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Fig. 1. The chaotic attractors of system (1): (a) z-y plane; (b) y-z plane; (c) z-z plane; (d) z-y-z three-

dimensional phase.
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Fig. 2. The chaotic attractors of system (2): (a) z-y plane; (b) y-z plane; (c) z-z plane; (d) z-y-z three-

dimensional phase.
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Fig. 3. (color online) The equilibrium point characteristic value distribution of system (2) when a = 10,
b =15, ¢ = 5.4: (a) unstable saddle point of O1; (b) unstable saddle point of Oz, O3.
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Fig. 5. The Poincaré map and power spectrum of sys-

tem (2): (a) The Poincaré map of system (2); (b) the

power spectrum of system (2).
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Table 1. The equilibrium points and corresponding eigenvalues of system (2) under different parameters.
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Fig. 6. (color online) Characteristic value distribution of equilibrium point of system (2) at different parame-

ters: (a) Oz, O3 is the critical stable equilibrium point when ¢ = 1.0616; (b) O2, Os is the stable equilibrium

point when ¢ = 1.055.
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(2) at the different parameter ¢ when a = 1.5, b = 15.
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25
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Fig. 9. The chaotic attractors at -z plane of system (2) at the different parameter ¢ when a = 1.5, b = 15: (a) ¢ = 1.05;

(b) ¢ =1.35; (c) ¢ =1.5; (d) ¢ = 1.65.
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Fig. 10. The chaotic attractors at z-z plane of system (2) at the different parameter ¢ when a = 10, b = 15:
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Fig. 11. (color online) The Lyapunov exponent spec-

trum of system (2) at different parameters b when

a=10,c="1.
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RHEJRBRE. o 39K c LU B K, R 48 (2) 4
RES AR R, HILFAN, B o, cHIRWL, R
GURARBE 2. [EE b = 15, tHRAARIZH
a BN FEME R, RSt (2) 1 z-2 P IARBLZE. 40
K12 s, HET I, BEESE o M c G R, 25
(2) FIPANI G KR B, B SR S a M ¢
A LS 2 R GER 51 5 AN [ A1 BE AR e A0AS R R
R, MKl R G (2) - A B AR E
AT K.

24

227
201
18
16 [
141
121

10

100 [
901 |
80T
e
60T
50 [
40T

30T

I I I I I I I I I
2075 -4 -3 -2 -1 0 1 2 3 4 5

x

(a) a=1.5,¢=1.05; (b) a =2, c=1.17; (c) a = 3.5,

Fig. 12. The chaotic attractors at x-z plane of system (2) at the different parameter a, ¢ when b = 15:
(a)a=15,c¢=1.5; (b)a=2,¢=1.17; (¢c) a = 3.5, ¢ =1.79; (d) a = 10, c = 5.4.

3 AZAIFPGA I

BLAU A AF 25 5 2 B0 B0 P L W R DL K 3R A
ZAL B, T SR FPGA £ R 92 B VR I 2 45 Al
PARAE VR 51 7 B A€ 7T FE. 1R 2 FPGA SEI
VR 5 R AR 25K 1) #5852 DSP Builder % 1HH
#1220 AR B R 2 W E I ThRE, SUE A REIL F
RO, 9 A S R S BH AR B (1) T 5 B A
Verilog HDL {1 5 #1 IEEE-754 brifk, E%

BETHRIEAS 5 R A8 AR ER, SEBlZ B
RY.

3.1 ARLGHIEEL

ST FH Euler 556K 35 (2) B4k, 74518 8IL
JR NS TTRER:
z(n+1) = (1 —-aAT)z(n) + ATy(n),
y(n+1) = bATz(n) — ATz(n)z(n)
+ (1 4+ cAT)y(n),
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z(n+1) = = 10°ATf(—|y(n)])
+ (1 — AT)z(n), (8)

H B8 a =10, b= 15, ¢ = 5.4, ZH VI
{8, M(0) = 10000 ©Q, Rogr = 20 kQ, Roy, = 100 €,
D =10 nm, g, = 107" m?2.s~L.V—L AT NEHE
HURER (8] X L HL AT = 0.001.

