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The Comparison

Impulsive Noise and

Byung Ock KONG Jong
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Abstract
The error rate performance of PSK transmission
system versus QAM transmission system has been
compared in the envirorment of impulsive noise
and cochannel interference,

1. Introduction

In digital signal transmission the modulation
method used in any particular application depen-
ds on the available channel bandwidth and is ge-
nerally a compromise between simplicity of inst-
rumentation and high efficiency transmission.

For medium bandwidth efficiency, coupled with
moderately simple signal generation and detection,
phase-shift keying(PSK) is a good modulation
choice. It has been used for high~speed data tr-
ansmission(20 Mbps) over radio frequency channels,

In voiceband data transmission for high-speed
(4B00-9600 bps), quadrature amplitude modulation
(RAM) is attractive. Accordingly, PSK scheme wh-
ich is representative technique in digital tran-
smission and QAM scheme which has some analog
characteristics have become the subject of inte-
rest by many authors,

However the ever increasing demand and supply
for communication channel in the radio frequemoy
(RF) bands causes a serious problem of electrom-
agnetic interference(BMI). Consequently, as the
RF band is limited, the reuse of the existing
band in use has been considered by many investi-
gators.

And, in accordance with citifying, impulsive
noise which is generated by many electromechani-
cal devices and the ignition spark of automobile,
etc., has also become a serious degradation factor
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to the receiving system,

In this paper, we compared PSK receiving system
to QAM system or QAM system to PSK system with
one interferer and impulsive noise enviromment,
The statistical characteristics of impulsive no-
ise is also clarified.

2, Analysis Model
(1) PSK Signel
M-ary PSK signal can be represented as
s(t)=s cos(Z)Lf.t + 2AAM)
where
S; amplitude of signal
3 carrier frequency

(1)

M; the number of levels

A(=0,1, +»+,M=1); M~ary information.
Here the probabllity of occurrence of each infor-
mation is assumed to be same,

Qmdrature
axis

Fig.1 Phasor of the quaternary PSK signal.
(2) QM signal
Typical representation of QAM signal has been
provided as
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s(t)=d;cos alt + Bysinwit (2)
there

4;,Be{ta, *ad,.-., #(2L-1)a}

d; 24 is the distance between adjacent signals.
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Fig.2 16-ary QAM signal,

(3) Interferer
PSK interferer, which is generated by the reuse
of existing band, is given as
1(t)=1 cos(2Tht + 2TVM +¢) (3)
where
I; amplitude of the interferer
V(=0,1,++*,M~1); the information of the int-
erferer
¢; relative initial phase difference to the
degired signal.
QAM cochannel interferer can be represented as
i(t)=Cj- cos(Wht + V) + D .sin(Wt + 4’*) ()
(4) Impulsive Noise
The probability density function(p.d.f.) of

envelope of class A4 impulsive noise has been pro-
posed by Middleton as

2
{ E
_ A% A 2E - —=x
po='g 4 L ow g
where
E(=E' {/2 @+ 4); normalized noise envelppe

0f=(1/a + p')/ (4 0!)

\"’(=QJ/.(LA ; Gaussian noise power(()c:) to impu-
1sive noise power((l,) ratio

4; impulsive index.

3, Statistical Characteristics of the Composite
Wave
(1) PsK
When the terminal of composite vector, in the
M-ary PSK system, lies in the error region( the
shaded portion of Fig.B) ,» an error is made by the
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receiver.

Fig.3 Phasor diagram of received PSK signal,
The error probability of M-ary PSK signal is

derived as
M Al
Re=(1- T}?)".;:-‘, go ATE'SM%.%'IA'
S Sim(g+anv/m)
cos ] ton A
(m

g VL‘cm {JB) X 420405 (S + 2B
Mﬁﬂm.mﬂ/z;w;—coz‘)‘-‘{mzu- ©)
COS (p+28 VM) “/ﬁﬂ

carrier to noise power ratio (CNR)

where
&
B; carrier to interferer power ratic(CIR)

The total probability of error is the sum of M

Thus,
1

PE= 5 ( Pe Va0 +P4)J_1 4+ s1e 4Pg

-

cases.

(2) M
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Fig.4 Phasor representation of the received
QAM signal,

When the terminal of the composite phasor goes
over the non-error region, in QAM receiving systen,
an error is made. The error probability of 16-ary
QM signal is derived as
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OL; CNR
r; l:‘= CIR

4« Numerical Calculation and Discussion

The graphical results for the bit error rate(
BER) of received BPSK signal and 16-ary QAM sign-
al which is evaluated in CNR, CIR, impulsive index
and the phase difference between signal and inte-
rferer have been shown in Fig,5~Fig.8.

The BER for a fixed value of A and with the
variation of \"" are shown in Fig.6. At low CNR,
the major factor causing the bit error is the
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Gaussian noise but, at high CMR, the impulsive
noilse causes more errors than Gaussian noise in
PSK system, In Fig.7, in QAM system, the error
probability is nearly independent on impulsivene-
88, but in PSK gystem the error probability is
dependent on impulsive noise at high CNR, It can
be considered that the reason is the QAM system
has some analog characteristics of amplitude mod-
ulation and the PSK system has typical digital
cheracteriastics. The interesting result, however,
is shown in Fig.8. It is the best case, in PSK
system that the signal and the interferer meet
with orthogonal phase, The authors, at these res-
ults, believe if we lock the phase difference to
90° in PSK system, we shall get noteworthy impro-
vement of error rate. And QAM system is superior
to PSK system in the environment of heavy impuls~

ive noise,
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Fig.5 BER of (a)BPSK signal, (b)16-ary QM signal interfered by
one interferer and Gaussian noise.
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Fig.,6 BER of (a)BPSK signal, (b)16~ary QAM signal interfered by
'
one interferer and impulsive noise{with the change of 7 ).
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Fig.7 BER of (a)BPSK signal, (b)16~ary QAM signal interfered by
one interferer and impulsive noise(with the change of A).
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Fig.8 Normalized bit error probabilities
by the wbrst case(¢>=0’) in PSK system,
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