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Interference Canceller Employing Subband Adaptive Filter for
the Spread Spectrum System with Narrowband Interference

Yoon Gi Yang*, Sang Uk Lee* Regular Member

ABSTRACT

In this paper, we propose a novel interference exciser, which requires less taps with improved interference

rejection performance. In the proposed exciser, the recently introduced subband adaptive digital filter (SBADF)!

is employed. It is reported that the SBADF shows improved performance to enhance the narrow band signals'.

[1]

Thus, it is expected that the SBADF also shows the improved performance to reject narrow band signals. The

computer simulations reveal that the proposed subband exciser shows improved SIR (signal to interference ratio)

as compared to the conventional exciser. The performance analysis as well as computer simulation results reveal

that the proposed exciser shows narrower notch bandwidth as compared to the conventional one, so the subband

exciser is more suitable for the narrow band interference rejection.

I. Introduction

The direct-sequence spread spectrum (DS-SS)
system can reduce the effects of the interference
signal by spreading and despreading the modu-
lated signal[3]. However,. in the presence of the
strong narrowband jamming signal, the interfer-
ence rejection capability of the DS-SS system can
be further enhanced by employing interference
rejection schemes, which are often called inter-
ference excision”®, Several techniques have been
developed for the interference rejection. The
transform-based techniques’” and the adaptive
transversal filter based techniques™®
popular schemes. Exciser with adaptive transversal

are the most

filter can reject the time varying interference with
well known adaptation algorithms™. However, the
transversal filter requites very long taps to excise
the narrow band interference effectively, since it
is hard to realize very namow notch bandwidth
with small taps FIR filter
tional transversal filter may excise the information

. Thus, the conven-

signals as well as the interference signals.
Recently, the subband adaptive digital filter
(SBADF) which employs subband decomposition

has been introduced’. One of the advantages of
the SBADF is that the SBADF can be easily
implemented by parallel processing. Also, the
subband structure provides less correlated signals
to the adaptive filters, compared to the conven-
tional full band adaptive digital filters (FBADF),
which enhances the convergence behaviors.
Moreover, it is reported that the SBADF shows
comparable performance as FBADF with reduced
number of filter taps™'®. Thus, in this paper, we
propose a novel interference exciser, which re-
quites less taps with improved interference
rejection performance. Recently, it is reported that
the SBADF shows improved performance to
enhance the narrow band signals. Thus it is ex-
pected that the SBADF also shows the improved
performance to reject narrow band signals. Not
only computer simulations but also analysis reveal
that the proposed subband exciser shows much
narrower notch bandwidth as compared to the
conventional one.

I. Narrowband interference exciser

In some communication environment such as
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military communications, the intentional jamming
sighal generated by enemy can significantly
degrade the communication performance. In many
cases, the jamming signal is narrow band such as
tone signal whose frequency lies in the passband
«of the communicating signal®., To alleviate the
narrowband interference, the spread spectrum tech-
nique such as direct sequencing spread spectrum
(DS-S8) can be employed. The direct-sequence
spread spectrum (DS-S8) system can reduce the
effects of the interference signal by spreading and
despreading the modulated signal®. However, in
the presence of the strong narrowband jamming
signal, the interference rejection capability of the
DS5-SS system can be further enhanced by em-
ploying interference rejection schemes, which are
often called interference excision™®. Fig. 1 shows
the schematic diagram of  the direct sequence
spread spectrum system with interference exciser,
The modulated information symbols are spreaded
by code pulse, and in the receiver the exciser is
inserted in front of the despreading circuits. Fig.
2 shows the interference exciser employing
B In Fig. 1 (b), the
received signal s(t), which is corrupted by strong

adaptive transversal filter

narrowband  interference, is inserted to the
integrated and dump circuits and sampled at the
Chip rate R.. The sampled signal xx, which is the
input signals to the exciser is modeled as "

xk=dk+ VCOS(QkTC+ €)+nk (1)
Spread
x{(0) _|BPSK data | BPSK dara | SPectum
4l Modulator * Modulator [
Pulse T T
Corrier wave Code Pulse
‘Waveform
(a) Transmitter
Decision
s(1) I ]
— ;:;@g;::; —"_»{ Exciser SE;W =
Duration
Narrowband Synchronized
interference PN sequences

