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The performance of direct-sequence spread spectrum(DS-SS) receiver may be enhanced by using

the digital whitening filter. In this paper, the hard limited feedback whitening filter that whiten the interference and

noise alone is proposed to obtain the additional resistance to narrowband interference. The recursive solution for

the calculation of tap weights is presented and the expression for SNR and BER is derived and compared with the

conventional digital whitening filter. As the result of computer simulation it is proved that the error performance is

improved considerably.

1. INTRODUCTION

This paper is concerned with the bandwidth sp-
reading techniques wherein a communications sys-
tem utilizes far more than the minimum required
“# Though this
large bandwidth may be devastating to

bandwidth for information transfer'!
spectrum

conservation, the performance benifits obtained wi-
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th spread spectrum for outweigh the cost in band-
width for many applications. Some of these appli-
cations are anti~jamming, multiple access communi-

. 3 ~(6t
cations, f 6.

message privacy and navigations

Unfortunately not only are these systems hard
to implement but also the possibility of demodula-
tion errors degrades considerably in the presence
of narrowband interference, partial band interfer-
ence, and jamming, and due to design errors re-
sulting in correlation loss and synchronization loss.

SAW and

efficient synchronization circuitry, should

The recent advances in SAW devices,
devate

much of the implementation and synchronization dif-

17,8

ficulties However these remains the question

of more efficient method to reduce the demodula-
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Fig.1 PN spread spectrum communication system

tion errors in a spread spectrum (SS) channel wi-
th severe interference {(or jamming).

Narrowband interference rejection is achieved by
either increased processing gain or electronic signal
rejection. Since the increased processing gain de-
crease the bandwidth efficiency, several authors
have applied digital whitening filters to reduce de-

. . . @ 4o,
modulation errors in narrowband interference™ "

bl

ference suppression are equivalent to whitening the

signal, noise and jammer. Since interference as

well as signal is whitened, the performance is so-

mewhat inferjor to that obtained using other elec-

However, the most common methods of inter-

tronic rejection circuitry.

In this paper, the digital whitening filter  with
the feedback from the hard limiter will be used in
order to whitening interference only and the con-
ventional and feedback digital whitening filter in

different jamming situations will be compared.
2. ANALYSIS MODEIL

2.1 System Model

Our model under study is illustrates in Figl.
For convenience, the system is partitioned into
three major elements . transmitter, channel and re-

ceiver,
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(b) Feedback digital whitening filter
Fig 2 Digital whitening filter

(a)

|

fr_Rd j
(c)

Fig.3
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Spread spectrum transmissio

a) Data signal (information},
b) Transmitted spread spec

(
{
{¢) Received spectrum,
(d) Despread spectrum,
{

e) Transfer function of the

In the transmitter, the data signal (information)
dy(t) is a sequence of rectangular pulses of du-
ration 7. The k-th pulse has amplitudes d, (t)=
U for nT<t=(n+1)T where Ue{+1 —1}.
This data signal is spread by a code waveformP,
(1) using the exclusive-OR gate and then is pha-
se modulated shown in Fig1 (a).

The [-th code pulse has amplitude Py (t)=P
for [ T<t=<(l+1)Tcwhere Pe{+1 —1}. It is
assumed thet there are N code pulses in each da-
ta pulse (7= NT.) and the period of the signatu-
re sequence is N, The transmitted signal is given

by
5=2V2P di (1) P () cos 2nfct+6y) (1)

where [’ is the power in each of the £k transmit-
ted signals, /. is the center frequency and 4, 1is
the phase angle introduced by the modulator- sprea-

der,

(b) i

A

,

n

trum,

the digital whitening filter,

(f} Spectrum after digital whitening.
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The receiver for this system consist of RF
stage, Phase demodulator, PN matched filter, PN
Generater and digital whitening filter, Refering to
the receiver shown in Fig. 3, the PNMF acquires
the input signal from digital whitening filter used
for narrow interference rejection. In this paper,
the feedback loop from the decision circuitary is
used in order to improve the performance. Fig2
illustrates the conventional digital whitening filter
and the feedback digital whitening filter.

2.2 Signal Format

Narrowband jamming and interference due to
other users in spread spectrum communication sy-
stems considerably affect the performance of the
system. In this study, it is assumed that the nar-
rowband interference is multiple CW interference
and narrowband Gaussian interference. In a nar-
rowband interference environment the received wi-

deband signal can be expressed as
Xr= S+ gx+nx

= UPet 55 cacos @nfukBl+ 0n)+ 4
(2)

where
qx . narrowband interference,
Nk - zero mean white' Gaussian noise with a
variance of,
Sk ! transmitted signal,
U information symbol,
Py . modulated PN sequence,
Cm . amplitude of narrowband jamming,
fm . sampling frequency of narrowband jamming
¢, . phase of the narrowband jamming distri-
buted uniformly over the range (— r, n),
At . sampling interval.
The interference representation shown in equa-
tion(1) is valid for multiple tone CW interference

. . 5
and narrowband Gaussian interference”

. The spec-
trum shape in the narrowband interference envi-

ronment is represented by Fig3.
3. COEFFIENT CALCULATION

The coefficient calculation method in the con-
venntional digital whitening filter is to estimatethe

interference ¢, and subtract this estimate from

7x. In this case, the resulting equations for the

tap coefficient b, is

n

[Z::‘ broipr1=px {3)
where

M

szﬁ E‘ Tx Tx_u {4)
and

Te= Skt gxtny (5)
However, it is shown that the entire received si-
gnal is whitened rather than just the noise and
jammer.

