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Abstract: To address the master-slave synchronization issue for semi-Markovian neural networks with time-varying
delays using static output feedback, a static output feedback controller was designed to achieve synchronization
between the slave system and the master system under the influence of time-varying delays. The semi-Markov
switching process was used to model time-varying delayed neural network systems, and to characterize the sudden
changes in system parameters. Compared to Markov processes, the semi-Markov processes were more general.
Considering the situation where the system state couldn’t be fully obtained, the output information was used to
achieve synchronization between neural networks. Utilizing Lyapunov stability theory, a delay-dependent Lyapunov
functional was selected and combined with integral inequality scaling techniques to derive less conservative
sufficient conditions. In the absence of a controller input matrix, the free weighting matrix technique was used to

separate the system matrices from the generalized matrix of the Lyapunov functional, overcoming the

r#5 B #3: 2024-01-02

ELWH: 8B SRAEFEEATIZENA (gxyq2022117); B K & KA 5 K42 B (62103005); & # SRk FHF 44
B (2023AH030030); 4% 4 A A A F A& FH 45 A4 B (2108085QF276)

EEE T B3 (1998—), B, M EMA, R+ 4A, T 2HAFT O ALZER Y,

BEEE: 5% (1989—), B, B ZRA, B, 8138, TR 5 &% Markov S K R4 o) S E 454,

Bl R: D3k, &, k2% A TFLRARGHEAZ WA Hm B AR T [J]. 24T kX FFIR (ALK FHR), 2025,
42(1):18-24.



13

Iy BR, A5 BT T JRORE I A I 22 1 2% i 1 S 5t ) AP 19

conservativeness of fixed weighting matrices. Finally, the effectiveness of the controller design was verified through

a numerical example. The results show that the designed controller can synchronize the time-varying delay system

with the master system within 5 s even if they are initially out of sync. After eliminating the error, the control signal

tends towards stability, ensuring the stochastic mean-square stability of the synchronization error system while

meeting the mixed infinite/passive performance indicators, which validates the rationality of the design.

Keywords: neural networks; static output feedback; semi-Markov; time-varying delay; synchronous control;

Lyapunov functional; integral inequality; free weight matrix

P il R e [F) 20 2 48 R GeAE A [R] 9 29 o) %1
TR B PR A . RS RGeS 1R T
FRAH I 24~ R SRR 2 R G R R &, LA
it DR A5 2 A4 BEURE 2 R IR [R] B R0 647 T4, S B
W Thgefndkae, ez HT Tk Ak, &5
W2 2SR AT BB R R H 2%
AT R J, P RGN EE AN A, 520 R GE
FXL R R E 2, Eth . SHRE . ZRRE
AN e A AT N A, 3k e PR R S IS A S B B i Ak B
SR G R AR, R, R, Al A [
A R Ge b R R (R 2D 8 e R R D
il 4035 ) AF 5T A, X ORIIE R G T L RRUE L RIAR
M T A EEE L,

KA LI, $2 il SR8 Ak 22 2 35 X6 44 28 D) 4% B AL
Ve ZGe 4T 1T RPN UG — 2 2R . Feng
4, Wang 455 R 82 HRFER (Markov) i AT
RSN T I AR IR T R 58 288 A 5 748 ] S B[]
A, A 3% 22 Markov Bk 728 38 ¢ 1) R 285 4 2L B[] 7 2L
i /268 B0 A HURZS B 5 YRR HOC, 293
PR Rk, B H— e i U 4 ok #2, RV a%E 2k
Markov V)4 id B iz i Az, Hilk—20 2% 18 T iR iR
RERIR A B RR ST ] DA K 5 Z BPRAS AR OC, B9 T
EZR o A1 O BR ) £, Anak Ak ™, Cao %517 % JE A
> Markov B A1 T LS Y] 4 5 340 1) S 805 AR Sl B
R DU [R]85, A, BSCHE e i Aot 2 b i 20 5 3 ik A
TE, Qe i3 4 il 8 R IE R AR 2 B T AR
F2E AT, Kumar 25 BF57 00, 286 )74 42 K
LRI X R GRS E A R R R AL
R GEIH I Z R E RO B 2 2k, Jin P R T LT
sf A8 B s 119 2 Markov #1258 [ 2% () A FR s [R] [R) 25, 3
YRR A O A 2 5 R (Lyapunov) 12 pR AR 4 A
BT H AR A g 1A BR8] [ 2 25 45 Zheng 25",
Karthick Z&"" #ff 57 H A7 2 Markov 1] 46 1 i 725 B i
WYL A28 W 2 b A R 2D TR, 75 B4R R 2,
DL BRS04k FPIRAS Bt B il 4%,
(RS R IR A A RGOS B2 T AT T

