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Time-delay perturbation Lorenz system and
its synchronous circuit realization
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Abstract: A four-dimensional chaotic time-delay system with multiple positive Lyapunov exponents is presented based
on Lorenz system. Some of its basic dynamical properties are studied, and the switchable circuit of the new system
is designed by using filter network technique. The conditions for synchronization between two identical higher-order
coupled time-delay systems are put forward by using Lyapunov method. The proposed method is also applied to design
synchronous control circuits. Experiment results show that this time-delay system has abundant dynamical behaviors; the
designed controller is easily to be implemented in practice; better synchronous performances can be achieved by adjusting

component values.

Key words: chaotic systems; time delay; circuit simulation; synchronization

1 5|= (Introduction)

TRVAR 5 HA 3E B L 38 22 58 A A | Bl S
SRR PEN TR AN A T s R A AL
I VR T R 48 0] 7 AR TG 95 4k IR A A a), RIS 4E
AW aeN 77 4 2 > 1E [ Lyapunovfg 2, fif 245 B
A% (0 BE L FOAS B F00I P 25 5l g 22 4T ),
F 201t 20905 fCPecorafll Carroll#2 Hi vk il [F] 20 JE AR
DLk, AHGR I T RS A R 20 1 S )28 A T
AT R, TR 2D 1R k4 ) M A R A
1) N F B A AT B i FR i 1681,

H B VR ER2F 2# BEAVS HF 57 1 3 2] S Y
i B, FE B SRR SR P 5 A AE s T T
TR 5 4% T B0 G Sek 914 T — AV
(1) VRV R G FE B T T B8 SCRR [10-11708 i
21 PR B PR S I 1IN AR R ) B SRR [12]5K
)% < T e < W T R N 7 Wl i 2 S Y A
HERIE R GATAE M 1E [ Lyapunovg AN #ise b . &

ek H H: 2012—01—22; Yef& cieks H #5: 2012—08—12.
TS 1E . Tel.: +86 18970840500.

G VAN T, A5 DY AR R B85 vh Sy gl k. DY 4
RERABEFEMRITT A, RN s T =
Y (R R g0 ] P AR TR I S 3, T AR S DY 4 i
fiLorenz R 48 1] 7EA JRI PR T RGE L 1) R i = 2k 2
AN IE M Lyapunovi 2, BESRTF T miml Sk, ok T
JSCAS P 4 v 0[] 230 P e, A JHL 4 o) v il EL AT v A
(/) 1 FH i 5.

ASCAEVY HELorenz RGeS Ailt b, il ik 5| A\ B
i £ PR Bl IR 3 OB TR R A, 5 4 T PR
{H BA5 24 1E W Lyapunov& 5, 1T 7= A2 b e Bl AL
(9 I 18] 7 471, ZEMultisim™F 65 S50 T 1Al R 42 (19 )
e R, O ()20 R B I R E T RV A
BN, R Ja SR N B A R GBI T IR,
2 B i 38 3) Lorenz & 4i(Time-delay pertur-

bation Lorenz system)

PLLorenz 2 4t 4 JEAilh, FFH 2otk [ iy e R 4e 4
BTk, KGR R G A AR

Fe4T0 H: R ARRERES 7 BhI5 H (11062002); V1053 T KRS % DI H (jxxj12175).



FE B3 45 IR B Lorenz 22 48 M L IR0 L S 267

2
#(t) = a(y(t) — (1)),
y(t) = b (t) + C?J( )= 2(®)z(t) +wl®),
2(t) = =()y(t) — dz(t),
w(t) = —hax(t).
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2(t) = z(t)y(t) — d=(t),

w(t) = —hax(t).
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Fig. 2 The state variables z(t) and its power spectrum
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A7 FR Q)M AT bty K 22 R SR A4 1, RIS R 4
QA A7 5550 = (0,0,0,0). BR Pl 24545,
AP R R AR, RIBLZA

>~ He
REAHAS. 70117 sS4k REE(2), MIERHAETT

FEA
Aa—pe™ —a 0 0
dot 20— b A—c x9 -1 —0. 3)
—Yo —z9g A+d O
h 0 0 A
JEFFAT I 51532

3, T E MG UE R S8 1 8 74 AT A AR (1)~
(2)iz HIMultisim #1555 VRl 3R 48 (1 D) 4 dis 3 245 1
AT T 5, W4T,

FEL I AT 5N AH R & TR, 23 501 58 id A &
G TV, Vi, V,, Vi RS 38 FNAR B (¢) [ I
A DR, 18I T OCK IR Wy o] SEPLI A R g AR
I 2R G0 R (R D18, T o0 K LT I I R I Jie 4
Lorenz R ()R IES) ) 2447 N, T N BoR
BAE R, Gr, G il gy (t), ()%
TR IO UL TR A 1 R A B, YR N0
FHR1, R2, Rg, Ry, R14, Ri6, Ro1 = 10k, Rs, Ry,
Ri5, Ri7, Roo = 100k, Ry1, Ri3 = 1k, Ry =
35k, Rg = 15k, Ry = 8.3k, Ry = 20k,
gy ay LA IS 1 B 3 kY e H R 9 0 AT H B

Xt (a—c+d) N+ (ad — ac— ab - IR, FHIX 2B A BB 5 R ) A
cd + azo + 2)N? + (ah + abd — acd + adzy + .
Rsl HCI L Ré ! R7
X1

UIB | p uUlC

— ? =

|
||7.
8 R16 R17 l c2
R, >
- R, :* U2A U2B
X >< /Al R, _
|1
R " c3 R
Y_k_\ RIZ 14 R15 R18 19
X X /A2 R,

U3A U3B U3C

|1

I

R, R, R, C4
U4A U4C

Bl 4 DIl RSk 4%

Fig. 4 Switchable chaotic time-delay circuit simulation
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Fig. 7 Coupled synchronization in variables y(t)
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