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Sommario

Il presente lavoro ¢ stato svolto nell’ambito di una collaborazione scientifica fra ENEA UTAPRAD e il Dip. di Scienze
Naturali dell’UPO (Siviglia), volta allo sviluppo e alla sperimentazione di strumentazione innovativa per la
conservazione di Beni Culturali. In questo rapporto si riportano i risultati ottenuti in una campagna congiunta eseguita a
Siviglia nel febbraio del 2012. In particolare si illustra quanto ottenuto nelle scansioni eseguite sul “pascua passo del
Gran Poder” di Ruiz Gijén (1688-1692), Siviglia (SP) su superfici lignee dipinte, nel corso del progetto di ricerca sulle
tecnologie non distruttive diretto dallo IAPH, che ha incluso i presenti risultati nel suo progetto di conservazione.

La tecnica impiegata ha consentito ’identificazione di aree ritoccate, il rinvenimento di segni di precedenti restauri non
altrimenti documentate e la rivelazione di sostanze chimiche sulle superfici lignee esaminate.

Parole chiave: LIF, analisi di immagini, superfici linee dipinte, consolidanti.

Abstract

Within the frame of a scientific cooperation between ENEA UTAPRAD (Frascati) and UPO Natural Sciences Dep.
(Seville), aimed at developing and testing innovative diagnostic instrumentation for Cultural Heritage preservation, this
report deals with results obtained in a joint campaign carried on in Seville during February 2012.

Here we report the results obtained for scans made on wood paintings of Gran Poder Canopy of Ruiz Gijon (1688-
1692), in Seville (SP). Gran Poder Canopy has been studied according to the Research Project of “Non Destructive
Techniques” managed by IAPH (Consejeria de Cultura de la Junta de Andalucia). The results have been also
implemented as part of a conservation project carried out by IPAH.

The applied technique allows the determination of retouches, traces of former restorations and detection of chemicals
(varnish) on the surface under analysis not otherwise documented.

Key words: LIF, imaging, painted wood, consolidants.
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1. Introduction

Within the frame of a scientific cooperation between ENEA UTAPRAD (Frascati) and UPO Physical,
Chemical and Natural Sciences Department. (Seville), a joint campaign aimed for developing and
testing innovative diagnostic instrumentation for Cultural Heritage preservation was carried out in
Seville, by means of the ENEA patented LIF scanning prototype. The system is capable to remotely
acquire hyperspectral images operating either in the reflectance mode, after a visible lamp excitation, or
in fluorescence mode following ultraviolet laser excitation. Under this framework, the Gran Poder
Canopy has been studied according to the Research Project of “Non Destructive Techniques” managed
by IAPH (Consejeria de Cultura de la Junta de Andalucia). The results have been also implemented as

part of a conservation and research project carried out by IPAH.

Jesus del Gran Poder’s canopy (paso) was built between 1688 and 1692, as a mobile pedestal in order
to translate the Sacred image for the streets of Seville, during the Holy Week annual procession. This
work is conceived as a pedestal or mobile altarpiece, made of wood carved and fret, looking as an
inverted basket. This wood is worked with inlets and projections, that results in deep lights contrasts

and theatrical Baroque effects.

In the surface, the piece is covered by golden bread, with carved and polychrome relieves.

There are twentyfour angels all around the pedestal, and another six, in academic size, on the top. The
carved scenes or reliefs, and the biggest angels, are talking about Passion of Jesus Christ and other
Christian symbols from the Old and the New Testament. They are reporting an evangelist message

about God’s presence in the earth and His sacrifice for the humanity.

It is perfectly documented not only the order also the execution of the piece. The brotherhood of Jesus
del Gran Poder, contracted to Francisco Ruiz Gijon, a sculptor from Utrera (Seville), to make the
canopy in 1688 and he finished it in 1692. All the physical, morphological and iconographic
properties, are perfectly specified in this contract, and it looks today since then. Francisco Ruiz Gijon,
is a barogue well-known Spanish sculptor, that mixes in his jobs the classicism from the Seville school

and by other way, the classic Italian baroque movement. He is a polychrome wood specialist, and is

considered the best builder of baroque canopies.



