
The concept of long-range communication with a UAV 

Emil Kubera
1
, Krzysztof Łysek

1
, Mateusz Michalski

1
, 

 
1 Communication Systems Dept. 

Military Communication Institute 

22A Warszawska st., Zegrze Płd., Poland 

{e.kubera, k.lysek, m.michalski}@wil.waw.pl  

Abstract. This paper presents a preliminary assessment of the feasibility of 

long-range communication with an unmanned aircraft MALE (Medium 

Altitude Long Endurance). 
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1 Problems connected with communication range 

The geometric horizon is defined as the locus of osculation points of the globe with 

straights running from a point located at a certain height above the ground and 

tangential to the surface. 

The light rays, like radio waves, also refract in the atmosphere. Therefore, the optical 

horizon is determined by the linear propagation of radiation, so it is slightly moved 

beyond the geometric horizon. Due to a small difference in the distance between the 

geometric and optical horizon, we often have in mind the optical range, but actually 

we operate within a geometric concept. The formula for the optical range (1): 

 

)(57,3 ONopt hhd   (1) 

 

dopt – optical range [km]; 

hN – transmitting antenna height [m]; 

hO – receiving antenna height [m]. 

The radio horizon is defined as the locus of osculation points of the globe with curves, 

which are direct components tracks of the spatial wave radiated by an antenna located 

at a certain height above the ground. The curvature of the components tracks results 

from the phenomenon of refraction in the atmosphere. Taking into account the so-

called normal refraction in the atmosphere, we get the following dependence on the 

radio range (2): 



)(12,4 ONr hhd   (2) 

 

dr – radio range [km]; 

hN – transmitting antenna height [m]; 

hO – receiving antenna height [m]. 

However it should be kept in mind that the dependence on the radio range concerns a 

refraction index gradient for the so-called normalized atmosphere near the earth 

surface. In case of height excessing 1 km and the real atmosphere, the value of the 

refraction index gradient is not constant and its distribution as a function of time and 

height depends on meteorological conditions. 

Variability of refraction will have a significant impact on the actual radio coverage 

maintained with a UAV operating on the height above 1 km. 

Therefore, the calculation of the theoretical range of communication between the 

flight control station and a UAV is based on the relationship describing the optical 

range as the so-called "worst case". As a result of the calculations graphs binding 

together antennas location (transmitting and receiving) and a theoretical range of 

communication were obtained. 

The graphs (1, 2 and 3) show the minimum UAV flight altitude (h2) for which it is 

possible to reach communication on the distance (d) assuming that the antenna in the 

flight control station is located at a height (h1). The calculations were made for the 

four communication ranges (d): 80 km, 100 km, 120 km and 140 km. Variable 

parameter was the height of the antenna on the flight control station (h1). This 

parameter was varied in the range from 2 m to 1500 m. 
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Fig. 1. Communication ranges (d) and a minimum plane ceiling (h2) for typical masts (h1)  
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Fig. 2. Communication ranges (d) and a minimum plane ceiling (h2) for high masts or small 

UAVs working as a relay station (h1) 

 

0

100

200

300

400

500

600

700

800

900

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

h1 - mast [m]

h
2
 -

 U
A

V
 [

m
]

d=80km d=100km d=120km d=140km  

Fig. 3. Communication ranges (d) and a minimum plane ceiling (h2) for a large UAV acting as a 

relay station (h1) 

Figure 1 shows that by using typical for Polish Armed Forces masts with a height of 

24 m, communication range will be limited only to 80 km at an assumed minimum 

flight altitude of 300 m. By increasing the distance between the UAV and flight 

control station communication will be broken. Figure 2 shows that even quadrupling 

the height of the mast results in an increased range by only 25%. Therefore, the better 

solution seems to be an option shown in Figure 3, which proposes the use of a second 

UAV as a relay station. Placing it at an altitude of 500 m, it almost doubles the 

communication range compared to conventional 24 m mast. However, in this solution 

there are new problems associated with a beam stabilization between two UAVs. 



2 Propagation losses 

2.1 Assumed ranges based on the National Frequency Allocation Table 

 

In the National Frequency Allocation Table the following frequency ranges are 

dedicated to the "government" services - this also concerns the Ministry of National 

Defence. These frequencies are dedicated, in most cases, to the service of fixed and 

mobile radio communication with no restrictions for aviation.  

The list of bandwidths in which a system for a long-range communication with a 

UAV could be potentially operated is as follows (number of frequency, frequency in 

MHz in parentheses): No. 303 (1350-1400), No. 333 (1730-1755), No. 338 (1825-

1850), No. 343 (1980-2010), No. 346 (2025-2110), No. 349 (2170-2200), No. 356 

(2483.5-2500), No. 370 (4400-4800), No. 371 (4800-4990), No. 389 (6700-7075). 

