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State of the Art: Microwave sensors like radars and radiometers are 

complex electronic apparatuses, historically adopted
for remote-sensing and imaging purposes. The firsts
(radars) are active sensors used to detect objects of
different nature, to measure their distance and 
relative velocity (by the Doppler effects) and to 
locate or identify them. The seconds (radiometers) 
are passive sensors that reveal the microwave 
black-body radiation of the matter and, through this 
principle, they are capable to measure, in a 
contactless way, the (brightness) temperature of 
objects. Furthermore, since various molecule and 
atom resonances occur in the microwave range, 
microwave radiometers can identify specific 
substances such as the water vapor in the 
atmosphere. In addition, the long wavelength 
microwaves can penetrate through cloud cover, 
haze, dust, and even rain. Finally radiometers are at
the heart of radio-telescopes and radioastronomy 
and the nowaday knowledge of the universe is also 
based on their discoveries: from the Cosmic 
Background Radiation (CMB) to the atomic 
hydrogen in stellar clouds and nebula.

Despite the widespread usage of radar and 
radiometers in ground and space-based platforms, 
their potential is not yet fully exploited in drones. 
The impressive advances of the radio-frequency 
hardware, mostly due to the progress of silicon 
microelectronic technologies, allow a new class of 
ultra-miniaturized radar/radiometer sensors to be 
conceived. These could be on-board drones to allow
a number of exciting applications: monitoring the 
water level and surface velocity of rivers, early 
detection of forest fire, pollution monitoring, 
precision agricolture and many other.

Among these scenarios, the hydraulic monitoring of 
rivers is of particular relevance since these sensors 



can be adopted, in a IoT infrastructure, for floods 
prevention and risk management.The next 
challenge, indeed, is the extensive monitoring of 
rivers and, to this purpose, the unit cost of radar 
(radiometric) sensors should be reduced by one 
order of magnitude, i.e. from thousand to hundred 
euro. Since the most expensive item is the antenna, 
low-cost technologies (like planar technologies) 
have to be accepted in the sensor design at the 
expenses of some performance degradation.

The present Ph.D. research aims at exploring these 
novel possibilities: from the hardware conception of 
the sensors to their on-field exploitation. It will be 
carried-out within the National Research project 
“IntEractions between hydrodyNamics flows and 
bioTic communities in fluvial Ecosystems: 
advancement in dischaRge monitoring and 
understanding of Processes Relevant for ecosystem
sustaInability by the development of novel 
technologieS with fIeld observatioNs and laboratory 
testinG” (ENTERPRISING), funded in 2019 by 
MIUR.

Short description and objectives of the 
research activity:

The primary objective of the present Ph.D. research 
is to develop, experimentally validate and 
demonstrate on board drones a miniaturized, multi-
mode radar/radiometer sensor equipped with 
frequency scanning antenna. The two basic ideas 
are: i) since radars and radiometers share most of 
the front-end devices and electronics, a multi-mode 
sensor can be devised in such a way to increase 
miniaturization; ii) a frequency scanning antenna 
array can be used in both cases to provide an 
imaging capability without the complex (and costly) 
electronic of a phased array.

Along this line there are several open problems, 
requiring a deep investigation. The major open 
issues from the radar point of view are: modeling of 
FMCW radars with frequency scanning antennas; 
development of leakage cancel circuits in the 
FMCW mode; noise caused in the Doppler mode by 
the drone blades and its reduction; data processing 
in order to reconstruct the image. The major open 
issues from the radiometer point of view are: 
modeling of microwave radiometers with frequency 
scanning antennas; singal processing of the 
radiometer data and image reconstruction; new 
calibration circuitry. Novel and original results are 
expected for each of the above issues.

Bibliography: 1. F. Alimenti et al., "Noncontact Measurement of 



River Surface Velocity and Discharge Estimation 
With a Low-Cost Doppler Radar Sensor," in IEEE
Transactions on Geoscience and Remote 
Sensing, doi: 10.1109/TGRS.2020.2974185. 