A REFEATA R, SR TR, B B &
GE IR S ME LA B I 3R AT, MRS B Bt i it
APl e e LUAFEVE T o O T i B Lo IR) A~
T3 om0 A R A S A, RISt e i
BRI AR o A Zhang 5" Bt A A
i, AL HE R G2 B 2 Tt (122 42 [ B 1] AL Zhai™
Bl — AR L ik i R BB TR, B Bl A i e 5
PR, PRAIE T FER R GEAE s Rubio 55" BT H1E 1
A R R AT DA B 14 A A RS B IR] A A4 il
o, i R MR RR ) 29 R R SR RE, ELYE A PR A%
il A 2 A AR PR I, 2 R 0 S8k By
A A5 i 4 AN A AR BR 2R, =
B H R SO R RSP PEROIOR . ST, B X RA
> Markov UJ e (1 if A2 i 1l 22 I 265 R G, it 1 b
A At S P AR, DUWITHBR 2R G0 [ A5 1%
2%, LHARGFL .

1 [ElEE A
WA A5 5 5 S0 YT R B Y B AR
sym{X} 3R /R X + X7 p (VRN R R IR m4E 52 W)
2 [ TR FAL 1) B AR diag ()27 0 A 0
Uy > 03878 Uy N IE REH B (11388 1) 42 A BRI 2
E () FREUE I « R BIXFRIC R Lo [0, 00)
FRIX [ [0, 00) V- 757 AT AR ) HiE BB 23 1]
L1 REgHIR
8 1A AT I S I 19 14 222F Markov #i122
W2 E ARG
¥(1) = = A5 50+ Wi, gx(1)+
W, gx(t = 7(1)) +J 1)
¥(0) = Co x()
20 = H, x()
Hrf:x=| x0) %0 %0 -~ x0 |;x0k
SnA #2480 A6 B Z) o R3S R g(x(n) =
| G0 &G0) &0 - gx@) |5 g6 Kk
ZeOCHY W REG A, = diag ¢, ¢ }> 05
Wi, Wy, AEEMEI0Z M AE L FE; C, e R™,

(M



20 TR R =224 (A ZRBEAIR)

2025 4F

H, e R", A S5HEHICH 58 4 BEFE S J (o) st
B y(@) € R, Syl B4 s 2() € R, S SEBRfan i o
25 2 Markov i 22 oF #2, e U IR IRE & &
F={1, 2 p | B e B BERAE B D = (m,,)
Al H:

(4 A = vie(t) = ) = { Tt +0o(A),  £#v

1+ At+0(Ar), €=v

A1 oA —BH K T35/, 5 S lim( 2o <

>0, v, RIS 051+ A2
VIR, B == 7.
ﬁiﬁg@)}%’?ﬁi%l‘fﬂ 0.9,1, HLX TP
Zi= 1, 2,  VRCT RR SIS JE LA 2R A
a={
A e () 2 1 AT AT BT, W 12 L 24
A

<Q.a#leR" ©)

0<t()<T,7(t) < 3)
Ha = (1) F R R b2 I 25 0 R G, AH Y
FRGEX MU
(1) = —A,x (1) + Wy, g(x* (1) +
W, g(x*(t —7(1))) + J (1) +u(t) + w(?)
Y (@) =Cox'(1)
(1) = H,,x" (1)
K u@) e R, RoRFFRIT T A w) e R,
ForjE T XA L, [ 0, oo )E‘Jﬁtfﬁlo
JJE S HE T E T R, E L e) = x" () —x(1),
t=¢&, yO) =y -y, @e@) = gle(r)+x(1)) - gx(1),
WA B ANF [F] 2R 25 R 4
é(t) = —Ae(t) + Wip(e(t)+
Wap(e(t — (1)) +u(t) + w(t)

