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Abstract 

 

An electric radio wave or radio wave is an electromagnetic wave. The first electromagnetic 

phenomenon was discovered by Hans Christian Orsted, a Danish chemist, in 1821 (Hans Christian 

Orsted, 1998).  

The radiocommunications domain is regulated by the International Telecommunication Union (ITU), 

which has established a Radio Regulations, as follows:  

« Radio waves or hertzian waves: electromagnetic waves whose frequency is by convention less than 

300 GHz, propagating in space without artificial guide ;  

They are between 9 kHz and 300 GHz which corresponds to wavelengths of 33 km to 1 mm. »  

 

There are two ways of propagating a radio wave or hertzian waves:  

- in free fields (propagation called radiated)  

- in power lines (guided propagation in a coaxial cable, for example)  

 

The propagation of a wave in a free space is more complex and results from various parameters.  

 

When radio equipment is used, it is important to optimize the reception of the signal and take into 

account the environment.  

 

Four major elements are to be considered:  
 

- The Free-Space Path Loss (FSPL) 

- The Fresnel zone 

- The Earth roundess 

- Fading/Reflection  

- The environment (soil, climatic conditions)  

 

The first four elements will be presented. The consequences of the environment can not be 

explained because it depends on the field and the used frequency that makes it difficult to 

generalize. 

 

 

 

 

 

Key words : Radio, frequency, propagation, Fresnel zone, free-space path loss (FSPL) 
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I. The Free-Space Path Loss (FSPL) 
 

In free fields, an electromagnetic wave reacts like a sound wave, it attenuates with distance. This is 
called the Free-Space Path Loss (FPPL). 
 
This attenuation is generally expressed in decibel (dB) and follows the calculation below: 
 

FSPL = 20log10(d)1 + 20log10(f)2 – 147,55 

dB can be converted to distance, as:  

3 𝑑𝐵 =  𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒/√2 

6 𝑑𝐵 =  𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒/2 

10 𝑑𝐵 =  𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒/3,16 

 

 

 

 

 

 

 

 

Figure 1: Representation of the Free-Space Path Loss, Xerius 2016 

  

                                                           
1 d = distance between transmitter and receiver 
2 f = frequency 

 



 

www.xerius.fr www.xeriustracking.fr 

8 

II.  The Fresnel zone 
  

The Fresnel zone help to determine the ellipsoid between a receiver and a transmitter in the context 

of a transmission of a radio signal. 

In the case where an obstacle is located in this ellipsoid, the signal will be attenuated.  

The scope will therefore be less. 

  

Figure 2: Representation of the Fresnel zone , Xerius 2016 

 

Consider D as the distance between the receiver and the transmitter and r as the radius of the 

ellipsoid.  

It is enough to calculate the radius r to know where to place the receiver to have the maximum 

power.  

Receiver’ altitude can be calculated as show below: 

𝑟 =  √3𝐷 

 =
𝑐4

𝑓
= 3 ∗ 108/𝑓5 

For examples :  

 With D = 10kms and Stratus I in 234,5 MHz  r = 113 m 

 With D = 10kms and Stratus II in 220 MHz  r = 117 m 

                                                           
3  is equal to the celerity divised by the frequency 
4 c is equal to 3*108 
5 f is the used frequency 

D (distance) 

r (radius) 
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III.  Earth roundess 
 

In addition to taking into account the elements mentioned above, it also must consider that the Earth 

is round. 

 

Figure 3 : Representation of the Earth roundess, Xerius 2016 

We can estimate it, following the calculation below :  

𝑥 =  𝐷 − (𝑟6 ∗ arccos (
𝑟

𝑟 + 𝑑1
)) 

𝑑2 = 𝑟(
1

cos (
𝑥
𝑟

)
− 1) 

For examples :  

 With D = 10kms and d1 = 60 m  d2 = 25 m 

 With D = 200kms and d1 = 1000 m  d2 = 596 m  

                                                           
6 r is Earth’ radius 6 371 km 

D (distance) 
d1 d2 
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IV.  Fading/Reflection 
 

An electromagnetic wave can be reflected in some environments. This action is called fading or 

reflection.  

 

 

  

 

 

 

Position deducted by the receiver  

Figure 4: Representation of fading, Xerius 2016 

 
To avoid this phenomenon during study, the tracking tags are equipped with GPS inside.  
The coordinates of the species are sent via UHF/VHF to the receiver. It eliminates the risk of fading. 
Reflections or fading consequences are power loss to the signal and therefore to the range. 

  

 

Obstacle 
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V.  Case and results 
 

1. Optimal case 
 

 

Figure 5: Optimal case, Xerius 2016 

Results :  

 Radio signal is Line of Sight (LoS) 

 Same power 

 Range of 107kms between receiver and transmitter 

2. No signal 
 

 

Figure 6: Case without LoS, Xerius 2016 

Results :  

 Radio signal is not Line of Sight (LoS) 

 No signal despite the distance of 1km between receiver and transmitter 
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3. Power loss, lower range 

 

Figure 7: Case with obstacle on the Fresnel zone, Xerius 2016 

Results :  

 Radio signal is Line of Sight (LoS) 

 Obstacle in the Fresnel zone 

 Power loss and, so, lower range 

VI.  Recommandations et conclusions 
 

In order to limit the impact of these factors and have the best signal, it is important to always be 

placed in elevated area.  

It's not because you do not have a signal a few meters away that your device is not working. Simply 

move and/or go in elevated area to intercept a signal.  

 

The impact of the environment is not taken into account but is not to be neglected. 
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