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Preface

Yy 61 DIl Arkgerk the fififi volume dedicated to the activities carried out by the Institute
for the Electromagnetic Detection of the Environment (IREAj)elative to the 2014-2017 time
interval .

In recent years, IREA has been paying increasing attention to the actigs of communication,
dissemination and exploitation of research results, of which this Report is one of the main
tools together with our website. The aim is to illustrate the activities that take place in our
Institute which, thanks to the available skils, its multidisciplinary characteristics and the
scientific vitality that animates it, has become a point of reference in the research sectors in
which it works. The aim is also to spread the scientific knowledge acquired on issues of
significant public and social interest towards the world outside the scientific one in the strict
sense. We are convinced, in fact, that involve the society and a wide and "generic" public in
discoveries and achievements is a duty because the knowledge, not being limited tdesv,
can have broad repercussions.

From reading the following pages you can grasp the high social and scientific impact of the
research activities carried out at IREA that contribute to responding to issues of considerable
importance in relation to major challenges in areas ranging from territorial and
environmental monitoring, to security, to the protection of strategic infrastructures, to the
development of technologies for sustainable management and protection of Cultural
Heritage, to agrifood, healthcare and health.

Leafing through this volume it is possible to find a concise description of the main research
lines carried out and the projects in progress or completed in the fouyear period of
reference, the list of scientific production, short profies of researchers and technical and
administrative staff, as well as the list of contracted personnel, associated and in training,
that is all those who contribute daily to the research activities and to the functioning of the
Institute.

The volume ends wih the main news published on the IREA website in the past four years,
through which some important scientific results or events that involved the Institute have
been highlighted.

A special thanksfor the valuable work done goesagain to Maria Consiglia Rasulo, who
oversaw the design, drafting and graphicsalso of this volume, and to all the staff of IREA
who contributed to its realization.

(el

Riccardo Lanari
Direttore IREA
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Introduction

The Institute for Electromagnetic Sensing of the Environment (IREA) carries out
research activities related to the development of methodologies and technologies
for acquisition, processing, fusion and interpretation of images and data obtained
by electromagnetic sensors operating on satellites, aircrafts and in situ, aimed at
monitoring the environment and territory, non-invasive diagnostics and
electromagnetic risk assessment. In addition, methodologies and technologies for
the realization of geospatial déa infrastructures and biomedical applications of
electromagnetic fields are developed. Attention is also devoted to activities of
investigation, research, and experimentation on the public communication of
science as well as to activities on science eduica.

IREA is part ofthe largest public research institution in Italy, the National
2A0AAOAE #1 O1 AET | #.2Q8 ) OzIE@ndAechndlogyO O A A
Al O %l AO C u A D@partméhﬂahmrtlc(b@@ @ the activities of the

O %A O &t&m SRiehce and TRET 1T 1 1 CEAO &£l O DégarkmeribinOE O 1
addition, the Institute is involved in research projects in collaboration with the
Departmentof O3 1T AEAT AT A (#001A0 0 GMAIE Al AAEOACAG 8
Similarly to the findings from the evaluation process of the CNR Institutes
concluded in 2010, the latest CNR assessmeobmpleted in 2015 and the one

carried out by the National Agency for Evaluation of the Univers/ and Research
System (ANVUR)which ended in December 2016, confirmedhe positioning of

IREA in the band of excellence dhe CNR Institutes and, more generallyof the

national research system.

IREA is a highly multidisciplinary reality, having internally consolidated skills in
the fields of microwave and optical remote snsing,electromagnetic diagnostics,
computer science for the management and treatment of geapatial data,
geophysics for the study of geological processestarting from remote sensing
data, bioelectromagnetcs for assessing the risk of exposure to elea@magnetic
fields andtheir possible applications in medicing as well

The carried out research activities meet the important needs of scientific and

technological development of the Guntry. They have numerous application

outcomes in areas of strategiémportance such as environment, security, safety,
and health.

The monitoring of the environment and territory is achieved through the
development of advanced methodologiesfor airborne and satellite image
processing, in situ measurement acquisitionand processing as well as
geographical information treatment. The activities are very well framed in the
European program for Earth Observation(EO) named "Copernicus’, whose
purpose is to provide accurate and timely information on the territory and the
environment that surrounds us.Moreover, thecarried out activities are also very
well in line with the developments of the national satellite observation programs
called "COSM€&EskyMed" ofthe first and second generation and "PRISMAMany
techniques of EarthObservation have been developed at IREA over the years
with important implicatio ns in various application areas

Particular attention is devoted to the development oEOtechniques to be applied
in the agricultural sectorthat must faceimportant challenges due tdghe continuous
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pressure of global demandor food, particularly in developing countries.The analysis of satellite images
of the Earth's surface allows crop mapping and monitoring of their status as well as tracking their
vegetative development and maximizing yields. In this framework, IREAas been involved in the last
few yearsas the coordnator of a European project (ERMESAN Earth obseRvation Modebased RicE
information Service) for the development of services based on satellite data to support the system of
rice production in Italy and Europe, with thelong-term goal of exporting thesetechnologies to African
and Asian countries Another important application based on highresolution images (satellite, aircraft,
drone), called 'Precision Farming',allows to monitor the state of the crops and more generally to
provide specific information for modern management of agricultural practices aimed at obtaining more
sustainable and profitable productions.