This study is centred in a concrete area of the piece, exactly in the 8 tables (cartelas) that are carved as
polychromated reliefs. They report several Old Testament’s scenes (Moses makes sprout water of
Horeb's rock , Samson destroys Dagén's Temple and Noe’s arch) and from the New Testament (Jesus
loads with the Cross to the shoulder, Jesus is Crowned with thorns, Jesus is detained, Flagellation, and
the Parable of the Prodigal Son). They are all framed looking as ovals, and they result the main
iconography items of the piece.

Jesus del Gran Poder’s canopy is the oldest conserved in the Sevillian Holy Week, and is still in use.
More than a hundred of canopies have been handmade according this design since the 17th and 21st

centuries, and the process continues nowadays.

2. LIF scanning set-up

A LIF scanning instrument capable to collect hyperspectral fluorescence images on large areas has been
designed and patented at the ENEA UTAPRAD-DIM [Colao F., Fantoni R., Fiorani L., Palucci A.
“Dispositivo portatile a fluorescenza per la scansione spaziale di superfici, in particolare nell’ambito
dei beni culturali” Patent RM2007A000278 (2007)]. The system was aimed at identifying and detecting
the fluorescence signature of samples from a remote station [1-3].

For the purpose of the present measurements, the system was set up to detect the signature of pigment
and consolidants on investigated samples; to this end the exciting laser was set up emitting in the UV at
266nm, while receiving detector was acquiring the full spectrum from 200nm to 850nm with a spectral
resolution of 2.5nm. The spectroscopic detection system is spectrally calibrated, while radiometric
calibration is not performed. Although the latter is necessary to get consistent spectral profiles, we do
restrict the data analysis to the examination of a single emission band or at most of a small number of

nearby bands, so we can neglect any further calibration.

Former work already pointed out LIF capabilities as non destructive diagnostic tool on painted surfaces

[4,5]. The detection of the emitted fluorescence allows to identify the presence of substances capable to



be excited by UV radiation; indeed the adopted experimental technique was proven to detect the
occurrence superficial contamination, and to identify extraneous materials onto the surface
(biodeterioration, pollutant, waxes, some kinds of biological attack such as microalgae and fungi,

presence of superficial contaminants, pigments and consolidants) [6-8].

.
s

Figure 1 — Compact LIF line scanning. A line scan
is performed by mean of an accurate stepping
motor. The emitted fluorescence is focused on the
entrance of a receiver objective directly coupled a
spectrograph and an ICCD camera for data
acquisition.

Wooden samples analyzed by LIF

The samples under study painted wooden corners of an ancient canopy belonging to the
Arciconfraternita del Gran Poder Seville, Spain. The finely painted wooden corner, shown in Figure 1,

are sampled by the line scan LIF sensor placed at a distance of about 3m.



Table_A  Table_B Table_C Table_DTable E Table F Table G Table H

Figure 2 — Painted wooden corners tested with the LIF system; the wooden tables are named Table_A
to Table H.

Each table represents one episode of the New or Old Testament.

A. Moses bringing forth water in the rock of Horeb

B. Return of the Prodigal Son
= C. Samson destroying the Temple of Dagon

D. Entry of animals in Noah's Ark

E. Apprehension

F. Jesus helped by Simon of Cyrene in the Street of Bitterness

G. Jesus is crowned with thorns as king of the Jews. (Crown of thorns)

H. Flagellation

While the single releives are mainly about the Old Testament and are located in the corners of the
canopy, the doubles tables that are located middle of each side of the canopy mainly represent the
Passion of Jesus, least the table of the return of the Prodigal Son.

These tables were hand-made by Ruiz Gijon and were repainted in 1853 [9].(IAPH, 2012).

