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Abstract — Safeguarding our cultural heritage for the
future generations is possible only by applying tai-
lored conservation strategies. The safeguard is a com-
plex task and often requires measurements to be per-
formed on the artefacts. This paper describes an in-
teresting case regarding the metallic artefacts belong-
ing to the Gori Art Collection at Fattoria Celle (Pis-
toia, Italy). This collection of modern art, developed
inside a project of environmental art, is facing different
corrosion phenomena due to its permanent exposure to
outdoor environmental conditions. A non-invasive and
in-situ multi-analytical approach was recently started
in order to assess the conservation state of the metal
artefacts and to assure their long-lasting preservation
trough the development of a conservation project. In
this paper, the preliminary results of the monitoring
campaign carried on the bronze sculpture ''Cavaliere"
by Marino Marini will be presented and discussed.

I. INTRODUCTION

All artefacts belonging to our cultural heritage are facing
ageing and conservative issues and therefore it is important
to monitor carefully their conditions to assure their preser-
vation over the time.

Moreover, heritage metal artefacts are critical as they
have to face different corrosion phenomena due to their
interaction with the environment. Identifying these mech-
anisms is possible only through a complete characteriza-
tion of the corrosion profiles and products [4, 5, 6, 7]. This
requires measurements, conducted preferably with a non-
invasive approach to avoid damaging the artefacts them-
selves. In addition, to have a deep understanding of the
reasons that lead to the corrosion of the artefacts, it is of-
ten important also to investigate the environmental con-
ditions in which the artefacts are stored, displayed or in-
stalled. Indeed, relating the corrosion processes with the
environment allows one to define which are the parame-
ters which mostly affect the corrosion reactions occurring
on the objects and the stability of the corrosion products

layers formed on the metallic surface.

Of course every installation has different requirements
in terms of measurements and monitoring issues so that
a universal solution cannot be given. However often the
basic requirements are the same so this paper discusses a
monitoring campaign that was carried out on the metallic
artefacts belonging to the Gori Art Collection, situated in
Fattoria Celle, in Pistoia (Italy) [8]. This project represents
an interesting example whose conclusions can be easily ex-
tended to many other cases.

The collection was formed over two periods: the first
one from 1950 to 1970 in Prato (Italy), while the second
one started in 1970 in Fattoria Celle. The collection was
due to the desire of Pina and Giuliano Gori who required
various artists to create works of contemporary art, within
a project of environmental art. The idea was to connect
sculptures and installations with the surrounding spaces,
making them an integral part of the artworks.

Many sculptures and installations within this private col-
lection, are installed outdoor, in the gardens, with no pro-
tection from the atmospheric conditions thus being ex-
amples of the atmospheric corrosion phenomena affecting
metals. A monitoring campaign was carried out with the
goal of designing conservation strategies and procedures
for the protection of these artefacts.

In particular, in this paper the case study regarding the
sculpture "Cavaliere" by the Italian artist Marino Marini is
presented. The "Cavaliere" is a bronze sculpture, realized
in the 1980 and installed in the private garden of the Villa.
Notwithstanding, the recent realization of this sculpture,
the existing information regarding its realization and the
material employed is quite limited. In addition, the area
in which the artefact is placed is surrounded by trees and
exposed to sun and rain, in touch with the soil and with no
protection and the artefact cannot be moved.

An in-situ multi-analytical approach was the most suit-
able solution in order to reach the main goal of this project
for this situation. Corrosion phenomena were investigated
by means of electrochemical impedance spectroscopy
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Fig. 1. The sculpture "Cavaliere" by Marino Marini

(EIS), while chemical and microstructural characterization
of the corrosion patinas were performed through portable
Raman spectroscopy and X-ray diffraction (XRD). Even-
tually, a 3D photogrammetry survey was performed to col-
lect a complete artefact documentation.

The monitoring campaign started in 2018 and it is still in
progress. This kind of characterization is necessary in or-
der to develop conservation projects regarding for example
cleaning and restoration procedures or the application of
specific coating for the protection towards corrosion phe-
nomena [9]. Furthermore, the monitoring campaign could
be integrated with a remote accessible solution as the one
presented in [10].