with white noize
(b) Receiver

Fig. 1 Direct sequence spread spectrum system

where, de ne, V, R, 0, T, are the

spreaded  information  signal, white noise,
amplitude, frequency and phase of interference
signal and Chip duration, respectively. In Fig. 2,
the adaptive filter predicts the current symbol X«
using forward and backward input signals. More

precisely, the predicted input ¥,

xp= g}lanxk-ﬁ gla—»x“m @

where {a, a_, } is the two-sided adaptive
filter coefficient and N is the number of adaptive
filter taps. As in the adaptive line enhancer
(ALE), the output of the predictor is the
narrowband signals. In Fig. 2, the output of the
exciser y, is

Y = Xp— X

©)

i

%= ( glanxk-n‘*‘ glﬂ—nxhn),

Fig. 2 Interference exciser with adaptive transversal filter

where %, is the estimate of the interference

signal. Thus, the output of the transversal exciser
can suppress the narrowband signal”. The
optimum coefficient &%, %y, - ,a® can
be found by batch processingm or iterative

131

scheme™, The interference rejection petformance

can be evaluated by SNR ,.uammme defined as

SVR suommine = 5 @
Although, the transversal filter can remove most
of the interference, the transversal filter requires
very long taps to excise the narrow band
interference effectively, since it is hard to realize
very nartow notch bandwidth with small taps FIR
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filtler'. Moreover, the conventional transversal

filter may excise the information signals as well
as the interference signals, since most of the
finite adaptive filter shows excessive notch
bandwidth for the narrowband interference. Thus,
in this paper, we propose a novel interference
exciser, which requires less taps with improved
interference rejection performance. The proposed
exciser exploit both time and frequency analysis
of the input signal which will be detailed
described in the following section.

. Exciser with subband adaptive
digital filter

Since the introduction of the LMS algorithtn by
Widrow and Hoff, the adaptive digital filter has
been widely wused for wvarious applications.
Although the LMS algorithm is very simple, its
major defect is the degraded performance for
correlated  input  signals"'.  Hence, various
structures and algorithms have been proposed to
enhance the performance of the LMS algorithin,
one of which is the subband adaptive digital filter
(SBADF)™'?. Fig. 3 shows the two band SBADF
where x(n), d(n) is the input and desired signal
and Hy(z), H(2) is the lowpass and highpass
analysis  filter bank which is
implemented by QMF  (quadrature  mirror
filterbank)'?, The basic relation between H,(2)

and H (2 is

generally

H{(2)=H(-2). (3)

Fig. 3 Two band subband adaptive filter

In Fig. 3, |2, 12 is the 2:1 decimation, 1:2
interpolation, respectively. In Fig. 3 Fy(z), F,(2

240

is the adaptive filter for the lowerband and
upperband, respectively. The input for each
subband adaptive filter is po(n), »,(x) and the
desired signal for each adaptive filter is
go{n), q;(n), respectively. One of the most
important advantages of the SBADF is that the-
subband structure provides less correlated signals
to the adaptive filters, compared to the full band
adaptive digital filters (FBADF)™'%. Also, since
lower order filters at lower rates can be employed
for the subband signal, the computational
complexity is also reduced. Another advantage is
that the SBADF can be easily implemented by
parallel processing, because each subband filters
can be adapted independently. Also, different
adaptation schemes can be employed for each

[10}

subband, providing more flexibilities" .

Fig. 4 Subband adaptive interference = exciser
(T.=2T.)

Recently, it is reported that the subband
adaptive filter shows improved performance for
the adaptive line enhancer'”. More precisely, it is
shown in'" that the subband digital filter can
approximate an optimum filter with sharp
frequency response, which is generally difficult
for the conventional adaptive FIR filter with finite
filter taps. Thus, it is expected that the SBADF
shows improved performance for the narrow band
signal extraction. Fig. 4 shows the schematic
diagram of the proposed subband adaptive inter-
ference exciser. In Fig. 4, the 2-band polyphase
subband decomposition scheme is employed"”.
The polyphase structure is known as an efficient
implementation of the QMF filterbank depicted in
Fig. 3. The analysis filter H,(z) can be

represented by
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Hy(2)=Ez)+27'E (2D, (6)

which is known as type-I polyphase decompo-
sition. From (6),

H(2)=E2®)~z27'E (27, @)