3.2 FH:EANKIT

E& T RGH, i H Verilog HDL i {4 it ik 15
T Wi IEEE-754 HUKE FE AR AE I VF SUINE 2% 7 5
Fikide I Tk an s Bk B A8 B i ds . &
17 2 AN PP 7= A B A M e, X SRR H A Sk A
BZNA, FEAFHEMU. BT A2
8 Bl B op f A TF 3 B, I B O
RBRIEAS AT Sy As Bk i — N T is H s
R TF T i F AR, FATE A WA, HIEAR
AN

a
val(n) 9)
5 ,
Horb o NPTEIF T IE, val RIS R, EE—A
WILEE val(0), AWHEAR, HEIH val(n + 1) RIFE
T Va. XA AT A CSGE B R, BRI
EAREL val (0) T 45 F Va, MIEARE A Yk H0k v]
IS BIPT TR HORRE. RATH B2 IEEE-754 HUHS BEAS
X, HFEE N, 1655547 (Sign), S AL S AL (Exp)
H123 fi7 R ¥ (Man), Bf
—1 x Sign + 2FxP+127) 1 Man.

KR a KB 1 evIshth, ZBRERS 1,
Wi 23 127 B SE 5%, 45 R an B oN A, W BB
WG ER 2, I EREE127 168 Ja ) 8 hi i iG fr, =R
fRFIA 1. 456 REZ R IR 4R ohar s,
MRS PR 1, JERR 2, I B350 127 16 a 1 8 4
WAL, RGFIAR 1. dERECR2 2 FIRA. &
AR EEJE 1 /a TR N
(B2 4127) o /T Man,
Va={ pe R, (10)
2 4127) o /T Man x 2,

Exp € (2k)k =0,1,2,--- .

iz A 9) 2, KM v1.Man 5 /1. Man x 2.

AT ik W) dh % AR ME val(0) B 1T /1. Man B¢

val(n) +
val(n +1) =

V1Man x 2 , iX B Ik AR 7 vk Bk 4T ok, AR
a0 Y (Exp) BIAHE, 20461 AE val(0) =
1.Man —k; B{val(0) = 1.Man x 2—k;, HH k; Al k;
JNHEHE 1.Man A1 1.Man x 2 (IEUHE, 4id 5256 b 2
FIIRAF RN, XA ER S, W46 1540 val (0)
Rl 3 kARl Bt ik ) v/1.Man 5 v/1.Man x 2
(11 IEEE-754 B A% 5 A #E 1) 23 07 R AU R, A
MEE T KRENEETEE xE¥REHESEM
VI.Man 8% vT.Man x 2 &5 pfig 2055 -+127) 5§
Q(BPFEE412T) e R K TEEE-754 HURS BEbRE.

3.3 IZRAZILEIMRIILH

1T Synplify Pro #fF H A 5 41 1 A 26 20 R,
RE % B¢ 4 3 B 50 MHz ) Xc6slx16 5 T K F
&, FHIFGERILEHE, XEMWLEGA THXH
Synplify Pro 3 fF. RHE (3) X, 12 A FRARSHLA
Wiy (n) BME, 2 BN IR e S, # FH IF 7
B TF IR VE AR AT vk AR 2 A Hp A F
f(=ly(n)|) BEELL Fr&it il f(—|y(n)|) BHA
) RLT Bl 13 fis.

3.4 ZEBRHERGHWFPGA LI}

KA A BRARES B, AW —|yn)| I AR AN
F(=ly(n)|) i@ EBLH, 7 At 5HHE B 110.9952(n),
0.005y(n), 0.04y(n), 0.01z(n)z(n), 1.003y(n) A
0.9975z(n). FFRARMAIAEI (), TRMAE 2(n+1),
y(n+ 1) Mz(n+ 1)ME. bW EAE, 5 2301E,
AN 10 AL ki B, DMERA NIEIE 5. &
JEA3 2B (8) 2B RLT K4 &l 14 frow.

b SR s W AL RS T | S : e
MAPIC ¥ #8 5 A Xilinx 24 7 [ Spartan-6 % %)
(1) xc6slx16 85 B, FF AR B 5] Bz N S0 5 46
a5 Tleh615, 7R Ja 1 BURE % e 2 1R A HH T N ORI #,
FAES S G055 2 7= 5 45 s (1) R G A0 B
Kl 15 Frs.