The preliminary results obtained till now are presented
in this paper.

II. MULTI-ANALYTICAL APPROACH
A. In-situ EIS measurements

Electrochemical impedance spectroscopy is a valid tech-
nique for the assessment of the protective properties of the
corrosion patinas, together with the stability of corrosion
reactions occurring on the surface of an object.

In this case measurements were performed in situ, with
a non-invasive approach. This allows one to relate the
electrochemical behaviour of the investigated surface to
the environment in which the artefact is regularly exposed.
Therefore, it is possible to study the effect that atmospheric
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conditions have on the corrosion phenomena and products.

EIS measurements were performed by means of
a portable commercial interface (Ivium-CompactStat.e
10800) coupled with measuring probes, specifically de-
signed to be suitable for the analysis in cultural heritage
field. The probes can be positioned on the investigated
surface thanks to a polyurethane disk and to a double-side
bonding tape, that leaves no traces when removed (Fig.2).
The probes are two-electrodes cells, with a platinum wire
as reference/counter, whereas the metal artefacts is the
working electrode. The probes are realized in acrylonitrile
butadiene styrene (ABS) by means of a 3D printer. They
have a 30 mm diameter, 20 mm thickness and the measur-
ing surface area has a diameter of 8mm [11].

All measurements were performed by stimulating the
artefact with a small alternating voltage (range: 10-100
mV), while the open corrosion potential (EOCP) was mea-
sured and compensated. The electrolytic solution em-
ployed was Na2S0, 0.1 M and the EIS spectra were col-
lected in the frequency range from 0.01 Hz to 100 kHz.

B.  XRD and Raman spectroscopy measurements

A morphological and chemical characterization of the
corrosion products was performed in order to correlate
them to the corrosion reactions occurring on the surface.

Portable Raman spectroscopy was the technique em-
ployed in situ for the chemical and microstructural analysis
of the corrosion patinas.

Raman measurements were performed by means of the
i-Raman Plus portable apparatus with a green excitation
laser (wavelength: 532 nm) and BWS465-532S spectrom-
eter (range: 150 - 4200 cm-1, resolution 7.3 cm-1) coupled
with a CCD sensor with high quantum efficiency and wide
dynamic range assisted by a cooling system. The measure-
ments were performed a value of the laser power equal to
6 mW, with an integration time of 30 s, performing 3 repe-
titions for each area.

For performing XRD few micrograms of samples were
collected The sampled corrosion products were analysed
by X-Ray diffraction (PAN analytical X’Pert PRO). XRD
patterns were collected using a Ni-filtered C'u K « radiation
(Kay [A]:1.54060, Kas [/0%]:1.54443). The measurements
were carried out setting generator current and voltage re-
spectively to 40 mA, 40 kV, using a step size of 0.026° and
a scan speed of 0.047746 °/s. The patterns were collected
in the range between 10 and 90°. The crystalline phases
identification was performed by using the HighScore Plus
software.

C. Photogrammetry 3D survey

Photogrammetry measurements were used to perform
a complete documentation of the sculpture conservation
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Fig. 2. a) Image of the sculpture and of the analysed areas;
b) EIS spectra collected during the first campaign; c) EIS
spectra collected during the second campaign

state. A Nikon D3100 with Nikkor lens 18-55 mm was
used for image acquisition. The lens focal length was
fixed at 18 mm, with an aperture of /6.3 in order to have
sharp images, an exposure time of 1/125 and a sensitivity
of ISO 400. Markers were inserted within the acquisition

scene to facilitate the alignment procedure. The marker
distance was measured in order to scale the final model.
Images were taken around the sculpture at different heights
(3 rings) and even close-up images were acquired to define
the complicated areas: Fig. 2b shows the acquisition strat-
egy. Eventually, an image of a colour chart with the sculp-
ture was acquired. The images were acquired and saved in
RAW format. Agisoft Photoscan Professional (1.2.5) soft-
ware was used for the 3D model construction.