4)

5
§(0) = Cre(2) (5)
Z(t) = Hye(1)
RG22 RS (5) W0 B Ao BT
u(r) = Ky() (6)
o KRR 2 RS O S 2 A
1.2 HiE R AT
M ) HE—EiHE 1
pi(e()  pile(n) +x,(1) — pi(xi())
< €,~(t) B gl.(t) < 'Qi, Ve;,x,- (7)
Hr
Q= dlag{ Ql QZ Qn } (8)

th S5 Qnl 15 B X FAT MR, F i iy A 45X
S BT Y

ll

pile (D) (pi(e() —Qiei(1) <0, Ve, x; )

= Q) #F — 3t B AR W, XA B A
r=dig{ I, I r, }>omf, FHIA G K

_2Zri‘Pi(ei(t)vxi(t))(‘pi(ei(t)axi(l)) -Qe(1))<0 (10)
=1

B T
0 < 2e" (R p(e(t)) — 2p(e() " Tp(e(t)) (11)
S S SRR S 1, A28 DL AR 65 Bial E S,
BIE "M A 1 AAFRIEE S P, R AT i
PR B TE T f [a,b] —» R AE R, PO T

[P0 - [00(0) - wi@) POty - wia)| +
3 2 b .
h—a [(W(b) +w(a)— b—a L w(t)ds)Tx

Pw(b) +w(a)— ﬁ wa(s)ds)]
(12)
BN A EMIRERG R, FWHET
NS, WIBEEH RS0 (5) FEw(r) = 05514 T 2 Bl ALAR
FE o
limE{jwlle(t)llzdt} <o (13)

SESC2M S E 1 AR i o € [0, 1], 25 R
DR 2 A4, MR 22 Rk Bl 2 IR A Ho Ml
i sh R bRy o

1) AREE X1 A%, 1R 22 RGEREHLERERY

) IEEW MG &AM T, ik A iy >0, K
0 > O, X TAEEAEF w(r) € L, [0,00), THIAEA L
JE T :

E{[) [~oz"()z(t) +2(1 - )z (w(®)| e} >

E{-7 ;' W' (w(n]ds)

XEE R G E RS BRI

R E RIS o, (AR [0, 1150 Bl i
BB A R], wDEE P RS AR 1 M B Y B Pk BEHE
PRk stk RE R bR, S —FPIEOL, o = Oft, H5X (14) #%
R BE S K. S FPIENL, o = 1, K28 (14)
AL HAMEBESSE S o e (0, )T, E X 2 #om MIRA
H WS Ve RE TR bR A5 9 o hy (1 3k i Vi A 067 B, i

o = LRGBS i T 25 5 .

(14

2 FEHR
P 1 Tl A R AR ) e 25 PN 2 AR Y [ 2 4 o
AT, e A, A AR S



E1M By PR, G SR T HRBE I Y B A s D 2 i 1 B 1 R 2D 21
fT(t)=[eT(t) e'(t—-1(1) e'(1-7) 0,2 —(1-Y;—(1—wR>—8R, +2X, +2X, - 2X; - 2X,

£'0 &' W |

1—7(1)
&o—wj e(9)ds. &)= mf e(s)ds
[1 -1 0 0 0 0]
L1=
I I 0 =21 0 0
[o I -1 0 0 0}
L2:
01 I 0 =21 0
B AEWET, u, 6, L oelo,1], XA
MMl >0, & 17 1 %6 B P,>0, P,>0,
X, X
X:[X; Xj} Y, >0,Y,>0, ¥;>0, R, >0, R, >0,

