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ITALY'S INSTITUTE OF RESEARCH ON FLECTRO-
MAGNETIC WAVES-~THE ISTITUTE DI RICERA
SULLE ONDE ELETTROMAGNETICHE

1 INTRODUCTION

The Instituto di Ricerca sulle Onde
Elettromagnetiche (IROE)--Italy's Insti-
tute for Electronic Research--located in
Florence, is one of the many laboratories
established by the Italian national re-
search council (CNR). It has a profes-
sional staff of around 60. The CNR labo-
ratories are an {important part of the
Italian national research effort. The
directors of the laboratories are typi-
cally professors in the local university
so there is the possibility of a benefi-
cial interaction between the university
and the 1laboratory. The director of
IROE-CNR is Professor V. Cappellini, who
is also Ordinario di Comunicazioni Elet-
triche, specializing in digital and image
processing, at the University of Flor-
ence, IROE~CNR is one of 27 national
laboratories listed wunder the National
Committee for the Physical Sciences. One
of the functions of IROE-CNR is to foster
exchange of techniques and information
from the laboratory-university environ-
ment to 1industry, In my review of the
research activities of TROE-CNR I had an
opportunity to see how some of this ex-
change is implemented.

2 MICRO-OPTICS AND OPTICAL SENSORS

The micro-optics and optical sensors
laboratory is headed by Professor Scheg-
gi, who 1s assisted by A. Mignani and
another six people, Scheggi said that
IROE produced the first machine for con-
struction of optical fibers in Italy so
they have had an interest in optical fi-
bers for some time but that at present
they buy commercial optical fibers for
usie in the development of optoelectronic
medical devices. The f{irst such device
that I saw being tested was an optical
fiber temperature-measurement probe.
While commercial temperature-measurement
devices costing upward of $1000 are pres-
ently available, the effort here is to
produce a more economical device which

can be produced by a small, local medical
instrumentation company. Indeed, the
testing program of the temperature probe
at IROE was being conducted with partici-
pation of personnel from that local com-
pany--a good example of one of the means
used in transferring technology to 1local
industry. I was told that the device was
accurate to 0.1 degree. Three other opti-
cal sensors or devices, all of which in-
volved optical fibers, were being devel-
oped in the laboratory. One was concerned
with the measurement of pH based upon the
change in optical behavior of a dye solu-
tion, and another, using a very small
beam splitter, was being used to detect
position by means of interference pat-
terns, The high-efficiency beam splitter,
of the size of the optical fibers, was a
device developed in the US. (The engi-
neer working with this setup had, in
fact, just spent a year working in the
US.) The last optical device I saw was
concerned with measurement of temperature
by the absorption spectra of high-temper-
ature gases.

3 INTEGRATED OPTICS

The work in the integrated optics
group (about four people) has practical
applications in the development of inte-
grated optical processors and in multi-
plexing~demultiplexing devices for opti-
cal communication. I talked to Dr. S.
Sottini, who mentioned some of his early
work 1in holography. Sottini has also
worked with optical planar waveguides and
has a patent in this area. He recently
spent a year at the University of Cali-
fornfa at Irvine where he worked on a
problem 1{involving acoustical-optical 1in-
teractions on a sphere. In his current
work, which 1s part of a special CNR
project, Sottini has been concerned with
the analysis of the aberrations in a geo~
desic lens (Righini et al., 1986). The
actual lens 1is one of the simplest geo-
desic lenses--that of a hemispherical
wave guide. Although the perfect geodesic
lens must involve aspheric surfaces, the
hemispherical 1lenses have interesting
properties, which include the ability to
form, very compact and rugged multilens
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The laboratory has under test a
muliplexing device for optical fibers
which uses a quarter sphere. They also
have a simple, inexpensive method using
radiant heating for automatically manu-
facturing the wave guides at the end of
an optical fiber. In one of the newer
projects Dr. G. Righini is working on the
interaction of a magnetostatic wave with
light in garnet, which has applications
in multiplexing and demultiplexing light
signals.

systems.

4 REMOTE SENSING

The remote sensing group, headed by
Professor L. Pantani, 1s a fairly large
group of 25 people engaged 1n research.
For me, the most fascinating project at
IROE~-CNR was the 1light detecting and
ranging (LIDAR) device designed and de-
veloped at IROE by Giovanna Cecchi. The
device, called FLIDAR-2, resulted from
the work at IROE-CNR on the remote sen-
sing of the environment by (LIDAR) fluor-
osensors and passive optical sensors.
FLIDAR-2 is based on a new idea in remote
sensing of the environment involving a
(LIDAR) fluorosensor and a passive spec-
trometer which permits the attaining of
real-time high spectral resolution data
of laser-stimulated emissions (LIDAR
function) and of target reflectance
(spectrometer function). (Castagnoli, et
al., 1987). The sensor unit consists of
an excimer laser (built at IROE) with &
wavelength of 308 nm which excites a dye
laser or Raman shifter. The excitation
wavelength can be shifted from the ultra-
violet to the near-infrared. The detector
is a 512-element, intensified, gatable
diode array. I witnessed a demonstration
of the FLIDAR-2 device detecting a sheet
of paper over a l0O-meter range. Spectra
was displayed automatically on the con-
trolling minicomputer. The design range
of the device {s 100 meters but 1t can

