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ANTENNAS (KEI/ANT) 

Link budget calculation – practical example and home exercises 

Department of Electronics and Information Technology 
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Example of calculations 

Can we download data from LEO satellite (altitude 500 km) equipped with a S-band Endurosat transmitter in 

DVB-S2 mode and planar antenna via a ground station equipped with a Ubiquity AF-2G24-S45 parabolic dish 

antenna and Kuhne Electronic KU LNA 2227A low noise amplifier if we require a bit error of less than 10-6 

and data rate 2 Mbit/s from elevations 20° above horizon? 

EnduroSat transmitter   Endurosat antenna   Ubiquity dish antenna   Low noise amplifier 

Tx power max. 2W   gain 6 dBi          gain 24 dBi   noise figure 1.2 dB 

DVB-S2 compliant                        diameter 650 mm  gain 25 dB 

QPSK, 8-PSK, 16-APSK 
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We select the most robust modulation and coding format from table and use equations above to verify received Eb/N0. 
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Link margin more than 16 dB… It is great, but is it real…? No, many aspects were neglected (link-budget-

Sband_optimistic_1). 
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Link margin more than 12 dB – losses in cables, connectors, real SWR of antenna (transmitter side and receiver side), not a 

full Tx-output from radio due to distortion avoiding. It is great, but is it real? No, still many aspects were neglected (link-

budget-Sband_optimistic_2). 
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Link margin more than 10 dB – antenna noise temperature increased to 100 K due to side lobes on antenna radiation pattern 

and receiving of WiFi (interferences) from neighboor. It is still good, but is it real? No, still many aspects were neglected 

(link-budget-Sband_optimistic_3). 
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Link margin more than 7 dB – antenna pointing loss (ground antenna and satellite antenna) and polarization loss. It is still 

acceptable, but is it real? No, still many aspects were neglected (link-budget-Sband_optimistic_4). 



Antennas – Faculty of Electrical Engineering / University of West Bohemia Lecturer: Jan Mráz 

- 9 -

Link margin more than 5 dB – attenuation in atmosphere gasses, implementation loss of demodulator and FEC decoder in 

receiver. It is still acceptable, but is it real? No, still many aspects were neglected (link-budget-Sband_optimistic_5). 
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Link margin less than 2 dB – attenuation in rain and increase of antenna noise temperature due to rain. Theoretically, it is 

possible to communicate, but it is not practical due to low margin (link-budget-Sband_optimistic_6).  
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Back to the task assignment… 

Can we download data from an LEO satellite (altitude 500 km) equipped with an S-band Endurosat transmitter 

in DVB-S2 mode and planar antenna via a ground station equipped with a Ubiquity AF-2G24-S45 satellite 

dish and Kuhne Electronic KU LNA 2227A low noise amplifier if we require a bit error of less than 10-6 and 

a speed data transfer 2 Mbit/s from elevations 20° above horizon? 

Is it practical to design communication with LEO satellite starting from 20° elevation? 

1 ground station in central Europe 

satellite on LEO polar orbit with altitude 500 km

56 minutes in elevations above 0° 

22 minutes in elevations above 10° 

5 minutes in elevations above 30° 

No, we only have two or three radio contacts a day instead of six and much less time to 

download data. 
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Link margin negative (-3 dB) – communication since 5° of elevation is not possible due to low antenna gain (link-budget-

Sband_realistic_small-antenna).  
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Link margin more than 7 dB – large 3 meter parabolic dish - communication since 5° will be possible with sufficient link 

margin to other unpredictable effects (link-budget-Sband_realistic_large-antenna).  
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Resume 

• rough calculations without details lead to overly optimistic results

• cables and connectors are not perfect (attenuation and increase of thermal noise)

• impedance matching of antennas is not perfect (RF signal reflection)

• radiation diagram of antenna is not perfect (side lobes – reception of terrestrial noise)

• pointing of antenna of satellite toward the ground station is not perfect (if any)

• pointing of antenna of ground station toward the satellite is not perfect

• polarizations of both antennas are not perfect (polarization loss)

• weather is not perfect (humidity, rain – increase in attenuation and noise temperature)

• atmosphere has gasses with attenuation dependend on frequency and signal path length

• implementation of receiver (synchronization, demodulation, FEC decoding) is not perfect

• outdoor RF equipment ages due to humidity, vibration, irradiation, thermal stress

• man-made noise floor can vary dramatically, especially in urban area

• high gain antennas are not trouble-less solution

• high gain antenna on the satellite side requires proper functionality of ADCS

• high gain antenna on the ground station side requires precise and heavy duty antenna rotator

• large parabolic dish has lower efficiency due to shape inaccuracies
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Home exercise 1 

Simulation of 4 element collinear antenna and calculation of theoretical range of one-way com-

munication between satellite with monopole antenna and ground station with collinear antenna. 

• Design 4 elements collinear antenna array and monopole antenna. Simulate their radiation

patterns and antenna gains.

• Try to use the same set-up as in example, only modify antennas on both sides and try to re-

calculate theoretically achievable data rate if the satellite is just above horizon (elevation

near to 0°) and antennas are properly pointed.
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Home exercise 2 

Simulation of planar 4x4 elements antenna array and calculation of theoretical range of one-way 

communication between satellite with monopole antenna and ground station with planar antenna. 

• Design 4x4 elements planar antenna array and monopole antenna. Simulate their radiation

patterns and antenna gains.

• Try to use the same set-up as in example, only modify antennas on both sides and try to re-

calculate theoretically achievable data rate if the satellite is just above horizon (elevation

near to 0°) and antennas are properly pointed.
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Home exercise 3 

Simulation of 2.4 GHz one-way Lora link from the spacecraft with monopole antenna on the 

Moon surface and ground station with parabolic dish 

• Find parameters of Lora communication modules and select the most robust communica-

tion format. Try to fill link budget calculator.

• What gain of the ground parabolic dish you need to establish link with minimal supported

data rate of Lora module?




