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Noise Reduction to DCSK Communications System Using WLS-SVM

LI Xiao-Dong HE Song-Bai LI Chun-Guang YU Jue-Bang
(College of Electronic Enginecring, University of Electronic Science and Technology , Chengdu 610054)

Abstract This paper proposes a noise reduction method to DCSK communications system using weighted least square
support vector machine (WLS-SVM). Noise reduction is achieved by first using a LS-SVM with the transmitted chaotic
signal and, then associate weighting values to the error variables based upon the resulting error variables from the first
step. Computer simulation of the noise performance shows that the noise reduction technique improves the overall noise
performance compared with theoretical noise performance of DCSK Communications system.

Keywords Support vector machines, Least squares, DCSK

1 5|87

AR, BMEEREZFBANTRT X B T 4% 5
B F 7 1R MR R ik o L CSK #1 DCSK B4
I EFRERE LY, BRRMGESELS INPERSH
HREHPES, REEESHMERS T MEERAE ™R
T, I THEBENEERKNERE, TRERTEDT R
{EHEEBREE-.

IR TR BHL(SYMYE D # 2 W 4 F 81— 6
FIBB SRR A/ MERY B REE IS,
75 (8 1 & GO AR R AL B EE A7, LA Kol $d 72 00 )R Bk /N B
LTI T Ak LR v ad ) B ey Al S DA R B 1 2
il b FARR A T AR, Bt — IR SRR
BRSPS — PR D HFIE 2 R A SR £ L, 85
WAL R = 6 LR o0 . IHXBYINEST T
BERM—AEE LB E LRI KR 5
FEEBETINHERWTE AT E LT ERTEN M
EVNGRER B0 07, X 8K 55 B S b 9] B 1 SR 4 BB o
K09, BN L EABULASSVM A M RERY
WARAF R TN T B 15 R B L IR B YA K
f#—~ Karsh-Kuhn-Tucker (KKT) £ #E A R H), R #
75 %2 4 T LA R M0 A B B ik AR AR, IR T AR AR X R N
B2, AAEBRELRRENEIAMGNEET , &/ 5t
HreRBA T LIRS R, RE LB EFEARERE.
B, BAT T S B/ e S R B YL R R BE R AT A
B THRZE, REBE MR ERNSE I S A SRS -1
IR E RN 2R Bk AR B/ A s 3 AT 15 3
HREE B EM AT,

R, R AT B E SR A EE (DCSK) &4,
R R R (AWGND F IR 6L F HE MUY 71 59 £h 31+

OBRTREREEFEN YL ERY. FRE
* 142 -

BEE, 3 FRER R, BEC KPR, ERERDT
RBAR BWIRMER S B3R T WA R E B
T BUE BRSO IR AR, R A A/ N — e i R B
PFLCWLS- SVMD XHEW AR S A7 i ATTABIRER Y B .

2 DCSKBHEERS

DCSK RAHER G 1 fin. 1 K17 B B ] R vl
&5 m MADIEH G, WH BT MMEEEE b R WA
BIRHEES . RA—MOBEHERN ma = fm) L4
BHG RS, B

—Flz(m,ﬂh(). 3H—0.5, —0.5<m,<<—0.3

1

My = 0.6™ —0. 3<<m,<0. 3

— 55 (m—0.3)+0.5,  0.3<m,<0.5

¢V
FHEMESHEERFES B _HAIRERES, IR &%
“17, NEEESSEZFESHEL ZR 07, NEEES 5S
EESHE. 2N AT ZHEFS AT EHRERE
SRR Y SRR T, WITESE £ A LA AR 805 & e
Z), RAE BT LUARTR A

My s E=2NU—D+1,2NU—D+2,--,
o= ZNU—D+N @
pmy—ns k=2NU—D+N+1,2N(/—D+
N+2,+,2N + {

Hpp={(—1,+1}, REFESHELFESH, E0FZ &,
WIES re A
T‘Iz=$k+'uk &Y

PHE, A, EERIST AT R G e MG GEEE S AR,


http://www.cqvip.com

He o, BANE D HEEEAWGN) , HIERN 0. FER
No/2, DCSK EEMMmAREIE2EES SBIEESH#T
MEEE. MR EENE RN .