As it can be seen on the list above, only bands No. 346, 370, 371, 389 cover the entire 

WLAN bandwidth (about 84 MHz). In the other bands it is basically only one WLAN 

channel (about 20 MHz). If one of the narrower bands is chosen, it will be needed to 

decide to which WLAN channel to tune frequency and power converter (forced on 

one channel). Due to the range, it is preferable to use the lowest possible frequencies. 

2.2 Fresnel Zones 

Analyzing the feasibility of long-range communication with unmanned aircrafts, it is 

also necessary to carry out an analysis of the size of the radius of the first Fresnel 

zone. 

The lack of obstacles in the area of the first Fresnel zone determines the applicability 

of the Friis transmission equation to calculate propagation loss - that is, the 

calculation for free space conditions. Otherwise, propagation loss resulting from the 

presence of obstacles in the area of the first Fresnel zone should be taken into 

account. 

The area having a key influence on the propagation loss includes the so-called "half of 

the first Fresnel zone" between the earth and the direct path of the radio signal 

propagation. The size of the clearance between the direct path of the radio signal 

propagation and terrain obstacles in relation to the radius of the first Fresnel zone 

should be at least 0.6. This means that at least 60% of the first Fresnel zone should be 

free of any obstacles present on the ground and in the air. 

The Analyses of long-range connectivity of the unmanned aircraft are conducted for 

the following input data: 

 unmanned aircraft is at an altitude in the range 300 - 4000 m; 

 range necessary to obtain is 140 km;  

 recommended transmission technique – WLAN; 

 available frequencies in the range 1,35 – 7 GHz. 

Earlier calculations concerning connection between communication range with 

antenna heights were carried out for four values of the distance between the control 



station and the aircraft: 80, 100, 120 and 140 km. For the same ranges and for three 

frequencies (1.35 GHz, 4.4 GHz and 7 GHz) the values of the first Fresnel zone 

radius were determined. 
The following values of a wavelength were obtained:  

 for 1,35 GHz – λ = 0,22 m; 

 for 4,4 GHz – λ = 0,068 m; 

 for 7 GHz – λ = 0,043 m. 

For the previously mentioned ranges and the calculated wavelengths these are 

samples of the first Fresnel zone radius: 

Table 1.  Calculated First Fresnel Zone.  

Range [km] Wavelength λ [m] First Fresnel Zone 

radius b1 [m] 

80 0,22 66 

 0,068 37 

 0,043 29 

120 0,22 81 

 0,068 45 

 0,043 36 

140 0,22 87 
 0,068 49 

 0,043 39 

 

Taking into account the specificity of the analyzed solution for long-range 

communication with aircrafts, it seems that ensuring lack of obstacles in the first 

Fresnel zone should not be a problem. However, note the scope of an altitude of an 

unmanned aircraft (300 - 4000 m). In case of flight at a low altitude (about 300 m), 

midway between the aircraft and the control station, the distance of the 

electromagnetic wave to the surface of the earth will be about 150 meters. Taking into 

account calculated values of the first Fresnel zone radiuses, there is a potential danger 

arising from the presence of obstacles causing propagation loss increase (hills, tall 

buildings, towers, etc.). This risk increases with the use of solutions based on lower 

frequencies (1.35 GHz) - radius of the first Fresnel zone for a range of 140 km is up to 

87 m. In this case, there should be considered an intermediate station on an another 

unmanned aircraft, which is located near the control station. 

2.3 Friis transmission equation 

Carried out in the previous point analysis of the first Fresnel zone area indicates the 

possibility of using Friis formula for calculating the propagation loss - that is, for the 

calculation in the free space conditions. 

The calculations assumed directive gain of antennas transmitting and receiving (Gt 

and Gr) equal to 1. The Friis formula describes the radiowave absorption in free space 

(known as propagation loss). 



  MHzkmO fddBL log20log2044,32   (3) 

 

LO – propagation loss [dB]; 

dkm – distance between transmitter and receiver [km]; 

fMHz – radiowave frequency [MHz]. 

As a result of the calculations a chart was obtained (4) showing the propagation loss 

for the center frequencies of 10 "government" frequency ranges listed earlier in this 

paper. The calculations were made for the four distances (d) between the transmitter 

and receiver. 

 

 

Fig. 4. Propagation loss (L) as a function of frequency (f) for different communication ranges 

(d) 

Propagation loss must be compensated by the so-called "balance of the radio link." 

This balance is the sum of the following components: 

 transmitter power (in dBm); 

 receiver sensitivity (in dBm); 

 transmitting antenna directive gain (in dBi); 

 receiving antenna directive gain (in dBi). 

Constant element of a radio link balance is a receiver sensitivity resulting from the 

applied radio equipment. The values of other elements can be increased in terms of 

available technology and resources. 

3 Antenna system 

The antenna system for communication with a UAV should be considered separately 

for each location: 



 flight control station; 

 UAV. 

