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Abstract ;: Based on the stability theorem of the fractional nonlinear system, the stability control of fractional chaotic system is realized by
a linear feedback controller designed,and based on the method of the matrix configuration,the synchronization of fractional chaotic sys-
tem is implemented. Taking fractional complex Lorenz system as an example, the real part and imaginary part of each variable in original
system is separated to study the problem of synchronization and chaos control. Firstly , chaotic characteristics of fractional complex Lorenz
system are analyzed,and the stability theorem based on the fractional—order nonlinear system is discussed. The stability control of frac-
tional chaotic system is realized by a linear feedback controller designed. Then,based on the stability theorem of the fractional—order non-
linear system,the chaotic system synchronization is implemented by using matrix configuration method. The numerical simulation con-
firms the efficiency of the proposed control method and synchronization method.

Key words: fractional order;chaos system;chaotic control ; synchronization

125 W 7R AR e 8 ) o R G i B
5 TR AT K Ji& , AT B B AR 4k R 4
TEVFZ AR OU N #RAFAE S 2R R DB R, W BT8R T

51 &

IR RS O B2 B A 300 4R s (B AT

FOIUAT AN A 2 — 28 T TS SR b 2 L/ | o ik
JEAEIRT o JLAR L, 0BG BB A ARV 2 (o
HEOARITHARE T Z M HAT, 2B AR B 4
Iz BT ARl 2 R G el s AR
HIRLESFHE 2GR

& B HA:2016-01-29 f&E HE#A.2016-05-11

Xt BB AR 2k AR S8 Y TR D R T [ 25
FEET AR T X B IR R G B SR A
B, BT LAVE 22 B R AT A Fp it — 2P BT 923

WA N TIRMERGE , RZROTE AL R 5t

™ 4% HH AR B[] : 2016 -10-24

ELTR b Kol 55 54 H K H (106112014CDJZR188801) 3 5 P T AT 5 W FHIERHIFFE I H ( estc2014jeyjA40037 )
VEH BN AR (1964 -) 5, 3% B AR 07 1) S AR ek R Ao P B0 5 R0 A BB R G il B3 i D41 (1989-) , 5 B F g 2k

WFFETT 18 IR SO ) ALt i e

P £& AR Ik « http ; //www. enki. net/kems/detail /61. 1450. TP. 20161024. 1117.072. html



11

BEARTHEE /3B 5 Lorenz TR R G810 5 [l 40 - 131 -

s R PERERS AR, X B B0 1 2R G IR A R LA
RS TV REHR AR RO B 5T AR 42 /0, & Lorenz J7 2 &
7E 1982 4E 1 Fowler F1 Gibbon'"" 42 H} Y , AN 7E 1y 3
453, E A AT A 2 T AR B AR, IR TR
HREEERGE T, A TERGERLRGEMNENMN, L
LRG LT G, AL i 15 BRI Y 25 A
o HuAE

LA, 0B B R G R R PR TR ] 5 [
ORGSR T T W, BN, BB & Chen &
g5 B E Lorenz 241" | HAE N WA 524
CEZENE'S AT EIZAEN | S Pl I A T Ei

SCHO ARG B B 1 2R G0 TR R TR T g
KR AT TRFSE

1 SEHBEEE Lorenz &%t
IR Lorenz RGERIECF BRI
Du, =a,(u, - u,)
Diu, = ayu, — uu, — u, (1)
Duy == ayuy + (1/2) (uu, — u, u,)
ot u, = x, + i, u, = x, + v, R
Aty uy = RIS LRI u, (u,) R
w,(uy) FHE; (a,,a,,a,) " LSRRG,
OB RGE(1) AL B S AR, WA
Dix, (1) = a,(x5(1) —x,(1))
Dixy(1) = a,(x,(t) = x,(1))
Dix (1) =a,x,(t) —x,(t)xs(t) —x,(t)
Dix,(t) = ayx,(t) — x,(t)x5(t) — x,(t)
Dixg(t) == a;xs(t) + x,(8)x,(8) + x,(2)x, (1)
(2)

