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Abstract — Pseudo noise sequences (PN) are widely used in
telecommunications and for measurement purposes. In this
paper, cross correlation results of PN family codes: Gold,
Kasami sequences are shown. PN sequences have random like
properties that help in reducing the correlation among speech
samples. In Spread Spectrum CDMA system each user is
assigned a pseudo noise sequence for the purpose of spreading
as well as despreading. The maximal length PN-sequence (msequence) is the best-described PN-sequence whose length is
equal to its period. Various PN-codes can be generated using
Linear Feedback Shift Register (LFSR). All the results
presented here were tested and simulated via MatLab
programs. In modern communication systems, spread
spectrum is playing an increasingly important role day by day
due to its inherent advantages like noise immunity and also
due its practical applications like mobile communications in
CDMA. A comparison of PN sequence, Gold sequence,
Kasami sequence is studied. The SNR Performance of Gold,
Kasami & M-sequence of sufficiently long periods are close to
that of the purely random and independent binary sequence
of same length.

With the advancement of VLSI technology spread
spectrum CDMA system has now come up as a highly
emerging digital technology for mobile systems [11].
Spread Spectrum modulation techniques are defined as
those techniques in which the bandwidth of the transmitted
signal is much greater than the bandwidth of the original
message, and the bandwidth of the transmitted signal is
determined by the message to be transmitted and by an
additional signal known as the Spreading Code [13].
As there are complex channel conditions like attenuation
and interference, the PN-Code will often be received with
some PN-Code chips corrupted. A chip is a fraction of a
packet or even a bit. [2]. PN sequences are used as the
frame head to develop enhanced channel estimation (CE)
algorithm for Multiple Input Single Output co-channel
interference cancellation [3].
In this paper, m-sequences, Pseudo Noise sequences,
Gold sequences and Kasami sequences are discussed.
Pseudorandom sequences have been commonly used in
various fields like communications, navigation, radar
technology, cipher technologies, remote control,
measurements, and industrial automation [4]. The maximal
period sequences (m-sequences) and their decimations are
used to design sequence families with low-correlation [5].
PN sequences are streams of 1’s and 0’s [6].
PN Sequence Generator generates a sequence of
pseudorandom binary numbers by using shift register, as
shown in Figure1. The m-sequence generator is generally
constructed with linear feedback shift registers (LFSR) [7].
The PN sequence generator is generally made up of shift
registers with feedback [9]. By linearly combining
elements from taps of the shift register and feeding them
back to the input of the generator, a sequence of much
longer repeat length using the same number of delay
elements in the shift register are obtained, therefore these
blocks are also referred to as LFSR 10].Gold Sequences are
generally generated by the modulo-2 operation of two
different m-sequences of same length [8].
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I. INTRODUCTION
When transmitting information through insecure
channels, some method is used convert the intelligible data
into unintelligible form prior to transmission and this
process of conversion with a key is called encryption. At
the receiver side, the encrypted message is converted back
to the original form by the process called decryption [1]. In
DS-CDMA method, users are multiplexed by distinct codes
and all users use the same bandwidth. For de spreading
operation, the receive data should multiplied with the same
code in the receiver. So the other user codes in the same
frequency band must be uncorrelated with the desired user
code. This is the reason DS-CDMA codes have to be
designed so as to posses very low cross-correlation.
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The final section concludes and describes the future
scope of this work.
II. MATERIAL AND METHOD
To generate PN sequence, Gold sequence, Kasami
sequence MATLAB v 7.5 is used. A PN sequence is
generated by means of a linear feedback shift register and
is determined by the length m of the shift register, its initial
state and the feedback logic.
Firstly, NRZ encoder is used to get encoding data
streams. Polar method of encoding is used in this paper,
two other methods of encoding are Manchester & unipolar.
This data stream is used to generate m-sequence & then
autocorrelation of generated m-sequence is simulated &
measured theoretically. Then find autocorrelation of msequence by simulation. Autocorrelation also be calculated
theoretically.
Period of an m-sequence is defined by
N=2m -1
m- Length of the shift register.
Let c (t) is the resulting waveform of the maximumlength sequence. Period of the waveform c (t) is
Tb=N Tc
Tc is the duration assigned to symbol 1 or 0 in the
maximal-length sequence.
Autocorrelation function of a periodic signal c (t) of
period Tb is

Figure1. M-Sequence Generator Structure [16]