In order to whiten the jammer and noise, the
hard-limited feedback digital whitening filter in Fig
1 was constructed. Now consider the error sig-
nal is

ex=Xx— O (6)

and then 7y in (3) is substituted to .

Let{¢x} be a stationary time series, and sup-
pose that one have available the segment ¢,, ¢,,
=, £x_; and wishes to estimate ¢, Thus one se-
eks coefficients an n_, such that

n-1
E"/"*:_,-Za An,n-y €y (7)

By the orthogonality principle,

E{{en—=Enmn)e;}=0 for j=0,1, -, n—1

(8)
so that
Elene)= =% i Elece,)
=lnn o) (9)
or
R ,=—;‘;: Anon Ry = —QnaRi, {10

where @n.= (1 G ann) is the vector of coef-
ficients, = (g g2 un) is a vector describing
the mean square arror, and R, is a NXN sym-
metric Toeplitz matrix, representing the error si-

gnal covariance [ (e, ¢))

65

www.dbpia.co.kr



MR A EEE '84— 7 Vol. 9 No. 2

To Ty v Tn
T To

RP=[TU—1\]1.J:1.-\0= : : . (11)

Ta Ta-1"To

The associated mean square error is

f (CD) = E[En_ En/n—l] [fn_ gﬂ/n-- l]
= ]f(fnén] _ZE[EnEn/nWJ

+ E[fn/n—lénanJ

=t "'2_(17:/17: +Q—ﬂRnQr; (12)

Minimization of the mean square error between e,

and éx, Minf(a,), vields the following equations

.@ﬂ.anzlﬁn or Qn,anﬂﬂ/ip 13

To find a recursive solution for

values @, » and y, have been found and we

the quantities dn n,; and fen...
Te T

(1 @ny ana0) n T.o
Tnes Tn

= (a0 n)

Since the above equation is the

ap, observe the

seek
Then
Tnot |
Tn
To
(149

Toeplitz structure

To T Tna
T To Tn
(0 Gnnanl)=] . . .
Tnar Thn o To
= [ano”"ﬂn] (15)
Table1 Parameters used in computer simulation.
Parameter Values
Processing Gain ). =2047 chips
Order of the whitening Filter {unmber of N=4,8,12
taps on each side of the transve rsal filter)
Offset Frequency of the Tone jammer from ¥ m
the carrier " 1,000
(= 1.2 -, 100)
Amplitude of the Tone Jammer Ca=0.5

phare of the Inte rfering Tongs

Standard Deviation of white (aussjan Noise
Spread Chip Rate

Data Modulation Rate

Input Carrier Frequency

[rata Modulation Format

random values distributed
uniformly over the range
(= r.n)

0O=0.1, 0.5 10O

11. 232MH2

216kbs

116MHz

Biphase
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Table 2 Comperison of the tap weight (N=~4, K=380)
Con ventional
Fil 1, 000 0. 104 0. 134 —0.053 0.304
te r
Hard-fimited 1.000 0.030 0.121 ~0.012 0.288
Feedback Filter
an an an
[1 An " Apnan— " Qn 1‘-]
n Mn Hn
To T Tnit
Ty To vt Ty ag
A =22 00 08)
n

Tret Tn To

So the recursive solution for the eq.(13) is givenby

n-1
an= Trul_*'tz;aml.ynol i (17)
n .
A= n, 7 Qn.nei -2 L=1;""' nn (18)
Hn
a
Aniinm = - (19)
HMn
2
an
Mo = fnp— 7 (20>
MHn
where
2
T T
an:"_“l My == To""‘_ 1)
To To

Comparing the weights of the conventional filter
and the hard-limited feedback filter, the weight of
the conventional whitening filter are large sincethe

Gxt

former are obtained from x, and the letter

A

b - X

o

CjUDW'unUL X«

Fig.4 SS signal waueform by computer simulation
(a) PN seyuence I’x (b) Received signal X,

fe) Whitened signal \,(
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ny. For example, in the conditions of table 1, the
weights are given as table 2, The SS signal wave
form whitened by above algorithm is illustrates in
Fig 3 and we can notify the performance impro-

vement intuitively.
4. ERROR RATE PERFORMANCE

4.1 Signal-to~Noise Ratio (SNR)
SNR of the hard-limited
feedback whitening filter is derived.

In this section, the
If the recei-
ved signal is whitened by it, the error signal is

formed as
Ex=Xxt g a; (xkfl —dr)
=Xk ;!I;‘ Qi (qrostnny) @22)

or

£k=U1Jk+ﬁ Qg (qkAl+TLx..i) (23)
=0

where {a;} are the prediction error filter coef-
ficients, The error signal is correlated with the
PN code to produce the signal output S;i.e.

