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R AN 2RO

1) M Z &R RS, 19285,
T O A VA AR B 0—255 2 AT 4 25,
H1 2; R B YIRS IR 4615 B p AT INE, ¢ = p@a;
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4) AN dy BEAT AES R %, FERE EE Y kT
B L e

5) # 3 oy LR ER R FIRE L.
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% F L SR SCHR Hh 5 TR N SR T B R
AR AR — A ER 2, Wl ot 2 R R
TP FURIBERUE B4 . gt 5 I 5 7T AR AR R
AR KRB AES % I — D8R 4%, bk
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K13 AR ERMME  (a) FREGEGKE T H; (b) SEHREA N BEK 7 1; (c) RIaGEEBEE T H; (d) &K
ARG I BRI E T
1 HAB R
BEXRR a6 JR IR N 2 Ok TR AES Jins R A e
7K 0.9416 0.2100 0.0470 0.0019 —0.0004
FH 0.9659 —0.0145 0.0034 0.0024 0.0079
PApE] 0.9237 —0.0072 0.0075 0.0019 0.0044

F£2  CCHRRE INE S AR KN B

WE RS IKFHHAR I B A AR Xt F AR AR
PRE S 0.0057 0.0061 0.0031
49m 0.0059 0.0031 —0.0022
6 WA —0.0051 —0.0003 0.0028
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2 x 4% 0.0018 0.0016 0.0067
4 x 471Hd —0.0045 0.0010 0.0005
6 x 4 A —0.0059 0.0001 0.0008
8 x 4 iA#: 0.0004 0.0079 0.0044
b &%
KBS AT A TV, WEA T R TR
Lorenz R4 W) 2 G IR N 5] 7151 in) 8, 4 2

Rz IR GO b BRI T E5e: 1) Wik

T

2R T 2w G T 2) £

WEIRMAG AT E W3 1547705; 3) BE K
L HA R 8, RY T 2R TR
TER R B AT S 4) SO TR A N2 BE
T s 200 R P T B R B — s B I o s BOR G
BT W% 2 i BRI RGNS ORI T 807
1) 22 A TR R T I RORA.

S0k

[1] Yu S M 2005 Acta Phys. Sin. 54 1500 (in Chinese) [&
B 2005 PIHEAAR 54 1500]

[2] Maksuanpan S, San U W 2013 Knowledge and Smart
Technology 5 134

[3] Zhang C X, Yu S M 2009 Acta Phys. Sin. 58 120 (in
Chinese) [3K#IE, B EE 2009 #RL2R 58 120]

[4] Trejo G R, Tlelo C E, Jimenez F 2012 Commun. Non-
linear Sci. Numerical Stmulat. 17 4328

120511-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract10513.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract14697.shtml
http://dx.doi.org/10.1016/j.cnsns.2012.01.029
http://dx.doi.org/10.1016/j.cnsns.2012.01.029

¥ 12 Z R Acta Phys. Sin.

Vol. 63,

No. 12 (2014) 120511

[6]

=

©

Chen L, Peng H J, Wang D S 2008 Acta Phys. Sin. 57
3337 (in Chinese) [k, #2i %, T4 2008 P)HH4R
57 3337]

Bao B C, Xu Q, Xu Y M, Wang X F 2001 J. Circ. Syst.
16 69 (in Chinese) (AR, HRoE, RIEH, /M 2001 H
B 5 RS2 16 69)

Mustafa T, Hidayet O 2010 Ezpert Syst. Appl. 37 8667
Yu S M, Li J H, Chen G R 2007 Phys. Lett. A 364 244
Sanchez-Lopez C 2011 Appl. Math. Computat. 217 4350
Xu F, Yu P 2010 Math. Anal. Appl. 362 252

Li G L, Chen X Y 2009 Commun. Nonlinear Sci. Nu-
merical Simul. 14 194

Liu C X, Yi J, Xi X C 2012 Proced. Engineer. 29 957
Luo X H, Tu Z W, Liu X R, Cai C, Liang Y L, Gong P
2010 Chin. Phys. B 19 070510

