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Abstract; To analyze the bifurcation phenomena in cellular neural networks (CNN) state-equations, an analogy
CNN is built in this paper with a sigmoid output-function instead of the traditional one. Firstly, through Poincaré-
Bendixson theory and numerical calculation, it is proved that there exist periodic solutions of the new CNN. Secondly,
an approach based on local bifurcation theory is introduced to find the critical parameter when periodic solutions vanish.
Finally, a conclusion is drawn that a suitable periodic solution can be achieved by changing the value of the bias, and
simulation experiments show that it is also valid in conventional CNN, which is an academic foundation to generate

different patterns in central pattern generation (CPG) control strategy.
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{/.1,:0.7,a=.0,s,=s2=1, (s)
i =-0.17,1i, =0.17.

BERMA)GS) BREG)HEWT:

{a‘c, = -, + 1. 7tanh(2x, ) — tanh(2x,) - 0. 17 , (6)

%, =— x, + tanh(2x, ) + 1. 7tanh(2x,) + 0. 17 .
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A Matlab {4 3K (8) (9) 7 D, WY ER
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Fig .1 Isoclines of system (6)
FI P Newton 315k HH 5 FR4H (7)) B9 LA, BD
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Ll %4 2
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Fig .2 Direction field of the boundaries of U
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(a) i, = -0.175

(b) i, =-0.1824
B3 B, = 0.17,i BRI, REEHIEMRE A
Fig. 3 Nullclines for system (11) with the fixed parameteri, =0.17

(¢) i = -0.19
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EBE2 FEEL, Y <i B, R2%E01) FES
SOARFRIME K. X B i, RRGRRIFHE R i, 1
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iE AT 3(b) BRI RS B iy
VAR (R, ,). ATIHE x,, %R (8) WhHH
Xt x, K28
dv, 1, 1 1 3.4
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dx, 4 1+y1+1—y1).(—1+

dx
S 1 +##O,ﬁj{—1+
I -y,

).

1 ’ I +y,
3.4
cosh’ (2%, )
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MHE RERHES B RZE (1) EE R
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Sy}

%IQ = 13.6 x sinh(2x, )cosh™(2x,) [, # 0,
o
a, ' ¢
HAK(12) £ Q SMFHEE R - 1 10, FTABEY
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ARESE A

ﬂgiJr% [ E@'Kﬁﬁ’{aic ’/7'\/‘?*\%(11) Ele =X, =
0,4z, =-0.6109 fX AFF{LTE. X BT 7 BRAREH
2 /4~ % 2 #| F| Newton-Raphson %" k18 x, =
-2.3699, fRASE 1AM FHHEKRB L, =-0.1824, Bk
JoR iy e FHE. UEEE.

MR, B TR (1) SERCER (12) 71
—EMRE, TUEESK(12) B =0, =
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. SEH 2 MIEAERE, LR ER— 1 RERE R
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A B AR Y THCE T RS E », flx, BAELR, 5K
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4 {HE3LLY (Experiments)

1) ARG (6) WIRE &, o] ol Ar 40 s ™
A BRAS. Sz 3 3 30 SO 28 T SO 4
[B)E SR AR SL B, X T £ 4E(6) W] Lt AL ¢
i, BESR L. B B K B 5 me i 5 Fiak B
AR E. B 4 R T TARMARKRE R,
4R ARER AL S B . K E 4 H(a) ~
(c), Al AR B X 4 B B A R, 40 i 3R 30 o 15 14
i R A A ).

2

t/s

t/s

t/s
(¢)i, =0,1, =0
4 (REBERARFEEN, METHRARSER
x, M x, BRI SHRER
Fig. 4 Different periodic solutions for system (6) with

different value of bias in plane x, -x,

2) 53 WP B RNHEIRTE CNN RRI RS TR
PERLSL. B 5(a) ~ (o) B H RO (2) , BR
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RMEEZSH A RSB IR(S) FrR, B EBR
[EUERT, MRS B BT (8] ¢ iR ALEE. AR
B, FARKRE R, MERALARPEXG
B HRERNUCE T s FEN, BRI E K, E
5(c) RAMMRETEIEB T MaER.

t/s

t/s

t/s
(¢)i, =-0.31, 1 =0.3
5 5 CNN JREI RS, A6 6w B B XA
MRS EE
Fig. 5 Different periodic solutions with different
value of bias in traditional CNN

5 Rz ( Application)

)= GH R 2 R0 2% 3 2 R FRTERLAS A28 45
HIsRU T FIF CNN =4 CPG #HIBE, HhiN 2
PLEs N2 aa 3, FIRISCER 1 ) - R R4 45,
EHEDUED, = D, = 0.1, RiREESMHMS IR
R(5) GxE. B 6 G T W EBERIBCA FER, CNN
LR B «, BERS R R R 4R G L.
KFRAME 1, NEEAIKK VAN 4,7 #1 10, &%
BF[E] 2 50s. B4R, BB AR, CNN 7= 4 91 B
KA. 4 FIF CNN §R 572 & A R HLEs A A
AR DA IR S , W 7= R R i CPG AR R,
U U 4% o A L [R] o i L I, TR B ATt

T 48 sl B H A M8 S5
. :
0
= -1t
-2
200 210 220 230 240 250
t/s

(a) i, =-0.3, i, =0.3

E23 %
1
0
R |
_2 1 cuadl |
200 210 220 230 240 250

t/s
(b)i{ =-0.2,i, =0.2
K6 ARFE{wmER,CNNEBRREGAER
Fig. 6 Different period with different value of bias in
CNN state-equations

6 %518 (Conclusion)

BT CNN 5 FH0 Al g % SC 8L, A48 B BLAE,
K PR AR AR, EEC TR 1 AN B AS ST U B %
REEFRH BB, AT CNN E 2030
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