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Introduction

In this paper we analyze a dual-branch diversity
system in order to reduce the impact of fading on an
amplitude-shift-keyed (ASK) receiver. An equal-gain
combiner (EGC) with post-detection combining and non-
coherent demodulation is used. After passing through the
fading channel, the input signal is contaminated at the
receiver by additive white Gaussian noise (AWGN).
Probability density of the input signal amplitude is variable
due to impact of fading. We applyed Nakagami-m
distribution in order to model impact of fading. This
distribution is sucessfully used in modeling land-mobile
and indoor-mobile multipath propagation, as well as
ionospheric radio links [1].

There is a large number of papers dealing with the
performance of non-coherent detection systems over
additive white Gaussian noise as well as fading channels,
for example in [1] Proakis developed a generic expression
for evaluating the bit-error rate for multichannel non-
coherent and differentially coherent reception of binary
signals over L independent AWGN channels. Further, in
[2] Proakis provided closed-form expressions for average
bit error (ABER) of binary orthogonal square-low detected
frequency-shift keying (FSK) and binary differential
phase-shift keying (DPSK) systems with multi-channel
reception over L independent identically distributed
Rayleigh fading channels.

Non-coherent demodulation in case of no fading impact

The object of our analysis is a receiver with two
independent and uncorrelated diversity branches shown in
the Fig.1. Each diversity branch performs non-coherent
demodulation of the input ASK signal and consists of two
elements: a narrowband filter and an envelope detector.
The input signals are defined by the following expression

Fig. 1. Receiver with two diversity branches and non-coherent
demodulation
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Additionally, input signals are contaminated by
AWGN, whose variance passing through a narrowband

filter becomes 2 .
The output signals from the diversity

branches 01z , 11z , 02z and 12z are combined at the EGC

combiner. The first subscript symbol denotes hypothesis,
while the second one denotes diversity branch. The
probability density functions (PDF) of the signals in
diversity branches are given by the following expressions,

in case of the hypotheses 0H and 1H , respectively [3]
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Fig. 2. PDF of the signal 0z at the EGC combiner output
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Let 0z and 1z be the EGC combiner output signals,

defined as 02010 zzz  and 12111 zzz  . The PDF of the

0z and 1z in case of the hypotheses 0H and 1H , is given

by [4], respectively
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Substitutions of (3) and (4) in (7), as well as (5) and
(6) in (8), give the following expressions
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Fig. 3. 2-D PDF of the signal 1z at the EGC combiner output

Fig. 4. A front-end intersection of the Fig. 3

The Fig. 2. is a graphical interpretation of (9), while
the Fig. 3 and Fig. 4 are two-dimensional graphical
interpretation of (10), i.e. the PDF of the signal 1z at the

EGC combiner output, and its front-end intersection,
respectively.

Non-coherent demodulation in the presence of fading

Fluctuation of the transmitted signal envelope is a
channel fading consequence. In this paper, fading is
statistically modeled by Nakagami-m distribution [1]:
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where  – rms (root-mean-square) of received envelope;
m – fading severity index, and )( – denotes the Gamma

function.

The PDF of the EGC output signal, i.e. 1z , is

defined by (8). However, by taking into account the impact
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of Nakagami-m distributed fading, the PDF of the first

diversity branch, i.e.  1111
zpz can be expressed as
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graphical interpretation is given in the Fig.5. On the same
way can be derived the PDF of the second EGC diversity

branch, i.e.  1212
zpz .
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Hence, by substituting (16) and (18) in (8), and after
some straight forward mathematical manipulations, the
final expression for the PDF of the EGC output signal can
be derived as in (19), and plotted in Fig.6.

Fig. 5. PDF of the 11z , i.e. 12z

Fig. 6. PDF of the signal 1z at the EGC combiner output
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Capitalizing on this, many other important statistical
parameters can be calculated as well. For example, by
definition the cumulative density function and moments of
the EGC output signal can be expressed by substituting
(19) in the following eqautions, respectively
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Numerical Results Discussion

For the convenience of the results presentation it is
assumed that the fading parameters of the both diversity
branches are identical. The PDF expressions (16) and (18)
are very fast converging. Numerical results show that the
first few infinite series terms are enough for obtaining the
targeted accuracy. However, due to very complicated
nature of expression (19), it is very difficult, if not
imposible, to derive a closed-form solution for convolution
integral in (19). On the other hand, it can be evaluated via
numerical intergation using any of the well-known
mathematical software packages. The shapes of the PDF
curves, Fig. 5 and Fig. 6, almost exclusively depend on the
average fading power  , while fading severity index m
very slightly affects probability distribution of the EGC
output signal.

Conclusion

In this paper we presented an infinite series
expression for the PDF of the signal at the dual branch
EGC combiner output in a fading envirounment with the
presence of white

Gaussian noise. Capitalizing on this, the cumulative
distribution function, average bit error rate, outage
probability as well as the second order statistics and other
criteria needed for the system performance evaluation can
be easily calculated.
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