U1>0 U2>0 U;>0, [R] B A7 AE ] 35 B A A5 DA

Y, Y. Y
pL * oy, P, |<0 (15)
% L
s dlag{R1,3R1} X
A‘[ * diag{R,,3R,)} ] 0 (16)
Hir
@1 92 @3
q’]] < * TZ(Rl +R2)—Sym{AT} 0
* * @4
X -X+X;-X, Qr+A"W,,+U,"+Y," 0
P, 0 AW, 0
0 0 0
ATWN 6RI
PLEl AW, 0
—-(1-pY, 6R, +2X;"+2X,T
2X,+2X, —(1-0)H"
0 AT
-2X,+2X,+6R, 0
[ —-U;-4R, 0 -U,"
sz 2 * Yl + U] =-2r 0
] * * -U,
[0 -2X;"+2X,” 6R, O
w2l 0 0 0 0
| 0 0 0 0
-(1-wY, 0 0 0
W & * —12R, -4X, 0
3 * * -12R, O
% * * -0

o, éZ;nﬁ,PﬁYﬁU}—(l — /)R, — 4R, +
ocH,"H,-2A" A, +2A"KC,
0,2 P —AA+CK'A-A"
0;2(1-R,-2R, - X, - X, - X; - X,

O;2 2R -X,+X,+X5-X,
) 20k 22 R 4eaC (5) s BIBEPLER 2, H AR
M AR A T BRI H AN TC IR PEREF A6
UEBA  2E£ T MK T AL Lyapunov 17 bR
I3 R GRS E P

4
V=) Vi (17)
i=1

TEX B, BEIA .
Vi(t) = e" (1) Pe(t)

¢ [e@ [T 0 B[ e
VZ(’)‘L_TO)[ e(s) } [ + Y H e(s) |9
(e U U] )
V3(t)‘f,_f[ e(s) ] [ « U H e(s) ]ds
Vi) =7 ﬁ [ e")Rie(s)dsdo+

7 ﬁm || etomesisdg
X LA 28 2P0 A AR A 5 IR
GHNFEF L, AT T4 5
L) =E{Y) me 0Pt + 2" P20}
TR, R

o) ' Y1 Yo [ o)
L(Vz(’))g[ e() ] [ F Y H e(t)

et—t) |'[ i Y, |[ ett—10)
(1_“)[ e(t—1(1) ] [ Y, H e(t—1(1) }

e || U U] ¢
L(V5(1) —[ e(r) ] [ U, H e(7) ]_

p(t—7) U1 o(t—7)

e(t—7) U3 e(t—7)
AT BE 1 LI Jesen A5 Al 45 2 0K 45
LVi(1) ST (1R, + Ry)é(r)— T [ €"(s)R,é(s)ds—

(1-10) [, € ()Rse(s)ds =" ()R, + Ry)é(r)—

T
fT(t)[ Z ] 4 [ Z ]f(t) —(1-we"(NRe(t)+
2(1 - e (HRye(t—1(1)) — (1 — pwe™ (t — 7(t)) Rre(t — 7(1))
BRUL=ZAh, 5IA B HBGERE" 152120 (18) AH AL
0=2[e"()+e"(n]A" =
[—é(r)— Ace(t) + W, p(e(1)+
Wap(e(t— (1)) + KCre(t) + w(t)] (18)
— 135



22 TR R =224 (A ZRBEAIR) 2025 4F

q’ll q’]l q’l3
LVO) +0z" (0z() - 2(1 =)z (w@) = w Ow@O) <y ()| *  Pn P (Y1) (19)
* * p £%
Hrp
Y(t) = [ e(t) ¢é(t) e(t—-7(1) e(t—-7) @) @(t-7) @(t-71@) &@) &E@) w) ]
5 2 (15) Jiar, W) i ARAE X:[ ? ? ] Y,>0,Y,>0, ¥;>0, R, >0, R, >0,
3 4
E{L(V(t))+a'zT(t)z(t)—2(l —a')6zT(t)w(t)—62wT(t)w(t)}<0 U, >0, Uy>0, Us >0, 7l i 77 76 7T 366 FE AL (721,
(20)
. TSR
LEBL AT () = O, T 2 T A F . w
o0 11 12 13
}HEE{L I e(t)IIzdt} <o @1 wel o« W, W, |<0 23)
k * Y_’
TR Bw () # O, FET I8 41 F 2 toa (R, 3R X”
A 14, 1s 1
B[ [-o a0+ 20 -on owo)ar) > St
E A2 © T d 22 El 52 53
{ Y Jo [wham)] t} 22) 2| « (R, +Ry)—sym{AT] 0
AT RZE R G (5) BRUE Ry, 2 M * * Z,

