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Absivact

In this paper, some of ployphase sipnature sequences for direct sequence code
division multiple access (DS/CDMA) system is proposed. The novel sets of
pol yphase spreading sequences is obtained Chrough the multiplication of the
plo yphase chirp sequences by some other binary aad polyphase sequences
suih as Barker & Willard binary sequence:,, generalized chirp-like (GCL) and
ort hogonal polyphase sequences, These se s of polyphase sequences are tested
using Matlab version 6.5.The sets shows v,00d correlation properties,
GIZL-Chirp polypaase sequence show the best performance and a better
e rrelation properties, for the length M=9, 16 & 25 which are under test, the
rormalized peak side-lobe levels of tle normalized auto-correlation function
iive 0.150.18 &0.15 for GCL-Single chirp, and 0.11,0.2980.21 for GCL-
Donble chirp respectively, On the other hand, the peak cross-correlation
naznitudes are 6,490.32&0.55 for GCL-Single chirp, and 0.50.38&0.45 for
GCL-Double chirp, respectively.

For the proposed new sets of GCL-Chirp ard the Medulatable Chirp -
polvphase sequences, there is ry limitation in sequence length, but for the
Baiker-Chirp and Willard-chirp, the length is limited according to the
fimitation of the Barker and Villard sequences length.
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Polyphase Spreading Sequences for DS-
COMA Wireless Application
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INTRODUCTION
In common operation of the

JPEG2000 still image
compression standard [1], the
encoder tiles the image into

blocks of n x n (n being a Code
division multiple access (CDMA)
may be considered as a
generalized method for access and
switching in  communication
networks., Code division is
applied for both link access and
node routing (switching) of the
user data. Thus, a swiltched
CDMA network may be formed
for the interconnection of end
users.One of the basic concepts in
communication channel 1is
idea of allowing  several
transmitters to send information
simultaneously over a
communication c¢hannel. There
are several techniques for
providing multiple access which
are Time Division Multiple
Access (TDMA), Frequency
Division Multiple Access
(FDMA) and Code Division
Multiple Access (CDMA).

In general, modulating a data signal
onto a wide-band carrier generates a
spread spectrum signal, One of the
most widely used technigques to
spread spectrum is direct-sequence
spread spectrum, in which there is a
certain code used to  spreading
purpose, this  sequence  code
generated has two main types binary
and non-binary sequences. In our
paper we used Barker, Willard and

the -
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Walsh-Hadamard binary sequence
codes as mentioned in section (2),
and for the non-binary sequences
{polyphase sequences) we used
modulatable  orthogonal polyphase
sequence and generalized chirp-like
(GCL)} polyphase sequence as
mentioned in section (3). Then by
multiplying the polyphase chirp
sequence by these sequences, we
obtained some new sets of polyphase
sequence with good correlation
properties as mentioned in section
(4). We can obtain other sets of
polyphase sequences by multiplying
other  binary and  non-binary
sequences by the polyphase chirp
sequence also they have show good
correlation properties.

BINARY SEQUENCES

There are many binary sequences
for example : m-sequence, Barker
codes, Willard codes, ‘'Walsh
Hadamard sequence codes. The
proposed new polyphase sequences is
cbtained by  multiplying  the
polyphase chirp sequences by the
Walsh Hadamard, Barker& Willard
codes.

a} Walsh Hadamard Sequence
Code
Walsh Hadamary hipolar

spreading sequences car. be used for
channel separation in (DS/CDMA)
systems, They are easy (0 generale
and orthogonal in the case of perfect
synchronization. However, the cross-
correlation  between two  Walsh
Hadamard sequences can  Tise
considerzbly in magnitude if there is
a non-z2ro delay shift between them.
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Due to their vey regular structure,
Walsh  Hadaraard sequences are
characterized with very poor auto-
correlation property [1].

The Walsh }ladamard sequences of

the length N; N=2" n=]2, are .fteq
defined usin; Hadamard rnatricss
H, , with

= i
H,= | 1)
1 -1 i
[HH
H,= { O )
|H-H,
The resulting marices H y are

orthogonal matr =25, e for every N
we have:

HNH.uT“T‘TLr,u seeeanaa{®)
Where, T1

Hadamard matrix of order N, and I ,,
'S the NaN urity
i’:-‘iﬂr]‘rpie, ff N‘-’;B.
HE T

v I8 the transposed

Far
Hadamard

miatrix.
the

(P1 L1 1

31 Penipedd o1
1 1-1-1 1 1.1.3
j1-1-1 1 1-1-1 %
1 r
IR E 0BT

1-1 1-1-1 1.1 |
L 1-1-1-1-11 1
(1-1-1 1-11 1

Take, for instunce, Wal(6,t), number
6 in binary is 110, which in bi
reversed  form  becomes 01 L
conversion 1o decimal form gives ns
that WAL(S,1) is in the ¥ row of the
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matrix and is thersfore given the
pulse sequence {1,1,-1.-1,1,1,-1,-1}.
For the series expansion of the
function {1} a Walsh series can be
wriilen;

