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Summary

The quantitative morphological analysis of surfaces representsnaortant tool in
diagnostics of paintings. The survey of the shape of a paintiogysalio evidence surface
deformations and therefore to study their influence on the mechatabdity of the pictorial
and preparatory layers. The production of a three-dimensional moded phinting surface
can be used for several purposes, for example: the measure afieggrand paint raisings,
the measure of support deformations, the discrimination between real amcdafgkelure

The visualization of the model can be obtained by means of bothutartitigital filters
simulating the shading of a raking lighting and sophisticated s@tiea the rendering and
the management.

Among various 3D survey systems, there is a particular onegra-priofilometer, based
on the holographic conoscopy that it is less sensitive to vibrations than other
interferometric systems, it is safe, effective and hasyahigh resolution, therefore it is one
of the best instrument to detect all the finest details of a painting surface.

In this work we present some application examples of our conoscopig-pnafilometer, on
some important panel paintingéhe ‘Madonna dei Fusi’ by Leonardo, the ‘Wedding at Cana’

and the ‘Monteripido Altarpiece’ by Perugino.



Introduction

The optical techniques are all the methodologies based on the respahsesaof an
object subjected to electromagnetic radiation in a spectrabrregcluded between the
ultraviolet (UV) and the near infrared (NIR) bands. In the field of Cultdealtage, the safety
and the effectiveness represent two very interesting aspledgizgnostic methodologies and,
generally, optical techniques correspond to these requests.

If the measured quantity, densely sampled on a bidimensional grepjressentable as a
picture the related methodology is call@daging technique.

Among the imaging techniques we found: IR reflectography [1,Be feolour [3-5] and
UV fluorescence [6]; all routinely used in paintings diagnostics.

If the measure is performed on a tridimensional grid, the tqabnis called ‘3D’
technique. Among these we find the tomographic [7-9] and the shape nmeasure
techniques [10-13].

Shape measurements have been a prerogative of the architsatuegl for a long time.
However, recent developments in optoelectronic technology have opeegdcurse in this
field allowing the project of high-resolution optical instrumentatiamorking with small
sampling step and high acquisition rate. These systems allawwysuy surfaces with an
extreme sampling density (untii around 1 million pointsjcniThis entails a great
development in studying the problems connected to the representatidheande of the
tridimensional (3D) models. In fact, the use of 3D models is egppb the historical-artistic
study, the constitution of digital database, the investigation of dhsecvation state, the
monitoring of the changes regarding restoration interventions (thallsd-ccomputer aided
restoratior). The 3D model can also be used for virtual reality applicatibhat allows the
remote fruition of a work of art and its visualization from paittc points of view, otherwise
not attainable. Moreover, information on alterations of the work can b&elbtrepeating the
measurement in the course of time. That allows characterimeghanical stresses, to
measure the effects of the microclimatic variations (teatpez and/or humidity) and of the
chemical-physicist alteration of the surface.

Only in recent years, 3D optical techniques found their way to thgseaf works of
art: they have been applied mainly to statues [10,11], architectii?¢s archaeological
objects [13], but rarely to paintings [14], whose ‘flatness’ hasrded less attention from the
point of view offered by shape-measuring methods. With the evolutionoo¢ and more



accurate systems, the 3D measurement of painting surfases\vealed many and interesting
aspects.

The survey of the paintings surface constitutes substantially aappWcation of 3D
techniqgues in the field of the cultural heritage diagnostics. Wsuaditional techniques, for
example the raking light photography, are used in order to documentujgort
deformations, but they don’t allow to evidence or measure the finer details obthefart.

Indeed, to investigate a surface with very high resolution, gtyaof instruments is
available on the market, but generally these are mechanicalnmestts and they have a stylus
or needle to measure the surface. These methods are not suitalotié dorfrail objects like a
painting, because stylus sharpness can damage the surface causing atichesscr

Having to choose an optical 3D technique to survey the surface daht@ngavarious
factors must be estimated: the cost of instrumentation, the aituisate, the elaboration
velocity, etc.; but having to resolve the finest details, fundamemtatsder to study the
pictorial technique, the most relevant factors are the accuadythe resolution of the
measurement. Among the main optical 3D surveying techniquesimusemhservation it is
possible to cite: the laser scanner profilometry, the stredttlight topography and the
interferometric techniques. The structured light topography anidske scanner profilometry
have good resolution, but not sufficient in order to detect all tiestfidetails of the work.
Taking advantage by the light coherence property, the interfeiond@ignostic techniques
are useful and have a very high resolution, but in practice becadlseirotomplexity and
high sensitivity to vibrations, they are difficult to use outsiderobptical laboratory and not
suitable forin situ measurements, like in a gallery or a museum. Neverthelessgathese
techniques there is a particular one, callbdlographic conoscopy[15-17], that is less
sensitive of the others to vibrations, it is rugged and has a venyrésglution. Therefore,
among the various systems for shape measurement, the conoscopipnoibometer is the
best instrument to detect all the finest details of a work wida variety of materials also
situ conditions, though this system is not particularly fast in measuring.