LIF Data acquisition

The hyper spectral LIF apparatus has been operated to perform several scans on the wooden samples,

using 266nm excitation wavelength. The details of the experimental conditions are reported in Table 1.
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Table 1 — Experimental settings for LIF line scan

Wavelength excitation 266nm

Laser average power 0.9 mJ/pulse @ 20Hz

Energy density at target plane 0.2 mW / cm?

Optical f# 2.8-22

Background acquisition Yes

Lines (vertical pixels) 100 - 300

Scan points (horizontal pixels) 256

Distance 3m

Spectrograph Horiba CP-140

Detector ICCD Andor DH734-18F
3. Results of LIF diagnhostic

Successive scans performed on the samples aimed to measure both the reflectance and the laser
induced fluorescence. All reflectance images were acquired in low resolution mode, since they were
only used to better identify the scanned portion; as a consequence the pigment analysis based on the
reflectance spectra only is not possible or at least it is not optimal.

A preliminary measurement was also made to set the optimal operating parameters for the experimental

set-up.

The most relevant spectral features of LIF spectra are identified by Principal Component (PC) analysis.
Although the PCs do not possess any direct physical meaning, they can conveniently be described in
terms of bands; since the LIF spectra result from linear combination of PC with appropriate weights

-11 -



(scores), the presence of bands in PC may have a close correspondence on actual emission bands.

As shown in the analysis here reported, a given PC usually has a well defined peaks and bands, while
sometime exhibits complex shapes and frequent is the case of a bands with opposite sign swings. The
occurrence of bands in PC is here considered as an indication of the existence of a physical bands
which will be searched for in the actual LIF spectra.

LIF and PCA Studies before and after the restoration on
tables C, D and F

With the purpose of band identification, a PCA is run on the LIF scans of the wooden tables C, D and F
before and after the restoration. The spectral loadings are shown in Figure 2. Only five principal

components are considered, since they faithfully describe the entire spectral data set (overall explained
variance > 85%).

The spectral shape of the PC loadings is used to identify the prominent features; and candidates for
physical LIF emission are listed in Table 3. The table 3 shows the spectrum features of the tables C, D
and F scanned before and after the restoration.

Figure 2 - PCA of LIF scans of the wooden tables C, D and F before and after the restoration
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Table 3 - Spectrum features of the tables C, D and F scanned before and after the restoration.

Worden | 310 — | 377 420 - 470 600 — 700

relief 342 >80
Varnish varnish retouch — | Varnish Side band | Photoluminescence
Type A narrow band. type B - | coupled with | red tail

Acrylic product broadband | Resin type A

C Before | X Slight X X

CAfter | X X X X

D X Very Slight X X

Before

D After | X Slight X X

F Before | X Slight -

FAfter | X X --

Table C presents the evidence of the products used in previous restoration with a band at 320 nm (width
5 nm) and the product used in the current restoration with a narrow peak at 377nm due to the use of
acrylic product. These results can be extended to other tables, as it has been also detected on table F
though they are slight.

On table F, some bands arround 400nm could be due to the presence of nanoparticles of metals
according to previous studies [10,11]. These nanoparticles has not been used during the current
restoration and they are not been detected by SEM. Further investigations would be necessary in this

case.

On the table D, very few retouches have been detected after the restoration according to the
intervention project. Before the restoration, the spectral surface study shows diffuse and not well-
defined retouches, where some zones do not present the peak of the varnish at 320 nm surely due to
the presence of dirtiness. After the cleaning, the spectrum of the surface becomes homogenous and the
varnish cover all the surface. This fact is according to a very slight interventions, where the cleaning
stopped before the varnish was disappearing. In this sense, LIF could be use as a technique for the

control and validation of the restoration work.

-13-



LIF and PCA studies after restoration

After the restoration, the eight relieves have been studied with the purpose of applying the
methodology developed for LIF and PCA to the previous study (section 3.2). The PCA is run on all the
LIF scans and the spectral loadings are shown in figure 3 for the wooden tables A to H, meanwhile
figure 4 shows the PCA #1. According to the previous analysis, only five principal components are
considered, since they faithfully describe the entire spectral data set (overall explained variance >
85%). The spectral shape of the PC loadings is used to identify the prominent features; and candidates
for physical LIF emission is listed in Table 4. The table 4 shows the spectrum features found in each

tables according to the PCA analysis of LIF images.