E M PEREFE R Xi-X+X;-X, Qr+A"W,,+U,"+Y," 0
EE2 M T ERE w s, U Rkoel0,1], % Te® 0 AWy, 0 }
fil M QM r>o0, fF 76 5 B P, >0, P,>0, = 0 0
ATW,, 6R, 2X, +2X, ~(1-0)SH"
Pa2| AWy 0 0 AT
—(1-p)Y, 6R, +2X;"+2X," -2X,+2X,+6R, 0
N I LB B GRF RAS5RR  TA SCRESE AL
* * -U, e A = 2 Ry = R N v s N ]

—P<P-2IF1A"B+AB" < AA™ + BB"), fifi & - fix &

¥,2| 0 0 0 0 AHBLPRSF

[0 -2X;T+2X,T O6R, 0]

0 0 0 0
a-pn 0 00 3 BUEBITFSHEA
Pat| . _1R 0 SR 1 SO 10 I 2 4 2 B
* * x =0l Y7 TR G A3 R
523" P+ Yy +Us—(1- @R, 4R, + D:[ 0303 ]
THEH, 24" A+ 2C Y 1 AT LR 2 B B R
2P -AA+C T-A" B
221 -mR,—2R, - X, - X, - X; - X, A1=[ I 0}
Zy 2 —(1-Ys—(1-wR, —8R, +2X, +2X, - 2X; —2X, 0 1
B2 2R - X, + X, + X; - X, H, =[ (())~1 (()).6 ]
SEB] AR 2ATKC, TS IR s o
A'K=T (25) W :[ —02 -02 ]
A K = AT, fRAS (15) ATERIEL (23), IEWISEEE, -0.50 —0.20
VA2 T ICH A B R W =[ 030 -045 ]
R, IRAT 2 AR S M2 SRR, ikt R G2 e, =[ (1).?8 1.2(5) ]

AR RETR IR 2R . Lyapunov 12 bR ) X £ 254 10



1 O PR, 4. BT ShIRBE I ) B 28 X 28 i o S A D25 23
B 2 10y _lo
n _[ 120 } 05 )
o 12 ) \
02 0 ﬁ or
H=10 os 8_
. 4 0.5
03 -02
W”:[—o.z -0.2] -1.0
W, —[ ~0.60 _0'20] S50 15 20 25 30
22 —
~0.60 —0.45 A1l
o |09 14 (a) REAE WAL
27112 1.8
e te(r) - 1 1.0
St 02519 20 B ety = OO 0
0.5 === x,(1)

AN A= J () =0.15sinr. R G HALSE. MRETS

1 0

1:/1—:“624’ Q= 0 1 o

i LMI Iﬁ%ﬁﬂ%ﬁ@%@ 2 FR A LR AR N

a1

-0.862 1
0.792 1

RN R E BT H 4%

34 2
-4.7733
~7.2544

y

ARt P AR A P a5 1 45 KRR 2 I RS

, {EYLQTjEZQﬁIﬁw(Z):0.5005(—)6’0"", Ao A5 o VA B
T(t) = ——, % R AU Y %’65( CIREEAINin R
(=1, Xﬁ? %ﬂﬁ%m)— )2 <0.25, T3 EI i

TR A u=025, QAEEIM%%%)J!I‘*&%%Z%
x=[1 -1 ], x@=]-1 1]. &1 %} Markov
FER RNV R, 25 RGBT TR 30 s, A
Bl 2, F B RANE 2~4, HE 2~4 A F L AR
ST SSER T, 5 s EPudiB g3 £ 24,
SEHLRIAD, Z 5 TR B B AR AN AL J (1) = 0.15sint
PRELiztT; RGEM P FELRZESE S s BT a3 i,
FE N R G IE B R WU ST 05 7 45 il T BR
F IR GE ] R 2 5 MG 5 AR e dlesaE) o Iffr
Ffase .