III. RESULT AND DISCUSSION
A. In-situ EIS measurements

Fig. 2 shows as an example some impedance spec-
tra, recorded on the bronze sculpture exposed to atmo-
spheric corrosion. Electrochemical impedance measure-
ments were carried out in different areas of the work’s
surface that presented different coloured patinas. Fig. 2a
shows the impedance spectra recorded during the first mea-
surement campaign carried out in November 2018 along
with the images of the corresponding areas and their po-
sition. The impedance spectra allow one to distinguish
between two different electrochemical behaviors. Spectra
recorded on points A and B, characterized respectively by
the presence of a black patina with bright green crystals
and a light green one, present a similar impedance module
and phase. On the contrary, point C, with a more homoge-
neous bright green patina, differs mainly in the phase trend.
Spectra recorded at points A and B are characterized by an
impedance magnitude value, | Z |, higher than 10°Qxcm?
at low frequencies, confirming the good electrochemical
stability of the patina. The phase trend, higher than 50° at
low frequencies, indicates a capacitive-diffusive behaviour
correlated with the presence of a layer of corrosion prod-
ucts characterized by porosity. Point C instead presents an
impedance spectrum with module values that approximate
105Qxcem?, with a phase that approximates resistive val-
ues at mid and high frequencies. Overall, the impedance
measurements show the good protective effectiveness of
corrosion patinas.

Measurements were repeated six months later in order to
assess stability and protective effectiveness of the patinas
as a function of the exposure time to atmospheric corro-
sion. In addition to measurements on areas A and B, two
new areas referred to as D and H, characterized respec-
tively by a compact black patina and a light green one, sim-
ilar to that of the area B, were carried out. Fig. 2c shows
the Bode graphs recorded on the points analysed. Images
and position of the analysed areas are shown in Fig. 2a.

As it can be observed, the A, D and H spectra show a
similar behaviour of the impedance magnitude IZI, with
values at low frequencies above 10°Qzem?. The capaci-
tive trend of the phase approaches 45 °© at low frequencies,
possible index of the presence of porosities in the corro-
sion products layers and diffusion phenomena. Spectrum
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Fig. 3. XRD pattern collected on bright green sample

at point B shows lower magnitude values of about one or-
der of magnitude at low frequencies and a mostly resistive
phase trend. Overall, the measurements suggest a good
protective power of corrosion patinas.

Comparison of impedance magnitude and phase at
points A and B allows one to underline the importance
of repeated impedance measurements over time. In fact,
comparing spectra at a distance of six months, it is possi-
ble to notice that the patina present at the A area maintains
a good protective capacity as highlighted by the impedance
module at low frequencies, which remains higher than
10°Qxzcm?. On the contrary, in area B the impedance mag-
nitude after 6 months is significantly lower (about one or-
der of magnitude), showing an increase in degradation phe-
nomena and a lower barrier capacity of corrosion product
layer.

B.  XRD and Raman spectroscopy measurements

The micro-samples were investigated through XRD
analysis. The collected patterns (an example is reported
in Fig. 3) allow one to identify manly the presence of
Antlerite.

The recent acquisition of a portable Raman instrumen-
tation allowed us to perform an in-situ chemical identifica-
tion of the patinas in different points of the sculpture.

Fig. 4 shows the results obtained by means of Raman
spectroscopy. The acquired spectra were compared with
the reference spectra of Antlerite (RRUFF ID: R110045)
and Brochantite (RRUFF ID: R060133) from the RRUFF
database identifying peaks at 415.52, 484.99, 987.86,
3489.83, and 3579.29 cm™1. These results are in agree-
ment with the ones obtained by the investigation performed
with the XRD and confirm the presence of Antlerite
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Fig. 4. Raman spectra collected on tree points on the sculp-
ture

Fig. 5. a) Dense cloud with markers; b) acquisition strat-
egy

C. Photogrammetry 3D survey

Photogrammetry allowed one to construct the 3D model
of the sculpture in order to perform a complete documen-
tation of its conservation state.

Initially, the images were aligned and the dense cloud of
points and the mesh were produced with a medium-quality.
This first step was necessary in order to identify the mark-
ers automatically on all the images and to adjust their posi-
tion when necessary (Fig. 5a). Afterwards, only the region
of interest was selected and the scaled model was recon-
structed at the highest possible quality and then the texture
was applied.

