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RESULTS
Phase 1:

Since the optimization of the radio communication between the drone and the base station
involves the modeling of the specific propagation channel in which it operates, a series of experiments
were performed on the basis of which the propagation parameters were determined. For this purpose,
an experimental system was developed consisting of a software defined radio equipment with the role of
transmitter and a spectrum analyzer acting as receiver.
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In order to obtain a reference measurement, the experimental system was placed in an open field,
away from potential sources of interference, the so-called Open Area Test Site (OATS).




To model the propagation in the real operating environment of the drone, the system was placed
in a configuration that closely mimics the real situation during its operation, using a floating pontoon.

The propagation models necessary for the development of the drone's communication system
were obtained.
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Phase 2:

Following the analysis from a technical-economic perspective of the existing options for the
implementation of the radio communication system between the drone and the base station, the LoRa
technology was chosen as the optimal variant. This technology uses spread spectrum modulation, thus
providing resistance to multi-path propagation specific to operation on the surface of water bodies. The
frequency band chosen for LoRa communication is 868 MHz, because it allows unlicensed operation in
most countries of the world.

Constanta Maritime University developed and built the antennas for the drone communication
system. For the base station, a directional Yagi-Uda antenna with a gain of 10dB was made, and for the
drone, a compact dedicated antenna of the Meander Line type (Meander Line Antenna) was made.
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During the measurement campaign for testing the drone and generating the Machine Learning
algorithm training data set, the operation of the communication system was verified and it was found
operating according to the specifications.
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Phase 3:

The performance of the radio communication system is dependent on the propagation of the
radio signal in the frequency band used by the drone (868 MHz). Since the specific conditions of the
aquatic environment such as the signal reflections on the water surface and the attenuation (path loss)
caused by the propagation through reeds in the conditions of placing the antenna at a low height
compared to the water surface significantly change the propagation compared to the terrestrial
environment, the sounding of the radio channel was carried out in the real operating environment. Based
on the measurements, the excess path loss, necessary to determine the maximum operating distance of
the drone, was calculated.
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Before performing the measurements in the real environment, the measurement system was
calibrated by performing a reference measurement in a controlled environment (anechoic chamber), in
order to compensate for the dispersive effect of the two antennas in order to strictly characterize the
propagation environment. The calibration of the measurement system in a controlled environment was
carried out in the anechoic chamber on the premises of the Constanta Maritime University, intended for
the characterization of radiant systems in the 200 MHz - 20 GHz frequency range.




The measurements in the real environment were carried out near the village of Visina, Jurilovca
commune, Tulcea county.
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Based on the determined average excess propagation attenuation (Lexces = 22 dB), the sensitivity
in the maximum speed operation mode of the LoRa modems (S, = -111 dBm), the maximum transmit
power (Pe = 20 dBm), the gain of the control center antenna (Gan: = 10 dBi) and drone antenna (Gant; =
1dBi), the maximum communication distance with the drone was determined:
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A sonar with remote operation via WiFi radio connection, intended to be mounted on the drone,
has also been developed. The sonar has an integrated battery with 3 hours of autonomy and can operate
in active or passive mode. The active mode allows the creation of bathymetric maps, the detection of
schools of fish or submerged objects. In passive mode the sonar can be used to monitor underwater noise.
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Following the analysis of the results obtained during the 2021 summer test campaign in Romania,

improvements were made to the drone's electronic control systems. Operational validation of these
improvements was achieved by testing the drone under real working conditions on Lake Créteil, France.
The activity also aimed to promote the system created, the tests including a demonstration in the
presence of potential beneficiaries of the solution developed within the project.
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