Figure 3 - PCA of LIF scans of the eight wooden tables A-H after the restoration
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Table 4 - Spectrum features of the tables C, D and F scanned before and after the restoration.

Wooden 310-342 | 377 420 - 470 600 — 700 PCA #1
relief >80
Varnish varnish Varnish Photoluminescence Description
Type A retouch — |type B - | Side band | red tail
narrow broadband | coupled
band. with Resin
Acrylic type A
product
A X X X X
B X X X X
C X X X
D X X X
E X X
F X X
G X X
H X X X

The present non destructive LIF scanning study, supported by statistical analysis of the hyperspectral
images collected has shown, that according to the previous study on the samples before and after the

restoration, the PCA analysis extended to the eight tables can associated to retouches at 320nm, related

to a previous documented restoration and at 377 nm related to the current restoration.

While retouched areas are very well evident, it is not possible to say if the pigment underneath is the

same as in other portion of the tables by the fluorescence spectra alone due to the complex

absorption/emission phenomena occurring at the multilayered painted surface.

About the eight wooden relieves scanned after the restoration, we have found evidences of use of two

different restoration products or varnish: varnish that we calles type B, only used for table B (peaked at

320nm and shoulder at 580nm) and varnish called type A for all other tables (peaked at 480nm).

-15-




Furthermore, a detailed analysis of PCA # 1 of the 8 reliefs (figure 3), shows clearly that the table B has
a spectral features different to the other, and it is possible to distinguish two groups between the
samples with varnish A, one for tables A, E and F, and the other for tables C, D, G and H, though they
are very similar. In this sense, further studies would be necessary.

Figure 4 - PCA-#1 of LIF scans of the eight wooden tables A-H after the restoration
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Every tables have been scanned at the same moment of the restoration, and according to historical and
iconographic analysis, every table is original and corresponds to the same date of realization (XVII
Century). The only difference that has been found by the historians it is that the table B is not an
episode of the passion of Jesus, what does not make clear its lecture, also this table was not mentioned
in the description of Serrano y Ortega [12]. Moreover, the stratigraphic studies carried out by IAPH
[13] show the presence of a unique layer in of pigment in the white part of the arm of the son that is
composed by lead white and calcite. This analysis is not in correspondence with the historical data of
the repainted carried out in the XIX Century. The LIF spectrum of table B, and the differences in the

stratigraphy and the iconographic values highlight some clear difference on this table, though they are
not enough to conclude a different author for this relief.
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Titanium and Zinc White have been found in retouches of other parts of the canopy, so it could be
possible that they were used on the tables in a previous restoration, and they could be the cause of the

lower fluorescence intensity with less pronounced peak found in some cases [7].

The golden zones, evidence the presence of gilded borders, this part is restored by bold and mica
powder, with golden films and paraloid.

Digital Image Analysis

According to the previous results, digital image analyses have been carried out on the eight reliefs after
the restoration, in order to evaluate the surface extension of the compounds use in the restoration. For
this objectives, false colour images has been used to separate zones with the same spectral
characteristics.

3.2.1. Digital Image Analysis of Table A

The digital image analysis applied to the relief A generate a RGB false colour LIF image built with
spectral channel at 760nm, 313nm, 377nm evidence areas dominated by four different spectral
contributions (figure 5). The pink area, distributed on several different points, is spectrally
characterized by an emission band centred approximately at 377nm, shown in the right side of Figure 5,

that could be do to retouches carried out during the last restoration with acrylic products.
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Figure 5 — RGB false colour LIF image of table A (upper left) built with spectral channel at 760nm,
313nm, 377nm and spectrum from selected regions (right and bottom).