IREA also has considerable expertise in the use of Earth Observation Technologies for the monitoring of
inland aquatic ecosystems (lakes and lagoons) and coastal areas, in particular for the detection of algal
blooms, the growth and areal evolution of thesubmerged vegetation and the control of discharges. Among
water resources, natural and artificial lakes are the main reservoir of fresh water. The health of these
ecosystems depends on the presence of substances of different origin such as nutrient coneitn,
suspended solid particles resulting from soil erosion, the presence of heavy metals and pesticides
introduced by humans. Improper use of these substances can seriously alter the hydrological equilibria of
water bodies; therefore, the control and maagement of the water resourceare strategic and imperative.

In this field, satellite technologies, which allow monitoing large parts of the territory with frequent and
continuous observations over time, are a valuable tool for analysis. The Institute iolvement in various
national and international projects has enabled the consolidation of its image analysis abilitthe
implementation of algorithms and codes used to generate different types of products needed for water
monitoring.

A relevant research area is also the one devoted to the exploitation of the EO data for the investigation of
fires. In this regard, 2017 will be remembered as one of the most devastating seasons in Europe for fires
that affected about 700,000 hectares. Iparticular, during the summer the area ofthe National Park of
Vesuvius, in Campania, was hit by a fire of vast proportions which produced extensive damages to forests
on all sides of the volcano. In addition, large amounts of ash resulting from the coustion of tens of
hectares of Mediterranean scrub were dispersed in the environment and the fire produced extensive
smoke coulters that affected a wide area, including various inhabited areas. In this context, IREA worked
on the processing of satellite imges acquired by the Sentine? systems of the Copernicus program and it
provided maps of the areas affected by fires. Moreover, IREA was also involved in the development of
new methodologies for the integrated use of optical and radar data made availablg the Sentinet2 and
Sentinell constellations, respectively, for a better characterization of the effects of fires on the state of
vegetation cover.

Another interesting technology developed at IREA in the field of in situ environmental monitoring is
related to the development of optofluidic sensors, miniaturized optical sensors for monitoring liquids
where the sample liquid is an integral part of the photon structure. This approach enables the creation of
fully innovative devices, the secalled miniaturized laboratories, a new and promising technology that is
intended to reproduce the analyses traditionally carried out in the laboratory on a micrometric scale.
Thanks to the optofluidic sensors, it was possible to determine the presence of nitrates in watend
guantify the presence of pollutants with high mutagenic and cancerous power.

The issue of security is also central to IREA's research activitiéscreasing the level of safety and security

of European citizens is another important challenge of Copgicus as well as of Horizon 2020, the
principal program of the European Union for funding research and innovation, which aims to contribute

to the achievement of the goals specific to the Europe 2020 Strategy. Among the objectives is to increase
social resilience, with respect to natural disasters or humastaused accidents, through the development

of innovative solutions in the field of crisis management anthe protection of critical infrastructures. In

this framework IREA activities on Differential SARnterferometry are included, thanks to which it is
possible to detect very small deformations (centimetres and in some cases soéntimetres) of the
Earth's surface from satellites. In this contextiREA researchers developed an innovative methodology
widely used internationally, called SBAS (Small BAseline Subset), which allows the study of the temporal
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evolution of ground deformation phenomena. Measuring these deformations is of utmost importance for
risk prevention and support for decisions in times of crisis. Indeed, in volcanic areas deformations are
often precursor signals of eruptions or anyhow index of an increase in volcanic activity. The detection of
deformations is also of great importance for eattquakes and landslides study. In this context, IREA,
which is a Competence Center for the Italian Civil Protection Department, provided very quickly useful
information about the deformations caused by the seismic events that hit central Italy from Augus026
and the island of Ischia in August 2017. In addition, IREA participates in the monitoring activities of
Campi Flegrei Caldera, Mount Vesuvius and Mount Etna. These activities have greatly benefited from the
data and radar images made available by theeftinel-1 constellation of the Copernicus Program.
Starting from satellite information and from in situ measurements, IREA researchers have also realized
various models of the sources responsible for the observed deformations. The developed inversion
methods allowed to describe their shapes and locations. In addition, IREA has contributed to the
development of advanced techniques for the processing of highsolution SAR data acquired by
airborne sensors. They have important applications for the generatioof digital terrain and ground
deformation maps, with potentially significant benefits in Civil Protection scenarios. Finally, thanks to
the satellite SAR tomographic techniques developed at IREA and awarded by the IEEE Society, it is nov
possible to carryout 3D reconstructions with high detail and to monitor the deformations of individual
buildings and infrastructures. Also in this case the possible applicative repercussions are extremely
important.

