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Abstract

restoration.

Background: In this paper we describe a configurable system based on laser displacement sensors for the contact-
less acquisition of 3D and 2D shapes of near-planar objects such as the paintings.

Methods: The system is based on two single-point laser triangulation sensors, a planar robot and a suite of soft-
ware for driving the sensors, acquiring and post-processing the collected data. As a demonstration of the developed
system we monitored three artifacts with the different aims to monitor the elastic properties of the artworks and the
effectiveness of support frames in compensating the micro-climate fluctuations: the “Annunciazione” Antonello da
Messina, the “Paliotto di San Domenico’, and the “Portiera Oddi-Montesperelli”

Results: In the"Annunciazione”case, the canvas response to tensioning trials was analyzed. The collected data per-
mitted to quantify a maximum displacement of 0.9 and 1.5 mm for the tensioning tests at 1 and 2 mm, respectively. In
the “Portiera” case, the displacement difference between the left and right canvas sides was (1.0 &= 0.13)%, due to the
inherent anisotropy of the material and by the structure of the artifact. In the "Paliotto” case, instead, minor displace-
ment variations of the gilt leather due to the environment were observed, due to the analysis conducted prior of the

Conclusions: The overall obtained results demonstrated that the system is able to provide useful data for the art
conservation field, with a max inaccuracy less than 100 um.

Keywords: Antonello Da Messina, Contactless measurement, Masterpieces, Laser, Automation-robotics

Background

Cultural heritage constitutes a fundamental resource,
even in economic terms, so restoration becomes an
essential step towards the conservation, and therefore
valorization of artistic artworks. In order to preserve
them, institutions need to control the environmental
parameters, and to plan periodical inspections of numer-
ous masterpieces.

Focusing the study on canvas paintings and gilt leather
handworks, the problems are typically represented by
rheological processes and chemical deteriorations due to
the action of bacteria and mildews [1]. The necessity to
define non-invasive tests for the rheological analysis, i.e.,
the displacement vs. fiber tension, is strictly related to the
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methodology of canvas production. The most common
solution for producing flat, light, easy to transport, and
resistant canvas consists in stretching woven fibers on a
frame [2]. Therefore, the elasticity characteristics of the
support system is the basis for the adhesion of the color
film on the canvas [3]. Tensile stress tests performed on
canvas painting showed that the relative humidity (RH)
of the environment is the main parameter influencing
the tension variation of the fibers [4]. The RH monitor-
ing in the exhibition environment can prevent the onset
of cracks in the painting film especially in case the elastic
properties of the canvas are degraded due to the aging [5,
6]. The daily monitoring of the environmental parameters
has also to be supported by periodic structural diagnoses,
in order to control the mechanical characteristics of the
canvas fiber and the progress of the cracks [7]. The need
of inspecting historical paintings without affecting them,
led to develop nondestructive methods of investigation;

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0003-1179-0530
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40494-017-0135-4&domain=pdf

Del Sette et al. Herit Sci (2017) 5:21

laser sensors are among the main used devices in the art-
works conservation [8, 9]. Currently, a lot of non-invasive
diagnostic techniques are used depending on the material
constituting the artworks: interferometry, shearography
and holography for displacement monitoring [10-13];
and, X-ray laminography for density and internal crack
analysis [14].

Specifically regarding the 3D scanning devices, in the
field of 3D digitalization of canvas paintings, the quantity
and precision of information provided by those systems
seems to be exorbitant due to near-planarity character-
istic of canvas. However, the acquisition of surface shape
and color digitalization gained recently attention in cul-
tural heritage. For example, Elkhuizen et al. [15] simul-
taneously captured color and topography of paintings
and reproduced them via a fringe projection and ste-
reo imaging system. Zaman et al. [16] proposed a novel
method based on two cameras and a projector for a 3D
topography analysis and a subsequent 3D reproduction.
Karaszewski et al. [17] developed a system based on a 3D
structured light head moved via linear positioners to pre-
cisely measure the shape and the color in the perspective
also to eliminate the art forgery problem.

There are several products available on the market,
suitable for almost any type of application. The main
features that distinguish one system from another are
accuracy and resolution, scanning size, and apparatus
cost. The cost, for a professional scanner and the associ-
ated reconstruction software, starts from about 20.000€,
and the accuracy is variable, from 10 um to 1 mm. Other
important factors are the transportability, the ability to
work with different surfaces, the maneuverability, and the
speed of the scanning system, etc.

The literature reports different interesting systems,
which have been used for the scan of canvas paintings.

The Lucida 3D (Factum Foundation) is a laser scan-
ner, mounted on a xy cartesian robot, with a resolution
of 100 pum, and a maximum depth of field of 25 mm; the
maximum scan area is 480 x 480 mm?. The system was
used to analyze the “The Triumph of the Church” of P. P.
Rubens (Museo del Prado in Madrid) [18]. The device
developed by the National Research Council of Canada
is a 3D laser scanner with a tracking system for large sur-
face reconstruction, with a spatial resolution (X and Y)
of 50 um, and a maximum depth uncertainty of 10 pm,
capable to acquire also the color. The system was used to
analyze the “Mona Lisa” of L. Da Vinci, and the “Femme
Nue Dans un Paysage” of A. