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Abstract

We take Hindmarsh-Rose (HR) model as an example to study the synchronization property of reg-
ular coupled neural networks. Through introducing appropriate error variable, we transform the
stability of synchronization manifold into that of null solution of error equations. By constructing
a proper Lyapunov function for error equations, the relative criterion is theoretically provided for
global asymptotic synchronization of HR neural networks. Further, the theoretical result shows
the influence of neuron numbers and connection types in neural network on synchronization.
Numerical simulations test the reliability of the results in this paper.
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Figure 1. (a) Time series of membrane potential; (b) Phase-plane diagram of x; and x;

B 1. () FEEAIRIRHEIFFIE; (b) x, F0 x; EOMEPEE

22. NPMHZTHBANII N RS

I BT AAR AT N A HR BRIP4 RS0, ML T MR AEREN, 55 Mo
W 22 TRl N A R GE4

dxil <

?=f1(Xl.)+jZ:;ky.gy.xﬂ,

d,,

—2_-f(X.), 2
dr £(X) @)
dx. .

d_fzﬂ(Xl)a l=192a39'”:N9

Fort X, = (302000, ) € BT 1 HR BEEPRAEDR: £ (X)), (X)), /5 (X,) NRGEQ) Ao A
Mokt k>0 FO M AT, WA AT jAMETEHIE, Wi g, =g, =1, AN 0,

FEH g, - Y g WRAMESSIEG=(g,) . A HR BV R R = e

HOEME F(X,)=(/(X) A (X)), A(X) - RGQFUF T H:

DOI: 10.12677/dsc.2019.82009 73 B 1RG5


https://doi.org/10.12677/dsc.2019.82009

WA, XU SR

dx, N
-Ef:F(X»+k%¥QHQJ=LL&~5N, 3)
1 00
Hr=10 0 0| , RRMUIUKESRE —MIRESBERLUES .
00 0],
EX: MR E RENVIRE L EW 2 KR

X () =X, (1) ==X, (1) =5(1).t > +o0, )
Sorhr s(1) R BAMETRGNME, WARNFAE REQ)KE T B RBIRE.
BIEB(12]: BO=4 >4 2 4 2> A, RAEHIENE G MPTATEFER . 0 T I N -1 MEPE 02 5
S

(;—};z(DXF(s(t))+k/1mT)7,m=2,3,---,N, ®)

ERMRAL RIBRRE R, 3y = (7,70.7,) € R RAGQIFASREEE, D F(s(1)) JF(X)Es(t)
REFIFERT LLAERE, ASAREE RAEQ)MFEIE RS @) ZABTEFEER .
3. ZHEEASR S

AATH, AT N ANERER HR SRR, R, £RME TN TR, B3 7 =M
EFET AN ERENE RPN, BlEH 1~3. FEX H T T R RIUE R .
3.1, SERERE

LML U B RS, WRF - MME U SH G — M eEER, Ra A
N5 EAH A — NG ICAAEER:, HEAE O8RS LA A AL AR ER:, WX MERE T
o, 1 2(a) WL b R

(a) (b)

Figure 2. Three different connections: (a) chain connection; (b) ring connection; (c) global connection

E 2. ZMAEIRERE: (a) #EE; (0) MREE; (o 2BEE

-1 1
1 -2 1
ST RIERSERE G, = | SRR A, = dsin®
1 -2 1
1 -1
H+(1+L)2
EE 1. EEE AT, ﬁu%k>—i, MWAME REQ) 2 RELFLH, Hp
4sin® -
2N

DOI: 10.12677/dsc.2019.82009 74 1RG5


https://doi.org/10.12677/dsc.2019.82009

WA, XU SR

H= max{H S (x )max,l=1,2,~~,N},L:max{Li=g'(x,.1)ax,z—l,Z, -,N}o
Lo o
2
VER: HUERE A=) 0 % 0 |, HEALGS) M IE ML KBS =) 4
0 0
L 2us |
dV T
EZ)/T-(_[DF(S(I))J -A+A-DF(s(t))+2k/1mAT)-7
£1(x) +kA % 0
:;/T. g(x21)+1 —1 0 V4
0 0 1
. S_
1
(H"'kl |71| L+1|7172| |72| _;|73|2
H+kﬂm LTH 0
L+1 T
S(|71|’|7/2|’|7/3|)‘ N -1 0 ‘(|71|’|7z’ |)
0 -
L S_
i L+1 ]
o (L+l)2 H+kA T 0
" Ty L+1
Hk>————MW, B =| — -1 0 |<0(m=23,--,N)
|| 2
0 0o -1
. S_.
g ar T
A=< ([l l72l:[])- B, - (Il [l []) <0(m=2.3,---.)
H+(1+L)2
Fi, ERERERET, é%%A§%Fk>—nHﬂ“, REZRAG) e RIERER . B#E5IH,
4sin® —
2N