Still in the field of safety technologies, at the IREA optoelectronics laboratories, fiboptic sensors
based on Brillouin's stimulated scattering have been developed. They allow the monitoring of
deformations and temperatures over distances up to tens okilometres. This enables to realize
extensive monitoring networks, demonstrating in recent years huge potentialities in controlling the
structural integrity of buildings and large transport infrastructures, such as bridges, viaducts and dams,
a crucial apect for the prevention of natural disasters and to guarantee the safety of people and things.
These sensors were also successfully used in determining the temperature profile in exploration wells
in areas of volcanic interest and in wells designed to ass® the geothermal potential of the subsoil, as
well as, more recently, in highresolution (cm) structural monitoring of aeronautical structures - such
as fuselage, wings, tail made of composite materials. The results of this research led to the filing wio
patents, the first of which is being extended to the United States and Europe.

Also the methodologies of data processing from gemdar and imaging beyond the obstacle, developed
at IREA as part of in situ electromagnetic diagnostics, represent issuet great relevance for safety.
They allow to obtain detailed information of the analyzed asset or of the monitored structures and to
detect any risk factors through noninvasive monitoring. Very important are also the most recent
developments related totechnologies for the enhancement of cultural heritage, with particular regard
to the aspects of its conservation and protection. These activities have led to the creation and
development of sensors and methods of electromagnetic detection that have arousednsiderable
interest. To confirm this, IREA actively collaborates with the Special Superintendency for the
Archaeological Heritage of Pompeii, Herculaneum and Stabia of the Ministry of Cultural Heritage and
Tourism.

Another central theme in the Europe 2Q0 strategy is linked to interoperability between information
systems, including those concerning spatial information. In this context, IREA has been developing#
techniques for the integration of multrsource geographic information for years and deals withtthe
development of digital infrastructures (e-infrastructures) to share geographic data that largely produces =S
on the web. Furthermore, it carries out research on innovative methodologies and techniques for the o)
interoperable management on the web of Big Datand Geographical Information created by Smart and
Social applications. The ability to identify, interpret and analyze big data, heterogeneous migturce
non-structured information created through the use of smart mobile devices to report, comment or
document critical environmental events that the authors have witnessed, can prove to be of great help in
various situations: to prevent catastrophic events, to monitor the territory, to plan mitigation works and
the allocation of resources during emergencieand to safeguardhe population safety.
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The activity makes direct reference to the European Directive INSPIRE (Infrastructure for Spatial
Information in Europe), which aims to make spatial information of the various European countries
compatible andusable in a crosshorder context. To confirm the value of the activities carried out in the
field of einfrastructure development, IREA was responsible for the implementation of data
infrastructures of the flagship project RITMARE, the main national reseen project on the sea of the
five-year period 2012-2016. In this framework, IREA developed the open source software suite "GET
(Geoinformation Enabling Toolkit) starter kit" whose brand, formally registered, allows to publish
online and through standard OGC services (Open Geospatial Consortium) maps and observations
acquired by sensors and can be adopted by a wide range of users to make executigad therefore
more effective- the INSPIRE directive.

More recently, IREA researchers hae focused on the study, development, and implementation of
distributed systems for satellite data processing, with particular reference to cloud platforms, capable of
hosting large archives of satellite data and providing considerable computing resourcés.addition, IREA
contributes to the implementation of an IT platform for the massive and automatic exploitation of Earth
Observation satellite data within the ESA project GEP (Geohazard Exploitation Platform) and participates
in the project for the implementation of the European infrastructure EPOS (European Plate Observing
System). In this context, IREA is responsible for the entire woniackage on the use of satellite data.

Regarding the research activities related to healthcare and health, they can geuped into two main
research streams. The first is devoted to the study of netermal biological effects of low and high
frequency electromagnetic fields, with the aim of providing useful information to the development of
safety standards for populationexposure. In this context, IREA patrticipates in the working group of the
World Health Organization and other international groups of experts (European Commission, Swedish
Radiation Safety Authority, IEEE) for the review of the scientific literature on blogical effects of non
ionizing electromagnetic fields, in order to release informative scientific reports. In addition, for years
IREA researchers have been dealing with the risk assessment from exposure to electromagnetic fields
used, in particular, by ystems for magnetic resonance imaging. This activity led to the creation of a portal
dedicated to safety from exposure to electric, magnetic and electromagnetic fields for workers operating
in this sector.