2. C.A. Schuetz, C. Harrity, G.J. Schneider, J. 
Murakowski, S. Shi, J. Deroba, D.W. Prather 
(2018). A Promising Outlook for Imaging Radar. 
IEEE MICROWAVE MAGAZINE, vol. 19, n. 3, 
pp.91-101.

3. F. Alimenti, V. Palazzi, C. Mariotti, M. Virili, G. 
Orecchini, S. Bonafoni, L. Roselli, P. Mezzanotte 
(2017). A 24-GHz radar front-end integrated on a 
multilayer cellulose-based substrate for Doppler 
radar sensors. SENSORS, vol. 17, p. 1-17, ISSN:
1424-8220, doi: 10.3390/s17092090

4. T. Geibig, A. Shoykhetbrod, A. Hommes, R. 
Herschel, N. Pohl (2016). Compact 3D imaging 
radar based on FMCW driven frequency-
scanning antennas. IEEE Radar Conference, 
2016, pp. 1-5.

5. W. Mayer, M. Wetzel, W. Menzel (2003). A Novel
Direct-Imaging Radar Sensor with Frequency 
Scanned Antenna. IEEE International Microwave 
Symposium Digest, 2003, pp. 1941-1944.

6. W. Plant, W. Keller, and K. Hayes, “Measurement
of river surface currents with coherent microwave
systems,” IEEE TRANSACTIONS ON 
GEOSCIENCE AND REMOTE SENSING, vol. 
43, no. 6, pp. 1242–1257, Jun. 2005,  ISSN: 
0196-2892.

7. M. Ferrick, N. Yankielun, and D. Nelson, “A 
doppler radar for continuous remote 
measurement of river ice velocity,” US Army 
Corps of Engineers, Cold Regions Research & 
Engineering Laboratory (CRREL), Report 95-21, 
1995.

8. S. Bonafoni, F. Alimenti, L. Roselli (2018). An 
Efficient Gain Estimation in the Calibration of 
Noise-Adding Total Power Radiometers for 
Radiometric Resolution Improvement. IEEE 
TRANSACTIONS ON GEOSCIENCE AND 
REMOTE SENSING, pp. 1-10, ISSN: 0196-2892,
doi: 10.1109/TGRS.2018.2812904 

9. L. Aluigi, D. Pepe, F. Alimenti, D. Zito (2017). K-
Band SiGe System-on-Chip Radiometric 
Receiver for Remote Sensing of the Atmosphere.
IEEE TRANSACTIONS ON CIRCUITS AND 
SYSTEMS. I, vol. 64, p. 3025-3035, ISSN: 1549-
8328, doi: 10.1109/TCSI.2017.2761703



10.F. Alimenti, S. Bonafoni, L. Roselli (2017). A 
novel sensor based on a single-pixel microwave 
radiometer for warm object counting: Concept 
validation and IoT perspectives. SENSORS, vol. 
17, ISSN: 1424-8220, doi: 10.3390/s17061388

11.G. Tasselli, F. Alimenti, S. Bonafoni, P. Basili, L. 
Roselli (2010). Fire Detection by Microwave 
Radiometric Sensors: Modeling a Scenario in the 
Presence of Obstacles. IEEE TRANSACTIONS 
ON GEOSCIENCE AND REMOTE SENSING, 
vol. 48, p. 314-324, ISSN: 0196-2892, doi: 
10.1109/TGRS.2009.2024305

12. F. Alimenti, S. Bonafoni, S. Leone, G. Tasselli, P.
Basili, L. Roselli, K. Solbach (2008). A Low-Cost 
Microwave Radiometer for the Detection of Fire 
in Forest Environments. IEEE TRANSACTIONS 
ON GEOSCIENCE AND REMOTE SENSING, 
vol. 46, p. 2632-2643, ISSN: 0196-2892, doi: 
10.1109/TGRS.2008.921395

Scientific coordinator (s) Dr. Federico Alimenti (Local coordinator of the 
ENTERPRISING PRIN project)

Contact (s)  federico.alimenti@unipg.it

mailto:roberto.vincentigatti@unipg.it