S= g: ExDxr
L n n
= ,g‘ ;;Dpk (Gr-c+ Nas) + ;l UPrpx 24

where 1. is the number of chips per symbol  and
the PN code chips px=11. In order to simplify
the analysis, an ensemble of the independent PN
systems is assumed that
1 k=1
E ==
(prp1) Kot 0 otherwise (25)

The SNR of the correlation output can be compu-
ted from the mean of variance of S. The mean of
E(S)=Ul.

- (gr-:)=0 and the zero mean noise. The varian-

of S is given by Sinee a,=1 and

ce of S is given by

V(S)=r(sH)—1?

L
=k}:1 2.2 2 aca, Flge g,

o1 0

BEPIRE

(26)

Evaluation of V(S) requires the identity

i ciecos 2nAtfn(—1))

Mm=1

R 1
E(gr qx»,)=7
+U’5,~,z (27)

using 23) in (22) results in
. 1. & n M
V(S)=—2— g‘o ,Z‘,, a, a, MZ:',‘ ch cos

@rAtf— i+ Lo 5 ar 8

The power spectrum of the optimum whitening fil-
ter given by

pnAl

ﬁ —2xfardt \2
a;e
=0

- DyAl 29

£, 5, @ cos @nfali=i) A

p (fm)=

where

1 c¢a
P (fm) =_2” Z‘JT 30)

substituting (28 and 29 in 30 yields
V(S)= LPaALAf M= Lo* 3. a} 81)

The SNR of S is then found to be

SNR= I 32

o }'j al+MP,AfAL

The SNR of conventional spread spectrum system

is derived by Hsu®™

SNR'= I 33

(1+ o%) 2 bE+ MILASAL

Notice that a, is smaller than &, as explained in
Sec. 3, and then SA'R is much greater than SANR'.
4.2 Bit Error Rate (BER)
The BER of the BPSK DS-SS communication
syvstems is obtained by the following decision ststi-
stic

J=+ VT + \/nz }ﬂj‘ ar o+
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n ¥
+\/;Z‘1 al 2:1 cleos 2nAtfmim— 1)) (34)

where ++F is the response to the signal and is
positive or negative depending on the identity  of
the data bit, the second term is a zero mean Ga-
and the
athe response to the jamming signal. From the(34),

ussian random variable o, lart term is

p(A8)=p(2<0l+1 trasmitted, A8)
1 — orf VE —VMPAfAT

R
=erfc —ﬁﬁﬁ[{l‘j—fdt (35
\/0’ i‘,, al
and
p (Af) =erfc _YEAVMP.A7AL ”:L'“‘f‘“ 36)
v o? Ll (IL-z
Therefore
1 1 .
Pe="5P (A0)+7p (A6) 37
=—1—erfc _ VIE —vVMP.AFAT
2 \/01 .il:‘ ail
+%erfc —M——ﬁ‘ MPvAsat (38)

ot _Zu_]‘ al

The graphical results whitch are numerically cal-
culated by computer simulation are shown in Fig 5

-Fig6 .
5 DISCUSSION AND CONCLUSIONS

An analysis of the performance of the hard-limi-
ted feedback whitening filter has been  presented
for the case of binary PN encoded PSK

operating in the presence of narrow band jamming

signal

or partial band interference. Computer simulation

is implemented by means of VAX-11/780 computer.

(1) As shown in Fig4 ., SNR increase as  the

white noise power decrease from 1 to (. 1. Bisides,

as the order of the filter increase the SNK isim-

proved.
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Fig.7 BER of DS-SS interfered by narrowband jamming
{with the change of N, Cx=0.5).

(2) In Fig5 and Fig6, the BER of BPSKSS
signal interfered by narrow band jamming are gi-
ven. It is shown that for various jamming environ-
ment digital whitening filter can significantly impro-
ve system performence. Comparing the conventio-
nal digital whitening filter and the hard-limited fe-
edback whitening filter, the latter is less I3[R
than the former and as the order of the filter is
increase, BER become smaller,

Computer simulation of a direct sequencespread
spectrum communication system has shown that
the hard-limited feedback whitening filter is more
effective than the conventional digital whitening fil-
ter. The reason of these performance improve-
ment is obtained that although conventional digital
whitening filter whiten the entire receved signal i

£ % & (Dong Kil KIM) i &
19604 2 H22H 4+
1980 5 ~ 19825 2 /] | MR ERATZE A5
19824 3 H~ 19841 2 H | @147 AR
AR
19827 12 150 8L £ 8 ERT SOl 1 B8
[LE. S L]

e. information signal, interference and white Ga-
ussian noise, the hard-limited feedback whitening

filter whiten the interference and noise,
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