The images were processed in separate chunks, corre-
sponding to the different acquisition rings. Eventually, the
chucks were aligned and merged to form the final model.

The scaled 3D model can be used by curators to per-
form measurements without the need of having the real
object available. Moreover, it is possible to export the re-
sults as a video sequence, in order to display the results
in a more user-friendly way both for curators or museum
visitors [12].



IV. CONCLUSIONS

In this paper an example of a long term and multi-
analytical monitoring applied to a bronze sculpture is re-
ported. In fact, only through a monitoring over time it
is possible to develop a tailored preventive conservation
project. EIS measurements allowed to study the corrosion
phenomena in progress, defining the stability and protec-
tive power of the different corrosion patinas. Furthermore,
portable Raman spectroscopy has proven to be a powerful
technique for the characterization of corrosion products in
order to correlate colour and chemical composition with
the electrochemical behaviour. Finally, photogrammetry is
a useful tool to fully document the conservation state of a
work over time.

This kind of approach was applied to other works of art
belonging to the collection and it can be extended to other
situation in which an in-situ monitoring campaign is nec-
essary.

V. ACKNOWLEDGMENTS

The authors wish to warmly thank Dr. Luciano Gori for
the access to the works of art of the Gori Art Collection.

REFERENCES

[1] E.Balestrieri, L.De Vito, S.Rapuano, D.Slepicka, "Es-
timating the uncertainty in the frequency domain char-
acterization of digitizing waveform recorders”, IEEE
Trans. on Instrum. and Meas., vol.61, No.6, June 2012,
pp.1613-1624.

[2] N.Bjorsell, P.Daponte, L.De Vito, S.Rapuano, "Auto-
matic signal recognition for a flexible spectrum man-
agement”, Proc. of 19th IMEKO World Congress,
2009, vol.1, pp. 444-449.

[3] S.Mallat, "A wavelet tour of Signal Processing. The

Sparse Way”, 3rd edition, Academic Press, New York,
USA, 2009. REFERENCES

[4] Robbiola, L., Blengino, J. M., Fiaud, C. (1998). "Mor-
phology and mechanisms of formation of natural pati-
nas on archaeological Cu-Sn alloys", Corrosion Sci-
ence, 40(12), 2083-2111.

[5] Robbiola, L., Fiaud, C., Pennec, S. "New model of out-
door bronze corrosion and its implications for conser-
vation", 1993.

[6] F. Gallese, G. Laguzzi, L. Luvidi, V. Ferrari, S. Takacs,
G. Venturi Pagani Cesa, "Comparative investigation
into the corrosion of different bronze alloys suitable
for outdoor sculptures”, Corrosion Science, Volume
50, Issue 4, 2008

[7] T.E. Graedel, K. Nassau, J.P. Franey, "Copper patinas
formed in the atmosphere-1. Introduction", Corrosion
Science,Volume 27, Issue 7,1987,Pages 639-657

[8] www.goricoll.it

[9] Iannucci, L., Rios-Rojas, J.F., Angelini, E. et al.,
"Electrochemical characterization of innovative hybrid
coatings for metallic artefacts", Eur. Phys. J. Plus, 133:
522,2018

[10] L. Iannucci, M. Parvis, E. Di Francia and S. Grassini,
"iHomeX: An Internet-Enabled Laboratory for Long-
Term Experiment Management", in IEEE Transactions
on Instrumentation and Measurement, vol. 67, no. 5,
May 2018, , pp. 1142-1149.

[11] Grassini S., Corbellini S., Parvis M., Angelini E.,
Zucchi F., "A simple Arduino-based EIS system for
in situ corrosion monitoring of metallic works of art",
Measurement, 2016, 508-514.

[12] Heinz, G., "Pharaoh Pepi I.: documentation of the
oldest known life-size metal sculpture using laser
scanning and photogrammetry", In CIPA workshop on
scanning for cultural heritage recording, Corfu, 2002,
pp- 1-2.