2NU-1)+N

= > Tel kN 4)

=
Y k=2N(—1)+1

RS

D000 http://www.cqvip.com|

v RIE Ul K 25 S AR 17 SR L WK R
“O”e

WLS-SVM * #|
K OnFinta®

Bl DCSKEBEMBEEREAKER

3 WLS-SVM &% # DCSK =146k

TESE [ LEAF RARABIEE & NS %) RIS S8

r;.:m;'{-v; (5)
Hep b=2NU—1)+1,,2NU—D+N,2N(U—D+N-+1,
...,ZNZ

B E ST B R YEBE mar = f(m) P M B BIRME S X
FRENECMH, WAE N SVGBIEREEN (1,

m Ve B

M r rs ry m
m
ry rs re oo 2
m
rs T rs i 3

43 Fie+1 Fet2 ra;+h—] my

rN ory ry —
2 S+ 5 +2 rN—1 |

mx
5

Her, eRY AEEHHEE S THRERMES, m, ERAE
IR RMFT] . BB BT d kgt

N
wm;r}] (w,e)=%wTw+%yi§e? 6

18548 m, =g (r, ) +byj=1, . N/2 M
HPHEGIRE ¢ (=m,—m)) ER, WB R 6€ R, o #
wC RY% ,Bhlt o( ) = RV R 5 A5 @it B — 1B 4
Rz 1],
B XCPIAE B H I

N
z
L(w,b,e;a)=](w,e)‘=21ai {wleGr)+bte—m} ()

HYhiEBIH T w €R.
BB TRA S

N
L _ _Z
%——O—»w—l;la;(p(ri )

a; =0
(€:))
aL N

a—&=0—>m=)’en1=1,"',—2—

g—L=0—>wT(p(ri)+b+e,- —m;=0,i=1,,
a

EERXPHE wie AIH{

N
2

0 1 1
1 ﬂ {OZI
1 al=|m €Y
0+ yl
1

ORI FRIEEE R, BB W LUEACRE, Hth
m=[m, ,"'9”&2‘4]!&:[(11 ,'-',aLZ\J]& £2 z(p(ri)T(p(r; )yi, =
1,--,N/2.

i Mercer 8, % RBF B oB¥ K(rivrj) =exp{—

fri—ri I3 y
p b, #18

K(rir)) =0 Te(r;) (10

MM RO, FRER—HIGHIEL T ZERIER
ERB BRI SEE (o) RERBRE e =a/yER. 3
REFRFE— MR v ATHORGH B

1 le/s| <y
wm= 2:%"‘/5—' a<lea/s|<c ap
C C1
107" Hith

Hep s HiRZET R e WIFHEE, BB o Ao @FEN o=
2.5,¢c, =301
EHE B R B KD
minJ (.8 = 5"+ S vt
#18 mi=wTo(r) +o+e
FIRREI HIAE N .

az
as

N
~ e~ ~ - 2~ - -
L(w,b,e;a)=](w,e)—k§1a,,{wT(p(n)+b+e,,‘mk}

14

AL A4 F R AT 15

0 1 aee 1

] b 0

a+v, {a:| = {m:| 15

1
qu V,—dzag{my ’Y’Uk’ ’YUN/2}° mu LS‘SVM&@H’J
fltiitE R

,;z(r)=z\?1&,~K(r,ri)+b" (16)
H o b HAORME. Hitk, it WLSSVM B S5 , B 17
AR, E MR DCKEEMBUHXEZAER

« 143 -


http://www.cqvip.com

NU—D+T

=X mwmuy an
E=2NU—-D)+1 2

4 {FESH
mABRSEMmE R (D E - HBHES, XA WLS
SVM BT B 2 A T HETER.

08~

o4 ) ' 4 A ¢

ozt

- BAGSEIE
— ZHRREEY

Frs

8 10 F » B R

B2 WLSSVM 3t &RIBHAES m #9E I HOL

DCSK RGBS e/ vEfiE By (18) s ™, Jvp BT

S AR R ), IR NS SRR F ER) R EMERT,
BT 5§ FHEFHEIEL.

