t))+& ' LMMTL +&N"N <0 sz, 24 H
ENFV AR
W+ + P, (7(t)+ e LMM LT +eNTN <0 =23, 7(t) B 7,7, (37)
4. BERE

N T RAEAR SRR A R, S NN H

7 1. B Chua’s HLEE A0 T -
Xi(t):a(xz(t)—mlxl(t)+g(xl(t)))—cxl(t—d(t)),
Xy (£) =% (£) =%, (1) + %3 (t) —ox, (t-d (1)),
%3 (£) ==bx, (1) +c(2x (t-d (1)) =%, (t-d (1)),

t

Hrf, B a =9 b=14286 c = 01, my = 17, my = 27, WA d(t)=—

el +1
1
9 (% (1)) =5 (m = my)(jx. (£) +1~ s (1)) e [0.1].
Chua’s HLE 7] AR IR A Lure RAHITE R

-am, a 0 - 0 0 —a(my—m,) 1
1 -1 1, B=|-c 0 0|, E= 0 , C=D=|0

o ARZ LR HL

T

A=

0 -b O 2c 0 - 0

EMRGI 5 MIAIHEE x(0)=[0.2 0.3 0.2]",y(0)=[-03 -0.1 04], HASHHUEN & =2,
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