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Current stage of technological-applications and
“studies

Multispectral Imaging
Visible
UV Fluorescence
IR Reflectograms
X-Radiographs
Colorimetry

Optical Microscopy Cross-section
micrographs

Spectroscopies

Micro FT-IR

Micro Raman

Chromatographic techniques
Data acquisition with novel
custom made devices
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“ORMYLIA” FOUNDATION e

~Current stage of technological appllcatl and studies
Cross disciplinary case studlies... tracing the roots of
(* o1 Heritaoe
b our Cultural Heritage ... S
Greek Painting
(17t century BC) (20t century
A o
Greek

Roman - Greek Byzantine period Post
period Byzantine

Classical
period




Vision
Alexander the Great said:

To my Father I ought the fact that “I live” («Ceiv») to my
teacher the fact that I live in prosperity («€0 Ceiv»).

Prosperity : Meaning the well being, having deep
knowledge of the “Greek” Culture- being cultivated,
living according to diachronic values and principles in
principal.

The teacher was the Philosopher Aristoteles and the
knowledge that was provided to him was part of our
heritage ... ... ...



Vision
Trace the roots and the different views of our common
cultural heritage

International Cooperation for exchanging our experiences
— technology transfer

Technology (Texvoloyia ~ Texvn (art) & Aoyog (Talk-
wisdom- ... ))

So technology means “talking” for art ...
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Conservation science after many years of research experience provides us with
significant tools in order to “identify” bottom up with high fidelity information
the art objects. Especially, the reveal of the internal structure - stratigraphy
which provides important information related to the materials and t%‘te
technique used for the creation of the object.

Tlljlese materials and the techniques are the components of the “DNA” of the
object.

The components which were used during the creation phase of the object and
being altered due to the past time as wel%as due to restoration — conservation

attempts have as a result this obj to its current state of “existence”-
preservation.

The identification o and their
reaction-affection | conditions and the
light, their distrik 1is the as

well as ificant interventions cting the current
state of preserve 10N, overpaintings
etc), and macro characteristics aterials,
techniques, inte



The “DNA” is the way with which we “identify” a human being ... similar
to this, the art object “DNA” is way in order to identifyand trace it. This
information is up to now mainly acquired through analytical
spectroscopic methods, which require a micro-sampling operation and
time consuming work in the laboratory.

Most of the times, t
therefore must n
Destructive Test
i(nformation th
stratigraphy
handle it as

ighly valuable and

n consequently, Non
to reveal of the
aint layers

er to store and



The need of portable systems for fast and “easy” in situ
measurements and storage of the “DNA” even from
non experts is evident.

The fidelity and the
i1ssue. ... Do we
information
future mea
fidelity sti
be trace

f the information is an
nd fidelity

e traced in

’ resolution —
n which will




lultispectral Imaging Informatio
retrieval locked on the D of the
item/artwork

5 in the Visibi
of the spectrum?
N

Y

images Ultraviolel
fuoresence? N
Y

Sin the Infrarei
teh spectum?
N

v

fied Oplical Microscopy.
2N

Y

Data retrieval using sqlf

Images
(via Cameras-Scanners, via
Steremicroscopelin the visible

Open image

Aestheti
High fidelity display
Deseription of Damatjes

St the related multisps
imaging and spectra

information locked on the I of

the selected image 7

Data ratrieval using sqlf

Ultraviolet
fluoresence
Images

Select the related
uitispectral imaging and
spectra information locked
on the ID of the selected
image 7

- State of varnish

- Later interventions
- Surface damages
- Inscriptions reveal

ultispectral imaging ant
spectra information locked
on the ID of the select
image 7

lification

== — 4

Data retrieval using sql/

Select the relatett
ultispectral imaging and
spectra information locked
on the ID of the selected
image 7

= Structure
- Support
- Canvas
- Preparation
- Painting
- Initial drawing
- Overpaintings______
Tndicat i

r— Data retrieval using sql/

Reference
Images.

o imag
by clicking on teh indicated
points
Select the relalst
ultispectral imaging and
spectra information locked
on the ID of the selected
image 7
i
- Overpaintings

- Indicative pigments
identification in each paint
layer

- Organic materials




of the itemvartwork

YVIVIS/nIR spectral Information?
N

Y

Different Cleaning levers

N
Y

{l

5

fiRaman spectral Informatior

TFTIR spectral Information’
N

o

Open Reference Image

i

- Indicative matsrLls identification
- Colour measurement

- Inorganic Materials identification
(pigments used in each paint layer)
- Special case (Inorganic materials
identification)

