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Optimal Chactic Binary Spreading Sequences for
Asynchronous CDMA Sysem
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(Department of Physcs, Xiamen Univerdty , Xiamen 361005 ,China)

Abstract :In order to expand the group of sequences and inprove the sysem performance of asynchronous COMA
communication , sudy on the characterigic of optimal cheotic sequence is conducted. On this base , ome crite
riaon sHecting greading sequences are proposed and inplemented to generate binary cheotic freading s
quences with optimal performance. Numerical smulation and datidica andyds show that these sequences are
nore adgpted for asynchronous CDMA sysem than conventiona Gold sequence.

Key wor ds:Cheotic gread gpetrum sequence ; Asynchronous CDMA ; Optimal binary cheotic goread goectrum
fLequence

[1]

, Rake (2] )

:2004 - 06 - 02
: (60076015) ; (A0010019) ;



2004 6

FOUNDATION SUPPORTED PROJECT

( Wadsh OVSF )
@ld  Kasam

CDMA

[13 10]

CDMA
[1]

[3.,10]

CDMA (41

CDMA

K BPSK CDMA
(AWQN)

() =n() + Y J2Pay(t - T

-+ be(t - Ty)ocos(wet + @) (D
N(t) No/ 2 =Dy
-7 'y, Ty=nmodf'«,T) 0T <T,a(t)
bx (t)
D
[0,2T] T« [0,TI(k#i) b,
+1 -1
[0 1.

SNR :{EJ’\Fk=1Z¢i |=ZN[2C2'('i ()

Ey

-u2
+ Gi(1) G (1 + D)) +2M}

5Ck 1C:i
N , No/ 2E,

(MAI)

o%:

CDMA

. 26 -

(2

03 = EJNEZ 3 2601 + Gi(D) Gl + D]
(€©)
Ak
, [12]:
ElC(D] = B 5 aafl] =0
E[Ck,i(|)2] = N-| I
E[C.i(% =0
E[Ci(D*] =3(N-| I1)?-2(N-| I])
(4)
3 .
E[04] :%QI:ZNE[zck,i(DZ]
- - - f 2 i 2
- 3N3 ZIZ E[ Ck|(|) ] + E[ Ck,l(o) ]}
var[04] :‘K—l%'N6 (6N - 8N? + 2N)
_K-1
~ BN® (6
N =127 ,K=30

E[04] + Jvar[04]
10 logio = 0.18 dB
E[04] - Jvar[0&]

G = ()= c()
ik, , ( co =1,

02 = -%ﬁzw §§(|) +2|sz0(|)0(| + 1)

I-N N- |
ct) =(- 0" =%

=012, ,N-1,r=22%./3

(3) [3]
-2N 2N

,  _WBK-1 ™. A fB(K-1)

Ohw TN N 2T eN



2004 6

FOUNDATION SUPPORTED PROJECT

(9)
N (N> =7),
2N 2N
_r - r
2N 2N o 1 9@
2B =1.
15, , 15 %
(8
[3.10] .
1
yj = /a G(x)

G(x) = _Z(- r)ijJ(x),x [-1,1],r=2

+./3, To(x)

[5 8]

(6]

(3) [4]

62 =L Z coc@  22%Ma0
Mo ¢ (02 C(0)?

C(0) (1) + C(1) C(0)
2C(0)?

Z[q(l) G(l+1) + G(l+1) C()]
+
2C(0)2

zéjﬁk:ze‘{1+2|§+ I3+ O(l13)} (12)

C(h= c((h= c();

v la I3

N-1

2y o c)
- Ce(0)2

]2 2 Z c() c(1)
“co) 7 C(0)2
=213+ O(l3) (12)
I3 )
l5= - 0.
K-1
25, 0.875 x "o
(8) ( 1),
o= - 0288,
3 K- 1 _ K- 1
2 XT3N 0-866x75y

optimal aperiodic auto-correlation

0.8
0.6|
0.4}

0.2

0.2

-0.41 . "
60 2 4 6 B 10 12 14 16 18 20
shift

1 ( 0 20)

(1) SRS L

(2 (11)
Cc(1) <

-0.2 Jz3=-0.25

3)
Qld

(4) 1,

.27 .



