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Abstract: - In this paper the receiver for demodulation of M-FSK signals in the presence of Gaussian noise, 
intersymbol interference and Rice fading will be considered. Probability density function (PDF) of M-ary FSK 
signals in the presence of noise, interference and fading will be derived.  
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1 Introduction 
The influence of the Gaussian noise, intersymbol 
interference and Rice fading to the communication 
systems can seriously degrade their performance. In 
order to view the influence of the Gaussian noise, 
intersymbol interference and Rice fading on the 
performances of an M-ary FSK system we derive 
probability density function of M-ary FSK receiver 
output signal and joint probability density function 
of the output signal and its derivative. 

Noise, interference and fading processes can 
seriously degrade the performance of 
communication systems [1]-[3]. In the paper [4], the 
performance evaluation of several types of FSK and 
CPFSK receivers was investigated in detail. Also, 
the error probability of the cross-correlator receiver 
for binary digital frequency modulation detection is 
studied using theoretical analysis and computer 
simulations [5]. In [6] statistical properties of sine 
wave in the presence of random noise are 
investigated. 

The bit error probability, the signal error 
probability and the outage probability can be 
determined by the probability density function of an 
output signal. Also, the moment generating 
function, the cumulative distribution of output 
signals and moment and variance of output signals 
can be derived by probability density function of the 
output signals. The average level crossing rate and 
average fade duration of output signal process can 
be calculated by the joint probability density of 
output signal and its derivative. An expression for 
the calculation of autocorrelation function can be 
derived by the joint probability density function of 

the output signal at two time instants. The use of the 
Winner-Hinchine theorem gives us the spectral 
power density function of output M-ary FSK signal. 

The obtained results will be shown graphically 
for different parameters values. 
 

 
2 System Model 
The model of M-ary FSK system, which we will 
consider in this paper, is shown at Fig. 1. 
 

 

Fig.1. System model for coherent demodulation of  
M-ary FSK signal 

 
This system has M branches. Each branch 

consists of the bandpass filter and correlator. The 
correlator is consisting of multiplier and lowpass 
filter. The signal at the receiver input is digital 
frequently modulated signal corrupted by additive 
Gaussian noise, intersymbol interference and Rice 
fading. 

Transmitted signal for the hypothesis Hi is: 

( ) tAts iωcos=     (1)            
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where A denotes the amplitude of modulated signal 
and has Rice distribution: 
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Gaussian noise at the receiver input is given 
with: 
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where xi and yi are components of Gaussian noise, 
with zero means and variances σ2. 

The interference i(t) can be written as: 
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where phases θ i, have uniform probability density 
function.  

These signals pass first through bandpass filters 
whose central frequencies ω1, ω2,..., ωM correspond 
to hypotheses H1,H2,...,HM. After multiplying with 
signal from the local oscillator, they pass through 
lowpass filter. The filter cuts all spectral 
components which frequencies are greater than the 
border frequency of the filter. 

If z1, z2, … zM are receiver branches output 
signals, then the M-FSK receiver output signal is: 

}...,max{ 21 Mzzzz =    (5)                                                     

The probability density of output signal is:  
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In the case of the hypothesis H1, transmitted 
signal is:  

 ( ) tAts 1cosω=      (7)                                                                  

while the receiver branch output signals are:  

1111 cosθAxAz ++=      (8) 

            …  

  kkkk Axz θcos+= ,k=2,3,…,M       (9)                                             

It is necessary to define the probability density 
functions of the branches output signals and 
cumulative probability density of these signals to 
obtain probability density function of M-ary FSK 
receiver output signal.  

The conditional probability density functions for 
the signals z1, z2 ,..., zM are:  
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By averaging (10) and (11) we obtain the 
probability density functions of the branches output 
signals: 
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The cumulative distributions of the signals 
z1,z2,..., zM are: 
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The probability density function of M-ary FSK 
receiver output signal can be obtained from: 
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The probability density function of M-ary FSK 
receiver output signal in the case of hypothesis H1 
is:  
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The joint probability density function of the 
output signal z and its derivative is: 
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3 Numerical Results 
In many practical telecommunication systems dual 
branch FSK receiver is used. We now consider this 
system because of its easy implementation and very 
good performances.  
 

 

Fig.2. The probability density functions p(z) for the 
parameters Ai=0, σ =1,2,AR=0.5 and  σR=1 

 

The probability density function, in the case of 
dual branch, has a form: 

( ) ( ) ( ) ( ) ( )zFzpzFzpzp zzzz 1221
⋅+⋅=      (19)                   

The probability density functions p(z), for 
various values of the parameters AR, σA, Ai, and σ, 
are given at Figs. 2. to 9. 

 

 

Fig.3. The probability density functions p(z) for the 
parameters  Ai=4, σ =1,2,AR=1 and  σR=2 

 

 

Fig.4. The probability density functions p(z) for the 
parameters  Ai=0, σ =1,AR=0.3 and  σR=1 

 
 

We can see from these figures that graphs become 
more distorted for bigger interference amplitude, 
whatever fading and noise parameters grow or 
reduce. 

Therefore, the influence of intersymbol 
interference for small signals is the most critical. 
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Fig.5. The probability density functions p(z) for the 
parameters  Ai=4, σ =1,  AR=1 and  σR=0.5,1,2 

 

 

Fig.6. The probability density functions p(z) for the 
parameters Ai=0,1,2,4, σ =1,AR=1.5 and  σR=1 

 

 

Fig.7. The probability density functions p(z) for the 
parameters Ai=0,1,2,4, σ =2,AR=1 and  σR=1 

 

 

Fig.8. The probability density functions p(z) for the 
parameters Ai=4, σ =1,AR=0,1,2,4 and  σR=2 

 

 

Fig.9. The probability density functions p(z) for the 
parameters Ai=1, σ =2,AR=0,1,2,4 and  σR=1 

 
 
4 Conclusion 

In this paper the statistical characteristics of the 
receiver output signal for coherent M-FSK signal 
demodulation are derived. The receiver input signal 
is corrupted by additive Gaussian noise, intersymbol 
interference and Rice fading. The interference 
appears in each receiver branch. The probability 
density function of M-ary FSK receiver output 
signal and joint probability density function of 
output signal and its derivative are derived. 

The bit error probability and the outage 
probability can be determined by the probability 
density function of the output signal. The level 
crossing rate and average fade duration of output 
signal can be calculated by the joint probability 
density function of output signal and its derivative. 
The expression for output signal autocorrelation 
function calculation can be obtained by joint 
probability density function of output signals at two 

Proceedings of the 7th WSEAS International Conference on DATA NETWORKS, COMMUNICATIONS, COMPUTERS (DNCOCO '08)

ISSN: 1790-5109 61 ISBN: 978-960-474-020-8



time instants. Also, by this function likelihood 
function of M-FSK system when the decision is 
done by two samples can be calculated. The joint 
probability density function of the output signal at 
two times instants is important for the case when the 
noise is correlated. 

The probability density function curves of dual 
branch FSK receiver output signal are presented in 
this paper for various parameters values and an 
analysis of parameters influences is done. 
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