Another research activity aims to explore thepossibility of employing electromagnetic fields for new
clinical and diagnostic applications. In this context, IREA researchers are engaged in the development of
innovative diagnostic and therapeutic technologies based on the use of electromagnetic fields.
particular, the activities mainly concern the development of a microwave imaging technique for the early
diagnosis of breast cancer, the monitoring of cerebral stroke, and the development of innovative
protocols to extend the spectrum of application o&lectro-chemotherapy, a technique based on the use of
pulsed electric fields in combination with cytotoxic molecules and used for cancer therapy. Furthermore,
the interactions between electromagnetic fields at microwave frequencies and nanoparticles argidied,
which, by selectively binding to the tumor cells, increase their detection and facilitate the localization of
the therapeutic treatment.

Many others are the themes on which IREA researchers work, such as the study of the properties of
materials ard artefacts using TeraHertz frequency sensors, the analysis of territorial planning and the
effects of soil sealing due to the territory cementation, the development of remote sensing techniques to
estimate the characteristics of marine ice, currents and wd fields on the sea surface.

10
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Offices

IREA has its "Eugenio Zilioli" where
headquarters in Napoli  researchactivities

and asecondary focused on remote
location in Milano. sensing of water quality

and dissemination and
environmental
education activities are
carried out.

TheNaples
headquarters (as at
31/12/201 7) hosts 36
units of structured
personnel, 12 research In 2005 the Station was
fellows andnumerous entlited to Eugenio
young people intraining  Zilioli, the first Head of
with PhDs, scholarships the IREA Unit in Milan,

internships anddegree  for his commitment to '\éapo“
thesis. There are four environmental Headquarters
major research education and outreach

infrastructures: a cluster  activities. Since 2011,
for remote sensing data  the seat has become a

processing, & LTER Station (The
electromagnetic Italian Network for
diagnostics laboratory, Ecological Research

an opticd and Long-Term ltaly), which
optoelectronic sensing is part of the

laboratory and a International Network
bioelectromagnetics ILTER, bringing togethe
laboratory. 39 countries in five

continents on issues of

Atthe secondary ecological research.

location of Milano, there
are 24 units of staffand  Snce 2014 it is part of Milano

13 researchfellows. Itis the NASA AERONET Secondary Location
equipped with an Site.

optical-electronic
laboratory for the
calibration/validatio n of
remote sensing data.

In Sirmione del Garda
(BS) there is the
Experimental Station

Experimental Station

"Eugeni
Sirmione del Garda
(BS)

.
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The new IREA headquarters inside the
CNR Technology Hub in Napoli

On February 4, 2016, the new headquarters of the CNR Technology Hub in Napoli was inauguratt
will house the Institute for Electromagnetic Sensing of the Environment (IREA) and the Combust
Research Institute (IRC), thus becoming a multidisciplinary research area in the fields of
electromagnetic monitoring of environment and territory, the control and reduction of polluants
produced by burning fossil, biomass, biofuels, and waste.

The complex, of about 10,000 square meters, is distributed on three floors and is located in
Marconi. It will host more than 120 researchers, technicians, and administrative staff and willlow
having more functional environments and equipment for the research activities.

For its building both the application of the latest methods of construction in seismic areas a
advanced methodologies for energy efficiency have been used.

12
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Budget andPerformance

IREA can be considered an institute in "health", with a remarkable capacity for sdifiancing and
scientific production.

The analysis of data relating to IREA funding and to the scientific output in the period 202017
shows both aremarkable ability to find external financial resources, resulting from participation in
national and European research projects and from cooperation with industries, and a high scienti
output, characterized by publications in the most prestigious jourals in the reference sectors.

Budget Scientific output
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= 80 -
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it 60 -
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s 40
=}
2 20 |
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2014 2015 2016 2017 2014 2015 2016 2017
years years

BPersonnel costs @BCNR Funds BExternal funds ®Journal publications B Papers in conference proceedings

Collaborations and relationships with the socie
economic reality

IREA is fully irtegrated into the national and international research context. The Institute has stror
collaborations with many Universities and Research Centerboth national and international, as well a
with companies and local Institutions, above all ithe Campania and Lombardid&Regions

Large and prestigious is the set ofunding bodies of the research and development activities carrie
out by the Institute. Among themthere are the European Commission, the European Space Agency
Italian Space Agency, the Civil ProtectioDepartment, Regions and Local Authorities, various domes
and foreign companiesIREA is aCenter of Gompetence of the Civil Proteton Department (DPC) fo
the satellite monitoring of ground deformation, participates in the National Interuniversity Consortium
for Telecommunications (CNIT) and in the Interuniversity Center on Interaction betwee
Electromagnetic Fields and BiosystemsICEmMB). The Institute is part of the SPINT platform, the
National Technological Platform dedicated to Space, and the National Technological Platform
Security SERT (Security Research in ITaly). Finally,The Institute has actively contributed to the
adivities of the Italian Clusterfor Aerospace Technology (CTNA).