SEH 1 13T
3.2, IRIERE

PRI A — P AR i PR I 2 e, RIS . /NI KIS M A b KRB, HE
FURE I A 28 P A — NP2 T A R e T AIFFERE SR, B 2(0) LM 25 454

~EH,
-2 1 1
1 -2 1
BT AREHEREE G, = » H RAEZHRHIEE A, =—4sin %
1 -2 1
1 1 =2

DOI: 10.12677/dsc.2019.82009 75 B 1RG5


https://doi.org/10.12677/dsc.2019.82009

WA, XU SR

L

+
—_

)2
» MafERGG)RERHETLFDH, Hh

(
H+
REH 2. EMRREZTTAT, W k>

2
4sin

z|a®

H :max{Hi :f’(xl.l)max ,i:1,2’...’N},L:maX{Li =g
SEHL 2 EB S EE 1 2R, SR .

—_

Xy ) i =120 N

3.3. 2EEE
S JRVEBE AR W 4G TR AT AN E 02 A TR A VR, W S MR 2 I 2(c).
-N+1 1 1 ... 1 1
1 -N+1 1 ... 1 1
M7 FIEBAERE Gy =| S Do, HERKIERARAEME A, =N .
1 1 o 1 =N+1 1
1 1 e 1 1 —-N+1
H+(1+L)2
W 3. EAREETRXT, ﬁD%k>T4, WA REG) A RBER S, Hbp

H=max{H, = f'(x,),, -i=L2 Nj,L=max{L = g'(x,), i=12 N},

SEHL 3 HEN SR 1 280, R g .

M TR 8, JAFE] TR, R RERTT TG RG0E 242 R [\ 28 78 4 2% A
A MR A R T R, 1A B REE FD G R e B 1, 2 A1 3 rAE G LRI E R
B/ MAFKNAR G RGIFE BRIE, 2 AerE &k Ak, o

i N>40f, —4sin2% <|-NJ, RO R T R L D B K KR A

K>k >k, o T4 N KRN, o FRERMIRER:, & Ak B2k, T 2Rk, k RH2
YNG]

4. AR
N THAEE I 1~3 (TR, BN DR RGBT R, FEIXEL, SIANRZEG)IIF L

e(t):\/

e() FoR L MZIMFL 22, e TS RGM AL IRE . BUE SR &SR k> kW, R lim e(£) =0,
TEAFRRGEGEE T 52 4 [, MO BATHEI AL k > k, S5 E 00 &, 550 /IMEFR RS & 3R G5 92 B 1 [R5 BRI

AR RGO SEUE, "R x|<2,H =3,L=20, 31UEN =4 W EH 1~3 (r 5tk [ 3(a)f2 4 b
LI T RBERE, Wek=08, REQGIFLZE e(r) M HRTFHIE . WEFTTER], e(r) shH
BOR, SR T MRS ARYEEE 1~3 BT ES: 4 MLITrERE . PR RER)T
AT, WA RGMFD B 5 1933, 56.62 Fl 28.31. EX=AMEAHRE T, #al. WIRFI4&HHEE
RGi e(t) B IR FH 53 50 A1 3(b) 1] A(a) R 4(b). BEITPEIR, e(r) (EG L —BURKME I RS, 3RE
BT 0, MO RGBT wEFLS, KBS AR KT,

WA e(r) IR E T SEBR I P B, X ETIRIUN =4 . K 5(a) 25X E RSt e(r) HIRAHE

<

—4sin—
N

1 N

S5, (1) _(%ﬁ:xﬂ (t)j2 :

NG

DOI: 10.12677/dsc.2019.82009 76 1RG5


https://doi.org/10.12677/dsc.2019.82009

TR, KRR

WA G SR AL . L S() T VB, Mk 2 156 B, e(r) MBS T 0, & RGIEE T w2 FD.
XREE 5(b), REE IR k=156 1), BEXNREA RGN e(r) fE— B TG T 0, IXUEHIRE & ARGk F
TRARD . Bk, AR T 4 NG HR BOAEREGERE T, A FB I SLbrmfE.

B 6(a) RPIER R & R GE o) IR R BERS A SR A A 6(a) ATAE H, 24 &> 0,471, e(7)
IR AREET 0, BERGIEE T w2 FL. WRIE 6(b), Hk=047H, e(r)7E—BNIEZRT 0,
XU A RGUAE] TR, mit, WAVSET 4 DHEAAET HR BREIRRER T, SBaFPK
KB EAE -

B TR N =41, SREENBE ARG e(r) MRAEMMBERELLE. WK 7 UEH, X
k202350, e(r) FRAMESET 0, MAERGER T RERP. MRIE 7(0), Hk=02351, e(r)fE—
BN /S AZR T 0, XYW S RGUEE] TR F . gk, WAVSET 4 A& 0 HR SRR 4 )R 0%
T, BESE AR KSR BE.