Ho BB ik 0 < a < 1,

BETRNRGE LR AL ERS, Y o =
0.995,a, =10, a, = 110, a, = 2, WHATEE x,(0) =7,
%,(0) =8, x,(0)=5,x,(0)=6, x,(0) = 12}, RG &
TR, T, BLE Y R G AR 2 F o B AR etk
RIERSE,

FIFH Matlab (B4 H , 15 F] 93500 2 Lorenz R4E
RIS+, 1 Frs

2 SHME Lorenz iRl ZFRIIEH

AT HETF B AR £ M 2R e nd FeE i B, F
FEUT SE B . Lorenz 2 40 BRI 12 |

FEXT A BT AR Ze M R Gede e P ) R, 440 T R
RIARE PERRIE

(@) “HeHIZEN (x,,x,)
P IFVE L 5

(b) e A (x,, x;)
P9 (R 5 7

130,

120t |f
1o\
<" 100
90
80

9

X, X,
() HEAHEI (x,, x5) (d) ~HEAHA ] (x,,x,)
WIS |7 P IR IR 51

X,
50 20 450 20 X,

(&) ZHEAIZEI (3, %, %,) (D=L (x,.%,.%;)
PRI S P VR 5 |
A1 % #8 4 Lorenz & 4L 5] T

SEFL 1P T80 & Lorenz IR R SE Y RS
Ao < 1 IHERREL G x (1) e R" AFEIEE
FEFE P A (3) fE AT X R G RRE .

h(x(t))=x (t)"PD'x(t) <O (3)

S (2) BT AR, BT AT B £k B
P -
Dix (1) = a,(x,(t) —x,(t)) = k%, (1)
Dixy(t) = a,(x,(t) —2x,(t)) = ky, (1)
Dix, (1) = ayx, (1) —x,(8)xs(t) — x,(2) = kyx,(2)
Dix,(t) = ayx,(t) —x,(t)x5(t) = x,(t) = k,x, (1)
Dix (1) == a,xs (1) +x,(1)x,(t) +x,(2)x,(t) -

koxs(t)

(4)
FR G B 1, (R E G HE M P ol S5 X R R 1
AT R

h(x(t))=x,(t)Dix, () + x,(2) D, (1) +

2, (1) D%, () + x,(2)Dix,(2) +

(1) Dg (1) == (a, +k)x (1) -

(a, + k)x (1) = (1 +k)x(1) -

(1 +k)a;(t) = kxa(t) + (a, +

a,) (x,(t)x,(t)) + (a, +



S 132 - HEMBARS R R

06 &

a,) (%,(0)x,(1)) < (%*“2_
k) () + (—a12+ = - k) xy(t) -
(1R = (1 k() -

a,

— B 2(0) - (hy +

koal(t)=— (k, + 5

t ;“Z)xg(t) (14 k)R - (1 +
k) 2(1) = k(1) == (k, —45)2%(1) -

(ky =45)22(1) = (1 +k)a2(e) - (1 +

k)ai(6) = k(o) (5)
Mk, =45k, =45k, =1,k =-1,k =00
B h(x) <0,RG(5) 2, Bk =100, k, = 100, k,

=20, k, =30, ky =1 HEFTHBUEDT B, 5 A5 R E 2 BF
R, DTEEEREW, RG(5) Wl fasE , X Wik TR
FE BRI T 45 4 2L

10
4
5
X2 iy
0
0

% 50 100 150 200 250 0 50 100 150 200 250

N N
6 6
4
BY = 4
2
0 2
2 - - 0
0 50 100 150 200 250 0 50 100 150 200 250
N N
12
10
8
<6
4
2
0
0 50 100 150 200 250

N
B2 ZAFTEEx ,x,,%,x5,,x B NGELE

3 SHEME Lorenz B ZSGHIE S
AT B AR M R G fa e ik kst an
A 308 Ao R O T B VR R T B A i A S B4 B & Lorenz
RBAEMI N, RS RRIERZE
VARG (2) MRS ARG, & LW REH .