L=t

F(t)=a, WAL(0.0= >

A=l

i Wima),
E.If .__]:"IT Jj-{‘_lr)ﬁ(:ﬂf{,i‘j,f -I'n’f e ‘"{4}
0

b) Barker Cade

Barker codes are short unigue codes
that exhibit very good correlation
properties. These short codes with N
bits, with N=3 to 3, are very well
suited for DS spread spectrum [2]. A
list of Barker codes is tabulated in
table (1).

¢} Willar<i Codes

Willard  codes  under  certain
conditiuns offer better performance
than Barker codes [2]. . A list of
Witlard codes is tabulated in table
(1),

The inverted or bit reversed versions
of the codes listed on table (1) can be
used since they still maintain the
desired antocorrelation properties:

POLYPHASE SEQUENCES

Several families of complex
spreading  sequences have been
proposed  with  some  of  them

éllowing for a good compromise
between autocorrelation {AC) and
crosscorrglation (CC) properties or
even achieving orthogonality in the
case of parfect synchronization. In
this paper we used two types of these
polyphase  sequences:  Generalized
Chirp-Like (GCL) sequence and
moduls able orthogonal sequence.



Eng, & Technology, Vol2d4, No.b, 2008

Modulatable Orthoponai
Polyphase SpreadingSequence

Suehiro proposed a set of (N-1)
arthogonal sequences of period N
which can  be used for an
asynchronous  spread  spectrum
multiple access (SSMA) systems.
However, these sequences are not
directly modulatable.

We propose a set of (N-1) readily
modulatable orthogonal sequences of
period N*, where N is a prime
number. The absolute value of the
cross-correfation  function between
any two of these N-1 sequences is
I/N for every nonzero lag. This
realizes the mathematical lower
bound for the absolute value pezk in
the cross-correlation function
between two orthogonal sequences.
Each of N-1 orthogonal sequences
can be modulated by N complex
numbers of abselute value | such that
each of the modulated sequences
remains orthogonal, The cross-
correlation properties  already
menticnad also are inherited by the
modulated sequence [4].

The resulting N-1 classes of
modulated  orthogonal  sequences
have the following properties:

13 Each class includes an infinite
number of modulated orthogonal

sequences of period N7,
2) The absolute value of the cross-
correlation function between any two
sequences in different classes is
constant and equals the lower bound
of the absolute value peak of the
cross-correlation function,
3) The cross-correlation function
between any two sequences in the
same class is 0 for every lag that is
not a multiple of N,

Let M is a natural number. An N-
dimensional normalized  discrete
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Fourier transformation (DFT) matrix
FN is defined as:

F o :” N [-[(I I ] ]J
Fy G =1V exp((-
V=1 )N)igi,)

where 0= N1,

0<f £ N-1. Then matrix F,, is
defined as :

F o ar =Ty o (ig.0)]

£ (ig.d )=l N exp(((-

N =1)N) iyi,)

(3}

where, m is a natural number,

An  M-dimensional
matrix B is introduced as

B=[b(i,.i}]

diagonal

Where the absolute value b{i,.i,) of
each diagonai element of B is 1, and
other elements are 0. The (i;.i,)

element of F ,, B is:
£y (g, (i .0, )=h(i i)/ N e
xp((2m+/—1 Nmi i, ) (6)

A sequence of length N? is derived
from the NxN matrix F,_B. Let ] be :

=1 N+,

Then 0<i<N® -1

The i eclement of a sequence of
length N°composed by linking N
rows ol NxN matrix
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Fo.Bisthe (i,.i,)element of F_B.
Let G be 2 sequence composed of
linked rows of —J'I F . B;then:

G = (g(i)
Gly= VN T, (g bligi,)

Gli)=h(i o1 Jexp(((2*7* v 1 YN)mi
oir) (7)

G is modulated by (i,, i,). which are
diagonal elements of B.

A perindic sequence of period
N obtained by repeating G is
madulated by the diagonal elements
of B.

For example, when N=3 & m=1:
[ 111
Fu=1/3 { 1w wr

[ | W W

Where , W, =exp(2av -1 ). If:

o oo =
a oo oS

The obtained period sequence is
{hmh J‘bi :hu:htwszhz W; ~bn-‘b1
W3,

b, W,}.

