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ART FORENSICS

-1 Different pictorial
materials can have the
same appedarance (i.e.
visual perception), but
different chemical
composition




ART FORENSICS
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Several pigments are of relatively
recent discovery and production, and
they could be employed only after a
certain date.

Others are no longer produced, or with
different production methods.

Diversities exist also in the
geographical distribution



Yellow pigments: frequency pattern
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Material identification

Methods to identify materials on a painting’s surface:

Chemical analysis of microsamples of paint layer.
the most popular and trustworthy
invasive method

valid only for that specific specimen

Image spectroscopy

exploits the fact that materials reflect electromagnetic
radiation in ways that depend on their molecular composition
and shape

non-invasive method

on the entire painting’s surface at once



Reflectance Spectra
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- Multispectral Imaging of Paintings



Multispectral Reflectance Imaging
—
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1 A camera equipped with interferential filters allows to
acquire reflectance of paintings at different
wavelengths



|dentification of pictorial materials
—

1 A pictorial material can be classified /recognized by
using its reflectance spectra
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Multispectral vs Hyperspectral
=

11 Current trend is to pass from Multispectral to
Hyperspectral Imaging
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ispectral vs Hyperspectral
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accuracy achieved in reconstructing the actual spectra is much higher !l



Data Reduction
N

11 Hyperspectral techniques increase
o1 Complexity (HW and SW)
o Costs
o Time
but accuracy?
0 To discriminate pictorial metameric pigments, is it
necessary acquire a lot of wavebands?

0 what bands are actually necessary and what is the desired
spectral resolution ¢



Aim of this work

Optimizing, and thus reducing, the number of filters
employed, while still providing a robust method

To achieve similar performances as traditional ones,
which in turn employ a large number of filters.



PCA based approach

Well known technique employed in data analysis,
reduction and compression

original data space

component space

PCA componenspac
. - We search for the bands
° — %1 carrying the most
information, i.e. those

characterizing the
difference between the
spectra
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ldea

We define a criteria to select a subset of wavebands
that allows to discriminate pictorial materials

We order wavelengths in function of the score distance
—p 5 11/2

t.
SD; = 2 Lk
k=1 Vg

ti; are the elements of scores matrix, vy is the variance

The 4 outliers are selected



Issues

Measured reflectance influenced by :
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Wavebands selection criteria

Reflectance spectra

It depends on reflectance values

Derivative of spectra

It depends on the reflectance spectral features (as
peaks and slopes): less dependent from age

Bands < 650 nm.

Above this value, reflectance spectra are affected
by the under-laying materials



Similarity measure

Spectral Angle Mapper has been used to classify pixels

belonging to a given pictorial material
<S,1r>

S
ARG

S =[s1,S9,...,Sy| aond 7T =[ry, 1y, ...,1y] are the
measured and reference spectra, sampled by
interferential filters



- Experimental settings



Technologies

Multispectral imaging system

A monochromatic QSI 583w camera with a CCD full-frame sensor (KAF8300) with 3326x2504
pixels (pixel size of 17.96mm x 13.52mm), equipped with an internal wheel with interferential
filters

Two lamps at 45 degrees angle to the surface

Filters: FWHM of 10 nm with central wavelengths of 400, 410, 420, 450, 470, 500, 532, 550,
600, 650, 700, 750 and 800 nm

Spectrometer equipped with a halogen lamp

(AvaSpec-2048-USB2, Avantes) connected to a halogen lamp (HL-2000-FHSA, Avantes) with
optical fibers.

With a diffraction grating of 300 lines/mm for a blaze-wavelength efficiency of 500 nm and a
2048 pixels array CCD sensor.

The spectral resolution is 0.8 nm.
The geometry of illumination is 45/0°
Spectrophotometer
CM-2300d, a Minolta portable integrating sphere spectrophotometer, that uses a d/8° geometry
two pulsed xenon lamps as light source
wavelength range from 360 to 740nm
the wavelength pitch is 10 nm with a half bandwidth of 10nm
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Training

We assume to a priori separate pictorial materials in color classes
(blues, greens, yellows, reds, whites...)

For each class of colors, PCA is applied to select 4 most informative
wavelength among the 13 available filters for multispectral imaging

Training set: egg yolk as binder

Orange/Red/Brown

470 500 600 600
450 500 530 550 700 550 550 550
600 400 650 470

650 400 410 400 400 450 A1 0) 400



Test Materials
—

Thick layer
Thin layer

— el

f

Pictorial material

Black /white support

Binder: oil



Performance
—

1 Performance are evaluated in terms ROC

1 Area Under the Curve are reported

I AUC values
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Example

English Green
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Conclusions

A multispectral imaging system equipped with narrow
band filters has been used to identify pictorial materials

The work shows how using PCA we were able to select
the most informative wavebands, without a substantial
performance reduction

Future plans: To extend the method to fluorescence
multispectral imaging
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