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The first-year results of COBRA project include demonstration restoration and 

diagnostic activities on sites and finds, performed upon specific intervention 

requests by the owners themselves. Instruments and technologies have been 

adjusted to the solicitations of end-users. At the ENEA research centres in Lazio 

region, some technology transfer demonstration systems have been set up and 

put at SMEs disposal. The implementation of ICT facilities makes conserving 

the acquired data and exchanging the obtained results easier.
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Implementation of ICT facilities in COBRA

The architecture of COBRA repository is designed so that data acquired in the laboratories or 
intervention sites are transferred to a storage area by synchronization with the dedicated OwnCloud 
partition specifically created for COBRA. This mechanism runs automatically with no intervention by 
the user, who can acquire data in his own laboratory or at the intervention site in the usual modes 
and format. In this way the great amount of data produced during a test, an experiment or an in-situ 
campaign is stored in full safety and integrity and can be permanently retrieved by the authorized users 
(synchronization is ensured by the DataTurbine RBND technology).

A staging area is provided, where raw data can be enriched with metadata and then be stored in the 
repository as structured data to be possibly submitted to dedicated analysis software. Further, a software 
system has been set up, which allows remote, real-time monitoring of activities in many laboratories and 
the related data and image flows with a streaming connection enabling users to use freeware software 
widely available.

The website www.cobra.enea.it dedicated to the project has been set up to provide enterprises and 
stakeholders as directly as possible with the information on the progress of project activities most useful 
to them. Each laboratory involved in the project is dedicated a page where its main characteristics are 
described and reference contact details are provided. Similarly, also for the new demonstrators an insight 
section is under construction. Correlated with these two, a new section reports the single interventions 
made on monuments, sites and finds with specific equipment available in the laboratories or developed 
as demonstrator.

Andrea Quintiliani   andrea.quintiliani@enea.it

www.cobra.enea.it

Logic schematic of the flow data



Upgrading of DySCo Virtual Platform
Installing NIR videocameras and first remote access tests

The virtual laboratory can be web-accessed by logging in to a dedicated web portal. Users remotely 
participate in shaking table test campaigns thanks to a “virtual room” with real-time audio, video, 
chat and data streaming, based on the “Open Source Dataturbine RBNB” technology. Data filing is 
automatically ensured by an OwnCloud repository specifically dedicated to the project.

For better features and performance of the DySCo Laboratory, a new high-precision NIR sensoristics, 
with 5MP resolution, data acquisition frequency of up to 350 Hz, and latest-generation microprocessors 
has been installed, which makes the Motion Capture3D data acquisition system “sensitive to movements”, 
thanks to its cutting-edge technology.

The technological enhancement of this system during tests allows to obtain:

•	 lower network load
•	 better real-time data streaming
•	 faster image processing

Experimental set-up: detecting the measurement points, installing the markers, calibrating video-cameras to 
define the acquisition volume and test accessibility from the virtual (up left)

Marialuisa Mongelli   marialuisa.mongelli@enea.it



Demonstrators developed for COBRA
◆  THz spectrometer for morphological and chemical characterization

Terahertz characterization allows to examine the properties of artifacts through far-infrared 
electromagnetic radiation. This is a low-energy radiation weakly absorbed by most materials and 
therefore penetrating thus allowing to analyze the samples in depth. Non-destructive and contactless, 
this technique allows to possibly identify the chemical species contained in the artifact or to detect the 
layers of structures and hidden or covered details present inside of it.

The demonstrator allows to make transmission measurements, suitable for samples that are thin or 
semitransparent in the far infrared region, or reflection measurements, for thick and even totally opaque 
samples. The instrument is based on the principle of time-domain spectroscopy, according to which the 
infrared spectrum of the sample or information on its morphology can be obtained by measuring the 
trend of the transmitted or reflected electromagnetic impulse over time.

Mauro Falconieri   mauro.falconieri@enea.it

THz spectrometer at the ENEA Casaccia Research Centre



Support for multi-sized  
samples and SDD detector

Preparations of chalk 
and azurite, ochre and 
cinnabar pigments

PIXE measurement set-up on 
the vertical transport line of 
the TOP-IMPLART proton 
accelerator.

The energy of the extracted 
protons varies in the 3-7 MeV 
range for qualitative and 
quantitative analyses of single 
and stratified elements.