If B is a unit matrix, the obtained
sequence  corresponds o the
sequence without modulation.

And for (N?-1) sequence !
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' (1y=(1/N)exp(((2— 1 N7 Ye'(1)
”3\;51?!“!]:]_\] (83

where

a(iy=xp(((2m~/— L YN? Y(e(l] y+Nmi
)
and

(1, F={(e(i-), im)-(1/m)(modN)(j-
3
(%)

where,

[=j-i=1 N+, (10)

A matrix 4 is a cyclic matrix since
a(i,j) depends om only (j-
i(moduloN* )& A is a unitary
matrix, then

A=F_ AF,

A cyclic matrix A represents a
polyphase periodic sequence since
the absolute values of all its elements
ali,j) are equal. The periodic
sequence represented by A is also an
orthogfonal sequence because A is a
unitary matrix.

For example, when N=3,
b(0,00=W} b(1,1)=W,and

b(2,2)=W3, G=(g(i)) defined in
2q.(7) becomes

G = (g(1)

(LWL WLILW! LLW, W)

=1.

Matrix A is caloulated as follows ;
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According to the previous equations :

¢(0) = 0 (mod9),c(1) = 1mod¥),e(2)
=3{mod?}

m'=(-1fm ){modN}=2
=0,y =0,2"(2)=3

2 (=(1/3exp(((2x~=1 ¥O)c'(l1)
+3.21,1,))

G =(g'(y

= {1, WL, Wo w2 1w wi)

It is shown that (1/3)G’ equals the
first row in the obtained cyclic matrix
A,

The  auto-correlation for  the
modulatable  orthogonal  sequence
with the length N=9 s shown in
fig(l).

The GCL sequences are derived
from the Zadoff-Chu polyphase
sequences defined as :

a*=
for ™ even

1
"illr'l.qk I Tegk
} ’ (I
{wg“*'””-*“k , forN odd |

k=012,

q is any integer

-1
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In the above definition, W, is the

complex number of unit magnitude,
given by :

W, =expl-j2nr/N) , j=+=1 (12}

Where r is any integer relatively
prime to N. r is relatively prime to N
if the greatest common divisor for r

ENisl,ie({N)=1 .W,
represent a primitive N root of
unity, because (. W ,)" = |
W, not equal to 1.

Let {a, }, k=0,1..... N-1 be a Fadoff-
Chu segquence of length N=sm~,
where m&s are any positive integers.
Let {b,} , I=0,1,...m-1 be any
sequence of complex numbers having
the absolute values equal 1 . The
GCL sequence {s, } is defined as :

s, =a, b(k)mod m . k= 0,1, .. N-1
(13)

Where , (k)mod m means that index
k is reduced modulo m.

For example, when N=8§ m we have
that =2 & m=2 ., so from
eqs.(1 1&(13) the GCL sequence
{5, } will be :

{s,}={by,b, W™ b, Wb W" b
bW b Wb, W

Where , W=exp(-2mr/8) , j=/— 1 , 1
is any integer relatively prime to N =
§ , q=0 , while b &b, are arbitrary

complex numbers with magnitudes
equal to 1[7] .

As shown in the figures , the auto-
correlation for the following GCL
SEQUERCEs |
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GCL forN=19

[I 429 6/a9 -127/9 4%/9 0 -
6m9 4n/9  12m/9 )
GCL forN=16:
[1 7=f16 12®/16 150/16 -m -
17nl6 12016 Twf16 1 -9n/16

127/16 -n/16 -x

-wle 12rfle 23n16 ]

QCL for N=25

[1 Br/25 14n/25 1Bn/25 20m/25
-6m/25 -3 /25 14x/25 8m2s 0
~10m/25

-224/25  14w/25 -2a/25 3025 -
a0m25  -12w/25  M4af25 1225
107/25  -20m725  -27/25 14a/25

28m/25 Bw/25 ]

The figure ( 2 ) is the auto-
correlation for the GCL sequence
when N =9  the fig. (3 ) for N =
16,

3.3 Chirp sequences

Chirp signals are widely used in
radar  applications  for  pulse
compression and were also proposed
for use in digital communications by
several authors. They refer to
creation of such a waveform where
an instantaneons frequency of the
signal changes linearly between the
lower and upper frequency limits.
This is graphically illustrated in
fig.{4}), which presents the two basic
types of chirp puises and their
inslantaneous frequency profiles [8]:
We can write a formula defining =
complex polyphase chirp sequence
for the above single chirp pulse :

Bo*hy=exp(jnbn), n=12....N

(14)
bn=(n’ -nN)2N* (15)
and h can take any arbitrary nonzero
real value, fig(5-8) is the auto
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for the single chirp
for  N=13,16,32&25

correlation
s2guencs
respectively.
The main advantage  of chirp
sequences compared o othes known
sets of sequences, lies in that we can
casily generate the set for any given
length N, on the other hand, most of
the known sets of sequences can be
zenerated only for a certain values of
N . The values of parameter h for the
sequences can be optimized to

achieve:

l. Mmimum multi-access
interference (MAI) by
minimizing the mean sguare
aperiodic cross-correlation
(RCC).

