Development of ultra-light radio probes
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Research context and motivation

Representation of clouds remains a latent ambiguity for weather forecasting and climate
models since their characteristics depends on multidisciplinary processes in a wide range
of natural scales, from the collision of micron-sized droplets and particles to the thousand-
of-meters scale of airflow dynamics.

Within the Horizon 2020 Innovative Training Network Cloud-MicroPhysics-Turbulence-
Telemetry (ITN-COMPLETE), the development of ultra-small light disposable radio probes
for fluctuation-inside-clouds monitoring is promoted and financed. Being light-weighted
(less than 20 grams), the probes will have a fluid-dynamic behavior to allow them to “float”
inside warm clouds after been released by an aircraft or an Unmanned Aerial Vehicle
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DATA ACQUISITION AND CONTROL
Hardware and software
LoRa transceiver

Dimension: 16 X 16 mm

Link budget maximum 168dB
Sensitivity > -148dBm
Constant RF output up to +20dBm

"0|
Low noise amplifier

Matching and tuning components )

ATmega microcontroller Temperature, pressure and humidity

Combined sensor

High-performance Dimension: 2.5 x 2.5 x 1 mm

Microchip 8-bit
32KB flash memory
Dimension: 9 x 9 mm
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Velocity and Position estimation

Low power GNSS module

Dimension: 4.5 x 4.5 x 1.0 mm

Inertial module

3D accelerometer, 3D

gyroscope, 3D magnetometer
Y Dimension: 3.5x3x 1 mm )

Ceramic chip antenna
Dimension: 5 x 3 x 0.5 mm

Other passive elements for signal
conditioning
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i LoRa transceiver Hardware and software

Hardware and software o Dimension: 16 X 16 mm
[ Low cost Q@ Link budget maximum 168dB Flow-based programming
Flexible - Sensitivity > -148dBm 2 _ for the Internet of Things
. Open source software chronograf Time series platform
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Peak gain: 3.6dBi
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for atmospheric monitoring inside clouds
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Supervisor: Prof. Flavio Canavero

Novel contributions

Optimization of the first prototypes of both, the radio probes and the ground stations.
Selection and tests of the different sensor stages of the radio probes (temperature,
pressure, humidity, velocity and position estimation).

Integration of the radio probe systems.
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» Code development and improvement
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Position estimation tests and optimization combining data from an Inertial Measurement
Unit and a GNSS receiver module

Tuning of the radio probe antennas using an RF anechoic chamber

PCB tests and optimization

Size and weight optimization of the radio probes

Design of the PCB board using flexible materials

Evaluation of materials to achieve as much as possible green radiosondes

Evaluation of soldering techniques on bioplastic surfaces

List of attended classes

01SDJRS - Earth climate and climate change (29/1/2018, 20)

01RPQIW - Turbolenza atmosferica (23/02/2018, 15)

01SIIRV - Introduction to Phased Array Antennas (26/02/2018, 12)

02NQUBG - Radio planning (06/03/2018, 60)

01QEZRV - Sviluppo e gestione di sistemi di acquisizione dati (19/06/2018, 25)

01QRPRV - Satellite Navigation signal exploitation for atmospheric and environmental monitoring
(21/06/2018, 15)

External Training Activity — Joint ICTP-IAEA School on LoRa Enabled Radiation and Environmental
Monitoring Sensors. Trieste - Italy (23/4/2018, 88)

External Training Activity — Spring School on Cloud Dynamics and Modeling. Paris — France (28/05/2018)
External Training Activity — 2nd Summer School on Microphysics and Dynamics of Clouds.
Umweltforschungsstation Schneefernerhaus, Mt. Zugspitze, Germany. (09/07/2018)

01RISRV - Public Speaking (28/2/2019, 5)

External Training Activity — 3rd COMPLETE Workshop. Warsaw — Poland (04/02/2019)

01QORRYV - Writing Scientific Papers in English (6/6/2019, 15)

01PJHRV - Cloud computing per applicazioni e-science (10/06/2019)

External Training Activity — 3rd Summer School on Small-Scale Turbulence in Clouds. Gottingen,
Germany (24/6/2019)
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Technologles

01SWPRYV - Time Management (9/9/2019, 2)
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