Spectra of quantitative PIXE analyses performed at the TOP-IMPLART proton accelerator

◆ PIXE - Particle Induced X-ray Emission -

A PIXE analysis beamline has been developed in collaboration with the  LABEC-INFN Laboratory in 
Florence by inserting the X-ray detector on the pulsed-beam proton accelerator of the ENEA Frascati’s 
APAM Laboratory. By firing a sample, placed on the accelerator, with a proton beam, its chemical elements 
are obtained (quantitative and qualitative analysis). A detector then measures the X rays emitted by the 
sample during its exposure to the proton beam. This kind of analysis is completely non-destructive.

monia.vadrucci@enea.it
chiari@fi.infn.it

Monia Vadrucci
Massimo Chiari



Restoration technologies
◆ X-ray sterilization and disinfection of biodegraded wooden artifacts

Fabio Borgognoni   fabio.borgognoni@enea.it

An X-ray electron accelerator has been used to submit artifacts to sterilization/disinfection treatments.

In the COBRA project framework, the treatment of woodworm-infested woods and several types of 
paper invaded by bacterial colonies has been dealt with as a case study. In particular, the object of 
treatment have been:

•	 Micro-organisms: Agrobacterium Rhizogenes.
•	 Macro-organisms: adult individuals of Stegobium Paniceum.

Sample of Agrobacterium Rhizogenes and 
detail of isolated colonies

Adult specimen of Staegobium Paniceum

X-ray electron accelerator. Facility and slot 
chamber of the sample to be treated 

Capsula Petri with bacterial colonies of 
Agrobacterium Rhizogenes on paper and canvas 
during X-ray irradiation



◆ Development of protective nanocomposites

Nanocomposites made of SiO2 and TiO2 nanoparticles specifically synthesized, dispersed in commercial 
acrylic and siloxane polymers, have been tested as being protective for stone materials. The presence of 
nanoparticles makes the surface rough and highly hydrophobic, and improves the mechanical properties 
of the protective film.

Some first coating reversibility tests have been performed by laser ablation using the 2.1 micron LitHo 
system (Quanta System) and the 1064 nm EOS-COMBO system (El.En.). The characterization and 
control have been performed by optical, LIF, LIBS, SEM, micro Raman microscopy, colorimetry and 
other techniques.

Nanocomposite synthesis schematic

Contact angle values 
for the various 
nanocomposites

Minolta colorimeter for 
measuring the colour 
variations of the stone 
material following its 
various treatments

Nikon Eclipse 80i C1 optical 
microscope for scanning 
images on laser ablation tests

Franca Persia
Rosaria D’Amato

franca.persia@enea.it
rosaria.damato@enea.it



Church of San Costanzo in Ronciglione
On-the-field activities

◆ Laser Scanning for Diagnostics

The Superintendence of Fine Arts and Landscape for the provinces of Rome, Frosinone, Latina, Rieti and 
Viterbo –after observing that the frescoes (early XVII century.) of the Church’s dome were in danger of 
permanent loss due to their terrible deterioration conditions– provided for extremely urgent restoration 
interventions (works supervisor: Dr. Luisa Caporossi; designer: Dr. Federica di Napoli Rampolla).

The LIF (laser induced fluorescence) scanning system has been successfully applied to the frescoes 
area. By studying the emission of fluorescence induced by the laser radiation, the diagnostic analysis 
of the dome materials has been performed and the restored and degraded areas detected so that the 
subsequent conservation processes could be planned. Remote monitoring of structural and colorimetric 
information has been performed by applying the RGB-ITR Laser Scanning system, from which the 3D 
model of part of the dome has been obtained as well (see figure). Finally, the thermographic analysis has 
been performed for the dynamic monitoring of the structure.

COBRAKIN portable, low-cost 
demonstrator for monitoring of 
environments 

RGB-ITR Laser Scanning System

l=300nm fluorescence image 
highlighting the presence of 
consolidant

l=685nm fluorescence image 
highlighting the presence of 
biodegradation

LIF scanning system

Luisa Caneve
Massimiliano Guarneri

luisa.caneve@enea.it
massimiliano.guarneri@enea.it



On-the-field activities

◆ Laser Cleaning 

valeria.spizzichino@enea.it
luisa.caporossi@beniculturali.it

a.zanini@elen.it
falconfernanda@libero.it

Valeria Spizzichino
Luisa Caporossi

Alessandro Zanini
Fernanda Falcon

The fresco on the sixteenth-century dome of the Church of San Costanzo in Ronciglione was in terrible 
conservation conditions, not completely recoverable with the traditional mechanical and chemical 
techniques. Excellent results have been obtained by applying the Laser provided by EL.En Group, which 
collaborates with ENEA under COPRA project just for laser cleaning interventions. Actually the laser 
shock waves made the layers to be removed detach without damaging the layer to be preserved.

Restoration under the direction of the Superintendence of Fine Arts and Landscape for the provinces of 
Rome, Frosinone, Latina, Rieti and Viterbo.