2. The best system

synchronizability by minimizing
the mean square aperiodic auto-
correlation (RAC).

3. Minimum peak interference by
minimizing the maximum value
for the  aperiodic  CCFs,
ACCFmax, over the whole set of
the sequence [9].

A pulse is referred to as a chirp pulse

of the order s, if and only if the first

time derivative of its instantaneous
frequency is a step function with the

number of time intervals is equal o

50

j:_ F(0)dr =0 (16)

Then, such a pulse is called a
baseband chirp pulse of the order s.
As an example. a baseband chimp
pulse of orders 2&4 are shown in fig.
(9)&fig.(10), the presented pulses are
symmetrical[2].

The formula of the elements (d, ) &

(g, } for complex donble &quadruple
chirp sequences respectively are
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dn=

(2n MN-(n/N) D<n

(-2n /HGRMNI,  NiZan l
0 ; olherwis;%

(17}

The complex double chirp sequence

glements d™n are thercfore given by :

Dop=expijinhd | ho=1,2, N (18}
And corresponding to the chirp

pulse of the order 4, the elements g,

are expressed as:

qn=

(4n/M-(n/N)  ,  O<n
(-4n /N+(3n/N¥l . NMd<n
< (4n/MN-(5wN332, Ni2<n ;
| (4n N-(7Ta/N33 ,  3NMden
L0 , otherwise,
(19)

and the elements of the complex
quadruple chirp sequences are given
by :

Q" n=exp(j2rhgn}n=12,...N (20}
The auto-correlation for the double
and quadruple chirp sequences are
shown in fig{ 1t - 14 ) for
N=16,25,32.

Another class of higher order chimp
sequences, can be obtained i a
superposition of chimp sequences of
different order s is used to create

the complex polyphase
sequence[ (0,1 1],

PROPOSED SETS OF
POLYPHASE SEQUENCES

As shown in section{3), the single,
double and  quadruple  chirp
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sequences (B, Dnd&n) have good
correlation properties, but if we use a
superposition to obtain another two
sets of chirp sequences which are

Wn=exp(j2nic, bnt+c, dn)

{21)
Fn=exp(jlx (c, bntc, dntc, gqn)
(22)
Where , bn=(n” -nN}2N*
dee=
[ (2n N-(/N) D<n i
(-2n /N+(3n/N3l. N/il2<n 1»
| O . otherwise
gn=
[ {4n /Ny -(WN) 3 O<n
(-4n M+ BNl | Nid<n
< (4n /NY-(5n/NY3/2 Ni2<n
(4n M) -(Tn/N}3 IN/d<n
| 0 . otherwis

The new sets of polvphase sequences
obtained by multiplying these chirp
sequences by other sequences, which
have good aperiodic correlation
properties as follows:

a)Chirp - Sequence Multiplied by
Other Binary Sequences

In this paper Barker and Willard
sequence codes are used. As a result
of the multiplication process, other
polyphase sequences obtained with
different phases. Multiplying the
single chirp polyphase sequence (Bn)
by Barker code, the correlation
properties are hetter than multiplying
(Bn) by the Willerd code. but the
double chirp (Dn) and (Wn) by
Willard has  better  correlation
properties than that of (Wn) & (Dn)
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by Barker code, as shown in the fig(
15-18).

b}Chirp Sequence Multiplving by
Other Polyphase Sequences

In this paper modulatable orthogonal
sequence with the sequence lengthy
(N=9) and Generalized chirp-like
(GCL) sequence with different
sequence lengths ( N =9, 16 & 25)
are used :

On = Bn*Modulatable for N =9

On = Wn*Modulatable for N =9
On=Bn*Wn for N = 13&16

On= Bn*GCL for N = 9,16&25

On= Wn*GCL for N = 9,16&25

Sets of polyphase sequences which

have good aperiodic corrclation
properties  (auto  and Cross
correlation) obtained as shown in
fig(19-39).  The  values of
he,c.&c, are obtained by
optimization.

