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Abstract

Artificial Neural Networks are employed for demodulation of spread spectrum
signals in a multiple — access environment. In fact, the conventional matched filter
receiver, when used in multi-user system, suffers from the interfering signals, so that
when reducing this problem, we need to make the receiver in optimum state. This
receiver is too complex for practical use. Two simple structures employing multilayer
nodes are produced for demodulation of spread-spectrum signals. The Neural Networks
are trained for the demodulation of signals by using back propagation type agorithms.
A comparative analysis of the two receivers, the conventiona and that employing
Neura Network, has been presented.
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1. Introduction

Multiple accessing in the code
domain is achieved by spreading the
spectrum of the transmitted signals using
reassigned code wave forms (1).

The definition of spread spectrum
may be stated in two parts:

Spread  spectrum
transmission in which the data of interest

is a means of

occupies a bandwidth in excess of the
minimum necessary to send the data.
The spectrum spread is accomplished by
means of a code that is independent of
the data sequence.

The basic modulation techniquesused in
the spread spectrum system are as
follows:

- Direct sequence (DS) modulation

- Frequency hopping (FH)

- Time hopping (TH)

- Pulse— FM

- Hybrids form (2)

System description
In the multiple access network of

interest, transmitters are assumed to
share aradio band in combination of the
time and code.

One way of multiple accessing in the
code domain is spread spectrum, which
is a signaling scheme that uses much
bandwidth than necessary for agiven
datarate.
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Let us assume that in a given time
interval, there are K active transmitters
in the network.

In a generad CDMA system, the
signa at a given receiver is the super
position of the K transmitted signals in
additive channel noise (3):
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Where
2P+1 : isthe paket length .
BK @ : The K™ user information bit in
the ™ interval .
K:12,....K
n/t : Additive channel noise
SK (1): The modulated signal wave form
of the produced neural net of multi-user
detector. We present the gpplication to
binary (DS) direct-sequence signals. So
that:

S.0= 4,Q.OCOSG 1-p).... )
dk : signal amplitude
Wc: carrier frequency

k. The phase angle

Ak: Time— limited code wave form

LA | kv .
a WXy a =) ()

Where
a®  {=1-1} :isacode symbol

7t (t) : Theunit rectangular pulse of
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duration TC
N: The length of spreading sequence

T=NTc.oorviien... (4)

3. Neural net receivers
We employed Neural Network for

classifying different signals in both
synchronous and a synchronous for the
neural net receivers considered.

(A): One for demodulation of the signal
of one user or several users. These
configurations are shown in Figures 1
and 2.

(B): The other for demodulation of
signals of several users in the presence
of interfering users.

These configurations are shown in
Figures 1 and 2.

From Fig. 3 we employ a feed-forward
Neural Network with continuous input
values. These networks consist of an
input layer of nodes, one or more layers
of hidden nodes and layers of output
nodes. Each node in agiven layer is
connected to all the nodes of the next
layer.

Therefore, in aL- layer protection, the
O/P of the (I TH) node of the (L

TH) layer takes the vaue:-
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M_ = No. of nodesintheL TH layer.
W;® = The weight associated with
connection between the J' node of
the L-1°" layer to the I"" node of the
L™ layer .

Wo ™ : Threshold

Non linear ties which are commonly
used for the activated function G (.).
W, :j THinput tothe network .
Mo : Thetotal No. of inputs.

Samgler (n+[)Te

t mv——@—E}-—-}
|

Cos [ wie )

R | %epral u
N hi

Figlt)
Strusture of mearal Bet ovlts use receiver for gizgle - we demodulstir

T bl

=

(AL e

By —

HAAR

i—-—l-l;k

]

Figit)
Sructerg af nezeal Net malti-user receiver lor maltiaser demadulation

|

Fig(1}
At = Layer grerepirin



IJCCCE.No.1.V0l.5.2005

research, the multi

layer
perception was trained to demodulate

In our

spread spectrum signals. The training is
an interactive process of modifying
weights and thresholds to minimize an
error function.

The back-propagation algorithmis
training algorithm that has been applied
to many classifications that minimize an
empirical error function; the error
function is defined as the sum of errors

due to each exemplary pattern:

E.,(W_]:Zn - —— (6)

At any step the interaction in the weights
is in the direction of the negative

gradient of the error:-

a |:l“.|' AR (7)
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Where the initial values of the weights

and WJI ) (O) are chosen to be some

small random numbers.

Numerical Results

The performances of the conventional
and Neural Networks receivers are
compared. Consider demodulation of a
single user in a synchronous twp-users

with near— far problem where :-
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Ez/ El =6dB
Spreading sequence a¥ = (1,1,1)

+ad?=(1-11)

Length N=3

Two-layer is employed with three input
nodes, three nodes in hidden layer and
one output node, so that the average bit—
error probabilities of the two receivers
(conventional, neural net) are plotted
versus the (SNR) of the first user

(SNR1):
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Fig. 4 Show theerror probabilities
versustherelative energies of two

users (Ex/ E1) :-
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SNR1
Fig.5

Fig. ( 5 ) Show the relation between
the average rate versus the length of
the training period for thistwo — user.
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The performance of the conventional

receiver (matches filter) is very sensitive

to the strength of the interfering users.
The error probability of Neural
Network receiver is independent
of the strength of the other users.
The performance of the Neural
Network receivers comparable

to that of the optimum receivers.

The training can be terminated
after approximately 500

exemplary input.

For demodulation of information

bit, the Neural Network receiver

] relies on parallel computationin
a1 —
] X each layer which implies
j Malch RlLer
5 - constant demodulation time
: 001 2 xl . .
= : complexity and exponential
E _;"’ ‘ hardware complexity in the
0.00) A diin number of users.
" 6.Reference
RS e i A ¥ M vy o
£2/E1 1. Chun Fu, “Near-far resistant

5. Conclusions

We considered the near—far problems
of demodulating spread— spectrum
signals in multiple access. The following
points are deduced:
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