Dy, (1) = a,(y,(1) = y,(t)) +m(t)
D}y, (1) = a,(y,(1) = y,(t)) +my(t)
Dy (1) = ayy, (1) =y, (1) y,(1) = y,(2) +my(1)
Dy, (1) = ayy,(1) =y, (1) ys(1) =y, (1) +my (1)
Dlys(t) == ayy,(£) +y,(1)y,(8) +y,(1)y,(t) +

my(t)

(6)
Hr, m(e) = [m, (1) ,my(2) ,my(2) ,m (1),
my(t) 1" BRI &5
EXRGEWFELIRE N e (1) = x,(1) -y, (1),
e, (1) =%,(1) = 3,(8) , e;(8) =x,(2) — y,(1) , e, (1) =
x,(8) =y, (8) , es(1) =x,(1) —y5(2) o
HIBR S R G (2) R N R ST (6) AT LA 51 [A] 2 1%
ZERYE:
Die (1) =a,(e;(t) —e (1)) —m(¢)
Die,(t) = a,(e,(t) —e,(t)) = my(2)
Die,(1) = (a, = y5(1))e, (1) = x,(1)es(1) -
es(t) = my(1)
Die, (1) = (a, = y;(t))e, (1) —x,(t)es(t) -
e, (1) —my(t)
Dieg(t) = y,(D)e, (1) +y,(Dey(t) +
%, (1)e;(t) +x,(t)e,(t) —aze(t) —my(t)

(7)
IR RS TIS
[ Die,(1)]
De,(1)
Dje(t) |=
Die,(1)
LD/es(1) |
[ - 0 a, 0 0 ]
0 - a 0 a, 0
a, = y5(1) 0 -1 0 - x,(1)
0 a-y() 0 -1 —x(1)
Ly () y, (1) 5 (1) x()  -a ]
(e, ()] [-m(1)]
e, (1) - my(t)
e;(1) [+ | = my(1) (8)
e (1) -my(t)
Les(¢) 1 L-my(t) ]