1. Tests of proposed sets with
the auto & cross correlation
functions

In order to compare different sets
of spreading sequences, a standard or
quantitative measure needed for the
judgment. They are based on the
correlation functions of the set of
sequences, since bath the level of
multi-access interference and
synchronization amiability depend on
the cross-correlation between the
secquences and the auto-correlation
functions  of  the  sequences,
respectively [9].

AUTO-CORRELATION AND
CROS5-CORRELATION
FUNCTIONS AND THEIR
PROPERTIES

Let us consider two complex

sequences {a , }, and {b_}, both
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having a period N. Their discrete
cross-correlation function R, (7 ) 1s
defined as :

N=]
R, (t)=Y a,bn: (23)
b

Where b, denotes the complex
conjugate of b .

The discrete auto-correlation
function R _{7) of the sequence(a
#1418 defined as:

Nt
R,(7)= D a,a @4

pi=il

Very often, instead of the above
unnormalized correlation functions,
their normalized equivalents are used

Nl
R, (7)=(IM) Y ab'ue (29

il

Ne=}
R, (7)=(IN) Y a,a n:

n=i}

(26)

The defined above discrele periodic
correlation functions have got several
useful properties, below is the short
summary of some of the most useful
of them :

1.The auto-correlation is an even
function of 1 :

R,(-t)=R_ (1) (27}

2. The peak auto-correlation occurs at
zerodelay: R _(MzR, (r). 720
(28)

3.The cross-correlation  functions
have the following symmetry :
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R .(r)=RK, (1) (29)
4.Cross-correlation functions are
not, in general, even function,
and their peak values can be at
different delays for different
pairs of the sequences. [9)

RESULTS DISCUSSION
Generalized Chirp-Like (GCL)-Chirp
polyphase sequence show the best
performance and a better correlation
properties, for the length N=9, 16 &
25 which are under test, the peak
side-lobe levels of the normalized
auto-correlation function are
015018 &0.15 for GCL-Single
chirp, and 0.11,0.2980.21 tor GCL-
Double chirp respectively. On the
other hand, the peak cross-correlation
magnitudes are (.49,0.32&0.55 for
GCL-Single chirp, and
0,3,0.38&0.45  for GCL-Double
chirp, respectively.

For the Barker-Chirp polyphase
sequence, the Barker-Single chirp
has the better correlation properties
than  the Barker-Double chirp
according to the cross-correlation for
which it is 0.4 for Barker-Single
chirp and 0.53]1 for Barker-Double
chirp sequence. On the other hand,
Willard-Double chirp has better auto
and cross-correlation properties than
the Willard-Single chirp, for which it
is 033 peak side-lobe auto-
correlation magnitude and 0.4 peak
cross-correlation magnitude and for
the Willard-Double chirp sequence,
the peak side-lobe auto-correlation
magnitude is (.22 and peak cross-
correlation magnitude is 0.32,
Finally, for the Modulatable-Chirp
sequence, the Modulatable-Single
chirp polyphase sequence has better
cross-carrelation properties which is
equal to 039, bur  for the
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Modulatable-Double chirp sequence
is equal to 0.62.

For the proposed new sets of GCL-
Chirp and the Modulatable Chirp -
polyphase sequences, there is no
limitation in sequence length, but for
the Barker-Chirp and Willard-chirp,
the length is limited according (o the
fimitation of the Barker and Willard
sequences length.

CONCLUSIONS

In this paper, sets of orthogonal
polyphase sequences are proposed.
The proposed sets based on utilizing
a polyphase chirp sequence. The
complex coefficients are obtained
from the superposition of base-band
chirp sequences and other sequences
like Barker, Willard, modulaiable
orthogonal polyphase sequence and
generalized chirp-like {GCL)
polyphase sequence,

The resultant polyphase
sequences can  be  optimized 10
achieve desired correlation properties
of the set. It can be considered that a
single  chirp-Barker  polyphase
sequence  has  befter correlation
properties than a double chirp-Barker
polyphase sequence, on the other
hand, the double chirp-Willard
polyphase  sequence  has  better
correlation properiies than a single
chirp-Willard polyphase sequence.

Modulatable-double chirp
polyphase  sequence  correlation
properties  are  better  than  the

modulatable-single chirp polyphase
sequence, GCL-double chirp
correlation properties for the length
M=25 is better than the GCL-singie
chirp, but for the sequence length
N=Y, GCL-singie chirp polyphase

sequence  has  better  correlation
properties than (GCl-double chirp
polyphase sequence.
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Table (1) Barker and Willard

codes

N | Barker sequence Willard sequence %

3 110 110

4 1110 or 1100

1101

5 11101 11010
7 | 1110010 1110100
L 11 11100010010 11101101000
| 13 | 1111100110101 | 1111100101000
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