IREA is also very well rooted in the territory. It participates inthe center of campetence of the Campan
Regionon "ICT" (CeRICT) and in the High Technology Consortium for Cultural Hege (Databenc)In the
Lombardia Region, IREA participates in the activities of the Aerospace Districiand of the cluster on
O4AAETTTITCEAO A O 31i A0CO #1111 061 EOEAGAS8 -1 OAT O
Lombardia Region in the framework of NEREUS (Network of European Regions Using S
Technologies), the Europeametwork that supports the regional strategies orthe space issues

13
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Laboratories and Equipmert

At the headquarters in Napolithere are four main infrastructures: a cluster forsatellite radar data
processing, an electromagnetic diagnosticdaboratory, an optical and optoelectronic sensing
laboratory, and abioelectromagnetics laboratory.

The cluster dedicated to satellite radar data processing was funded by
MIUR under the project PON-AMICA. It was designed andnplemented at
IREA with the aim of optimizing the performance according to the particular
application type. As a matter of factradar data processing requires the use
a significant dik space and a high number of data access operations. The
system has a high degree of scalability and redundancy and is, therefore,
inherently resistant to faults, that is, to the partial breaking of its
components

The architecture is composed of two frorkend nodes in heartbeat and 22
processing nodes at 64it based on eight core dualprocessor Intel
Xeon for atotal of 352 hyperthreading processing units(core) and 8448
GB of RAM. Each processing node, on which tbd-bit version of the
operating system Linux is installed, is equipped with a drive in Direct
Attached Storage (DAS) mode and RAID 5 configuration

An external 160 TB storage unit connected to theContact person
Cluster for remote sensing ~ System by means of 4 higiperformance Fibre Channel

data processing completes the architecture. The total disk space
available, also through the use of a parallel file system,
is about 12 PB.

Simone Guarino

In the electromagnetic diagnostics laboratory , research and development activity is carried out
within the framework of active microwave and terahertz diagnostics aimed at the detection,
localization, and characterization of static and moving objects, hidden or buried in complexenarios,

as well as the remote detection and characterization of vital signs. To pursue these aims, measuring
devices, data processing technologies, and dedicated software are available. Among the
instrumentations available, partly acquired through thePON project tAMICA, there are

- a K2Ris georadar system suitable to survey stdoils and vertical ¥
structures; the system is equippedwith a dual frequency single fold
antenna working at 200 MHz and 600 MHz nominal central frequencies
and a single frequency antenna working at 2GHz

- a holographic radar, named RASCAMN4000, suitable to obtain bi-

dimensional images of the subsurface layers difie structure under test in
real time; the penetration depth reaches about 10cimn

- a last generation system operating
at THz frequencies, THZomega Fico
(fiber-coupled terahertz time domain
system) for highresolution (milli-
meter) spectroscopy and imaging,
working both in transmission and
reflection modes, with the following
features: Georadar K2RISsystem
a) spectral range from 60GHz to 3THz;

b) 3GHz spectral resolution;

¢) 500 Hz acquisition frequency;

THz Zomega FICO system

14
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- a prototype exposure system for imaging ithe presence of magnetic
nanoparticles (MNP);

- an Xbandradar system for the characterization of the sea state

- a bio-radar prototype for the detection of vital signs;

B - 2 workstations with 8 processors,

7 : one with 144 gigabytes of RAM and :

the other with 48 gigabytes of

RAM MNP imaging system

- 3 Dual Processors with 8 Gigabytes of RAM, 2 Intel Cores |

Processors with 8 Gigabytes of RAM, 1 Workstation with 8 e

Processors and 256 Gigabytes of RAM.

R

' As far the software is concerned, at IREA electromagnetic diagnostic:
bio-radar system laboratory methodologies have been developed that, starting from data
measured by ground penetratingadar systemsoperating in situ and/

or airborne platforms, allows obtaining high-resolution and reduced ambiguity images of the
investigated scene. The developed methodologies benefit from the study of the electromagneti
scattering phenomenon and, as a function of the adopted physical/mathematical model describing the
signaktarget interaction, can be grouped in stategies for the localization of unknown objects and their
geometric characterizations (size, shape) and approaches capable of providing an accurate quantitativ
characterization of the electromagnetic properties (dielectric permittivity, electric conductiity and
magnetic permeability) of the objects undettest. The software was completely developedh-house.