Autocorrelation and cross correlation of PN codes are
important functions to evaluate the performance of spread
spectrum communication systems [12]. The increasing
importance of application areas like cryptography and
spread-spectrum communications has led to an interest in
periodic correlation parameters for pseudorandom
sequences. For this kind of systems, there is a generation of
a noise-like signal. Most cryptographic areas need the
implementation of pseudo-random periodic sequences with
high cross-correlation properties [14]. Gold sequences
defer the minimum cross-correlation values that can
possibly expect from periodic m-sequences. Other type of
sequence defined is Kasami sequences which are set of
sequences having good cross correlation properties. Two
classes of Kasami sequences are there: small and large sets.
The small set of Kasami sequences are optimal sequences,
these sequences have better correlation properties
compared to Gold sequences [8]. The large set contains all
the sets sequences in the small sets [15]. The large set
contains more number of sequences compared to Gold
codes but these sequences have more correlation values
compared to Gold codes [8].
The remainder of this paper is organized as follows:
Section II presents the material and method of the designed
system for generation of m sequence, Gold sequence,
Kasami sequence and its autocorrelation in MATLAB.
Section III gives a detailed discussion on the results
obtained.

Where the lag τ lies in the interval (-Tb /2, Tb /2).Using
this formula autocorrelation is represented as

[16,17]
Gold sequences of length N are constructed from a
preferred-pair of m-sequences and the mod 2 sums of these
preferred pair of m-sequences.
Kasami sequences are obtained by decimating the msequence and performing mod-2 addition on cyclically
shifted sequences.
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Gold and Kasami have certain pairs of m-sequences of
length n where it exhibit a three-valued cross-correlation
function with values {-1; - t(m); t(m) -2}, where
t(m) =2 (m+1)/2 + 1 (odd m)
2(m+2)/2 + 1 (even m)
Resultant sequences are called preferred sequences [18].
Preferred sequences are utilised to produces many well
known families of binary sequences with good crosscorrelation properties like Gold and Kasami sequences.
In the same way, smaller set of Kasami sequence having
M = 2m/2 binary sequences of period n = 2m - 1, where m is
even, is generated [19]. The maximum cross-correlation
value for any pair of sequences from the set is
2m/2 + 1
[19]
III. RESULTS AND DISCUSSIONS
The resultant PN sequence & polar format of generated
PN sequence is shown in Figure2. This figure shows that
number of binary 0s are differ by number of 1s by one chip
only, which is the property of m-sequence. In figure, first
part shows generated m-sequence with respect to chip
index and second part shows when this generated msequence is coded in polar format. In polar format, output
is shown with respect to time.
Figures 3 & 4 show the comparison of autocorrelation
function of m-sequence simulated values with measured
values of autocorrelation function for different values of
lag. These autocorrelation plots shows the number of
agreements minus disagreements for the overall length of
the two sequence (one is generated m-sequence and other is
its time shifted sequence).

Figure2. Generated m-sequence & its polar format

Figure 3 shows autocorrelation function when the
polynomial is x3+x1+1.This figure shows that for
autocorrelation functions increases or decreases linearly
with the lag so autocorrelation function is triangular.

127

International Journal of Emerging Technology and Advanced Engineering
Website: www.ijetae.com (ISSN 2250-2459, Volume 2, Issue 11, November 2012)
The increase in the degree of polynomial demands for
more number of shift registers cascaded linearly as shown
in fig 1.The above result shows that as the polynomial
degree are increased the Tc (chip rate of sequence)
increases rapidly thereby increasing the frequency
spectrum which in turn generates spikes.
Figure5 shows cross correlation and autocorrelation of
two different generated gold sequences (codes).In the first
part of figure, cross correlation of two different generated
gold codes are shown. In the second part Autocorrelation of
Sequence1 (0 0 0 0 0 0 1 1, 1 0 0 1 0 0 0 1) is shown & in
the third part Autocorrelation of sequence2 ( 0 0 1 0 1 0 1
1, 0 1 1 1 0 0 1 1)is shown.In each sequence number of
codes is 2 having code length 8.

Figure3. Comparison of theoretical & simulation values
Of autocorrelation for N=3

Figure5. Cross correlation & Auto correlation two Gold Codes
Figure4. Comparison of theoretical & simulation values
Of autocorrelation for N=6

This figure shows that Gold codes from different Gold
code groups have bad correlation properties, even when
synchronized.
Figure6 shows the cross correlation for small set of
Kasami.

Figure 4 shows autocorrelation function when the
polynomial is x6+x1+1. This figure shows that when the
degree of polynomial increases autocorrelation function
gives spike values.
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