Mao W, Guang H, Li L H 2010 Systems and Control in
Aeronautics and Astoinautics 3rd International Sympo-
stum on IEEE Harbin, China, June 8-10, 2010 p289
Xi HL, YuS M, Zhang Z X 2010 Chaos Fractals Theo-
ries and Applictaions, 2010 International Workshop on
IEEE Kunming, China, October 29-31, 2010 p92

Gui Z, Wu X, Chen Y 2013 Int. J. Mod. Phys. B 27
1350007

(17)

(18]

[26]

27]

120511-10

Liu X, Shen X, Zhang H 2012 Int. J. Bifurc. Chaos Appl.
Sci. Engineer. 22 1250033

Yu S M, Li J H, Chen G R 2011 Circuits and Sys-
tems IEEE International Symposium on IEEE Rio de
Janeiro, Brazil, May 15-18, 2011 p1335

Yu S M, Lu J H 2012 Circ. Syst. 59 1015

Kais B, Abdessattar C, Ahmed T 2011 Chaos Solition.
Fract. 44 79

Lu J H, Yu X H, Chen G R 2003 Circ. Syst. 50 198
Zhao P T, Liu G, Wang M H, Peng J L 2012 Biomed.
Engineer. Inform. 5 186

Sun K H, He S B, Zhu C X, He Y 2013 Acta Elect. Sin.
9 1765 (in Chinese) [#hFEHE, BT, RME, 5 2013
4R 9 1765

Sheng L 'Y, Xiao Y Y, Sheng Z 2008 Acta Phys. Sin. 57
4007 (in Chinese) [#F|JG, 1 #eTF, B 2008 P# 4k
57 4007]

Wang C L, Wang G Y, Sun Y, Chen W 2011 Proceedings-
4th International Workshop on Chaos-Fractals Theories
and Applications China, October 19-21, 2011 p183

Lin Y, Wang C H, Xu H 2012 Acta Phys. Sin. 61 73 (in
Chinese) [HIE, EFHE, 17 2012 WHAER 61 73]

Sun K H, Sprott J C 2009 Int. J. Bifurc. Chaos 19 1357


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract14270.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract14270.shtml
http://dx.doi.org/10.1016/j.eswa.2010.06.063
http://dx.doi.org/10.1016/j.physleta.2006.12.029
http://dx.doi.org/10.1016/j.amc.2010.11.009
http://dx.doi.org/10.1016/j.jmaa.2009.03.041
http://118.145.16.217/magsci/article/article?id=14969565
http://118.145.16.217/magsci/article/article?id=14969565
http://dx.doi.org/10.1016/j.proeng.2012.01.071
http://dx.doi.org/10.1088/1674-1056/19/7/070510
http://dx.doi.org/10.1142/S0218127412500332
http://dx.doi.org/10.1142/S0218127412500332
http://dx.doi.org/10.1016/j.chaos.2010.12.005
http://dx.doi.org/10.1016/j.chaos.2010.12.005
http://www.ncbi.nlm.nih.gov/pubmed/22498566
http://118.145.16.217/magsci/article/article?id=18038247
http://118.145.16.217/magsci/article/article?id=18038247
http://wulixb.iphy.ac.cn/CN/abstract/abstract14376.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract14376.shtml
http://dx.doi.org/10.1142/S0218127409023688

) I8 % 48 Acta Phys. Sin. Vol. 63, No. 12 (2014) 120511

Design and application of multi-scroll chaotic attractors
based on simplified Lorenz system”
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Abstract

Two linear systems are obtained by employing linearization technique in a simplified Lorenz system, and a two-scroll
chaotic attractor is generated via the control method. Multi-scroll chaotic attractors are generated by extending the
saddle-focus equilibrium points with index 2. Dynamic characteristics of the multi-scroll chaotic system are analyzed by
observing the phase diagrams, bifurcation diagrams, Poincaré sections and calculating the largest Lyapunov exponent. A
circuit for the multi-scroll attractor is designed and simulated. The numerical simulation result and the circuit simulation
result are consistent with each other. To apply the multi-scroll chaotic systems to image encryption, an improved hybrid
encryption algorithm is designed based on the multi-scroll chaotic system and advanced encryption standard (AES), and

its encryption performances are analyzed. The results show that the improved hybrid encryption has a higher security.
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