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Abstract

In this paper, a improved whitening
filter for narrowband interference rejetion
in PN spread spectrum communication systens
is proposed. This whitening filter has the
feedback from the output to the input of
adaptive transversal filter and is superior
to conventional LMS whitening filter in
respect to SNR and power spectrum since

the calculation of tap weight is based on

maximum likelihood estimation.

1. Introduction

The performance of a direct sequence
spread spectrum receiver may be enhanced
considerably by using linear mean square
(LMS) estimation techniques for suppression
of narrowband interference. This technique
is conceptionally accomplished by implemen-
ting digital whitening filter hm that is
egquivalent to whitening the received signal
(transmitted signal plus noise plus jammer)

Since interference as well as signal is
whitened the performence using LMS estimat-
ion is somecases inferier to that obtained
using other electronic rejection circuitry.
So new suppression filter suggested by the
form of feedback in order to whiten interf-

erence alone.

2, System model and signal format
The system considered is a BPSK spread
spectrum system shown in Fig. 1 and it is
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system model

assumed that the narrowband interference is
multiple CW interference and narrowband

gaussian interference and SS modulation is
(PN) method

. In a narrowband interference environment

accomplished by direct sequence

the received wideband signal can be ex?tes-

sed as

K™ Sk + 8t Nk

=k4R‘+§;Cn OUS(ZﬂékkA*fgk)‘*7k ()

where
5; narrowband interference
M« zero mean white Gaussian noise with a

variance 02
U information symbol

A modulated PN sequence
Cm
e

amplitude of narrowband jamming

sampling frequency of narrowband jamm-



ing

Qh phase of the narrowband jamming distri-

buted (=)

uniformly over the range
A* sampling interval
3. Ccovefficient Calculation
I1f there is no error in decision cir-
cuit of Fig.1, the equations to determine

the coefficients is expressed as
A [
€k = 2 C1Ew = GrCr
= é Ca ( Xiey = dut)
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where
{du} independent random binary data se-
quences
.
C=LC. .G =[G, C] @)
9(,'—‘[%.,--",9(.-;]-‘-[5#.9(’] “)
We choose that minimizes the sum of

A
squares of the deviation & - &, , that is
the mean squares of the

Je EltA-aY]

The resulting estimate obtained by setting

%%«r-o is
= Ry Uy 8
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The coefficients {C'} can be recursively

computed by using a form of the Levinson

algorithm.

4. Performance

A. Power Spectra
Power Spectra for whitening filter with
feedback is shown in Fig. 2 In this case

,the performance of a direct sequence(DS)
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spread spectrum receiver is enhanced by

using this filters assuming the number of
tones M is chosen to 100 and the order of

the whitening filter is 4.
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Fig.2 Power spectrum;SNR+—8dB,Cm-0.6.the

number of tones is chosen to be 50.

B. Signal-to~ Noise ratio

In SS system of Fig. 1, the correlator

input is

E.:%G, Xx-d« ) @)
assuming k=R, in ideal case, then
S=$E«Ph +B
= ?;‘él‘, QnPec CPen T Fun=Pum ) + B ®
The mean of L is
E@)= L. (o)
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E(BP) =8y “i . k=l ax
0 , otherwise
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E(Swn)=0 (1)
E (fon 5) = B2 0 cos Gradha (o) +68in)
=M pya} af + &5 os)
The variance of S is
V(S)=E(SD) - L
£ 1F FOGERRERS)
+ ERR) -
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Therefore
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The SNR of conventional 5S spread spec-

trum system is

. .
S = -
=T+« O
in the system without feedback
” |
SVUR= s Fad M rwafat )
since
= =§°Qu b (20)

Hense the performance is improved and
plotted in Fig. 3.

4. Conclusion

This paper has proposed a feedback whit-
ening filters that has the feedback from

the output te the input of adaptive trans-
versal filter and sheowed the SNR represen-
tation of this system. This filter can
effectively suppresss narrowband jammming
signals and has satisfactory performance
regard to SNR and Power spectrum. Although
the error probability has not derived in
this paper,it is also expected to be
improved because of whitening only jamming

component.
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Fig.3

SNR

comparison. (SNR versus The number

of taps )
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