We can find from (6) and (7) that there are
some common factors between QMF filter banks.
Thus, we can obtain efficient SBADF as depicted
in Fig. 4, where the required total multiplication
is N for N tap analysis filter bank [13]. In each
subband, the two-sided prediction filters depicted
in Fig. 2 predict and reject the interference
signals. Comparing to the conventional transversal
filter, the adaptive filters in cach subband operates
at a lower rate. Moreover, the prediction
capability of the narrowband signal can be
enhanced, since the SBADF has finer the spectral
resolution for each subband, It can be easily
inferred as in subband ALE™ that the subband
which do not contain narrow band interference
automatically transmit all of the information
signal. More precisely, the optimum filter for the
prediction filter satisfies the Wiener equation
given by,

3 Ai=Ra= D, l==Nw, =11, N 8

where r(m) is the comrelation function given by
m)=E{x x ;— ). )]

In the subband which do not has interference,
the input to the subband exciser is the spreaded
modulated signal. Since the spreaded signal is
assumed to be white, #{(m)=5m). Thus, the
optimum filter ¢ satisfy

10 = 0\( a?y 0

0 1 e 0 aa_psv.'.l

0
=|. (10)

00 = 1 aj'\f’ 0

Thus, the coefficients of the subband which
does not contain the interference signal converge

to zero, Thus, from (4), the output of the
prediction filter y, is the same as «x, . Then,
the subband which has the interference signal
predict and remove the interference signal. As in
ALEY, it is expected that the prediction capability
for the subband exciser outperforms conventional
fullband scheme, since it is more conyenient to
find and reject the narrowband component in
subband rather than in full band.

IV. Performance analysis

In this section, the performance of the subband
exciser is analyzed by employing the subband
correlation function'!, Especially, the frequency
response of the optimum subband exciser is
derived and compared to the conventional one,
The optimum filter for the conventional exciser is
presented in®. In this paper, the optimum filter
for the subband exciser is derived based on the
Pl Let the input signal to the exciser depicted in

Fig. 2 be
xi=d;+ Veos(@iT+ 6O +n, (11)

where 4, n, T are the spreaded information
signal with power 8, noise, sampling interval,
respectively, and V, @, ¢ are the amplitude,
frequency, and phase of the jamming signal,
respectively. The adaptive filter coefficients which
minimize the output error y, in the MMSE
(minimum mean squares error) sense converge to
the optimum filter 4" satisfying the Wiener
equation given by

k_ghof(l—k)azmzr(b, =—-N’...,_1,1'",'N (12)
where r(m) is the correlation function

(m)=E{x % ;—,}. (13)

In (11), since the spreaded information signal
d, is white, the correlation function r(m) is

Am)=(S+ oD8(m) + Jeos(mQT),  (14)
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where J is the jamming signal power™. As

shown inm, the optimum filter satisfying the

Wiener equation is

a? =2Acos(RQT), (15)

where A is

A= (16)
sm§2N+1).QT
2(S+d,,)+](2N 1"r «nOT

The frequency response of the exciser is

Hw)=e ™71~ k=_$ﬁa2"e"”’*ﬁ. a7n

The optimum filter for the subband exciser can
be derived with the subband correlation function,

Recently, it is shown that the subband
correlation can be derived by using fullband
correlation function™, Let us consider the 2-band
subband adaptive digital filter depicted in Fig. 3.
Let R,,(n),R,,(n) be corelation function for

the lowerband and upperband signal, respectively.

Then from',

Theorem 1:Let us consider 2-band SBADF in
Fig. 3. The autocorrelation function for the

lower band signal R,, (n) can be expressed

in terms of the input autocorrelation function
R (n), given by

Ry (m) =5 {cn) + d(n)), (1)
where

on) = R.(2n)

dn) = 3 Ruk=Dn—k  (19)

dm = 21

Similarly, the autocorrelation function for the
upper band input signal is given by

Ry (m) =% {clm) = d(n). (20)
Thus from (15)

242

Ry (m) = 4 ((S+02)&2m) + Jeos(2m@T)

+ 3 (St+ohsk-1)
+Jeos ((2k— DR D} m—~ k)}

Rop(m) = L ((S+o%)0em) + Jeos2m@D)  (21)