WFTIR Spectra

- Organic Materials identification

-Pigments
-Vamnishes




The concept- Could we say tf that this is the “DNA”
of the object ? —

Technique and materials

lack of posmggpirﬁ Materials
distribution on the
surface as well as in
depth, in each point

(macro)

Technique

Materials
distribution on
the surface as
well as in depth
in each point
(micro)

Materials - remote sensing
UV-VIS-IR diffuse reflectance
spectroscopy

3D Structure
tomography

Conventional
spectroscopies- Materials



Combination of remote sensing - Reﬂe/ctaaee?
)fm@ and spectroscopy with tomographic

techniques for the identification of the “DNA”

(?.-D reconstruction of the stratigraphy)

YWIS/nIR/mIR spaciroscopic
information from the matenals in
the layers - M
- > |
Depth profile information using \\l T ) e -,
acoustic microscopy =
_/JI% é ,.-” —

W VIS /nIR/ mIR
in difuse

Acoustic
reflectance mode
(Uktrasound)

nIR /mIR M
Imaging
(1-5pm)




muttispectral lmaglng Trom zcmy
-5000nm

Information acquisition from the under layers. It is not easy
to estimate from which layer-depth this information is
Juired...
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‘Multispectral imaging

Basic setup- principle

Diffraction gratings
% Source

Different wavelengths of diffracted
electromagnetic radiation

A wavelenothe



multispectral matenats m@m
im. agl ng Basic semmmciple

Acquisition of multispectral images and
spectra from 200 up to 5000nm
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Acoustic - Ultrasonic Microscopy -
o, onic JSCH
“Tomography Basicsetup- principle

Acquisition of a-c scan data from the multilayered structure
using ultrasound frequencies higher than 100MHz
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Acoustic - Ultrasonic Mlcroscopy -
mraphyBaSlC setup- pr1nc1ple

Acoustic (ultrasound) wave propagation
in stratigraphies of art objects

—
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“Multispectral imaging

Surface From the internal structure
(depth)
IR Reflectograms, X-Radiographs

Visible, UV Fluorescence




Multispectral imaging

From the internal
Surface structure (depth)




Multispectral mapping
(spectroscopic) imagin

(200-850)

File Edit View Devices Help
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Multispectral mapping

(spectroscopic) imaging
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FIG. 59: The ROi in which the spectra were acquired. The clustering that was achieved in the
spectral area between 200-850nm. The identification of the material for the cluster 2 indicated
with the red dashed line on the ROI is Lead White and Lead white + Red Ochre (6:4)




Multispectral mapping
“(spectroscopic) imaging

N

& MultiSpectral and Acoustic Acquisition and Processing Program

e Gt View Devicss Heb
Blre] 3 e

‘l..

e SRk B )
FIG. 60: The ROI in which the spectra were acquired. The clustering was achieved in the spectral
area between 200-850nm. The identification of the material for the cluster 1 indicated with the
red dashed line on the ROl is Lead White and Ultramarine (8:2) and with high probability also

Lead white and Red Ochre (9:1)




Multispectral mapping
(spectroscopic) imaging

.-»/

&% MultiSpectral and Acoustic Acquisition and Processing Program
Ele Edt Yew Devces Heb
arfe|3ec

IR-miR AV Gractousc

Sausion Worksoodfata recesd
Ready

The “blue” and the orange on the horses the algorithm identify Indigo and Minium with
high probability and proportion (6:4). Second choice also is the Ultramarine and
Minium (6:4). These results are in agreement with the results of raman analysis




Multispectral mapping =

/

“(spectroscopic) imaging
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1500nm < A <38oonm

Clustering of
the materials
in a portable
icon




Multispectral mapping
(spectroscopic) imaging

/
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Multispectral mapping

Clustering of
the materials
in a portable
icon using
radiation in
different

wavelengths
from UV-mIR

1500nm < A <38oonm



Multispectral imagingand
“mapping (spectroscopic) imaging

(250-850) -- (1000-1200) -- (1700-2500) — (1700-3800)nNmM

Results from combined actions in the frame of InfrArtSonic and EU-ARTECH projects



Multispectral imagingand
“mapping (spectroscopic) imaging

(200-850) -- (1000-1200) -- (1700-2500) — (1700-3800)nNm

Results from combined actions in the frame of InfrArtSonic and EU-ARTECH projects



Multispectral imaging and mapping (spectroscopic)
_imaging . =

The effort to identify the materials in a 3D multi layered structure like the pint layers of art objects using NDT
techniquesis not easy.