Figure 6 shows RGB false colour LIF image built with spectral channel at 760nm, 313nm, 377nm and
retouches carried out during the last restoration with acrylic products. It seems clear that some of the
signals are due to the last retouches (A),while there are other signals that could be from previous
retouches (B).
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Figure 6 - Table A. RGB false colour LIF image (left) built with spectral channel at 760nm, 313nm,
377nm and retouches carried out during the last restoration (right, image from IAPH,
Eugenio Fernandez).

3.2.2. Digital Image Analysis of Table B

Similar results are obtained on table B, the figure 7 shows the principal component analysis (PCA) of
the LIF image. It seems clear that some of the signals are due to the last retouches (A),while there are
other signals that could be from previous retouches (B). The pink area, distributed on several different
points, is spectrally characterized by an emission band centred approximately at 377nm, shown in the
plot B (blue line) of right side.
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Figure 7- RGB false colour of table B LIF image (upper left) built with spectral channel at 760nm,
313nm, 377nm and spectrum from selected regions (right and bottom).
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3.2.3. Digital Image Analysis of Table C

A close observation of PCA of figure 1 for table C allows the identification of the candidates for the
physical emission bands centred at 320nm, 377nm, 450nm and 580nm reported in table 3. The spectral
loading of PC #1 (figure 3) is characterized by an intense band extending from 410 to 540nm and a
shoulder at 377nm; the latter one is due to retouched areas that are seen in Figure 8. Te highly
contrasted RGB image in Figure 8 is obtained by combining the fluorescent bands at 377, 313 and
760nm; representative spectra in areas dominated by different spectral contributions are clearly evident.
The pink area, distributed on several different points, is spectrally characterized by an emission band
centred approximately at 377nm, shown in the plot B (blue line) of right side Figure 8.

Figure 8 shows RGB false colour LIF image built with spectral channel at 760nm, 313nm, 377nm and
retouches carried out during the last restoration with acrylic products. It seems clear that most of the
zones detected are due to the last retouches (figure 8b), that has been carried out with acrylic products.

Figure 8 - RGB false colour of table C LIF image built with spectral channel at 760nm, 313nm, 377nm
(left) and retouches carried out during the last restoration (right, image from IAPH, Eugenio
Fernéndez).
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3.2.4. Digital Image Analysis of Table D

The highly contrasted RGB image in figure 9 is obtained by combining the fluorescent bands at 377,
313 and 760nm; representative spectra in areas dominated by different spectral contributions are
similar to those reported in Figures 5 and 8. The pink area, evenly distributed in the right part, is
spectrally characterized by an emission band centred approximately at 377nm. Figure 9 shows RGB
false colour LIF image built with spectral channel at 760nm, 313nm, 377nm and retouches carried out
during the last restoration with acrylic products are very low. In this case, it is clear that most of the
signals must be caused by other products. Table D shows the least retouches that could be due to better

conservation degree.

oV &

- !
Y

>
BT A
¥
4%
e -,

Figure 9- RGB false colour of table D LIF image built with spectral channel at 760nm, 313nm, 377nm
(left) and retouches carried out during the last restoration (right, image from IAPH, Eugenio
Fernandez).

3.2.5. Digital Image Analysis of Table E

The highly contrasted RGB image in Figure 10 is obtained by combining the fluorescent bands at 377,
313 and 760nm; representative spectra in areas dominated by different spectral contributions are
similar to those reported in Figures 5 and 9. The pink areas, strongly diffused lower part of the table,
are spectrally characterized by an emission band centred approximately at 377nm, that are associated to
acrylic varnish.
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Figure 10 - RGB false colour of table E LIF image built with spectral channel at 760nm, 313nm,
377nm.

3.2.6. Digital Image Analysis of Table F

The highly contrasted RGB image in Figure 11 is obtained by combining the fluorescent bands at 377,
313 and 760nm; representative spectra in areas dominated by different spectral contributions are
similar to those reported in figures 5 and 10. The pink areas, strongly diffused table, are spectrally

characterized by an emission band centred at 377nm.
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Figure 11- RGB false colour of table F LIF image built with spectral channel at 760nm, 313nm,
377nm.
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3.2.7. Digital Image Analysis of Table G

Figure 12 shows the highly contrasted RGB image, obtained by combining the fluorescent bands at
377, 313 and 760nm; representative spectra in areas dominated by different spectral contributions are
similar to those reported in Figures 5 and 11. The pink areas, strongly diffused lower painted Table, are

spectrally characterized by an emission band centred at 377nm.