For the 3D data analysis there are several possibilitieedftgy specific software. Some
software allows the visualization of the model of a work in the 3&xe with the possibility
to turn and move it in all directions. Moreover, it is possible pregent the 3D model as a
grey levels image, where to each grey level corresponddeaedif elevation value, so to
manipulate it using image elaboration software. In such a way tmedgi2l can be visualized
using digital filters simulating various representation modesgfample, the raking light



photography. Therefore, by means of these filters, it is podsildehance also small defects

not distinguishable by naked eye.

Instrument characteristic

The conoscopic micro-profilometer is constituted by a distandernj€onoprobe 1000
by Optimet) mounted on a high precision scanning system.

The Conoprobe is substantially a video camera within which, between objective and CCD,
is placed the conoscopic module, consisting in a uniaxial birefringgatat sandwiched
between two circular polarizers (Fig. 1). This probe works asvisll a light beam, projected
by a diode laser, is both reflected and back scattered bgatiple surface and then is
collected by the lens. Thigonical light beam, after impinging on the crystal, is split into
two beams, the ordinary and extraordinary one. These two beams, rshginly different
optical paths, produce an interference pattern that depends on theerame angle, and is
related to the distance of the object. By measuring the fripgeirgy one can retrieve the
distance of the investigated point from the conoscopic probe.

The scanning system is made of two motorised high-precision i(@). linear stages that
are perpendicularly assembled (Fig. 2).

The probe used in this analysis is equipped with a 50 mm lens, setjungfa resolution
better than 1 m and a measurement rangetgf mm at a stand-off distance of about 40 mm.
The overall accuracy is better than i and the transversal resolution of about 8 The
system allows measurement on a maximum area of abolit2280nnf. The limited
measuring volume often implies the fragmentation of the enteasarement over various
areas. The apparatus has a maximum acquisition rate of 800 muirigisdue to downtimes
and scanning parameterization, the typical acquisition rate rénoges.00 to 400 points/sec.
The whole system is computer controlled.

The instrument allows measurements of surfaces with any refle@adaeith an incident
angle close to raking incidence conditions. Measurements of veal} details, like holes
with diameter less than 1 mm and a 25:1 ratio between quota andetiaane also possible.
Moreover, the system is not sensitive to contrast variationgftnerit is particularly suitable

for surveys of works of art such as paintings characterized by a vadefatenaticity.



Applications

Our conoscopic micro-profilometric scanning technique was applied variaty of
paintings and other artworks in different instrument configurations peigpesidied in order
to enhance details, which are not visible at sight and often not a@towith other
techniques. Here we present some of the most relevant resuliveyss performed on three
ancient paintings: the ‘Madonna dei Fusi’ by Leonardo da Vinci;\Wedding at Cana’ and
the ‘Monteripido Altarpiece’ by Pietro Vannucci called the Perugino.

Madonna dei Fusi by Leonardo

The micro-profilometric survey on the ‘Madonna dei Fusi’ by Ledaada Vinci was
performed during a diagnostic campaign in the laboratories of theciOmlelle Pietre Dure
in Florence. The painting suffered many restoration interventionghenpast: it was
transferred from the original wooden support to a canvas, again to acativais and back to
a new wooden panel, the original varnish layer was removed, the pawisigheavily
retouched and new varnish was laid on the surface.

For the realization of the 3D model of the painting front (abolit380cnf) four
acquisitions were performed with a sampling step of &80 and then recomposed by
software, for a total of more than 3 million points. This model, neatsimulating a raking
light photography by means of an embossing digital filter, is showiig. 3b; whereas in
Fig. 3a we can see the colour image of the painting superimposed to its 3D model.

Looking at this picture one can see wrinkles and other signs, dueetpaint layer
transport operations, many retoucheslicating past restoration interventions and the
waviness regarding the structure of the painting support.