This is an artist — human creation and consequently is a stochastic problem to be solved mainly related to the
estimation-evaluation- processing of the data.

The use of artificail intelligence techniques which can be appropriately trained according to the problem that we
are each time phasing is a solution...

Under layers
. indicative info
UV-VIS-IR diffuse H(2,n)b
reflectance
Spectroscopy be rai N
acquired data from © noiss
the ROI Rm
measured 1st layer
strong indicative info
H1b
Simulation using
UV-VIS-IR diffuse 1. System theory 1. Spectral estimation:
reflectance 2. Kubelka Munk theory Neural networks approach
Spectroscopy Corelation Coefficient, Least Squares
reference spectra => generation of the simulated > ‘ criteria . —*
measured on functions Rs (partially used for comparison of Rs snmuladted with the Rm
g measure:
reference samples training the neural networks)

c
o 2
B
=E
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Multispectral imaging and mappmg (spectroscopic)
/

 imaging

Clustering of the spectra

Take the M spectra
spectra in the

HN
‘I/

Apply the DCT
transform to

Decimate - Keep
) thefirst N; DCT

5

FCM - Cluster the
N,-dimensional spectrum-vectors

‘ Vector length N

Vector length N ‘

appropriapate WL region each spectrum coefficients
Spectrum /| ——»  DCTI ——» SpecVee ] ———p/
/' Probabilistic "
Spectrum? ——»  DCT2  ——» SpecVec? ———p/ rOFizlziS[lc
: : \ CMemns | 7
. \ Clustering /
Spectum M ——»  DCTM  ——» SpecVee M ————» ° /)

Crisp decision - Assign
each spectrum to one cluster

1. Number of clusters L
2, Membership of each
spectrum-vector {o /
gach cluster /

Vector length Ny ‘

CLUSTERS OF THE SPECTRA =
REGIONS OF MEASUREMENT- POINTS

. POINTS’ LABELING




Multispectral imaging and mappmg (spectroscoplc)
imaging

Neural Networks

Pl
A: p2

g W2 >@> 77777 LWz ,@, ,,,,, [ - W3 »@»rﬂ 11111111 S
= v U =

\ 600 tansig 600 tansig 16 sat-lin softmax
Input:

Katd tnv tavtomoinon tov Seutépou oTPWHATOC, 1] OTOLXELOTELPA A TtepLEXEL TOUG OElKTEC P,
P2 TWV XPWOTIKWV OUCLWV GTO TTPWTO CTPW, GUV TNV avoAoyio Hi&ng Toug r kat to Sidvuopa
baopatog B givat to Sidvvopa pdoparog X[v] (otnv KAtdAANAN mepLoy) UKWV KUPKTOC)
600 neurons in each neural network layer (16 are the refernce pigments spectra)

Output:

To maporydpevo didvvoa T[m] eivou prjkouvg M=16, 6Tou to M eivait o aptBudg twv vrodndiwv
XPWOTIKWV 0oLV tpog tavtomoinon. To ototyeio T[m] tov Staviopatog avtimpoowrevel Ty
VOAOYI TNG XPWOTIKIG OUCING e TO deikTn m.

Training method: Resilient backpropagation



Colorimetric .- comparison with-—
“other paintings of the same creator

% 2D L*ab" ColosSpace ver.1.01 | X

Paintings from National Gallery of Athens, Parthenis,
Vasileiou ,...




Macro and micro strucutre of the
~surface - roughness

Macro information related to Micro information related to
cracks network roughness (stratigraphy and eye of
the wall painting)




3D reconstruction of the
“stratigraphic structure
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3D reconstruction of the stratigraphi

_including all the information (mate
structure)

_» The echo received nearby the
02 mmwm T area of brushstroke

100.1
n " TS
6

0 200 400
rectified signal

The  Spel o enlyzs

. 3 n o Eixéva 50: Ewova otnv omépobpr) meptoy1) Tov ¢aopatog
Eixova 49: Ipooopioiaan) Totyoypapiag (cm16 1500nm ¢ 5000nm) aué TV IPOCoioN TG

800
View signal alone : " .
Totyoypagiag mov ewovifetat oty Ewdva 49
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0
]LJJ uameds-yu

=~ — The echoes received above
the area of the brush stroke

® W
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Ae&ua divovrat ta gaopara mg kabe opddag (11 opdada sivat 1) onpetopEvI) e pavpo Kat 31 pe 1o mo vyno
1rinedo tov yKkpifov). Emiong mapovowadetat 1 opadomnoinon mov emtevxbnke opifovrag v opadomnoinon o 5
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3D reconstruction of the stratigraphic
~structure —

Acoustic (ultrasound) wave propagation in the reference stratigraphies
using Finite Difference Method for the optimal design of the final system

(operation frequency, acoustic lens, ...)