The horizontal line crossing the point B) is due to the fluorescence induced on a small rope used to

keep the table in place.

x 10
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Figure 12 - RGB false colour of table G LIF image built with spectral channel at 760nm, 313nm,
377nm (right) and retouches carried out during the last restoration (right, image from IAPH,
Eugenio Fernandez).

The comparison of the figure 13 built with RGB false colour LIF image built with spectral channel at
760nm, 313nm with one of the pictures taken during the restoration, shows that the retouches carried
out during the last restoration with acrylic products correspond to most of the zone C, and the presence

of similar spectral zones of previous restoration.
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3.2.8. Digital Image Analysis of Table H

Figure 13 is the highly contrasted RGB image, obtained by combining the fluorescent bands at 377,
313 and 760nm; representative spectra in areas dominated by different spectral contributions are
similar to those reported in Figures 5 and 12. The pink areas, strongly diffused, are spectrally

characterized by an emission band centred at 377nm.
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Figure 13 - RGB false colour of table H LIF image built with spectral channel at 760nm, 313nm,
377nm (right) and retouches carried out during the last restoration (right, image from
IAPH, Eugenio Fernandez).

In the same figure the RGB false colour LIF image built with spectral channel at 760nm, 313nm,
377nm in compared to a picture taken during the restoration with the retouches carried out during the
last restoration with acrylic products. In these case, it is clear that there are a lot of previous restoration

with a signature spectral similar to the acrylic spectra product signature.

In summary, figure 14 shows the gray digital image analysis corresponding to the band analysis at
377nm, with bandwith of 10nm for the eight wooden tables. It is clear the zones that have been
retouched, some of them during the last restoration as they are well identified according to the
restoration project and other that must be from previous restoration. These results imply that LIF
associated to PCA and digital image analysis could be used as a checking tool to asses the retouches

and restoration of an wooden artwork.
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Figure 14 - Grey false colour images of the eight LIF image built with spectral signal at 377 nm and
bandwith 10nm that shows the retouches carried out during with acrylic products.
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To the purpose of precise localization, we report in Figure 15 the fluorescence intensity of band at
377nm: the latter figure has been obtained as the difference of the signal intensity centred at 377 nm
minus the slanted baseline between 325nm and 400nm, showing that the precise retouch localization,
before and after restoration. In this comparison we may notice that among double tables only table e)
shows significant retouches in the upper oval. Furthermore, as previously discussed, table d) shows

traces of significant milder interventions than all the others.
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Figure 15 — A) Conventional photo of the Table_F, B) pixels with signals at 377nm before the
restoration C) pixels with signals at 377 nm after the restoration.

4. CONCLUSIONS

The most relevant spectral features of LIF spectra are identified by principal component analysis
(PCA). Although the PCs do not possess any direct physical meaning, they can conveniently be
described in terms of bands; since the LIF spectra result from linear combination of PC with
appropriate weights (scores), the presence of bands in PC may have a close correspondence on actual
emission bands.
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As shown in the analysis here reported, a given PC usually has a well defined peaks and bands, while
sometime exhibits complex shapes and is the case of a bands with opposite sign which swings is
frequenty encountered. The occurrence of bands in PC is here considered as an indication of the

existence of a physical bands which will be searched for in the actual LIF spectra.

Discussion of the LIF and PCA data allow us to conclude that the use of the band analysis for spectral
ratio FA460/F377 is interest to document use of different varnishes, the peak centred at of 377nm show

the presence of acrylic varnish to cover and or consolidate the retouches.
The combination of LIF, PCA and digital image analysis allow to discriminate among different

superficial treatments and if these techniques are employed during the restoration, their application

results in a fruitful tool to check the intervention process.
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