It represents a significant added value in all those applications inwhich it is

Contact person  Of interest to exploit the ability of microwaves to penetrate opaque materials and
interact with them in order to perform a non-destructive and noninvasive
diagnostics.

llaria Catapano

The optical and optoelectronic sensing laboratory is
equipped with instruments for the development, manufacture,
and characterization of planar optofluidic and optoelectronic
| integrated sensors and fiber optic sensors

As for the integrated optical and optofluidic sensors, the
laboratory is furnished with a clean room, equipped with 3um
resolution direct laser writing lithographic system and a spircoater
to apply uniform polymeric thin films, which allows the manufacture
of polymer optical guides and devices.Technological facilities
available also include a computer numerical control (CNC)
Direct laser writing lithographic system ~ micromilling with a 5um resolution, an optical profilometer, an
oxygen plasma system, andthermal press for themanufacture
of microfluidic devices. There are also four benches for the characterization of integrated optical
sensors for the development, analysis and characterization of optical and optofluidic senspugith
particular reference to sensors for chemical and biological applicationdBenches are equipped with:
wide spectrum sources UV-Vis-NIR (190nm-2100nm) coupled with optic fiber; tuneable sources at
Aol O1 A 1 Ex ynl iEZAATOA OARE | dmi A OA Quised e dodkd ADO 1 E K gt
532nm, 266nm; optical microscopes spectrophotometers, andhigh-resolution monocromators.
As far as fiber optic sensors are concernethe laboratory is furnishedwith most of the instruments aimed
at developing and optically characterizingdistributed optical fiber sensors based on Brillouin and Raleigh e
scattering. In particular, there is a prototype of fiber optic distributed sensor for strainftemperature
monitoring, a conventional and photon counting OTDR system, an OFDR system, fiber optic fusion splice
lapping anda polishing machine

The laboratory is also equipped with 2 workstations with 8 processors (14  Contact person
Gigabytes and 48 Gigabytes of RAM, respectively) dedicated to the design  Romeo Bernini
simulation of optical and optofluidic devices.

15
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The activity carried out at theBioelectromagnetics laboratory mainly deals with the evaluation of effects
induced in vitro in biological systems by exposures to high frequency (from 900 MHz to about 10 GHz)
and low frequency (50 Hz) electromagnetic fields, and to pulsed electric fielagth variable duration (us

to ns) and intensity (kV/m z MV/m). Monitoring and control of population exposure to electromagnetic
fields in the urban and working environment are also carried out.

To this aim, the laboratory is fully equipped with facilities for the g
design and realization of electromagnetic field exposure systems, an,_ -
for numerical and experimental dosimetry employed to characterize '
electromagnetic parameters and to control environrental and &
electromagnetics parameters during cell culture exposures. |
particular, the main facilities are: continuous '
and modulated wave signal generators (250 kHz
Z 3 GHz), function generators (0.2 Hz 2 MHz),
low and high frequency amplifiers, network
analyzer, spectrum analyzer, gaussmeter,
oscilloscopes waveguide and coaxial cablef
components, power sensors, Helmholtzcoils,
termo-couple ard multichannel fiber optic
thermometers, software based on the FDTD anc il § .
FEM techniques (Semcad X, Speag) for the System for the generation
electromagnetic characterization of microwave of ultrashort high voltage
. . . electric pulses

devices and for numerical dosimetry.

-

&5

High frequency
exposure system

The laboratory is also equipped with facilities for the generation and control of high voltage electric
pulses: high voltage generators and solid state switchelw voltage pulse generator for remote control
of the switches, coaxial cable and microstrip transmission lines, fiber optic coupling systems, high
voltage probes, digital multrmeters and signal generators.

The main facilities of the cell biology laboratory are: sterile cell] g
culture room with laminar flow, biohazard hoods, CO2'
incubators, centrifuges, cryepreservation systems, optical
microscopes, fluorescence microscope with CCD camera, confoc
microscope, Leica TCS SP5 (recently upgraded with a 468¥0
nm white laser excitation system, a 405 nm CW laser and .
resonant scanning system, acquired in the framework of a POR
FESR 2007/2013 Campania Region funding), flowytometer, §
fluorimeter and spectrophotometer.

For indoor and outdoor electromagnetic field measurements,
IREA is equipped with wideband meters and probes for low
frequency (5 Hzz 32 kHz) electric and magnetic fields and RF
electromagnetic field (100 kHzz 3 GHz) Gonfocal microscope
measurements, a Hall gaussmeter for

static magnetic field measurements

and a spectrum analyzer for narrow

band electromagnetic field measurements (100 kHz 3 GHz).