553



	CONFERENCE PROGRAM
	Wednesday, December 4
	Special Session - Data Acquisition and Processing by Integrated Geomatic Techniques, Experiences and Open Issues - PART I
	An Updated Comparison on Contemporary Approaches for Digitization of Heritage Objects
	A methodology for semi-automatic documentation of archaeological elements using RPAS imagery
	Modelling the Seventies: Image-Based Modelling to Investigate Landscape Change in a Mediterranean Mountain Area
	Evaluation of the Expected Data Quality in Laser Scanning Surveying of Archaeological Sites
	Rapid Mapping methods for archaeological sites

	Special Session - IoT based Systems for the Structural Health Monitoring and the Analysis of Cultural Heritage Building and Archaeological Sites
	The Non-smooth tale of “Apennine Churches” stroked by the Central Italy Earthquakes of 2016
	Cultural Heritage and earthquake: the case study of San Francesco’s church in Amandola (Central Italy)
	An innovative structural health monitoring system for the preliminary study of an ancient anti-seismic construction technique.
	Automated procedure for the creation of finite element mesh: application to non-periodic historical masonry
	SHM systems applied to the built heritage inventory at the territorial scale. A preliminary study based on CARTIS approach


	Thursday, December 5
	Keynote Lecture: Conservation Science and Ethics in the Analytical Studies of Clay Cuneiform Tablets from Ancient Near Eastern Archives
	Conservation Science and Ethics in the Analytical Studies of Clay Cuneiform Tablets from Ancient Near Eastern Archives

	Special Session on Advanced methodologies for diagnostic and preventive conservation of stone materials in subaerial and underwater environment
	SEM-EDS microanalysis in cultural heritage and archaeology: thickness effects and measurement strategy for ultrathin glass and metal fragments and particles
	Metals distributions within black crusts sampled on the facade of an historical monument: the case study of the Cathedral of Monza (Milan, Italy)

	Special Session on Measuring Ancient Mortars and Concretes to Discover the Past
	Characterization of mortars of Giotto’s Bell Tower for radiocarbon dating
	Calcarenite di Gravine Formation, a Row Material for the lime production
	The production of binding materials in southern Florence area: stones and their properties (Greve in Chianti, Italy)
	New Strategies in Mortar Characterization and Radiocarbon Dating

	Special Session on Electromagnetic methods in Archaeology and Cultural Heritage applications - PART I
	The watch towers in Malta: a patrimony to preserve for the future
	Matera European Capital of Culture 2019: NDT surveys in cave churches
	Remotely controlled aerial and underwater vehicles in support to magnetic surveys
	Recent developments on portable XRF scanner

	General Session - PART I
	Managing complex Synchrotron radiation FTIR micro-spectra from historic bowed musical instruments by chemometrics
	First sampling of ceramicmixtures for Valle d’Aosta: research and perspectives related to the alpine settlement of Orgères (La Thuile-AO, Italy).
	Structural degradation measurement and diagnostics of historical masonry buildings.

	Special Session on Integrated Digital Survey Methodologies for the Knowledge and Enhancement of Architectural and Urban Heritage - PART I
	Integrated digital survey methodologies for the knowledge and enhancement of the ancient city walls. The “Curtain” of Santa Chiara in Cagliari (Italy)
	Historical data of laser scanning and photogrammetry for the knowledge and memory plan of Cultural Heritage
	SfM and Digital Modelling for Enhancing Architectural Archives Heritage

	Special Session on Non-Invasive Systems and Techniques for "on-site" Monitoring and Diagnosis - PART I
	A comparative evaluation of patch resonators layouts for moisture measurement in historic masonry units
	Integrated approach for non invasive diagnostic investigation at the Bishop’s Palace of Frascati
	Mid-wave infrared imaging analysis of XVII century paintings on canvas of the Chigi Palace in Ariccia
	Photogrammetry and structured light: comparison and integration of techniques in survey of the Corsini Throne at Corsini Gallery in Rome

	Special Session on Electromagnetic methods in Archaeology and Cultural Heritage applications - PART II
	Structural detailing of buried Roman baths through GPR inspection
	A 3D information framework for automated archaeological pottery archival
	Hydrogeological and geotechnical modeling of the foundation soils of Maredolce Lake in Palermo, aided by geophysical surveys

	General Session - PART II
	Metrological approach to the study of Central European regular cities
	Roman fragmentary painting: surveying technologies and methodological approaches.
	Thermoluminescence dating laboratory improvements tested on an archaeological rescue site in Trino, Vercelli province, Italy.