\
,oa - ={/1+y+¢§+%ﬁ}v(vﬁ)+[y+nﬁ}vza

u
N |: x:| 1s the displacements of particles of the material in three dimensions [m]

p = density of the material [kg/m’]
A, u = first and second regularly Lamé [ N/m? |
n = shear viscosity [N*s /m?]

¢ = bulk viscosity [N*s /m?],



3D reconstruction of the stratigraphic
structure

~Acoustic (ultrasound) wave propagation in the reference stratigraphies using
Finite Difference Method ,
o




3D reconstruction of the stratigraphic
structure

Acoustic (ultrasound) wave propagation in the reference
stratigraphies using Finite Difference Method

ellow Ochre




structure .

- Acoustic (ultrasound) wave propagation in the reference stratigraphies using Finite
Difference Method

Reference No 115
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3D reconstruction of the stratigraphic

'S_trUCture . Time Frequency representations,
Slgnal Processing Methods wavelet Transf., Hilbert Huang

Frequency f

Time t




Storage supporting the evaluation and the/..
correlation of the information acquired from the
- same or similar objects

The Graphical
Interface of the
Database allows
complete browsing
and inserting of new |
data in the entire
database schema.

It allows navigation
in the images and
spectra with several
“processing”
capabilities




Storage supporting the evaluation and the
correlation of the information acquired from the
“same or similar objects

Database schema was created in accordance to the data description.
Images are stored with the Oracle™ technology.

The schema consists of:
L~250 Tables

~40 Thesaurus Tables
d~50 Image Tables

And contains:
d~8.500 Documented
items

d~25.000 Multispectral
High Resolution Images
~10.000 Spectra
d~6.000 Color Measures
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Storage supporting the evaluation and the

_correlation of the information =
Semantics
Creating mapping files
Saving data from the database to the ontologies

Creating Semantic Data From Relational Databases v0.50

# fdt Configuration Help

Y/ © vRQMpging Fie | @) 0org refies | @ darapetabase | € dararcessivn | ) draiPropentytdoe | creste inston.
© Class Tree @ Obje @ Datatype Tree TRAPEZA [+
i Class Hierarchy Tl Saved | cave & IS
© ELCRM Entky g B save s
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3§ E51.Contact_Point @prefixDUL:  <hitp:fiwww loa-cnr. ontologies/OUL owl#> IMAGE_UNDER _MATERIAL
@ £5.a0deess @preficowl  <hito dhwww.w3.0rg/200 2070w MAGE_UNDER_MATERIAL LIST
4 @ e biect fwerve w3 0rgR20015MLSchema#>

