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Introduction '
OARRIVLYA” Fotuedatibrombhbild laalh NDIT methodstuded fer

thé aequiaitton] of the”tomogaphicoiriforrhation 0t 0 mo |

Infrared imaging from 2m to 5m and thermal imaging form-8>m
(XENICS FPA 640x480 elemen

Raman and micro Raman spectroscopy with 1064nm of laser so
(BWTEK portable Raman spectroscop

Infrared spectroscopy in various modes (Reflectance, Transmifeébsmbance and
ATR) with and without the use of optical fiber
(2 BRUKER OPTICS FTIR systemsGChd R one ALPHA

Acoustic Ultrasonic tomography frasm to cm level of

display

(2 custom made acoustic microscapynographsbhased on
- OlympusxPanametricequipment parts, 1 medical operating

in lower frequencies)

XYZ Scanners (CNC) or robotic devices with step resolution of 0.5and
with the capability to mount all the above mentioned modalities or the
remote probes (XRF modality is still not fully integratec

(The scannerstages are provided by AEROTEC




Introduction

Objective
A Identification of the material and structural compositionof an
culturalheritageartwork (tomographywith variousexcitations)
Implementation
A Utilization of techniques from physics, chemistry and
engineeringsuchasIR,UV/VIS Ultrasoundand XRF
Challenge
A Design of an autonomous, unified system that combines
mechanicaimanipulation,multimodal, non-destructivescanning
andefficientimagepost-processing
Integrated platform for the nondestructive
evaluation of artworks
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Introduction

Higher penetration depths are needed for the documentation of art objects serving
also reconstruction non invasive.

Varnish —
arnis THz x_raylnfrared Visible uv US US

Painting +
Drawing "~ gl o

Preparation

(gesso, glue)

Support Y
(Wood, canvas, paper)
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Mechanical Scaffold Support

AMultiple modalities active at the same time

A6 degrees of freedom of movement of the
various modalities

ARobotic XY@ udirections positioning systen

A Coarse positioning allow different objects t
be easily positioned

AFine positioning includes 3 linear and 2 tw
rotation stages

ALinear stages

A Accuracy1>m

. ARotation stages

A Accuracy 2ircmin

ARepeatability 12ircsec

15/9/1£VU106 6
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The platform on WhICh the modalities are afflxed IS mounted on the pitch rotary sta7ge wh
the yaw is performed by the stage on which the artwork is placed



Mechanical Scaffold Support




Device- Technique Inventory Toolbox

Principles, Conventional Ultrasound

Acquisition of a -c scan data from the multilayered structure using
ultrasound frequencies of the order of 1-15MHz , Resolution of the
order of millimeters .




Device- Technique Inventory Toolbox

Principles, High frequency Ultrasounds, Acoustic Microscopy

Acquisition of a -c scan data from the multilayered structure using
ultrasound frequencies of the order of >50MHz , Resolution of the

order of micrometers. 15t layer : 4885am with sanpiipgiAZm
2" layer  48hm with sanpbliggdam

Transducer

Coupling
material

- >
-
£
-3
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\

Time
EchoesA, B,B1, nendpn — — - Duration 1>s
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Device- Technique Inventory Toolbox
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Device- Technique Inventory Toolbox

Fourier Transform Infrared SpectroscogyMapping Tomography

B: BeamSplitter
M1: Fixed Mirror
M2: Moving Mirror
D: Detector

12



ésm*f-r:

Device- Technique Inventory Toolbox

IR Camera-b>m

Exgitation
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Device- Technique Inventory Toolbox

Dual wavelength Raman SpectrometeMapping spectrophotomete

virtual states

— vibrational energy slales A FiberCOUpled f|ber|engthSTBD

N A Integratedvideocamerato ensurecorrectpositioning

R A BlackFoamor soft Tissudo protect againstambient
> AT I (VA A R [ VA O A light andto protect the samplesagainstmechanical
i damaging
1N}

Eq+h
E ¥

Rayl=igh Shokes Anti-Stokes

Scattering Scattering Scattering

[elastic) L o |

(inelastic)
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Device- Technique Inventory Toolbox

Dual wavelength Raman SpectrometeMapping spectrophotomete

785nm & 1064nm laser source
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reconstruction




@Sﬂﬂ‘?;&'ﬂa

Device- Technique Inventory Toolbox

Ultraviolet/Visual (UV/VIS) Scanning

Incident
Light

Fiber optic (slica)

- :f\(t'object
!%

Monochromatc
Light

Slit




Device- Technique Inventory Toolbox

Ultraviolet/Visual (UV/VIS) Scanning &R ¢ S X
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Device- Technique Inventory Toolbox

X-Ray Fluorescence (XRF)
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XRF measurements
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Device- Technlque Inventory Toolbox

MuIt|Sensor|aIach|S|t|on and processmg Platform

S0 0000 li" ﬂﬂﬁﬂ a0 0000 =0 0000

el jmr, el & 4
ot . | - ] Fo e (B

A Precalibration of theiTomographydevices B
AThe architecture of the platform follows the MOd\i‘lGW—VIemedeKMVVM) pattern
A Surface mapping operations

AFine positioning motion control system supports resolutions down *ml
ADICONDE standard is followed 20
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Cultural Heritage Objects

SO ACTUAL

Database
«Ormylia» Foundation

CLONE
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Cultural Heritage Objects

U Realization of a clone of the iconldbdegetria
U Accurate historical reconstruction of the 14th century technique




&) Point¢ Scanning Region of Interest and Iméfﬁing
easurments

Physicochemical defects via ageing, creation materials and admixtures
identification. Elemental analysis and supporting materials detection

Modalities
ATIRspectrometer
ARamarspectrometer
AXRFspectrometer

24
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Registration Procedure and Algorithms

Registration
Areabased
ACrosscorrelation
A-eaturebased
Adomographymatrix via iterative algorithms such as RANSAC
A-eature detection via SIFT, SURF and ORB algorithms

25



Combination/Fusionof the datac

(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography

Infrared mappingspectroscopy,

Infrared hyperspectralmappingimagingl.3¢ 5-26>m

L

,Visual Image @{ wavelength 9 @ wavelength @
for ROI

il

&

l Thickness per wavelength J

S B '

4/ 3D Image /

Penetration
depth per
wavelength

S Amanatiadis, Apostolidis, G.
Karagiannis,SPIESecurity plus
Defence2018 Berlin, Germany,
10-13 September2018

F 3

—/ 3D Registration /L

Visual / IR Mapping




Combination/Fusionof the datac
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography

Fusion

Ultrasound

Microscopy for IR Imaging

for ROI1
ROI1
Geometric Geometric
Transformation Tranformation
Y v
Hilbert Layer allocation
. » —
Transformation per wavelength
Ultrasocund
Visual /IR imaging microscopy /IR
v imaFing
. . —
Registration
3D Registration
v 7

Ultrasound / IR Mapping




Combination/ Fusionof the data ¢
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)

TomographyX a ATémography- iTomography




Combination/ Fusionof the data ¢ L T
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS,

X) TomographyX a ATémography- iTomography
St. Demetrius
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Combination/ Fusionof the data ¢
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography
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Combination/ Fusionof the data ¢
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography
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Combination/Fusionof the datac
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography
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Combination/ Fusionof the data ¢
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX g ATagmography-iTomography __
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Combination/ Fusionof the data ¢
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography

Infrared mappingspectroscopy,
Infrared hyperspectralmappingimagingl.3¢5-26>m
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Combination/ Fusionof the data ¢
(IR Spectroscopianapping Infrared Imaging, Ultrasonic tomography, UV-VIS, X)
TomographyX a ATémography iTomography