[] 20 B A% O J IR B I m(e) o
BT BB AR Ltk R e kesE R ), fE T A
FIEa e PERE S



5511 3 BEARRHE BN Lorenz TR 248 104551 5 R 45 - 133 -
SEFE 20 R A (x (1)) AR AR B 2 10
F A Z :
(1)aij=—aij(i#j)- o -
(2)a, <0,i=1,2,,n(HPa, RENE), 2 5
M2 B AR R GE (2) FaE . R IEAE E 1R 3 0
i, ZIRERGFE, % 200 4}30 60 80 % 200 A}(\J]O 600 800
JIERA . 10 10
Ty 185 PREK : O(b\ﬁk
h(x(t)) =x (1) Dx(t)-ZaofSO (9) 4 ¥ -0
RURSEED 1WA 16 P R SR Z
ﬂﬂ%&ﬂ‘ E‘J?Eﬁ?ﬂ%g*ﬂﬂi%ﬂi;‘;& b{ﬁ lﬁﬁ/\éb _20 200 400 600 800 _300 200 400 600 800
T 2 N N
—D?el(t)_ .
Die, (1) s
Dre,(1) |= o
Die,(1) "
_D?es(t) ] 200 200 1]1\(}0 600 800
[ -q 0 ys(t) - a, 0 - y,(0) ] H3 RHiRZe ,e ,e,
0 - a 0 ys(t) —a, —y,(1) e,, e BN &R H
a, - y5(1) 0 -1 0 - x,(t) BE AR B ) SR HHE BB, B R G A B 2
0 a, - v5(1) 0 -1 - x,(1) A S5 Lorenz 5 G0 L 43 $U M & Lorenz IR R 48
L () (1) (1) (1) -1 (R4 ] 5 BE TR R TG A i e ) B i | I AR e 3
Cei(1)] 5 i R G5 A i P SIS R R SR S I A B TR i R
() éﬁE’JIEJbF A I UE T SCh RS A R ° A+
() (10) RGBT | 3 T4 FERC &k vk ST R SR 25
:(t) OB T — 2 B 5 1l
Les(1) ] %0k
BEEHE P o BAL X F AR A (1] WAk, 1 Hege, IR R0AL, 45, T 40 IR L A% 1 1R
R L, ) s s T[] LR S R ,2010,20(8) :133-136.
e ()'PDie(n)= sl ==aiel —adh —e —e =01 g e . — RS R (R30%
e <0 (11) RS [J]. HHEHLR TS ,2012,29(8) :3160-3162.
MR 2 IR E RS RE ., ML, S8 (3] TRmAAL, B 35T 20 09 o Y RO AR5 AR A8 6 ]
R Ler GICHCE R (] SHRAL L2011 ,31(4) :1019-1023.
m (1) = (a, +ay = yi(1) Ve, (1) +y,(1)es(1) (4] # S8, GMARLE 305 BRI RSB ET S
LB LA SR [ 1], SH AL AFSE ,2010,27 (12) 14612
m,(t) = (a, +a, —y;(t))e,(t) +y,(t)e, (1) _4614.
(12) [5] TEMZ%E, TXo0. &F—iiRl RES IR RE
W BT A AR N S BRI A T R AR LT YHAA,2009,58(3) 114671472,
2L 3 s [6] KIFIF, XM AR TH. B A Lorenz TRIE R G4 S I
D5 ZLL% FIUE T 7 5 ) 28 K 0 S AL ARSI O, 2013,62(22) 220505,
O A A (71w D 5B 30 012 R G0 00 IR D, 45 1 R0 ) 26 0 i 52
[D]. P54 . i FRHE K22 ,2005.
[8] Z& &, HE K W5 ARIMRIERS ORAH
4 LEFRIE

BT RGURRE MRS, S0l

7 PR BB [ B e St A B R [ ] LB
(T#% 138 ®)



- 138 - HEMBARS R R

06 &

SR KRR A /D RE R RE I (E, BRI T 15
I BRI o e — 5 R b Rl 1 R 5
ST B B M AR 8, BT U MMMR Bk % & 5 —1k
FIBRMEEATAT AR . LR EE AR, MMMR-TC 5
PEREE AT CM1 A CM2 {58 R | H A AR 5 1 3
e, J340, O B & F WA TOA Al =X, BE AR
WE T A WARE TS, 5ILA & TOA
TS AR E  MAE JUF-7E BT 05 10 15 W EE S L 2
A, R SR RS N B T R AP SR

SE Ak :

(1] Xrhse, REH, = U8 BREMIVRE KRG
FE(FEIO) [J]. A ,2013(3) :42-55.

[2] Wang Ping,Ruan Huailin. A method of indoor multi—path TR—
UWB localization based on Bayesian compressed sensing
[ C]//Proceedings of 2012 IEEE 11th international confer-
ence on signal processing. Beijing: IEEE,2012.

[3] Gezici S. A survey on wireless position estimation[ J]. Wire-
less Personal Communications,2008 ,44(3) :263-282.

[4] Guvenc I, Sahinoglu Z. Threshold—based TOA estimation for
impulse radio UWB systems[ C]//Proc of IEEE international
conference on ulira — wideband. Zurich, Switzerland ; IEEE,
2005 :420-425.

[5] Badorrey R, Hernandez A, Choliz J, et al. Evaluation of TOA
estimation algorithms in UWB receivers [ C ]//Proc of 14th
European wireless conference. [s.1. ] :[s.n. ],2008.

[6] Gezici S,Sahinoglu Z,Molisch A F,et al. A two—step time of

arrival estimation for impulse pulse —based ultra — wideband
systems[ C]//Proc of 13th European signal processing confer-
ence. [s. 1. ]:[s.n. ],2005.

(7] R RT3 538, B AT TBR LUy ik vl 58
W TOA Al THA [ 1], A5 %4k ,2008,29(7) :7-13.