E, .
1 B ew NG s,
BER=2T.7€ 2Ny %, 7 . 4\:_4‘ ?Ci+tgr—1 (18)
=0 1! S=i
10°,
10.';: - ~ i
1c?,
10°,
o« :
u .
107,
10°;
o Nonoise reduction
107 . . LS-SVMnoise reduction 7
: Spread factor=10
107 e
2 4 6 8 10 12 14 16

SNR (dB)

B3 §HETFR 10 MR HERERT L

BAIEEEERN Koy =expl— | n—r 1§/},
EEY HET R 10 20, PE— P HERAMPNIERES
BeA 8 10 1 20, 57 A LS-SVM B #: XM W e s T 345
ST AITHER AR LS MITHXEE, HIE1BR A
EFEF ., EARMAERESNRWIER T, HEVL ES
HH 7 P AR R B i O R A 4 R AN R SR FR B O B R S PE AR
A 3 FfE 4 Fis.

it 7 DCSKIRMEME ARG, AR E D X
HEBYL(WLSSVM) RY3ELR MG 687, 3T 8 AWGN 7S
FHOBEMEESHITHE T, A ITHERBBRESHITHX
BEMAR., HEVEER, N WLSSVM BgE 3

. 144 -

D000 http://www.cqvip.com|

f& \DCSK RGeS HE R RINE .

10

11

12

13

14

- No noise reduction
10°. + LS-SWM noise reduction
Spread factor=20

2 4 6 8 10 12 14 16
SNR (dB)

B4 P5ETR 20 BIRAHERERT

& % X W

Parlitz U,Chua L. O, Kocarev L., et al. Transmission of digital sig-
nals by chaotic synchronization. Int. Journal Bifurcation Chaos,
1992. 973~977

Dedieu H,Kennedy M P, Hasler M. Chaos shift keying: Modula-
tion and demodulation of a chaotic carrier using self-synchronizing
Chua’s circuit, IEEE Trans, Circuits and Systems II, 1993, 40.
634~642

Kolumbdn G, Vizvari B, Schwarz W, Abel A. Differential chaos
shift keying: A robust coding for chaotic communication. In;
Proc. NDES’96, Seville, Spain, 1996. 87~92

Kennedy M P, Kolumbdn G, Kis G, et al, Performance Evaluation
of FM-DCSK Modulation in Multipath Environments. IEEE
Trans, Circuits and Systems 1,2000,47;1702~1711

Kostelich E J, Schreiber T. Noise reduction in chaotic time series
data; A survey of common methods. Phys. Rev. E, 1993, 48.
1752~1763

Jako Z,Kis G. Application of noise reduction to Chaotic communi-
cations: A case study. IEEE Trans, Circuits and Systems 1, 2000,
47:1720~1725

Feng ], Tse C K,l.au F C M, A Neural-Network-Based Channel-
Equalization Strategy for Chaos-Based Communication Systems.
IEEE Trans, Circuits and Systems 1,2003,50;: 954~957
Mukherjee S, Osuna E, Girosi F. Nonlinear prediction of chaotic
time series using support vector machines, In; Neural Networks
for Signal Processing VII; Proc. of the IEEE Signal Processing
Society Workshop, Amelia Island, FI., USA,1997.511~520
Muller K R, Smola ] A, Ratsch G, et al. Predicting time series
with support vector machines. In; ICANN'97; Proc. of the seventh
Intl. Conf. on Artificial Neural Networks, l.ausanne,Switzerland,
1997. 999~1004

Suykens ] A K, Vandewalle J. Recurrent least squares support
vector machines, IEEE Trans, Circuits and Systems 1, 2000,47.
1109~1114 .

Suykens J A K, Vandewalle J. l.east squares support vector ma-
chine classifiers, Neural Processing Lett, ,1999,9(3):293~300
Suykens ] A K, Brabanter J D, Lukas L., et al. Weighted least
squares support vector machines: robustness and sparse approxi-
mation. Neurocomputing ,2002,48:85~105

Kolumban G. Theoretical Noise Performance of Correlator-Based

Chaotic Communications Schemes. IEEE Trans. Circuits and Sys-
tems 1,2000,47:1692~1701

WEE,BREE, AR SE T EEROREER. B R,
2002


http://www.cqvip.com