- 2 (s+odak-D)
+ Jeos (26— 1) QD) }(m— k)}

- 2 (=D"
Un) = r 1+2n °

By solving the subband Wiener equation
derived by (21), we can get the optimum
coefficients for the subband exciser given by

A—%#o Rﬂuﬁn(l_k)a?to
=Ry (D, I=—N-,—1,1,-N

k-ﬁ#o Ryp(I=Baf"!
:Rylp,(l), I=—N,-, -1,1,-,N

22)

Magnitude (45)
5

-25

-30

0 005 01 015 02 025 03 035 04 045 04
Normalized frequency

Fig. 5 Frequency response of the exciser based on
analysis

where #0422 are the optimum filter for

the lower and upper band, respectively. The
frequency response of the conventional and the
subband exciser can be derived by (17). Fig. §
shows the frequency response of the conventional
and the subband exciser, where the filter length
N=16, §=1, o=1, J=1, £=0.1, T=1.We can
find that the subband exciser shows narrower
notch bandwidth, Thus, it is expected that the
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=/Interference Canceller Employing Subband Adaptive Filter for the Spread Spectrum System with Narrowband Interference

subband exciser can reject less useful information
signals,

V. Computer simulation

In the simulation, BPSK modulated signal is
transmitted through Gaussian noise channel with
strong jamming signal. The Chip rate R_ is 4
times that of the symbol rate R. The spreading
code is obtained from the shift register output as
i After BPSK modulation, the information
signal is modulated by the spreading code and
inputed to the pulse shaping filter. The received
signal which is corrupted by strong narrow band
jamming signal is demodulated. To maximize the
output E,/N, ., the matched filter is employed
after demodulation. And the output of the
matched filter is sampled at the Chip rate. The
sampled signal is the input signal to the
interference exciser. In the simulations, the
conventional and the proposed excisers are
compared. Fig. 6 and Fig. 7 show the interference
estimation of each exciser, where the E,/N, is
0 dB and the E,/I, is 1.5 dB. We can find

that the prbposed exciser can estimate the
interference more precisely than the conventional
one. This results can be explained as in subband
ALE", That is, the SBADF can more ecasily
approximate narrow band frequency response than
the FBADF. To substantiate this fact, Fig. 8
shows the frequency response of exciser with 32
tap adaptive filters. We can find that the subband
exciser has sharper notch frequency than the
conventional one as is also expected in the
performance analysis. Now let us consider the
interference rejection performance as SNR ,ommin
defined as

e _Jomming signal power
SNR antionmina ™= “Espimation error power * 23)
Fig. 9 shows the SNR ,iummne fOT each exciser,
where the adaptive filter taps for the SBADF and
FBADF is 8 and 16 respectively, and 16 tap
QMF filter banks are employed for the SBADF.

We can find that the subband exciser shows 1-2
dB higher SNR ,,uimmine fOr almost every E /N,

ranges.

2 . . N " «
6000 6020 6040 6060 6080 6100 6120 614D 6160 6180 6200+

Samples

Fig. 6 Interference estimation with conventional
exciser ( E,/I,=1.5dB )

1.5 R . N R R . . L
000 6020 6040 6060 60B0 6100 6120 6140 6160 6180 6200

Samples

Fig. 7 Interference estimation with subband exciser
(Eb/lo=1.5dB)
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Fig. 8 Frequency response of the exciser with 32 tap
filter

243

www.dbpia.co.kr



AR =R '99-2 Vol.24 No2A

SNR.
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EWNO

Fig. 9 Performance of the exciser

V. Concluding Remarks

The subband which shows better
interference rejection performance than the con-
ventional exciser has been proposed in this paper.
As in the ALE, when the exciser input has very
natrow notch spectrum, the performance of the
SBADF generally outperforms the FBADF. This
framework of the SBADF can be applied any
other applications where spectral resolution is
important. Recently, the exciser with filterbank is
reported to have good performance'”, In [15], the

exciser

interference is rejected in time-frequency domain
employing filter banks. However, the rejection
scheme in [15] is not adaptive. But, the proposed
exciser employs frequency analysis using subband
technique as well as time domain technique with
adaptive filter. Thus, the proposed subband exciser
can be classified as an adaptive time-frequency
domain interference rejection scheme,
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