Contact person
Olga Zeni
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Introduction

The secondary location of Milano has an optical -electronic laboratory  equipped with
spectroradiometric instrumentation for the acquisition of indoor and outdoor spectral signatures.

An optic bench is also available, which is used to
calibrate spectro-radiometric instruments and scientific
instrumentation for field activities in terrestrial and
lacustrine/marine environments.

Principal equipments are
FieldSpec ASD spectroradiometer (350-2500 nm)
provided with underwater and surface optical fibers;
WISR3 Water Insight spectroradiometer (400900
nm); Raytek PM40 thermoradiometer (814 micron);
EKO MS120 sun photometer (368 nm, 500 nm, 675
nm, 778 nm); PAR Licosensor for the measurement of
light along the water column (403700 nm); AccuPAR
Portable spectroradiometer for field LP80 ceptometerz Decagon Devices; fluorimeter for
measurements (3502500 nm spectral range)  glgal pigments; FATA Fluorescence And Turbidity
Analyzer: device for the continuous measurement
along horizontal transects of water quality parameters; Goniometer
MultiANgular Device for Radiometric Observations over Natural Surfaces  contact person
(MANDRONS): goniometer for angular measures of reflected radiance and
for the sampling of BRDF; hemispheric camera with fisheye lens;
topographic GPS.

Mauro Musanti

The Experimental Station "Eugenio Zilioli", located at

Coago = XY Sirmione (Garda Lake, Italy), has an educational
Pasond e f) 5 laboratory for the analysis of waters and one boat for

o | Centro QR periodic measures carried out inthe lake. The laboratory
,—j“ﬂgm b L% is equipped with two electronic microscopes and two

water filtration apparatus.

Recently, a solar photometer has been installed close tc
the station, which contributes to the Aeronet network.

' From 2011 the center is one of the LTER sampling
- stations (The Long Term Ecological Research Network),
- which in turn makes part of the International Net ILTER

from 2006, bringing together 39 Countries in all the five

continents for what concerns ecological studies.

Contact persons

Claudia Giardino

(scientific manager)

Mariano Bresciani

(manager for the activities on the territory)
Alba L'Astorina

(communication manager)
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Research topic

In line with the Institute's mission, Irea researchactivities focus on 5 main
topics, which correspond to as many research groups

E Microwave Remote Sensing

1 Optical Remote Sensing

1 Electromagnetic Diagnostics

1 Geographic Information Systems
1 Bioelectromagnetics

Investigation, research and experimentatin activities on public communi
cation of science and science education activities are also conducted

The reserach staff distribution- at 31 December 20¥ - with respect to the
research topics issketchedbelow:

Microwave Remote
Sensing

2 Directors of Research
1 Senior Researcher

15 Researchers
(6 of these are temporary stalf

Optical Remote
Sensing

1 Senior Researcher
10 Researchers
(4 of these are temporary staff)

Electromagnetic
Diagnostics

3 Senior Researchers
4 Researchers
(2 of these are temporary staff)

Geographic
Information Systems

2 Senior Researchers
2 Researchers

Bioelettromagnetics

1 Senior Researcher
2 Researchers

(1 of theseis temporary staff)

Public communication
of science

1 Technologist

* on leave since he holds the positions of the Institute direction
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Microwave remote sensin(

Remote Sensing is a set of multidisciplinary techniques and methodologies that
aim at obtaining information about the environment through OOA[ T OA S
measurements.

In particular, microwave remote sensing uses electromagnetic radiation with a
wavelength between 1 cm and 1 m (commonly referred to as microwaves) as a
measurement tool. Due to the greater wavelength compared to visible and
infrared radiation, microwaves exhibit the important property of penetrating
clouds, fog, and possible ash or powder coverages (for examplettie case of an
erupting volcano or a collapsed building). This important property makes this
technique virtually suitable to work in any weather condition or environment.

Microwave remote sensing systems are classified inttwo groups: passive and
active. Passive systems collect the radiatiothat is naturally emitted by the

observed surface.In fact, objects emit energyat the microwave frequenges,

although sometimes in an extremely small amounfThese systems are generally
characterized by relatively low spatial resolutions.

Differently, active systems are characterized by the presence tbkir own source
(ransmitte) thAO O1 ECEOO Obo6 OEA 1T AOGAOOAA OAAT A
and day, independently of the presence @he sun. The sensor transmits a signal in

the microwave bandwidth and records the part that is backscattered by the target

towards the sensor itsdéf. The power of the backscattered signal allows
discriminating between different targets within the scene, while théime between

the transmitted and the receivedsignal is used to measure the distance of the

target. A system that opertes in this way iscalled RADARthe name stands for

RAdio Detection And Ranginly and may allowobtaining A O EAOT x AOA EI
the observed scene.

