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> Motivation

»Measurements procedure:
>Flight planning, testing

>»Measurements from drone-
platform:

»>Spectrum analyzer
»Radar in-situ measurements

»>Further developments
»>Take away

x)z UNIVERSITY of UAV ,L” band antenna on top
¢3¢ DEBRECEN
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Motivation

»Using antennas is a part of our
everyday life
» Electromagnetic spectrum
» Electrosmog
»Need for drone-platform based In Situ
measurements
»Radar, communication, WI-FI
» Drone-platform:
»DJI Inspire 1 VTOL UAV e = ]
» Use of 3D printed parts

i
- - - - -
Wavelength = Wavilength = Wavelength = Wavelength = Wiavelength =
I Ieagth of a football field width of a baseball thickness of paper widih of a water molecile size of atomic nuclel
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Measurement procedure

PHYSICAL
CHARACTERISTICS SN T EXPORT AND
WY OF ANTENNA . . EVALUATION OF
(coordinates, waypoints flightplan RECEIVED DATA
height, width)

MEASUREMENT
CHARACTERISTICS

(sphere radius, DOABLE?

number of slices, (does the path collide
number of ith the object?

does the plan and task EXECUTION OF
appear correctly in PROCEDURE

waypoints)
measurement

points)
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Flight planning
» Adjustable measurement to any microstrip antenna type

»Basic surface of a sphere such as radome with the speC|f|ed
number of measurement points per layer. S

>Warning in the event of a collision 2% NOT-CONNECTED 0 GPS® [d 0.0v
0.2 kmin 06:40 "h.

» Adjustable vertical coverage of the sphere

. -

» Optimized for In Situ usage

»Python program: -

> Visualization
» Flight Plan application

- E‘:‘J’ UNIVERSITY of
N% DEBRECEN
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Testing In Situ

Procedure verification:

> Route pla 4 35 WAYPOINT ™ 00:50 %16 GPS® (¢ 66% 13:21
generatlng 0.0 kmin 1:10

» Route flight test
» Flight function test|

» Repeat accuracy
test 21407440

» Capacity test |
dist: 1.6 m | elv: 11.0 m| sp: 1.8 kph | vsp: 0.0 kph‘___ (O)

Vil
&‘g‘;’/‘ UNIVERSITY of
N% DEBRECEN
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Spectrum analyzer
» Criterion

»Small size, < 200 grams

» UHF” L” and,S” band measurement
range

> Economical solution

»Tool chosen for research:
»35-4400M USB Spectrum Analyzer
» Use of microstrip antenna

»Operation:

»Raspberry Pi + with 2.4/5.8 GHz
technology

»50 Ohm impedance coaxial cable
hanging from the drone, connected to
antenna

Vil
18]

Ji=i8 UNIVERSITY of
E¥¢ DEBRECEN
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In Situ measurements at Puspokladany Radar

> Primary radar spectrum measurement: VEETRTTE
>Raythe0n ASR23 SS passive antenna » _.' E 21° 02°39.068>
> Frequency: 1280 MHz | ‘
» Pulse width: 1.8 & 98 pus

»Measurement with microstrip
antennas

» The system was functional, but the
weather conditions were not suitable

U'ﬂ Wi 11,7 455
. "“//// Wl
- ‘J.’__’y"/y/////// .A!

&;;% UNIVERSITY of
B3¢ DEBRECEN
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In Situ measurements at Puspokiladany Radar (cont.
>Calibration of microstrip antennas @ i e L s o e

1.3301731375 GHz
1.33015873 GHz 0.0

» Antennas and analyzer laboratory
testing

» Antenna testing and calibration with
4chVNA

»R&S FSH4 spectrum measurements for
reference

»Consequence: the chosen analyzer is
suitable for this use, but needs more:
> Sensitivity et

» Control set up

3“‘.“;’/‘ UNIVERSITY of
N% DEBRECEN
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Future developments

» For spectrum analyzer UAV ,S” band antenna on top
» Repeat Plspokladany In Situ measurements

» Improve methods:
> Data evaluation
> Data visualization

»,S” band spectrum measurements

» For drone-platform:
» RTK-based GPS system (cm accuracy)

»Low noise amplifiers on the output of
antennas

> 6 GHz Wi-Fi connection

» Creating a fully functional system
(docking station)

Xmé UNIVERSITY of
N.% DEBRECEN

BE
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» Developed and partially tested a
drone platform:

»For ,L” band In Situ measurements

»The system is validated by route
planning, uploading, and flying
modes

»The system proved to be:
» Effective
» Economical solution

»Need for further In Situ
measurements and developments

Vil
X;u;’/‘ UNIVERSITY of
N% DEBRECEN
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Thank you for your attention!

Our team:

S
(2

@

KAROLY ARPAD KIS KORNEL SARVAICZ ISTVAN BALAJTI
Mechatronics Department Mechatronics Department Mechatronics Department
University of Debrecen University of Debrecen University of Debrecen
Debrecen, Hungary Debrecen, Hungary Debrecen, Hungary

If you have any queries,

please feel free to ask.
24/05/2023
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