3.5

o W T

0 05 10 15 20 25 30 35 40

0 5 10 15 20 25 30
RIS
El1 3 Markov FE#1TFE

Fig. 1 Semi-Markov stochastic processes

0 5 10 15 20 25 30
A [H] /s
(b) RGURAHE2
E2 #WEMEEMNRFERE

Fig. 2 States of the master-slave system of neural network

2.0
1.5 —e ()

10 --ex0)

0.5H
0O
0.5
-1.0
-1.5
20"
0

ST - T
L

é 1.0 1.5 2.0 2.5 3.0
A i) /s
B3 RFREZRFERDS

Fig. 3 States of the synchronization error system

—u()

(= S )]

0 5 10 15 20 25 30
s 1] /s
E4 EHES
Fig.4 Control signals



24 TR R =224 (A ZRBEAIR)

2025 4F

Li bl e AR BOH R R R R, A2 2%
RYGAE 5 s FeAq T BRI S A X R GERY R, (AN R
AR PRSP S 2 [/ — Bl e RGO
SRR, W AR 2E R G R PR 22 75 P i
S 0, Rz R 25 £ R GEIR BRI AL . dy ik ]
BT B B A ] s RE S 2 B AR, B 3
A HNRGIRME

4 Z5iR

EF X2 Markov T B4 B B 285 D) 4% i 1 2 15t [
A (), HEST 2 Markov B AR I AR Y, 5% RS iy A
FF) Lyapunov 1Z pRAL BSR4, 78 JCH2 ) 25 4 A
FEFET, P B B BUE R R GEHFE S Lyapunov 32
PRIHEL I 05, T R LB R B R R 29 B, AR UE (R 2P 152 22
G0 R BEHLES 7 e 1) [ B G 2 VR B/ TC TR 1 fig
FRPR o 30 BUE B e uE e T AR A R, 45
W, 24 2R G5 7 B I AR B 52 W B 03 Y B
BRI ARTE 5 s 224 1 RGOSR i 8 2 ] —
Bk, Z )5 RHR 22 R GRS WISy o, 1%
il 5 7E T % B s 29 3RS 5 5 28 Ak i 881 0, A ST
BT Rt I AR BE e A U R SC B A .
Wi B LR ) 2 e 5 2 Ak, YRR AES
B AH S (%) B s B ] SE B IR A0 A R — 205

S k-

[11 NING Q, TAO G, CHEN B, et al. Multi-UAVs trajectory
and mission cooperative planning based on the Markov
model[J]. Physical Communication, 2019, 35:100717.

[2] CUI L, ZHANG C, ZHANG Q, et al. A method for aero-
engine gas path anomaly detection based on Markov
transition field and multi-LSTM[J].
8(12):374.

[3] ZHAO C, ZHONG S, ZHONG Q, et al. Synchronization of
Markovian complex networks with input mode delay and

Aerospace, 2021,

Markovian directed communication via distributed dynamic

event-triggered control[J]. Nonlinear Analysis:Hybrid
Systems, 2020, 36:100883.

[4] FENG J W, CHENG K. Pinning synchronization for
delayed coupling complex dynamical networks with
incomplete transition rates Markov jump[J].
Neurocomputing, 2021, 434:239-248.

[51 WANG J, YANG C, SHEN H, et al. Sliding-mode control
for slow-sampling singularly perturbed systems subject to
Markov jump parameters[J]. IEEE Transactions on Systems,
Man, and Cybernetics:Systems, 2020, 51(12):7579-7586.

[6] KK, 2 B /R R B R 2R G2 14 e A 0 [ JEAF 5 [D].
M iR, 2023.

ZHANG L C. Research on Fault Detection of Semi Markov
Jump System [D]. Jinzhou: Bohai University, 2023.
[7] CAO D, JINY, QI W. Synchronization for stochastic semi-

Markov jump neural networks with dynamic event-triggered

scheme[J]. Journal of the Franklin Institute, 2021,
360(16):12620—12639.