The most commonly usedmicrowave imaging sensor is the Synthetic Aperture
Radar (SAR}hat is a radar system capable of mviding high-resolution microwave
images They have distinctive characteristics compared tothe images acquired in
the visible or infrared bands; for this reason, radar and optical data can be
complementary, as they carry on a different informative contbution.

It is important to highlight that the radar images can be obtained and made available
to all the community, especially to those responsible for land management
(Ministries and government agencies such as the Civil Protection authorities, public
and local authorities, etc.), only after a significant (in terms of time and computer
resources) processing operationThe main activities of the IREA researchers working
in the Microwave Remote Sensing areare focused onstudying innovative methods
and techniques forthe processing and interpretation oftheseremotely sensed data.
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Microwave remote sensing

Synthetic Aperture Radar differential interferometry

The measurements ofthe ground small variations
related to earthquakes, landslides, volcanic activity (or,
more in general, deformation phenomena affecting the
Earth's surface) in any weather condition and at any
time of night or day by using sensors mounted on board
satellites orbiting at several hundredkilometres away
from the Earth, is possible to be performed using a
method called Differential Interferometry that is based
on the use of Synthetic Aperture Radar (SAR) images

The interferometric techniques compare (make

OET OAOZEAOAGQq Ox1 312 EIiACAO AANOEOAA &EOI i1 OEA OAI
location but at different times. If something has

changed in between the two acquisitions, thatan Envisat interferogram related to the

occur whenthere is a terrain deformation between two earthquake in L'Aquila in 2009

successive passagesf the sensor such a movementis displayed as a continuous sequence of coloured
stripes, the socalled interference fringes (or interferogram).To obtain a quantitative measurement of the
deformation, the interferogram must be interpreted: each colourcycle represents an amount of
deformation equal to half the wavelength of the radar radiation. Since wavelengths in the microwave range
are typically between 10 cm and 1 cm, we easily understand how this technique can provide displacement
measurements wih centimeter precision.

In addition to measuring a single deformation episode, the temporal
deformation evolution can bealso followed by properly combining a set of Personnel involved
images acquired over time. In fact, satellites carrying SAR sensors are not in . .

. . T . Eugenio Sansosti
geostationary orbits as those usedof telecommunications, butthey revisit the Riccardo Lanari
same area on a regular basis. In recent years, we have moved from the 35 days Gjanfranco Fornaro
repeat-cycle of the European Space Agency (ESA) ERS 1/2 and ENVISAT Paolo Berardino
satellites (active from 1992 to 2012) to the new generation sens@, such as Francesco Casu
those on board the Italian COSMGkyMed constellation capable of 4  Mariarosaria Manzo
acquisitions in 16 days,up to the new Sentinel satellite constellation of the ~ Michele Manunta

. . o Antonio Pepe
European Copernicus Programmeharacterized by a revisit time of 6 days Giuselppe spolaro

Among the techniques thatcan generate deformatin time series, there is  Pietro Tizzani
SBAS the acronym for Small Baseline Subset) which has been fully developed (Ds_lovan£| Zle”'

at IREA and has reached a very widespread popularity. The use of this S;;%%egizﬂno
technique allows generating ground deformation maps at mediurand high Manuela Bonano
spatial resolutions, with a much denser spatial coverage than traditional  Susi Pepe

geodetic methods (levelling campaigns or GPS stations) and with temporal Fabiana Calo

frequencies that are continuously increasing. Raffaele Castaldo
. . . . . Adele Fusco
The use of these technologies has important implicaths in environmental Pasquale Imperatore
monitoring applications, in the understanding of geophysical phenomena and  Ivana Zinno
in controlling the stability of buildings and large infrastructures Claudio De Luca

Sabatino Buonanno
Stefano Perna

. Giovanni Onorato
Applications Carmen Esposito
Measurement of volcanic deformation

Study of earthquakes

Monitoring of landslides

Monitoring of urban areas and infrastructure
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http://www.irea.cnr.it/index.php?option=com_comprofiler&task=userprofile&user=141&Itemid=100%E3%80%88=it
http://www.irea.cnr.it/index.php?option=com_comprofiler&task=userprofile&user=159&Itemid=100%E3%80%88=it
http://www.irea.cnr.it/index.php?option=com_comprofiler&task=userprofile&user=147&Itemid=100%E3%80%88=it
http://www.irea.cnr.it/index.php?option=com_comprofiler&task=userprofile&user=163&Itemid=100%E3%80%88=it