2004 6

FOUNDATION SUPPORTED PROJECT

(13 141 @ld Kasam
) MAI ,
Chebyshev mep
) Xo p
Xns1 = Tp(Xn) = cos(poos'x,), - 1< x <1
(13)
1,x=20
o (x) =
-1,x<0
@ld
(10
, 15 %
+ BER vs Users,Eb/IN0=22(dB},seq. length=127
10 T
L
10""r . ] : : : ]
107 ettt
-6 b * * *
107] o o’ 1
T 46 ot
g 107 s o ®
107} s’
*
10"' . ¢ 1
=10 &
10 .,
a1 sgoldseq.
10 H + :trmal chaotic seq
¢ ° random seq. expec.
Az . o optimal seq. expec,

10¢ 10 15 20 25 30
number of user

2 N=127 B/No=22 B
( )

. 28 -

95,756 ;
:348;
1227,
:56
O(l3) - 0.0171, I3 .
(12)
Xo p
Qld
3
®ld ,

.2 BER vs Users,Eb/N0=22{dB),seq. length=63

10
L3
e0 T et t ]
10—3( a7 «* +°
o .* ' ]
o -] . *
& oy '
o 10 3 e
w 5, ]
(i3] [ et
5 al ]
10| P
(- 3
SF L] :
1o, 2 optimal chaotic binary seq
: +optimal chaotic real seq.
167 *Gold sequence.
5 10 15 20 25 ae
number of user
3 CDMA
( Qld
B/ No =20 6B, N 63

CDMA
CDMA

Qld



2004 6

FOUNDATION SUPPORTED PROJECT

[1]

(2]

[3]

[4]

(5]

(6]

(7]

(8]

D SBroomhead , J P Huke,, M R Muldoon. (odesfor goread
goectrum gpplications generated usng cheotic dynamicd sys
tems[J]. Dynamics and gtahility of sysems, 1999 ,14(1) :95
105.

U Parlitz, S Brgezinger. Robug communication based on
cheotic goreading sequences[J]. Phydcs Letters A ,19%4
188: 146 150.

Chi - Chung Chen, Kung Yao , Ken Umero , e d. Dedgnd
Pread - Pectrum sequences usng cheotic dynamical sygems
and ergpdic theory[J]. IEEE Trans. Qrcuits and S/gems -
I, 2001 ,48(9) :1110 1114.

[3].
(7) :111  115.

Y Sobul , K Chady , Harry C S Rughooputh. Digtd cheotic
coding and noduation in COMA [A]. IEEE Africon 6th
(Vol.2) [C]. Oct.2002.841 846.

Q Zhang, Junli Zheng. Choice of cheotic greadng s=
quencesfor asynchrorous DS- CDMA[A]. Roc. o IEEE
Ada- Pacific corference on circuits and sygems[ C]. Dec.
2000.642 645.

T Kohda, A Tsuneda. Even and odd correlation functions of
cheotic Chebyshev hit sequences for CODMA[A]. |EEE 3rd
international sympodum on read gectrum techniques and
applications(Vol. 2) [C]. July 1994.391 395.

T Kohda, A Tauneda, T Sakae. Chaotic binary sequences by
Chebyshev mgps and their correation properties[A].

,1999 ,39

(9]

[10]

[11]

[12]

[13]

[14]

IEEE 2nd internationa symposum on pread sectrum techr
niques and gpplications[ C]. Dec.1992.63 66.
K Umero, K Kitayama. Sreading sequences usng periodic
orbitsof cheos for CODMA[J]. Hectronics letters, 1999 ,35
(7) ;545 546.
[J1. , 2003 ,43(6) :13 18.
M B Purdey. Paformance evauation for phase - ocoded
gread - Pectrum multiple - access communication - Part
I: sydem andyds[J]. IEEE Trans. Gommun. , Aug.
1977 ,GOM - 25:795 799.
H FA Rods, M B Purdey. Qorrddion parameters of rar
dom sequences and maxima length sequences for oread -
gectrum multiple access communication[ A]. |EEE Canad-
an Communications and Power Corference[ CJ. 1976. 141
143.
DV Sawae, M B Purdey. Crosxorreation properties of
pseudorandom and redted sequences[J]. Poc. o the
IEEE, 1980 ,68(5) :593 619.

L R Wedch. Lower boundson the maximum cross correl aion
o dgnds[J]. IEEE Trans. irform theory, 1974 ,IT - 20:
397 399.

(970-), ,

29 -



