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Fig. 1 The evolution of coupling strength between neuronal oscillators

with respect to time. Parameters: 7 =0.005,D =0 ( dashed line) ,

D =0. 001 (solid line)
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Fig.2  The evolution of the amplitude of the order parameter with
respect to time in the presence of stimulation with different frequency.

Parameters; [ =5,y =0.1,w, =1.5,7=0.005,D =0. 001

Pl 3 LB T AEA R i B BRI AT T P S R
(1 W (L it ST 18] P 30 1. ARS8 ST, o 22 9
AR AR ARSE [R) 25 0 07 2652 555 5 L I 6 S 5t 2 14y 3
I, TR T HEEASE AL R B SRS, OF
IERL Vb E L EXVIv e iy SU SN I VA2
hsl (& 3(a)), X RS BURIECT , 05

] A IR S A 58 4 AR [R] 2545 2l 4 i
(B 2B i e AR T, 55 R L RE A Ao 22 4R 1
AP LE B8 14 R A2 A SR 5 5 1L it 3 o6 2 ) 46
T, ARSE [ 255 Je 14 3 146 5 B W S, o g e i ) 2
REPLH, 141 227 A4 490 3 AN B i 2 1 ) 245 1
A (1 3 (b)), 1 WA v AU B T~ SR 52 e
*Huﬂiffrﬂ“ Jﬁiﬁf&

09t

08

07

/ —— 05
/ —— 225

=10

06F |

' /
w 05F !
04t [ of

0.3«;; m,

: ’r\r\ﬂw .
o .%{W l\f‘ ’Wﬁj T

0 6 EHJ 100 120 140 160 180 200

©
w

o '{ |
i, i/”\\ ™ /\ ‘//“\ y
i 3 8‘0 100 120 140 1&3 180 200

t/ims

.(b)

B3 FEARFERNEGREE AT 5 S0 e R ] (36 £k
B8y =0.1,w, =1.5,7=0.005,D =0. 001 ;

(a)c=0.01,(b)c=0.1
Fig.3 The evolution of the order parameter with respect to time in
the presence of stimulation with different intensity. Parameters:
y=0.1,w,=1.5,7=0.005,D=0.001;
(a)c=0.01,(b)c=0.1

3 NG

Ken SEAFF T M A5 S BN 5 Ik 1 HF A9 AL
[ 205, [ 20 A AR50 T e 7 i B2, MR P R 2 S 2
Rl S R A R BE A B (RS /N[ 7 ] 55 Ken SE 0
TETAEANR AR 30 7% BE B 15 56 12 (19 22, M) AT 4
YR ARALIE N 2k 7 2 IR T AR LR
YRR DU T BOARALIR R 3 g A A8 A7 B 35



136 B h %5

7

Ml % 2015 455 13 &5

SN TR SRR 28 Bl AT o A
BTl SRR W S A0 O ot 28 4 144 [ 28 005 3l 4 52 i)
AT A R L FRBOIR. 2 ik 1 X
SIS3 R TEAC PR e 17—+ 03 SR T, B 8 Ey s, o
ZoliR T AR LT 58 A AR AL [R) 25 7Y I X0 3R A
W ., SR A A M 7 T [P A PR A0 384 0% ol ol
IR TR R R IRG AT R, R B Y 1 R 20
FEJE , 0 7] A0 i B2 1 5 OB AR Tk T (W)
AR B AR O 3R R [ 25 4k v 90 R i
o5 - RO B2 Rl IR R A ] 25435 1 5
R 2 2 i, 085 £ 5, P R O ) 20 T i
2 % X W
1 Sompolinsky H, Golomb D, Kleinfeld D. Cooperative dy-
namics in visual processing. Physical Review A, 1991 ,43 .
6990 ~ 7011
2 Wolfgang K. Memory processes, brain oscillations and EEG
International  Journal Psychohysiology,
1996,24 . 61 ~ 100

synchronization.