[8] Guvenc I,Sahinoglu Z. Multiscale energy products for TOA es-
timation IR - UWB systems [ C ]//Proc of IEEE global tele-
communications conference. St. Louis. , Missouri;: IEEE ;2005 .
209-213.

[9] Tian Z,Giannakis G B. A GLRT approach to data—aided tim-
ing acquisition in UWB radios — Part I:algorithms[ J]. IEEE
Transactions on Wireless Communications,2005,4(6) :2956—
2967.

[10] Lee J Y,Scholtz R A. Ranging in a dense multipath environ-
ment using an UWB radio link[ J]. Selected Areas in Commu-
nications ,2002,20(9) ;:1677-1683.

[11] Chung W C,Ha D S. An accurate ultra wideband (UWB) ran-
ging for precision asset location[ C]//Proc of the IEEE con-
ference on ultra wideband systems and technologies. [ s. 1. |
IEEE,2003 :389-393.

[12] 5% kY58, 6T UWB (1 JC Lk £ I 25 190 26 o iy 1 2L
TOA i THE[J]. B fF2441,2007 ,18(5) :1164-1172.

[13] Maali A, Mesloub A, Djeddou M, et al. Adaptive CA—CFAR
threshold for non—coherent IR-UWB energy detector receivers
[J].IEEE Communications Letters,2009,12(13) :959-961.

[14] Molisch A F,Balakrishnan K, Chong C C,et al. TEEE 802. 15.
4a channel model - final report [ EB/OL ]. 2004. http.//
www. ieee802. org/15/pub/TG4a. html.

(E#&% 133 )

2014,34(7) :1915-1918.

(9] R, 7 BB IR T AR G0 1R 20 K H 7 F 2 36 £ v ) I
[D]. s W R B R, 2012.

[10] YuJ,Wu W,Wang C,et al. A stability control method of frac-
tional complex Lorenz system with time—delay[ C]//Interna-
tional conference on intelligent human—machine systems and
cybernetics. [ s. 1. ] .IEEE,2015 :464-467.

[11] Fowler A C, Gibbon J D, McGuinness M J. The complex
Lorenz equations[ J]. Physica D:Nonlinear Phenomena, 1982,
4(2):139-163.

[12] Luo C, Wang X. Chaos generated from the fractional —order
complex Chen system and its application to digital secure com-
munication[ J ]. International Journal of Modern Physics C,
2013 ,24(4) :1350025.

[13] Luo C,Wang X. Chaos in the fractional-order complex Lorenz
system and its synchronization[ J]. Nonlinear Dynamics,2013,
71(1-2) :241-257.

[14] 3530, 0 F iF 2B g —IRMR SR A & 6 [H

A[J]. PrEEAR,2009,58(9) :6039-6044.

[15] Mahmoud G M, Mahmoud E E. Complete synchronization of
chaotic complex nonlinear systems with uncertain parameters
[J]. Nonlinear Dynamics,2010,62(4) :875-882.

[16] X 7%, BR-bAe, BiE %, ge—IRIM RSB R D 5 1]
[J]. P3R4, 2003,52(7) :1595-1599.

[17] Wang X, Zhang Y,Lin D. Impulsive synchronization of hyper
chaotic a class of fractional-order systems[ J]. Chinese Phys-
ics B,2011,20(3) :88-94.

[18] EdbArT, EARKE, b H . Lurie TR 5 5 i ik w4 1l [7] 45
[J]. AR RIS A 2 4l . A AR 22 A, 2012, 46 (3) 1297 -
299.

[19] FEXoT, & W8 ERMERGN) LEEAL[T]. PB4,
2007,56(11) :6288-6293.

[20] WX 2. B AR Lt i 2R ST AR E PE RIS A R B 5E
[D]. i . FRAER 2 2014,

[21] Z&F XEZR, B AR BRI RS F L 5
SEHRLI] PTG ,2013,49(4) :245-248.