probably be used to 300 meters. Accord-
ing to Ceccchi, there are about five
FLIDAR-? devices In existence in  the

world (three in US) but she feel that

the IROE device with 512 channels has the
best resolution.,
signed

FLIDAR-2 has been de-

to fly In an airplane, and this

facilitates such appliications as sensing
thermal pollution and oil on the surface
of water. IROE has developed several col-
laborative efforts with a wide range of

institutions 1in order to further the
practical applications of the device.
These include the Deutche Forschungs und
Versuchsanstalt flr Luft und Raumfahrt
(DFVLR) at Munich and the University of
Hallenburg In Austria and institutes in
Belgrade, Yugoslavia, and in the Nether-
lands. The applications include agricul-
ture/forestry monitoring involving ero-~
sion, crops, and timberland (acid rain),
and atmospheric monitoring of cloud cover
and the ozone layer. Future improvements
in the device will include a time-
resolved channel for bathymetry and vege-
tation thickness measurements and a scan-
ning mirror for image LIDAR and image
spectrometry.

The group has been previously in-
volved with the defense mapping agency
in satellite observation, mainly in the
development of software. Studies of the
ionosphere composition have been conduc-
ted since 1962. Measurements have been
made in the 1lonosphere using the first
Italian satellite, SIRIO, to obtain the
total elect-on content, but the loss of
the second ltalian satellite on launch
has hampered this work. Some thought is
being given to the use of the GPS system.
There 18 some further effort concerned in
the area of meteorology and with satel-
lites.

5 SIGNAL PROCESSING

One of the areas in which IROE has
had considerable experience is that of
signal processing. In their satellite
work the laboratory has been involved iIn
data compression techniques, efficient
transmission of data, and error-correct-
ing codes. The laboratory's work in bio-
telemetry and medical instrumentation led
to work in two~dimensional data process-
ing 1involving scanners and phaotograph
interpretations. Dr, F. Lott{, who was
my host for the visit, I8 in charge of
the group concerned with digital signal
processing.

The current work of Lotti's group is
on an EEC FESPRIT project which aims to
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develop an automated scheme for real-time

nondestructive testing of composites
(Lotti et al., 1984). ESPRIT projects
(see ESN 40-11:411-414 [1986] for most

recent update) are multinational and also
involve normally an industrial concern.
The partners in this project in addition
to TROE are the University of Strath-
clyde, Clasgow, UK, and Barr and Stroud
Limited, Glasgow.

IROE is analyzing data from a tech-
nique recently developed at the Non-
destructive Testing Center at Harwell,
UK. In this technique, which 1is called
video-compatible transient thermography,
a transient thermal field is created in
the composite material which creates tem-
perature variations on the visible sur-
face. These temperature variations are
recorded by high-resolution infrared
scanners on video tape, ylelding the tem-
perature profile of a given area as a
function of time (Lotti et al., 1984). In
order to use this technique for automatic
ingpection of composite materials one
needs the temperature profile of speci-
mens with and without defects. These
temperature profiles create a data base
which can be used to decide the condition
of a given test specimen. The creation
of this data base by the digitizing of
the analog video images has been the task
of TROE-CNR, This has involved the appli-
cation of sophisticated image processing
algorithms. The original video tapes were
prepared by Barr and Stroud in Glasgow
and the analysis or strategy applied in
the use of the data base to determine the
defects from the temperature fields will
be the concern of Professor T, S. Durrani
of Strathclyde. The detection of inhomo-
geneities 1s based on the spatial varia-
tion of temperature which may be contami-
nated by noise and a nonuniform back-
ground. The characterization of the flaws
will be based on the time variation of
the profiles. I had an opportunity to
review some of the digitized images and
was Impressed by their clarity and the
ease with which they could be manipula-
ted. ESPRIT projects last for 3 years,

and this project's second year 1is now
being completed.
concerned

The final year will be
with developing the design
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criteria of a very large scale integration
(VLSI) implementation of special-purpose

hardware. My understanding is that a

prototype device will be built as part of

the project.

6 FUNDAMENTAL RESEARCH

In a series of what could be termed
fundamental investigations, Dr. M. Bacci
of IROE has been interpreting the spec-
troscopic and structural properties of
molecules in 1light of the Jahn-Teller
effect. Bacci has analyzed this effect
in vibronic coupling of biomolecules, in
the analysis of the optical properties of
thalliumlike impurities in alkali-halide
crystals, and in his recent paper on
five-coordinate copper(II) complexes (M.
Bacci, 1986). Another recent paper 1is
concerned with systems exhibiting spin
equilibrium. 1 mention Bacci's work be-
cause of the very fundamental nature of
the 1investigations. Bacci's work indi-
cates that although emphasis in the IROE-
CNR is on technology transfer and perhaps
on applied results, there 1is still sup-
port of more fundamental research.

7 CONCLUSION

I was particularly impressed by
IROE's LIDAR device for remote sensing.
It should prove to be very productive in
the area of remote sensing., In the ap-
plied optics area the laboratory has a
large effort in the development of opti-~
cal devices. I also thought that the
digital signal processing work was state
of the art. My impression was that IROE-
CNR serves a function similar to the
small research companies that cluster
about wuniversity complexes in the US.
The combination of such laboratories and
universities can create a strong techni-
cal base.
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