8 £39 Actor @prefic a2 wiwiss fu-berlin.de/suhlbizenD2ROI0. 17>
5 @ E74.Growp @prefixref  <htp (0/199902/22-1ff-Syntar-ns#>
@ E40.Legal @preficdaml  <hitpsh 2001903 dami+oile>
@ 21 Person
3 @ E70.Thing DULfrapeza
9 E71.Man a  d2rgDatabase
5@ ez Object d2rqjdocDSN “jdbcoracle’ alhost 1521 trapeza” ;
3 @ 73 jon_Object d2nyjdbcDriveroracle jdbc OraéleDriver
RS JEss. Type d2rqpassword “trapeza”, p !
TS d2rqusemame trapeza” NSCRIPTION, SIGNS CRIGINAL
5 £24.Physcal Man-Made_Thing [INSCRIPTION _SIGNS_OVERPAINTING
@ nColection DULtype [INSCRIPTION_TITLE LATER
@ €25 Manade Festze 3 d2rgClassMap; [SCRIPTION TITLE QRIGHAL
4§ £22.Man-Made_Object d2rqclass <httpicidoc ics forth gricidoc_vd 2 owESS Types : INSCRIPTION_TITLE_OVERPAINTING
3§ E41.Appelation d2rq:dataStorage DULtrapeza; INSCR_SIGN_LATER_INTER
@ £52.Actor_Aopelation d2rquriPattem "http icidoc ics forth. grtidoc_ve 2 owi#@ETYPE_LISTID@E" INSCR_SIGN_ORIG_INTER
@ s fINSCR_TITLE_LATER_INTER
@ E75.Concestual_Object_Appelation JLitern x?::’m:f&:mé?[g;m
= E44.Flace_Appelation a d2g i |_HISTORY
@ £47.5patial_Coordinates d2rq:class <htiplieidoc ics forth gricidoc_vd. 2 owHE22 Man-Made_Object= | ANTERVANTICN_MATERIAL_LIST
@ £46.5action_Defnition d2rq:dataStorage DULfrapeza, INTERVWIC"_VUH?DSJET
@ £95.address d2rquriPatiem *httpAcidoc.ics.forth.gricidoc_v4. 2 owi2@@ITEM ID@E" IMTER_TVPE_GEN_SPEC_LISY
@ E48.Place_Name — .
- E43.Time_Appelation DUL itemTypeBridge
@ es003te a  d2rgPropenyBridge ;
@ £42.0bject_Iderkfier d2rqbelongsToClassMap
3§ E2.Temparal_Enlity DULitem
© e4.period d2rgjoin “TYPE_LISTID = MEM.TYPE_ID",
@ £3.Condition_State d2rqproperty <hitp dicidoc.ics forth gricidoe_v4 2.0wi#P2F has_type> |
=) ES3.Primitive_Vahe a2rgrefersToClassMap
ntolog

"~ 2t 192.168.0.250@panagia a5 trapeza | Loaded File C:{Documents and | My 1 gdoc_v4.2.0m | Loaded Mapping File C:1Documents and \ibprojectiD2ROGul222.n3 | Loaded Mapping File ¢~

Part of System «<EIKONOMIA» - developed in the
frame of project o5 AKMQN 83 and «<EIKONOT'NQXIA»
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~—— OCreating mapping files
dSaving data from the database to the ontologies
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Semantics e
— QCreating mapping files _—
dSaving data from the database to the ontologies
d ... and present them to the WWW
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http://www.annunciation.gr/

Resolution, Fidelity, Micro and

“Macro Information,

The resolution of the information can vary from
macro (meters-centimeters scale) to micro
(micrometers to nanometers) scale. In this point
we reach the technological and the practical
frontiers were the discussion must be thoroughly
done trying to find a compromise between
fidelity, reproducibility of measurements,
portability of the infrastructure and non
destructiveness...
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Application on site and in situ to objects

e

Figure 3: Clustering of the materials on the surface as well as in the paint layers of the painting in a specific scanned Region of
Interest

Figure 4: Clustering of the materials on the surface as well as in the paint layers of the painting in a specific scanned Region of Fig”re 3: Clustering of the materials on the surface as well as in the paint layers of the painting in a specific scanned Region of
Interest from the underlayers Interest
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Technique and materials
lack of position in
depth

Technique

Materials — remote sensing IR
diffusereflectance
spectroscopy

3D Structure
tomography

Conventional
spectroscopies- Materials

Materials
distribution on the
surface as well as in
depth, in each point

Materials
distribution on
the surface as
well as in depth
in each point
(micro)




Conclusion - forthcoming work on NDT and quality check
controlin other fields = e

Real time imaging of the thermal
field of the on the gears and
roller bearings are presented (in
collaboration with the Department
of Mechanical Engineering,
laboratory of Machine Elements and
Machine Design of AUTh)

IR transmittance spectra of the oil
used for the lubrication during the
measurement

Evaluation of the underfilling
material application to BGA
arrays of ICs (110-175 MHz)




Tomography of scaffolds for
tissue engineering - artificiail
bones using acoustic
microscopy (110 MHz), in
collaboration with chemical

engineering department of of
AUTh)
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Scanning of the first phantoms using acoustic microscopy next
_step is the combination with the qualitative information that will
be provided applying IR difuse reflectance micro spectroscopy

W UTIA (Ultrasonic Imaging and Analysis Software) - Version 4.4.4 - E{, !
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Conclusion - Forthcoming work — Ultrasonic Force Microscopy —
Combination of the Electromagnetic excitation with the ultrasonic

emission - Photoacoustic

Cantilever (with ultrasonic
piezotransducer in some of UFM modes)

Sample (on the
piezotransducer in
UFM mode)
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