In order to pick the finest details of the paint layer surfaee, of the most interesting
areas, the Virgin head (122 cnf) and the Holy Child face (& cnf), were acquired with a
higher sampling step equal to &h.

In Fig. 4 are shown: the Holy Child face particular (fig. 4a), gimulated raking light
image of its 3D model (fig. 4c) and of the superimposition of thleur image to the 3D
model (fig. 4b).

In these pictures is clearly discernible the presence of amingbra canvas, used during
a paint layer transport operation, as well as some thick paiotictets. The figure 5,

regarding the particular indicated by a yellow square indfig.shows the 3D model as a grey



levels image (fig. 5a) revealing the presence of the imprirt cdnvas, not to be confused
with the one, still present on the panel, detected by means of X-ray radiogrgpbty) (fi

The two different contributions are clearly discriminated becanfs¢heir different
distance between the fabric yarns: a step of aboutmiB@or the canvas visible in the
radiography and a step aroundrid and 105mm respectively for the woof and warp yarns of
the canvas imprint.

The figure 6 shows the topographic map and two orthogonal line profitepanticular of
the 3D model testifying maximum imprint amplitude of aboutn®®. Among the various
retouches present on the painting surface, that one on the Child’s chesisibletin the
colour image (Fig.4a), is clearly distinguishable in the 3D m(eigl4c) even if in this case
there is no reference with the painting. On the contrary, theisypssition of colour image
and simulated raking light image of the 3D model spatially locdiesprotruding retouch
(Fig.4b). The thickness of this retouch ranges from 60 ton®@ver its extension, as shown
in Fig. 7, representing the topographic map and two orthogonal linealeprofi an area
around the retouch.

By comparing the colour image (fig.4a), the 3D model renderigg¢) and the image
obtained by referring the first to the second one (fig.4b), it pessibdliscern the presence of
paintedcraquelurewhere there is no trace of furrows in the 3D model. Probably, ésepce
of paintedcraquelureis due to the last restoration intervention, purposed to homogenize the

painting appearance compromised by cracks and wrinkles present on the jgaint lay

‘Wedding at Cana’ and ‘Monteripido Altarpiece’ bgfagino

A close observation of some paintings by Pietro Perugino showeté sarallel grooves
that are the evidence of the traces left after workingsthéace of the gesso ground layer.
After a visual inspection of the working marks and an observation of disgribution on
Perugino’s paintings, a diagnostic campaign was planned for thaitificktion and
characterisation in three different areas: one on the ‘Monteripigoplece’ and two on the
‘Wedding at Cana’. Both paintings are located at Galleria Nazional&ddifia in Perugia.

In order to have a sampling dense enough to discern the profile emallest groove on
the painting surface, the sampling step (i.e. the distance betweemadjacent acquired
points) was set 125m in both scanning directions.

The panel with the ‘Wedding at Cana’ (39x85%i1is part of the two predelle of the
dismembered St. Augustine Polyptich. The sizes of the investigatas (Fig. 8) are



15x26 cmi and 10x15 cr respectively. The results of the measurement are shown in
Figs. 9-11.

We found several marks from toothed tools, used to apply, scrap and smogtbuhe
preparation, that differed in depth and spacing (Figs. 9-10). The 3®dhmensional model
of the two investigated areas was analysed and the topograpp& wese studied. The
spacing and depth of the two adjacent teeth marks differ as thediffiets The maximum
depth is 30 m mm (Fig.11), and the spacing goes from 0.75 to 1.5 mm. The marks extend
over a maximum length of about 10 cm, corresponding to the possible dimemdi the
metal tools.

The ‘Monteripido Altarpiece’ (Fig.12) (240x180 &was made between 1502-1504 for
the convent of San Francesco al Monte, also known as the Monteripido conveatugia.
The panel is painted on both sides and the front of the altarpie@ewasden statue of the
crucified Christ. The painting is currently hung from the heighthefceiling, and therefore,
only the bottom half is easily accessible.

We performed the survey of an area 15x15 (ffig.12b) on the reverse side (Fig. 12a); the
results are shown in Figs. 10-11. In this case, the marks mdsstureen 0.6 to 1.4 mm and
have a similar depth to the ones measured on the ‘Wedding at Cana’ panel.