Al LR IS U A% B 1 25 R 5 BUE 7 B4
R, AEASH X RZE MRS TR
M, X ELERATE 52 28 a = 10, b = 15fla = 1.5,
b=15 2ilffic =54, ¢c=7 c=8 flc =105,
c =15, c=1.65 @i EICERUPIER [RIRS (2)
f) -z 1A P B 16 A1 17 B, AL R G AE
ARZET 2UAFRES.
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Fig. 13. (color online) The top RLT of f(—|y(n)|) computing device.
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Fig. 14. (color online) The top RLT of system (2).
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15 RERERTRS (2) HHE:

(a) a-y 15 (b) y-2 s (c) -2 Fifi

Fig. 15. The phase diagram of oscilloscope display of System (2): (a) z-y plane; (b) y-z plane; (c) z-z plane.

K16 a =10, b = 150, REHFEROAFRZE c KRG (2) I o-2z FHAHDZE  (a) c=5.4; (b) c=T;

(c)c=8

Fig. 16. The oscilloscope display of z-z plane with different parameters ¢ of system (2): (a) ¢ = 5.4;

(b) c=T7;(c) c=8.

17 a=15,b= 150, RERERUAFRSE c 2R (2) B z-z FHAHPZEE  (a) ¢ = 1.05; (b) ¢ = 1.5;
(¢) c=1.65
Fig. 17.

(b) ¢ =1.5; (¢) ¢ = 1.65.

4 % @

RS T~/ =4 BV IR T RS, I
Rt AL B2 B e T2 R G AR LRI, X
FRIFHZ BRI R G AT T 3 /14, B8
WE T IZ R GRS R, RESH
a M c A FMERS, R 407 i ml AL AR E P K
AR, BETZR GE PN 2 A A R A
B, o EAFRERRS. S0 A

The oscilloscope display of z-z plane with different parameters ¢ of system (2): (a) ¢ = 1.05;

KA ARJa [, S 800 E, T RFEER N =
2K D) Vanécek Fl Celikovsky BB 155447 ZE )R
REG. RGEMXELE RN 17 81k, AR
WE 5 B AL SURA FH BRI ER . 1Ak,
ARIRIEH FPGA B, WEFsEEl Tz F —H b
ERTZ A RVRTE 2 4, ITSnE 1 iz 12 PR & 4t
IR B R a] SeI e, it — B ek T
AR AR AZ BH 2% TR T R Gt % A A OGS Y B
FHERAE T 398 275 S0 BL i,
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Abstract

A nanoscale memristor can replace the nonlinear part of a chaotic system, which can greatly reduce the physical
size of the chaotic system. More importantly, it can enhance the complexity of the chaotic system and the randomness of
signals. In this paper, a new memristor-based chaotic system is designed based on a new three-dimensional autonomous
chaotic system. In order to study the complex dynamic characteristics of the memristive system, the chaotic system
is investigated by the theoretical derivation, numerical simulation, stabilization of equilibrium points, and Lyapunov
exponent spectrum. The influences of different parameters on the phase diagram and the stability of equilibrium point
of this system are also discussed in detail. It is interesting that when system parameters a and c take different values,
the location and stability of the equilibrium point of the system will be changed, then two scrolls of the system will be
overturned at a different angle, and it will produce a different degree of aliasing between the two scrolls. Parameter b
has a large variable range, when it is changed, and the system will transform into three kinds of classical chaotic systems
defined by Vanécek and Celikovsky. These indicate that the memristor-based chaotic system has a lot of valuable dynamic
behaviors, so it has applications in the field of secure communication, information processing etc. Field programmable
gate array (FPGA) technology has a large capacity and high reliability, which is widely used in modern digital signal
processing. And with the development of FPGA technology, applying FPGA technology to realizing the chaotic systems
has gradually become a hot topic. Moreover, the improved Newton iteration method is used to design a square root
operator of memristor in this paper by using verilog hardware description language (verilog HDL) which only needs
three times iteration to reach the required accuracy. The results of FPGA hardware are consistent with the numerical
simulation results. It breaks through the previous bottleneck that the chaotic system based on titanium dioxide memristor
can only be simulated in computer, which is of great significance for further studing of memristor, and provides a reference
for further research on the memristor-based chaotic system and applications in secure communication and information

processing.

Keywords: new chaotic system, memristor, dynamical behavior, field programmable gate array
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