s 0.9
08f

1 I 0.7

1 0.6 |

= ~05[
3 %o
0.5 03f

‘ | | il | I 0.2f

d l“;.“l’{}‘)l'"/" ‘\) \' \j“ ;’“ '; .'JJ“) u’)“ booaf

0 ’ : : : ' : 0—= =
0 100 200 300 400 500 600 700 800 900 1000 0 10 20 30 40 50 60 70 80 90
t t

(a) (b)
Figure 3. (a) The time series of e(f) when k = 0 in system (3); (b) The time series of e(?) in chain-coupled system when k =
1933
3.(a) Hk=08f, REQ)(OHIFTEFFIE; (b) Hi=1933 0, #EXBERE «(OMETEFHIE

gyrr———————————————————— 09
0.8} ! sl
0.7} 1 07t
0.6f | sk
05T 1 o5
5 5
04f 1 04t
437 1 03f
02y 1 02f
0.1} [ oah
0 10 20 30 40 t 50 60 70 0 9 0 10 20 30 40 50 60 70 80 9
t
(@) (b)

Figure 4. (a) The time series of e(¢) in ring-coupled system when k = 56.62; (b) The time series of e(¢) in global-coupled
system when k= 28.31

[E 4. (a) X k=56.62 B, FRIBEERL e(HWIRTBIFFIE]; (b) X k=28310F, £BBAR% «()BIATEFFE

DOI: 10.12677/dsc.2019.82009 77 B 1RG5


https://doi.org/10.12677/dsc.2019.82009

TR, KRR

0.9
1
09f| I
Ul ”\ ‘ ‘»q 0.8
0.8 |1 / v 1 I
m \/ “ J‘ ‘1 0.7
0.7 H\N M H 1 o6l
Vi ]
206r )
S .| /l 05
5’045 \ 1%
g \[ Itk 0.4
0 I -
L) | 03
I 02
2t {1 0
0 “’ \‘\ ‘l
o1k |\ 0.1
: Vo L{
1 n " " n A n L " L L
%70 12 13 14 15 16 17 18 19 2 0 100 200 300 400 500 600 700 800 900 1000
k ¢
() (b)

Figure 5. (a) Maximum of e(f) vs. k in chain-coupled system; (b) The time series of e(¢) in chain-coupled system when k= 1.56

5.(a) RBERGHRAERE ( IEKE; (b) & k=156 B, #NBERR (OBIRIEIFFIE

1.8 12
1.6
|
144/ I“l‘l’\ :
:\) V\‘ I\\/\\ ‘( \I

1.2 \ “ '. ﬂ 0.8
@ 1r “I\\{\\. [
1 H \ “M $o06
£08 Vi "ﬂ‘ )

|

0.6 4 /| 0.4

04 I r

021 ‘IH' 1% H\

‘ , ,\

N LD

0 .
0o 01 02 03 04 05 06 07 08 09 1 0 100 200 300 400 500 600 700 800 900 1000
t

@ (b)

Figure 6. (a) Maximum of e(f) vs. k in ring-coupled system; (b) The time series of e(?) in ring-coupled system when &k = 0.47
B 6. (a) HRIBERER e(VBRATERE L THE; (b) 2 k=047 B, IFFRBE RS e()RIBTEIFE

0.7 12
0.6 .
N
0.5 1
| 0.8

<
'S

max(e(t))

=3
w
e(®)
o
(=)}
==

e s
)
T T

f=1
=3
8]

VY | 1w“i,m

0
02 021 0.22 023 0.24 025 0.26 027 028 029 0.3 0 100 200 300 400 500 600 700 800 900 1000
k

@ (b)

Figure 7. (a) Maximum of e(?) vs. k in global-coupled system; (b) The time series of e(¢) in global-coupled system when & =
0.235

7. (a) e(ERAMERE k BITILE; (b) & k=02350, 2BBAER% «OWEFFIE

DOI: 10.12677/dsc.2019.82009 78 B 1RG5


https://doi.org/10.12677/dsc.2019.82009

WA, XU SR

WN=56,--12, BEE FAREE. £, ORMERELTTN, B BTS2 br R D BE
BICAE & k) Rk Betnse 1, 15 8 k1 i@ et MFE P BMER R, e EMM R 1 HP 3
fERERP 2 O H AR % . IR 1 AT 8 AT LA B A BB AR 45 SRR S ke b AR R AR 5T, %) -4
RIRRERE N RS, [R5 BERE N (33K 6 F 2R ESN RS, FRESRER N 13Kk .
I HEA T I R0 BUE K2R BUE RS 2R [FD BB R 125 ff5. 534k, 5 N MR, Bgih
SR8 B A BUE B R BB R Rk, >k, >k, kL > k) > k., X UEH] 4 R 3R R 4 HLIRIRGE
BMARGE RS IEREY, MHIRER N RS HEERN ARG TR HIERFED
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