In the detail of Fig.11, a lacuna is present in the aqyeeso sottiléayer. From the profiles
in Fig. 11a, a thickness of about 106h mm for this layer can be measured. On the outer
surface layer a set of parallel grooves from a toothed sticgpatula, are clearly visible,
whereas they are hardly discernible on the inner surface. In addlictithe detail of Fig.11, a
brush stroke in red paint covering the lacuna is clearly leisend was most likely made
before Perugino began the painting itself.

After analysing the data collected on the ‘Monteripido Altargiege made a few
suppositions about the function of the toothed tools and the point in which theyisesl in
the panel preparation. The result of the 3D survey on the ‘Monteripitdospiece’ and
‘Wedding at Cana’ indicates that the parallel grooves were prplahtle during scraping
and smoothing out of the surface of the gesso ground. The slice madis@ntinuous and
they never cross each other. This fact indicates that thengetitvas not performed on the
entire panel surface, but only locally only to remove bumps.

We are aware of two other panel paintings having similaksnamn the gesso ground, the
St. Luca Polyptichby Andrea Mantegna (Fig.15), at the Pinacoteca di Brera ianidnd the
largeCrucifix by the Master of St. Francis, at the Galleria Nazionale dell’'UmbriarugRe



Conclusions

In this paper we have presented the results of 3D surveys om isgportant ancient
paintings.

In the ‘Madonna dei Fusi’ by Leonardo the results of the 3Deyuhave shown the
existence of an imprint of a canvas, used in a past transfevantem from a previous
support. This canvas is different from that one, visible in theogadphic image, present
between the actual support, a wooden panel, and the paint layers.

Moreover, the comparison of the 3D model with the colour image damnea meaning
differences, for example, discriminating between real or phiotequelurein areas where
past restoration interventions tried to homogenize an unbalanced appearance ofittgegraint
evidencing retouches and stains on the paint layer.

In case of the Perugino paintings, the 3D survey was aimed stutihe of toothed slice or
spatula marks. A preliminary study of the grooves found on the pariats was carried out
in order to identify the working tools and the techniques used in applying the gesso ground.

The result of the 3D survey on the investigated area from the ‘Mioidie Altarpiece’
indicates that the parallel grooves were probably left duringpsgraand smoothing of the
surface of the gesso ground preparation.

On large panels, such as the ‘Monteripido Altarpiece’, the workingesso surface,
accomplished using a toothed slice, permitted a greater hombpgemeine preliminary
smoothing treatment. After this phase, an additional surface smoatiasgerformed with
charcoal or pumice powder. This latter phase was so effeb@teisually only few traces of
the working marks remained.

These marks are so evident on the above mentioned Perugino’s paimihgeesm to
attest a hurried or careless smoothing of the gesso ground surface.

In the ‘Wedding at Cana’, from the predella from the ‘St. AugusBodyptich’, this
careless working method may be related to the adhesion fauliedmethe paint layers and
the gesso ground regarding the architectural lines, and clearly visible in Figs. 9-10.

The 3D survey of the painting surface reveals important featureést provides a starting

point for a more detailed study of the works of art and their conservation.
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Figure 3: Leonardo da Vinci, ‘Madonna dei Fusi’. Smulated raking light image of: a) The colour image
superimposed to the 3D model ; b) The 3D model .



Figure 4: Particular of the Holy child face [6x8 en’]: a) Colour image; Simulated raking light image of

b) The 3D model superimposed to colour image and ¢he 3D model .
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Figure 5: Particular of the Holy child face [2x2 cnf yellow square in fig. 4a): a) Grey levels image dhe

3D model; b) Radiographic image.
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Figure 6: Topographic map and line profiles of a paticular of the 3D model in Fig. 5a.



Figure 7: Topographic map and line profiles of aparticular regarding the retouch on the Child’'s cheek.

Figure 8: Pietro Perugino, Wedding at Cana.

Figure 9: Simulated raking light image of the 3D rodel detail [15x26 crf] marked in black in fig. 8.



Figure 10: Simulated raking light image of the 3Dmodel detail [10x15 crf] marked in blue in fig. 8.

Figure 11: Topographic map and line profiles of the detail maked with blue dashes in Fig. 10.

Figure 12: Perugino, ‘Monteripido Altarpiece’: a) the front; b) the rear ; c) particular of the rear



Figure 13: Simulated raking light image of the 3Dmodel detail [15x15 crf] marked in yellow in fig. 12c.

Figure 14:a) Topographic map and line profiles and b) Simulatedaking light image of the detail marked
with yellow dotted square in Fig. 13.

Figure 15 : Andrea Mantegna, St. Luke Polyptich. Detail of an eea showing visible traces



