Antenna radiation
pattern measurement
using a drone




Why measure using drone ?

RRT

One antenna for 3 DVB-T channels

Different theoretical diagrams
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RRT
Experiments with different setups




Drone

Hexacopter and flight service provided by
Space Science and Technology Institute:

e Payload 2 kg, flight time 20 min

* Pixhawk autopilot controller
 GPS/Compass Ublox M8N

* Telemetry modules 866 MHz

* Additional manual 2,4 GHz control

* Laptop with Mission Planner software




Measurement system

Assembled by RRT :

* Spectrum analyzer BB60C, weight 500 g

e« Stick PC STK2M3W64CC with Spike
spectrum analyzer software

e Homemade biconical dipole, weight 40 g

e LTE modem for remote control
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General setup
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Software used

* Mission Planner for drone control and flight telemetry data logging
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Software used

™

Spike Spectrum Analyzer — controlling spectrum analyzer, channel power logging

I Spike: Signal Hound Spectrum Analyzer Software
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Software used

e Tera Term — GNSS data logging
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Software used

* Lod data analyzer — merge channel power and GNSS log files, draw polar
diagram (created by RRT)

a Log data analyzer v3.2 - X
- Open  Clear Data | Center: Latitude 55,7684478333333 Longitude 21,09688375 Calculate Init Hide All Show All CIms:nhp‘

File: 1 ratas lauko stipris tik paciame rate kiti istrinti

Field Strength Measurements Result
— Main_Channel
—— Channell_Lower
—— Channel1_Upper
Channel2_Lower
~—— Channel2_Upper
—— Channel3_Lower
—— Channel3_Upper
B TR of 4471 b bl <5 X  GPSCPU Data Additional table
D CPU_Time CPU_TmeSpan  CPU_TmeState  mS mS_Start mS_Stop GPS_UTCTime  GPS_TimeSpan  GPS_LocalTme  TimeSpan Latitude Longitude Atitude SweepsCount
» 2020.10.13 13:5... | 00:00:00.1000000 15 -35 65 2020.10.13 10:5... |00:00:00.1010000 |2020.10.13 13:5... |00:00:11.5080000 | 55.76864616666... | 21,09209633333... | 215,39 2
2205 2020.10.13135... | 00:00:00.1000000 [~} 115 65 1655 2020.10.13105... |00:00:00.1010000 |2020.10.13135... |00:00:11.5070000 | 55.7686425 21,09209633333... [215.39 3
2206 2020.10.13135... |00:00:00.1010000 216 1655 266 2020.10.13105... |00:00:00.1010000 |2020.10.13 135... |00:00:11.9070000 | 55.7686425 21,00209633333... 215,39 3
2207 2020.10.13135... |00:00:00.1000000 %] 316 266 £ 2020.10.13105... |00:00:00.1010000 | 2020.10.13 135... |00:00:11.9060000 | 55.76863483333... | 21.0920945 21538 3
2208 2020.10.13 13:5... | 00:00:00.1000000 416 366 466 2020.10.13 10:5... | 00:00:00.1010000 |2020.10.1313:5... |00:00:11.9050000 |55.76862716666... | 21,0920945 21538 3
2209 2020.10.13135... | 00-00:00.1000000 [%] 516 466 5665 2020.10.13105... |00:00:00.1000000 |2020.10.13135... |00:00:11.9050000 | 55,76862716666... | 21,0920345 21538 3
2210 2020.10.13135... |00:00:00.1010000 = 517 5655 667 20201013105 | 00-00:00.1010000 |2020.10.13 13:5... |00:00:11.9050000 | 55,76862333333 | 21,0920925 21538 3
2n 2020.10.13135... | 00:00:00.1000000 =] n? 667 %7 2020.10.13105... | 00:00:00.1010000 |2020.10.13135... |00:00:11.9040000 | 55.76861566666... | 210920925 21538 3
212 2020.10.13135... |00:00:00.1000000 817 767 267 2020.10.13105... |00:00:00.1010000 | 2020.10.13 135... |00:00:11.9030000 | 55.76861566666... | 21,0920925 21538 3
213 2020.10.13135... |00:00:00.1000000 %] 917 867 9675 2020.10.13105... |00:00:00.1010000 |2020.10.13 135... |00:00:11.9020000 | 55.76860816666... | 210920925 21538 3
214 2020.10.13135... |00:00:00.1010000 1018 9675 1068 2020.10.13105... | 00-00:00.1010000 |2020.10.13 135... |00:00:11.9020000 | 55,76860816666... | 210920925 21538 3
2215 2020.10.13135... |00-00:00.1000000 %] 118 1068 176 2020.10.13105... |00-00:00.1010000 |2020.10.13135... |00:00:11.9010000 | 55,7686005 21,09209066666... (215,38 4
2216 2020.10.13135... | 00:00:00.1160000 1234 176 1284 20201013105 | 00-00:00.1010000 |2020.10.13 13:5._. |00:00:11.9160000 | 55,76859666666... | 21,09209066665... | 21538 3
217 2020.10.13135... | 00:00:00.1000000 [ %) 1334 1284 1384 2020.10.13105... |00:00:00.1020000 |2020.10.13135... |00:00:11.5140000 | 55.76859666666... | 21,09209066665... | 215.38 3
2218 2020.10.13135... |00:00:00.1000000 1434 1384 14845 2020.10.13105... |00:00:00.1010000 | 2020.10.13 135... |00:00:11.9130000 | 55.768589 21,09209066666... 215,38 3
2219 2020.10.13135... |00:00:00.1010000 [%) 1535 14845 1585 2020.10.13105... |00-00:00.1070000 |2020.10.13 135.. |00:00:11.9130000 | 55.76858133333... | 21.09209066666... | 21539 3
2220 2020.10.13135_.. | 00-00:00.1000000 1635 1585 1685 20201013105 |00-00:00.1010000 |2020.10.13 135, |00:00:11.9120000 | 55.76858133333 | 21,09209066665... | 21539 3 v
< >

Selected data processed.
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Measurement steps

1. Measure vertical diagram - drone took off strictly vertically above
transmitting antenna and descended vertically.
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Measurement steps

2. Measure horizontal diagram - drone took off to the height of maximum field
strength, then flew around antenna maintaining constant height

Field Strength Measurements Result
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Measurement results

Vertical diagram: 12

* beam tilt differs significantly
from the design (project);

* the width of the main lobe is
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Measurement results

™

Horizontal diagrams:
« For channel 29 is close to project data
» For channels 45 and 60 are rotated by about 60 degrees

« Measurements we repeated, results of two flights overlap within 2 dB

——Project data
—1flight
—2 flight
—0dB
-=---10dB

—— Project data
—1 flight
— 2 flight
—0dB

- =:-10dB

Channel 29

Channel 45

Channel 60




Issues to consider

« Measurement accuracy — more repeated measurements needed, accuracy
of GNSS, need of RTK;

» Flight time extension — helicopter with petrol engine ?

« EMC issues — compass failure; LTE modem — drone controller interference;

« Remote link to measurement computer on drone (Wi-Fi, LTE);

* New EU regulations, possibility to use certified drone ?



E RRART

Questions ?

saulius.gelzinis@rrt.It