	Special Session on Integrated Digital Survey Methodologies for the Knowledge and Enhancement of Architectural and Urban Heritage - PART II
	Digital Survey and 3D Geometric Interpretation of Complex Vaulted Systems. Palazzo Valperga Galleani di Barbaresco in Turin
	3D procedural modeling of complex vaulted systems: geometric rules vs SfM based modeling
	Roots of ‘Parametric Thinking’ in Palladio’s Villas. Surveying, interpreting and visual programming the plates from I quattro libri di architettura
	Integration and modelling of 3D data as strategy for structural diagnosis in Endangered Sites. The study case of Church of the Annunciation in Pokcha (Russia)

	Special Session on Non-Invasive Systems and Techniques for "on-site" Monitoring and Diagnosis - PART II
	Structural health monitoring of the Ninfeo Ponari by combined use of fibre optic sensors, photogrammetry and laser scanning
	Archaeological application of centreless X-ray diffractometers for non-destructive pole figure measurements
	New, non-invasive texture measurement method for archaeology
	Diagnostic of historical vehicle’s engines by acoustic emission techniques

	Special Session on Electromagnetic methods in Archaeology and Cultural Heritage applications - PART III
	Ground Penetrating Radar investigation of the floor of Palazzo Vecchio’s Great Hall
	Architectural survey and analysis of the costal tower of S. Maria dell'Alto in Nardò (Lecce, Italy).
	Effectiveness of electromagnetic conductivity mapping for delineating subsurface structures related to the Roman port of Emporiae
	THE PIETRAGALLA PROJECT: FIRST RESULTS OF THE GEOPHYSICAL ACTIVITIES ON THE MONTE TORRETTA ARCHAEOLOGICAL SITE

	Special Session on Data Acquisition and Processing by Integrated Geomatic Techniques, Experiences and Open Issues - PART II
	Geomatics for Cultural Heritage conservation: integrated survey and 3D modeling
	High-resolution 3D surveying in support of Cultural Heritage
	Terrestrial laser scanning points clouds for modeling masonry vaults
	Additive manufacturing of marble statues: 3D replicas for the preservation of the originals

	Special Session on Conservation and protection of natural and artificial stones used in historical buildings
	Performance of consolidants in marble and sandstone from Tuscany: a comparison
	Synthesis and characterization of nanosilica products for the consolidation of stones.
	MATERA BUILDING STONES: CHEMICAL, MINERALOGICAL AND PETROPHYSICAL CHARACTERIZATION OF THE CALCARENITE DI GRAVINA FORMATION
	Intercalibration of hyperspectral and multispectral systems for Laser Induced Fluorescence imaging
	ARCHAEOMETRIC STUDIES AND CONSERVATION SOLUTIONS FOR CORVINS’CASTLE CIRCULAR TOWERS
	A novel fibre optic sensor of relative humidity for application in cultural heritage


	Friday, December 6
	Special Session on Pigments and palettes through the Ages: science of painting techniques
	Chemical-structural analysis of wooden painted specimens by clinical multi-slice computed tomography (MSCT) and surface-enhanced Raman scattering (SERS)
	Scientific investigation of The Conversion of St Paul painting (Mdina, Malta)

