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Flying Far-field Test Source

A micro hexacopter is used as
far-field RF source

flying over the AUT

RF transmitter

- '/‘
| W TN

Dipole antenna
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UAV equipped with a continuous-wave
RF transmitter and a dipole antenna

The UAV autonomously performs
quasi-rectilinear, constant height paths
(GPS navigation) e.g. E-plane or H-
plane cuts

Automatic take-off and landing

Differental GNSS system to track the
position (accuracy few cm)

On-board IMU to measured attitude
(pitch, roll, yaw)
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SKALA 2.0 Pattern
from 50 to 650 MHz

Courtesy of

UNIVERSITY OF
CAMBRIDGE

SKALA dual log-
periodic
antenna

working from

50 to 650 MHz.

Height is about

1.8 m
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AUT Pattern (dBi)
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LOFAR campaign April 2016

in collaboration with Stefan Wijnholds and Menno Norden

Aerial View of a LOFAR station (The Netherlands)

UAV to perform an end-to-
end system verification

F E

Three Arrays in Three Days
with
Multi-frequency TX
(almost 300 Patterns/Flight)

LBA inner

Embedded Element Patterns

LBA outer

Array Calibration and Pattern

Antenna positions (SW’s talk)

Courtesy of , ,
LBAinner: 48 dual-pol elements (random quasi-dense) 10-80 MHz

AST(‘ON LBAouter: 48 dual-pol elements (random sparse) 10-80 MHz

HBA: 48 tiles having 16 dual-pol bow-ties (dense) 120-240 MHz
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LOFAR LBA antenna in Turin
‘LOEAR Low-Band Antenna in Turin Courtesy of AST(QON

LBA simulation by Michel Arts using WIPL-D

Normalized pattern @ 60 MHz - E-plane
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LBA antenna consists of a pair of
crossed inverted-V dipoles
operating from 10 to 80 MHz. <IN \WAAd

Normalized gain dB

-25
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Antenna height is 1.7 m, width is
about 3 m
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Gain Measurement

60 MHz pol. A (1st) 60 MHz pol. A (2Znd) 60 MHz pol. B

Free (dBm) -24.27240.1 -24.101+0.1 -24.77510.1
FPry (dBm) 0.050+0.1 0. 050+0.1 a2.050+=0.1
InsLos (balun) (dB) 0.2984+0.1 0.29840.1 0.298+0.1
MizLos (UAV dipole) (dB) 4.181+0.159 4. 1814+0.159 4.181+0.159
grayv (dB) 2.0621+0.1 2.076+0.1 2.603+0.1
PatLos (dB) 45.4373+0.012 45.01430.012 45.237+0.012
Acapies (dB) 0.25210.1 0.252140.1 9.942+0.1
gavr (dB) +27.284140.276 +27.0194+0.276 +27.2311+0.276
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Gain Measurement

60 MHz pol. A (1st)

60 MHz pol. A (2nd)

60 MHz pol. B
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Embedded Element Pattern LBA inner

Element O: E-plane

: : F F F

AUT Pattern (dBi)
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AAVS0.5 Embedded
Element Patterns at
50 and 350 MHz

UK)

=

Mullard Radio Astronomy Observatory (

UNIVERSITY OF
CAMBRIDGE
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Phase of Cross Correlation Coefficient at 44.5 MHz

UAV at zenith above central element of the LBA inner

Baseline 0-40 (length 13.7 m)
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Residual Phase Value

Baseline 0-40

1 £ £ 1 [
Awveraged Trace (256 Sample)
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For shorter baselines where the elements see the UAV at the same observation angle,
this residual correspond to the calibration coefficient

C"-l IQTI\CNR [ENT - Applied Electromagnetics Group AADC workshop , Bologna, May. 9-13, 2016



e Cause not yet fully understood

* The day before the wind was even faster. The UAV was not able to follow the
preset path but was still able to land automatically

* The values of attitude angles (pitch about 20 Deg) are less accurate

e All the attitude traces are more noisy

C‘rl I@ CNR IEIIT - Applied Electromagnetics Group AADC workshop , Bologna, May. 9-13, 2016



= l|deas for the Upcoming
owversvor  Cambridge pre-AAVS1 Campaign

CAMBRIDGE

Near-field scan and Relative Phase Measurements

92UaJ3J3aY aseyd

Correlator

Measured Phase @OUt = @7 — pref — K(R‘”"my—Rref)
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Ongoing: Phase-Locked UAV Transmitter

":i:" RF oscillator locked with the GNSS PPS signal

Independent of Reference Antennas

oh Copy of the transmitted signal

Correlator
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Ongoing: UAV-based Sensitivity Measurements
by G. Pupillo and S. Pluchino

The proposed method allows to measure the Sensitivity (Agrs/ Tsys) of the system,
including all its parts, in the operating environment.

The method estimates the Power Flux
Density at AUT

PTx GTx(HIJ ¢,)
4T R?

PFD = [Wm™2]

PFD is defined as the transmitted UAV
energy, impinging upon the AUT per
unit area
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UAV-based Sensitivity measurements

A by G. Pupillo and S. Pluchino
PmeaS[W]

Phigh

Plow

— ,

PFD,,, = PFDpignPiow — PFDiowPrign

Phigh — Prow

The sensitivity can be estimated by
mean of PFD;, as follow:

Tsys

2
_PFDsyS 0 PFDIOW PFDhigh PFD [Wm_z] A€ff — kB m
PFD,s | K

Where:
Peas = measured received power [W]
* PFDyoy, PFDpjgp= Surface Power Density

[Wm™?2] corresponding to two different
power level trasmissions by UAV

Assumptions:
* Rx chain linearity

* Negligible T,,¢ and gain variations
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Tasks to be done:

e Error budget investigation
e Simulations
e Test on the field

AADC workshop , Bologna, May. 9-13, 2016



Conclusion

* Good results obtained on single element, embedded-element patterns
from 50 to 650 MHz

* UAV flying test source as an

end-to-end verification and calibration system

e Advantages of UAV-based antenna measurements:

— Measurements in the real installation conditions

— Beam pattern measurements on arrays and instrument calibration are possible (see G.
Pupillo, et al. “Medicina Array Demonstrator: calibration and radiation pattern
characterization using a UAV-mounted radio-frequency source,” Experimental
Astronomy, pp. 1-17, Apr. 2015

— Low cost, portability, no infrastructures

C"-I IQTI\CNR [ENT - Applied Electromagnetics Group AADC workshop , Bologna, May. 9-13, 2016



C"-l IQ“\CNR [ENT - Applied Electromagnetics Group AADC workshop , Bologna, May. 9-13, 2016



35

30

25

ApS21 (deg)
& S

-
o

Phase measurements - CABLES

LMR400 cable 1

Phase-shift variation with respect to meas. 1 at 10:15 AM
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LMR400 cable 1
Attenuation variation with respect to meas. 1 at 10:15 AM
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Relative Phase Measurements
Reference characterization

array

In a vertical Flight ¢ is constant

leax_elmin

~
_— e e o o o . - . e s s e .

Reference will be Correlator

characterized in the range

from glmin to Hlmax
goout — ¢array - | g01‘ef _ K(Rarray_Rref)
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