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Abstract— Frequency modulated radio is the most 

widespread radio broadcasting method. The radio 

broadcasting companies spend a lot of money for using 

frequency band, that is why the National Media and 

Telecommunication Authority has responsibility to protect 

these frequency bands from unwanted noise. One of these 

noise source is the neighbouring station interference. The 

first problem is how to measure the deviation maximum 

without any reference signal, the second is how to eliminate 

the multipath propagation, which causes measurement 

errors. The scenario gives a possible solution, how to make a 

good model of simulation. 

 INTRODUCTION I.

The frequency modulated radio broadcasting was 
invented in the first half of the twentieth century by Edwin 
Howard Armstrong

1
. Then become the second and most 

popular analog modulation technology. Against the 
amplitude modulation 4~6kHz audio transmission 
capability, the FM band has 16kHz bandwidth in the 
message signal. And not just that, the FM radio station is 
need at least 10 times less power for the same coverage, 
than the AM broadcasting. After a few years this become 
the industries standard. 

Now days, the frequency modulated radio broadcasting 
is between 87.5MHz and 108MHz all of the European 
ITU

2
 countries. Because it is not a free band, like the ISM 

band which contains the wifis 2,4GHz, the users have to 
pay fee for usage of one 300 kHz raster window for their 
radio program. That is very expensive. In Hungary the 
National Media and Telecommunication Authority
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(henceforth NMHH) supervises the frequency 
management. There are three classes for radio 
broadcasters over 1kW, under 1kW and under 10W, the 
last one is for small community radios, this is the most 
problematic type of radios. The ITU standard defines the 
maximum for the frequency deviation, which is 80 kHz 
and offers a modulator with 75kHz/V slope rate. 

The licence price is very high, so the NMHH have to 
check the authorised and unauthorised users to fill the 
requirements. It’s trivial that the unauthorised user must 
keep away this band and they have to shut down, but the 
authorised users also have requirements. Some of this 
parameters is: the maximum bandwidth is 300 kHz, the 
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radio stations over 1kW is have placed in dedicated spots, 
the under 1kW radio station places have to checked before 
it gets work and in the small community radios area the 
people have to agree the radio. But, the most conflicts are 
starts with the frequency deviations measurement results, 
because the station owners and the NMHH never measure 
the same. And it is not an easy measurement. 

 SIMULATING RADIO SIGNALS IN THE BASEBAND II.

The modulations are based on the sinusoid carrier 
signal parameters modification {2.1.}. First is varying the 
amplitude of the carrier, this creates the AM (amplitude 
modulated) signal, the second is to varying phase (φ), this 
makes the PM (phase modulated) singnal and the last is to 
modifying the frequency and this is the FM signal. 

 ( )        (       )  {2.1.} 

FM signal creation is not that easy, because the 
message signal integrated function used for the 
transmission {2.2.}[1]. With this extension the message 
reconstruction become more robust and very easy to keep 
out noise from the system. 

   ( )        (         ∫   ( )  
 

 
) {2.2.} 

We can make the complex envelope of the signal which 
described by {2.2.}, with frequency transpose and Hilbert 

transformation [2]. After these transformations we got a 
signal, which running around the zero frequency, like it 
does with the carrier {2.3.}. This means we got a signal 
with a zero frequency carrier, but this signal not contains 
all parameters of the original if it has only real part, so it’s 
become a complex function. We lose a lot with complex 

1. Figure: Real baseband delay FM demodulator (adapted 

from: [5]) 
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number representation, but this is at least hundred times 
smaller than what we win.[3][4] 

 ̂  ( )       
    ∫   ( )  

 

   {2.3.} 

The calculations before creates the modulated signal, 
but it have to be demodulated the analyse the transmission 
line. To demodulate the FM signal near to twelve methods 
to do it. After some test runs I choose the real baseband 
delay structure, because it was the fastest {1. Figure} [5], 
[8]. 

 DEFINE AND MEASURE THE FREQUENCY DEVIATION III.

In the laboratories environment with a measuring signal 
it is really easy to define the modulators maximum 
deviation. In the real life there is no measuring signal, 
there is only the music and speech which is the program of 
the radio, but this is not a problem. The speech and music 
signals are tending to a well-known noise in long time 
measurement sets - this means 60 seconds – the pink 
noise. With this constraint, radio is broadcasting pink 
noise, the deviation maximum is easily calculated {2. 
Figure}. 

Stochastic message signals deviation calculations 
shows the {3.1.} calculation and results showes by {2. 
Figure}, the gray line is the amplitude frequent and the 
black line is the integrated of the dispersion function. The 
maximum value of the deviation is the point where the 
probability is reaches the 1/10000 of maximum – usually 
the zero – value [6]. The {3.2.} and {3.3.} calculations 
shows the definition of frequency deviation values [9]. 

  ( )  ∑     (  ( )) 
      {3.1.} 

               ( )   
   (  )

     
  {3.2.} 

               
 ( )   

   (  )

     
  {3.3.} 

 PROPAGATIONAL CHANNEL MODEL IV.

There are lots of models in this area, two basic types the 
Rician and the Rayleigh, the difference of the two 
statistical models is that the first is a LOS (line of sight) 
and the second is a NLOS (non-line of sight) propagation 
descripting model. The easiest is the two way LOS 
topology, it contains a delay and attenuator {3. Figure}. 
Complex delay is important, because with it we can define 
phase shift to. This makes us the less than one sample 
delays [7]. 

Description of the vector-normed space, which is 
descripted by the two-way Racian model, is {4.1.} and 
{4.2.}. 

 (     )  
 

 
∑  (   ) 
     {4.1.} 

 (       )  
 

 
∑  (   ) 
         {4.2.} 

 RESULTS V.

The first result is that, there is very clear difference 

between the sinusoid message signals deviation its 

maximum is 1, which means it is the same as the 

maximum deviation and the pink noises maximum is 0.84 

times smaller {4. Figure}. 

The second result is that, there is a real variation in the 

reflected signal and the original signal. The delay and the 

attenuation strains a field with three axis, one axes is the 

delay, the second is the attenuation and the third is the 

maximum of the deviation. {5. Figure} shows this 

surface. 
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3. Figure Amplitude frequent function (own) 

2. Figure 2-way propagational model (own) 
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4. Figure The difference between the sinusoid and the 

pink noise message signals deviation probability (own) 

4. Figure Frequency deviation trends (own) 
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CUNCLUSION 

The results shows us that the problem is real and we 

have to calculate with it. The complex baseband 

description of the radio frequency signal is truly gives us 

a faster simulation and made problem feasible. Now we 

can say that the basic problems are solved. 

Future option is to generalize the problem and make a 

formula for measurement corrections. 
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