	POSTER SESSION
	New insights about the consolidation of archaeological mortars located in underwater environment: the case study of the apsidal fishpond of Castrum Novum (Santa Marinella, Rome, Italy)
	A combined petrographic and geochemical metrological approach to assess the provenance of the building limestone used in the Batalha Monastery (Portugal)
	Ground-penetrating Radar surveys in the Lecce Cathedral
	The Epizefiri Archaeological Site in Locri (Reggio Calabria, Italy): Geophysical surveys for excavation project
	Geophysical investigations for the knowledge of the buried structures in the Basilica Julia at the Roman Forum
	Melite Civitas Romana Project: preliminary results from GPR survey
	GIS to catalogue the shipment of naves lapidariae in Mediterranean Sea
	Geophysical surveys for the restoration of Branciforte Palace in Palermo
	A multidisciplinary non-invasive approach in geoarchaeology conducted on the archaeological area of Selinunte
	The Basilica of Santa Caterina d’Alessandria in Galatina (Lecce, Italy): NDT surveys for the conservation project
	The Monastery of Santa Chiara in Nardó (Lecce, Italy): GPR preliminary results
	Preliminary results from NDT-SPR survey on wooden beams
	Geophysical surveys in the external areas of the Basilica of St Nicholas (Bari, Italy)
	Characterization of the decay of a wooden trunk through electrical resistivity
	Conservation purpose material testing of corrosion products on outdoor bronze statues in Museum Park of Hungarian National Museum
	Non-invasive characterization of ancient Cu-based coins using Raman spectroscopy
	Characterisation of Roman copper alloy artefacts and soil from Rakafot 54 (Beer Sheva, Israel)
	The photogrammetric survey of Tomb II in Agios Athanasios, Thessaloniki
	Metrological characterization of a textile temperature sensor
	A Machine Learning approach to aerial photointerpretation and mapping
	Architecture - Conceptual design in terms of the intuitive metrology method as an element of the natural development of the landscape and spatial context
	Measurement and analysis of visitors’ trajectories in crowded museums
	A novel approach for in-situ assessment of the efficacy of biocides on building of historical interest by bioluminescence
	A novel approach for in-situ assessment of the efficacy of biocides on building of historical interest by bioluminescence
	Multi-band infrared imaging for the characterization of underlying elements in the Santa Maria in Cosmedin altarpiece
	Using 3D scanning in the protection of industrial heritage- the example of Queen Luise Adit
	Design and Implementation of a Mobile Robot for the Mechatronic Survey
	A new mortar from a strange ancient mortar
	Petrographic characteristics of the mortars from the Pisa’s Cathedral apse
	Quality Assurance for dosimetric measurements of mortar on polymineral fine grain fraction
	Old anatomical models as makeshifts of measurements in medicine
	New insight on the 1st century BC paleo-sea level and related vertical ground movements along the Baia - Miseno coastal sector (Campi Flegrei, southern Italy)
	A petrographic study of the mortars from the Villa Reale di Marlia (NW Tuscany, Italy)

	Special Session on Measuring in the past: ancient instruments between science and technology
	A short tale of the short story of the sliding rule
	The sixteenth-century find “Treatise On Land Surveying Methods Using the Surveyor’s Cross”, by Francesco Paciotti, military and civil architect to the Duchy of Urbino: the technical evolution of a surveying tool.
	Measure by Measure they touched the heaven
	Cleaning of historical scientific instruments: first analytical studies
	Measuring instruments and protocols in Archaeomagnetic dating: Magneto-stratigraphy in Archaeology and Volcanology

	General Session - PART III
	Presence and Applications of Bituminous Materials on the Ancient Vaccaei Culture: a Nondestructive Spectroscopic Study
	Computational modelling of the mechanical behaviour of the Pentelic Marble -Steel clamp system on the structures of the Athens Acropolis
	Indirect Temperature Measurements for TL Signal Loss during Drilling
	ERT investigation of tumuli: does the errors in locating electrodes influence the resistivity?

	Special Session on Measurement and Instrumentation for the Preventive Conservation of Metallic Works of Artl
	Micro-Raman investigation of dangerous corrosion products of archaeological bronzes from Tharros (SardiniaItaly)
	MA-XRF measurement for corrosion assessment on bronze artefacts
	Measurement Setup for the Development of PreCorroded Sensors for Metal Artwork Monitoring
	A long-term corrosion investigation of bronze sculptures exposed outdoor
	Provenance, manufacturing and corrosion behavior of Ancient Hellenistic coins from Egypt

	Special Session on Metrology for taphonomy: quantifying the alterations of skeletal remains in archaeology
	A new geometric morphometrics-based shape and size analysis discriminating anthropogenic and non-anthropogenic bone surface modifications of an experimental data set
	The cut runs deep: linking the cut marks to the cutting tools
	Detection of sexual dimorphism in the human neurocranium at local scale


	Index of Authors