Laser cleaning interventions

EOS Combo Laser for cleaning



Domus Valeriorum: Treatment of archaeological finds in laboratory
◆ Spectroscopy of frescoes and plaster fragments to study their composition

With the restorer’s participation, SEM-EDX and Raman analyses have been performed on fragments 
of frescoes deriving from recomposition and restoration of decorations in the Domus Valeriorum at 
Celio. Despite the thick earthy encrustations, the techniques implemented on the field allowed to reach 
the preset goal. In particular, several samples from friezes frescoed with plaster decoration have been 
studied by microscopy and spectroscopy techniques in order to characterize pigments and constituting 
materials.

The samples have been analyzed under authorization and interest by the Area Archeologica Centrale 
di Roma, in the person of Dr. Bandini, works supervisor, Mr. G. Casaril, restorer/contractor, the 
Soprintendenza Archeologica per il Colosseo in the person of Dr. Morretta, Chief Area Archaeologist.

Salvatore Almaviva   salvatore.almaviva@enea.it

On-the-field activities

Find with red and blue pigment:
1) red pigment observed at the 

microscope;
2) Electron microscope image of blue 

pigment microcrystal (transparent 
blue);

3) Raman spectrum of the red pigment 
(cinnabar));

4) Composition analysis and EDX 
spectrum (courtesy of Dr. Stefano 
Lecci) highlight the presence of 
copper, calcium, silicon, oxygen, i.e. 
the chemical constituents of the blue 
Egyptian pigment used during the 
Roman Age.



◆ Laser cleaning test

Laser cleaning tests were performed at the same 
level as the blue thread

Of the samples characterized by spectroscopy some have been selected for laser cleaning tests using an 
LitHo Quanta System operating at 2.1 micron. They are fresco finds where painting is partially covered 
by thin earthy encrustations.

The efficacy of the cleaning treatment has been verified by optical microscope observations and laser-
induced fluorescence (LIF) measurements. The results so obtained have been very encouraging.

valeria.spizzichino@enea.it
antonio.raspa@quantasystem.com   

Valeria Spizzichino
Antonio Raspa

On-the-field activities

The microscope detail highlights the selective 
removal of the earthy incrustation. The painting 
layer remains unaltered

LitHO Laser Quanta System in the showroom of the ENEA 
Frascati Research Centre



Rieti Cathedral: Monitoring the bell tower
◆ Applications of fiber optic sensors

For the bell tower of the Cathedral of Santa Maria Assunta a system of thermal and structural sensors 
has been developed, which are wired in series on one single cable extending over all the chains. Such 
system allows to measure the chain deformation under both quasi-static and dynamic conditions, with 
the possibility to discriminate between the deformations due to temperature and those due to the forces 
exerted by the walls.

In the framework of COBRA project, the sensor-collected data are acquired and transmitted via GPRS 
connection to the ENEA Frascati Research Centre using hardware specifically developed for this 
application. Once transmitted, the data are then automatically filed into the COBRA repository through 
the storage system implemented in the project for this kind of structural monitoring.

Installing fiber optic sensors on one of the chains

Cathedral bell tower and façade

Michele Caponero   michele.caponero@enea.it

The graph shows the correlation, over four days, of 
the deformations of two chains located at the same 
height on the south (red line) and East walls (blue 
line) with the variation of room temperature (black 
line)

On-the-field activities



Future COBRA activities

www.cobra.enea.it

Demonstrators
•	 LIF (Laser Induced Fluorescence); LIBS (Laser Induced Breakdown Spectroscopy); portable Laser 

Raman;
•	 Laboratory FBG sensor;
•	 Image analysis algorithm;
•	 Transport of work of arts;
•	 Integrated, non-destructive controls;
•	 Completion of the development of COBRAKIN sensor based on 3D-structured light at 360°.

Demonstration campaigns underway and in preparation
•	 Temple of Minerva medica (dynamic controls);
•	 Markets of Trajan (3D reconstruction of the frieze of the sphinxes and biodegradation cleaning of 

stone artifacts);
•	 Catacombs of Priscilla (thermography, XRF spectrophotometry, LIF and RBG-ITR laser scanning, 

sonic tomography, monitoring by velocimeters, photogrammetry and 3D reconstruction of finds);
•	 Episcopal Palace in Rieti (recovery and removal of historical  graffiti on faint frescoes of emblems).

•	 ICT Platform
•	 Database on:

 > spectroscopic classification of historical materials on frescoes/paintings
 > interventions made, with the relevant reference parameters.

•	 Remote access to and from laser laboratories;
•	 Tutorial on the repository for end-users.

Dissemination
•	 Organization of Focus groups with enterprises;
•	 Current direct contacts with enterprises:

 > characterization of antique lutes
 > laser diagnostics and cleaning of frescoes 
 > 3D scanning and virtual fruition of environments with limited access.

•	 Participation in TECHNOLOGY for ALL (October 2016).

*Project no. 1031 funded by Lazio Region in the period 21/07/2015 – 20/07/2017 pursuant regional law LR 
13/2008 Research project presented by Universities and Research Centres
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