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Fractional-order cellular neural networks adaptive synchronization

control circuit design and simulation

ZHANG Xiao-hong', YU Liang-hua

(School of Information, Jiangxi University of Science and Technology, Ganzhou Jiangxi 341000, China)

Abstract: On a new fractional order cellular neural networks system, building a driver-response system which the

nonlinear in the driver system is known, while in response is not. Use the adaptive synchronization controller and adaptive

adjustment law to make the driver-response system to be synchronized. Numerical simulation and dynamic analysis results

show that the new system of fractional order cellular neural networks has chaotic characteristics and the correctness of

the adaptive synchronization control method. Combining the theory of fractional order circuit designed the synchronous

control circuit schematic diagram of the new fractional order cellular neural networks system. In fact, this scheme can

realize 4096 kinds of multi-combination circuits. For the sake of brevity, selected the same fractional-order values (namely

q1 = g2 = q3 = 0.95) for circuit simulation. The simulation results showed that multiple circuit simulation and numerical

simulation results had high inosculation. Thus it is proved that the adaptive synchronization control method can be realized

in physics and has practical application value in engineering field.
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HARSE AR R A H () iR 1T, FHN. A T8
PFRIZEBUE IR 2.

R R, R R,
o Ty L s
¢ G G C.

(a) B FATCALEG

¢

1 éR]

LlTTT

(d) B oCHIER
4 HE A T LA

Fig. 4 Unit circuit for fractional order

A1 BB 0IEGIIREEKR
Table 1 Complex frequency domain expressions for
fractional order circuit

e H ()28

i _ Ry R R3

B H(S)i[sRlcl-i-l+8R202+2+8R303+3]

B H()=[Ri+(Ra/ )] [l —————]
2 501+(R3//@)

N H(s):{[((Pq//ﬁ)wLRz)//%]+R3}//é

B H(s)=Ru/) 5 //1Ra + )/ 1Ra + 5]

E1 BB RO,
%2 HHEINAEA0.950 B350, b, 34T S SA

Table 2 Components parameter values in each unit

circuit when ¢ = 0.95

A n RMQ C1/uF Ro/MQ ColpF R3/MQ C3/uF

BET 30015 3.616 1.51 4.602 6929 1.267
M 30326 1.048 694.1 0214 2.167 3.039
W& 3 6625 0291 31.62 0218 0323 0.780
B 3 6946 0780 32.82 0270 0.326 0.213

3.4 5 F B CNNIED B B 4/ B (Circuit simulation
for the fractional order CNN)

T BB B (g1, g2, g3) B BERL L AR 28
TR BRI B AR v i B G A% 5, DR aE i 2 A
B FEF R, R T2 0 B A0 A 2 i 2 VR
[R5 2R Ge, YRl A Y 2R 48 55 90 il LLIE$ g1, g2, g3
3o B, WA AL A E0 M = (CL)3%2 =
4096.

34.1 4 CNN I3} s B {)j B (Driver system

circuit simulation)

ARICIREN R G e£F: HEAL WY VRS A AR
RGE (17) BUA AR B BT 1R 53 5000 40 o £ 1 % Bl
fj(driver) Z 4 ¥ LI U L A IS BT o, 6T FL i
J B TR TTAT AUy

Ry f1 = Rxfo=Rx f3=100 k€,

Rum1=Rm2=Rm3 = Rm1=Rns=Rme=

Rpy7=Rng = Rm9=Rmi0o = Rm11 =10 kQ,

Ra1 =35 kQ, Rygo =17 k9,

Rz =10 kQ, Repy =100 kO,

Ry21 =50 k€, Ryo2=>50 k2, Ryo3 =50 k€2,

Ry1 =40 kQ, Ryso =10 kO,
UK 5l 2 G F i 17 T 45 A I it 6 BT 78 CIR 2 ) 0
.
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Fig. 5 The circuit diagram and equivalent circuit for fractional order CNN driver system
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Fig. 6 Circuit simulation phases for fractional order CNN driver system

342 43 BBy CNN ma R H 2% 4 B (Response

system circuit simulation)

AR SO N R G VA OB A KA
QDIFEHIZUARNNIR RG 18, J4i & RS HIE
7 (23) SO BN B 5O 27), W 3R
Z(18)2N

B vt 7 B0 40 B Ao 448 10 5% P ) 1 2R 5 PR D
HEE 7R, s R E S iS5
{150

Ryfi=Ryfo=Ryf3=
Rui0=FRn11=Rn12=Rnz=Rn1a=

Ry15 = Rn16 = Rn17= Rn1s = Rn19 =100 k{2,
Ryi=Rp=Ry3=Ru=Ry5=

Rug = Rur = Rug = Ruo — 10 kS,

q1

ddtzl 31+ 9ms 1A (1) — iy f (1) — Ry11=33.3k, Ry12=11.1 kQ, Ry13 =7k,
2f(.’L’2) _ dlgf(l‘g), Ry14 =100 kQ, Ry15 =50 kQ, Rylﬁ =100 kQ,

de (€20) Ry21 =50 kQ, Ry20 =40 kQ,

B0 g2y 4 20— 1o (2) — 312, 2 12

i Ry3 =100 kQ, Ryoq =33.3 k2,

3 p—
dtas —321 — 152, Ry31 =40 k€, Ry32 =10 k€,

Cy1=Cya =33 1F.

HL it L P P ) RS A T Ml tisim 10 (RTER A G
#FMULTIPLIER.
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Fig. 7 The circuit diagram for fractional order CNN response system

343 - Hr CNN B & M [F 2P 52 3 (Adaptive
synchronization complete)

W5 & Gt 5 Wi AR G ) R T B85 R vy
(i = 1,2, 3) W EIBF /s CIRA AT AL ). K FELER 17 ELH
45 R 55 V1 2(a) BB 07 SCR A SR LU AT 4, HL g 7 BT
SIS 25 R S HUE T A R BRI IS 1L, WP
WeZE TR WA AT IR S HL s e
TERE AR, SER U] T 1% 20 0 A0 e I 2 T
TR G I N [F) 20 A& AT DAY B SR, ] T
TS T I

10 . 10 . 10 .

> 5/ > Of 1 > 5"/‘

~ o / 14 = of 4~ of .

33,5_ i D -5t i D -5t 4

s IR R 1000 10
x, /V x,/V x,/V

Kl 8 735y CNNBRE) Wi R Gt —y; FLER DT FL A5 R

Fig. 8 Circuit simulation results for fractional order CNN

drive-response x;—y; system

4 4518 (Conclusions)

P T ST AR M S S N 1 2 B A
28 ) TR ] D R R, AR O T Rl — =
Y43 KB A0 B A2 I 2R )0 R e A )
., g AR S R Z R G o LA R
HIE M A RS Pk, sz b n] AHE N BIAN R
I3 B A FIAN R 53 20 it 44 b, 76 SEpr TR
I A HAT 3 S A
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