3 Lehnertz K. Non-linear time series analysis of intracranial
EEG recordings in patients with epilepsy an overview. In-
ternational Journal Psychophysiology, 1999 ,34 . 45 ~52

4  Jiao X F, Wang R B. Synchronization in neuronal
popuatlion with the variable coupling strength in the pres-
ence of external stimulus. Applied Physics Letters, 2006,
88:203901

5 Kuramoto Y. Collective synchronization of pulse-coupled
oscillators and excitable units. Physica D, 1991, 50, 15 ~
30

6 Peter T. Resetting biological oscillators a stochastic ap-
proach. Journal of Biological Physics, 1996, 22 27 ~64

7 Ken H N, Hiroshi K. Noised-induced synchronization of a
large population of globally coupled nonidentical oscillators.
Physical Review E, 2010, 81:065202

8 Lauren M C, Steven H S. Stability diagram for the forced
kuramoto modle. Chaos, 18043128

9 Bidhan C B. Influence of noise on the synchronization of
the stochastic Kuramoto model. Physical Review E, 2007,
76 056210

10 Jiao X F, Wang R B. Synchronous firing patterns of neu-

ronal population with excitatory and inhibitory connections.

13

14

17

18

19

20

21

22

International Journal of Non-Linear Mechanics, 2010, 45
647 ~ 651

Arne W, Thomas M, and Jens C C. The phase response
of the cortical slow oscillation. Cognitive Neurodynamics
2012, 6:367 ~375

EH T, B iyt R A& fo w2 lR
g1 e S A4, 2008,6 (1) :35 ~39 (Wang Q Y,
Lu Q S. Synchronization of coupled neurons excitory chemi-
cal synapse. Journal of Dynamics and Control, 2008, 6
(1) :35 ~39 (iin Chinese) )

Cumin D, Unsworth C P. Generalising the Kuramoto mod-
el for the study of neuronal synchronization in the brain.
Physica D, 2007, 226.181 ~ 196

ORI, 2 fuh vl 93 1 5 4 o A 4 5 R R 1) BF 9 3 .
VU2 S R (B2 W) ,2005,26:305 ~ 315 (Han
T Z. Progress in research of synaptic plasticity and long-
term potentiation. Journal of Xi’ an Jiaotong University
(Medical Sciences) , 2005,26:305 ~315 (in Chinese) )

Boris S G, Ermentrout G B. Alex D R. Phase-response
curves give the responses of neurons to transient inputs.
Journal of Neurophysiology, 2005, 94. 1623 ~ 1635

Roy M S, Ermentrout G B, John A. W. Phase-response
curves and synchronized neural networks. Philosophical
Transaction of the Royal Society B , 2010, 365. 2407 ~
2422

Roberto F G, Bard Ermentrout G, Nathaniel N U, Effi-
cient estimation of phase-resetting curves in real neurons
and its significance for neural-network modeling. Physical
Review Letters, 2005, 94 . 158101

Yasuhiro T, Masahiko T, et al. Layer and frequency de-
pendencies of phase response properties of pyramidal neu-
rons in rat motor cortex. European Journal of Neuroscience,
2007, 253429 ~3441

Eward O, Thomas M A. Low dimensional behavior of
large systems of globally coupled oscillators. Chaos, 2008,
18 037113

Petkoski S, Stefanovska A. Kuramoto model with time —
varying parameters. Physical Review E, 2012, 86 046212

Cooke S F, Bliss T V P. Plasticity in the human central
nervous system. Brain, 2006,129:1659 ~ 1673

Yuri M, Borys L, et al. Multistability in the Kuramoto
model with synaptic plasticity. Physical Review E, 2007,
75 : 066207



%2 1 SRR AT - 16 AZ R B 1 28 T SR AR ARRS o z [] 22 137

STIMLI-DEPENDENT PHASE SYNCHRONIZATION IN POPULATION OF
TIME-VARYING COUPLED NEURONAL OSCILLATORS”

Sheng Zhumei Jiao Xianfa'
(School of Mathematics, Hefei University of Technology, Hefei 230009, China)

Abstract Taking into account the time-varying coupling, we studied the dynamic model of neural oscillator in
the presence of harmonic stimulus by the use of phase response curve, and derived the evolution equation of the
order parameter by introducing the probability density function. Numerical simulations show that high-frequency
harmonic stimulus can produce the periodically synchronized oscillations in the population of neuronal oscillators ,
and the period of synchronized oscillation is related to stimulus frequency. That is to say, the higher the stimulus
frequency, the higher the frequency of synchronized oscillation, and the degree of synchronization increases with

the increasing stimulus intensity.

Key words neuronal oscillator population, phase response curve, harmonic stimulus, time-varying cou-

pling, order parameter
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