[8] KUMAR A, DAS S, SINGH S.
synchronization of inertial complex-valued recurrent neural

Quasi-projective

networks with mixed time-varying delay and mismatched

parameters[J]. Chaos, Solitons and Fractals, 2023,
166:112948.

[91 JIN Y, QI W, ZONG G. Finite-time synchronization of
delayed semi-Markov neural networks with dynamic event-
triggered scheme[J]. International Journal of Control,
Automation and Systems, 2021, 19:2297-2308.

[10] ZHENG C D, LIU S, MENG H. Event-triggered
synchronization for semi-Markov jump complex dynamic
networks with time-varying delay[J].
2021, 458:390—402.

[11] KARTHICK S A, SAKTHIVEL R, ALZAHRANI F, et al.

Synchronization of semi-Markov coupled neural networks

Neurocomputing,

with impulse effects and leakage delay[J]. Neurocomputing,
2020, 386:221-231.

[12] ZHANG Z, CHEN Z, SHENG Z, et al. Static output
feedback secure synchronization control for Markov jump
neural networks under hybrid cyber-attacks[J]. Applied
Mathematics and Computation, 2022, 430:127274.

[13] ZHAI J. Dynamic output-feedback control for nonlinear
time-delay systems and applications to chemical reactor
systems[J]. IEEE Transactions on Circuits and Systems
II:Express Briefs, 2019, 66(11):1845—1849.

[14] RUBIO M J, ROSSELL J M, KARIMI H R, et al. Static
output-feedback control under information
constraints[J]. Automatica, 2013, 49(1):313-316.

[15] SEURET A, GOUAISBAUT F. Wirtinger-based integral
inequality:  application to  time-delay
Automatica, 2013, 49(9):2860—2866.

[16] CHEN W H, XU J X, GUAN Z H. Guaranteed cost control
for uncertain Markovian jump systems with mode-

structure

systems[J].

dependent time-delays[J]. IEEE Transactions on Automatic
Control, 2003, 48(12):2270-2277.

[17] MEISAMI A M, MOHAMMADPOUR J,
GRIGORIADIS K M. Dissipative analysis and control
of state-space symmetric systems[C]//American
Control Conference. Seattle, WA, USA: IEEE, 2008:
413-418.

[18] MAO X. Exponential stability of stochastic delay interval
systems with Markovian switching[J]. IEEE Transactions on
Automatic Control, 2002, 47(10):1604-1612.

[19] ZHANG C K, HEE Y, JIANG L, et al. Delay-dependent
stability analysis of neural networks with time-varying

delay: ageneralized free-weighting-matrix approach[J].
Applied  Mathematics and  Computation, 2017,
294:102-120.

[20] KAZEMY A, LAM J, ZHANG X M. Event-triggered output
feedback synchronization of master-slave neural networks
under deception attacks[J]. IEEE Transactions on Neural
Networks and Learning Systems, 2020, 33(3):952-961.

RIEHE: AF


https://doi.org/10.1016/j.phycom.2019.100717
https://doi.org/10.3390/aerospace8120374
https://doi.org/10.1016/j.nahs.2020.100883
https://doi.org/10.1016/j.nahs.2020.100883
https://doi.org/10.1016/j.neucom.2020.12.104
https://doi.org/10.1016/j.chaos.2022.112948
https://doi.org/10.1007/s12555-020-0348-2
https://doi.org/10.1007/s12555-020-0348-2
https://doi.org/10.1016/j.neucom.2021.06.022
https://doi.org/10.1016/j.neucom.2019.12.097
https://doi.org/10.1016/j.amc.2022.127274
https://doi.org/10.1016/j.amc.2022.127274
https://doi.org/10.1016/j.automatica.2012.10.012
https://doi.org/10.1016/j.automatica.2013.05.030
https://doi.org/10.1109/TAC.2003.820165
https://doi.org/10.1109/TAC.2003.820165
https://doi.org/10.1109/TAC.2002.803529
https://doi.org/10.1109/TAC.2002.803529
https://doi.org/10.1016/j.amc.2016.08.043

	1 问题描述
	1.1 系统描述
	1.2 激活函数处理

	2 主要结果
	3 数值例子与仿真分析
	4 结论
	参考文献