There is one general assumption for both locations, namely to seek to use antennas 

with as big energy gain as possible. 

With reference to the flight control station, the possibility of using two separate 

antennas running in different phases of UAV flight must be examined. The first 

antenna - omnidirectional, would be used during take-off and landing UAV. The 

second antenna - directional, would be applied when a UAV is away from the flight 

control station on a pre-determined distance. 

Distance of switching antennas (omnidirectional and directional) should be 

determined on the basis of directional antenna beam width, so that a UAV under 

varying conditions could be placed with a big reserve in the main lobe of a directional 

antenna. 

For example, for the antenna on the commercial band 5470 - 5725 MHz with 30 dBi 

directive gain, an angle of radiation in the horizontal plane is 4 degrees. This means 

that a UAV at a distance of 4000 m from the flight control station should be in the 

corridor with a width of about 280 m. However, a UAV at a distance of 10 000 m 

from the flight control station should be in the corridor with a width of about 700 m. 

Another problem is the issue of tracking the trajectory of a UAV with a directional 

antenna. Assuming that a UAV aircraft would follow the target with a straight 

trajectory, then a system of tracking flight trajectory will not be needed. When a UAV 

must approach the target with curved trajectory, then several possible options for 

trajectory tracking system implementation should be considered: 

 using a larger antenna with wider beam width in the horizontal plane (e.g. 

sector antenna), at the expense of lowering a directive gain of an antenna - the 

simplest solution, however, limited by the requirement to cover propagation 

loss of a radio link; 

 using an electric rotor changing the azimuth angle of a directional antenna - a 

solution commonly used in systems with target tracking, but difficult to apply 

in high telescopic masts or a UAV acting as intermediary station; 

 using a phase antenna - a modern solution, however, causing many 

technological difficulties due to a problem with creating few to few hundred 

(depending on the required directive gain) identical phase shifters ensuring the 

proper shape and directionality of the beam.  

For the omnidirectional antenna (for communication during take-off and landing), it 

should be noted that the propagation loss within 10 km from the flight control station 

are less than 20 dB then at a distance of 100 km. Therefore, assuming that the antenna 

switch occurs within 10 km from the flight control station, omnidirectional antenna 

can have directive gain of 20 dBi less then directional antenna for the long-range 

communication. 

Omnidirectional antenna directive gain is obtained by flattening the vertical frequency 

response of the antenna. Reducing the angle of elevation of the antenna will cause a 

reduction of height (steepness) of air-corridor during take-off and approaching to land 

of a UAV. 

Available commercial antennas with band 5150 - 5850 MHz, have directive gain over 

10 dBi at an angle of radiation in the vertical plane of not less than 8 degrees. 



4 Summary 

Keeping in mind that the assumed altitude for a UAV task was adopted in the range 

from 300 m to 4000 m, the following options to ensure the range of communication 

between the flight control station and the UAV should be considered:  

 flight control station is located on a 10 m mast, UAV during flight to the point 

of the task is at high altitude (e.g. above 1000 m). During the task it goes to the 

small altitude, and flight control station starts a small/medium UAV as a relay 

station; 

 a small UAV placed for the duration of the mission at an altitude of 100 m as a 

relay station over the flight control station, limiting communication range of a 

UAV up to 100 km or minimum controlled flight altitude up to 850 m; 

 average UAV placed for the duration of the mission as a relay station at an 

altitude of at least 500 m. 

For adopted bandwidths on the basis of the National Frequency Allocation Table and 

assumed distances from 80 km to 140 km, the propagation loss within the range of 

from 133 dB to 152 dB. To calculate the balance of the radio link it can be assumed 

that the propagation loss will not exceed 147 dB. 

In the first step of the design it can be assumed that the gain of directional antenna on 

a mast located in the flight control station will be 25 dBi. However, the gain of 

omnidirectional antenna located in a UAV will be 10 dBi. 

It should be noted that in case of small or medium UAV used as a relay station, 

antenna gain will be significantly lower, and will not exceed 15 dBi. 

In the long term, the possibility of using MIMO technology to achieve 

communication over long distance with UAVs should be considered. 

Available technologies and financial resources are sufficient to create the transmitter 

with power of 50 W (47 dBm) working on the one of the frequency bands selected on 

the basis of the National Frequency Allocation Table. 

The practical experience shows that the transmitter with output power of 50 W 

requires for long-range communication with a UAV not less than 350 W.  

Taking into account the transmitter power (47 dBm) and directive gain of transmitting 

(25 dBi) and receiving (10 dBi) antenna at the assumed propagation loss amounting to 

147 dB it can be concluded that the signal level on the output of the receiving antenna 

shall not be less than -65 dBm. 

Such a high level of received signal would allow to gain maximum (as described 

above) bit rate using WAS system. However, note that these calculations were made 

for very favorable assumptions about the directional antennas gains (25 dBi and 10 

dBi). 
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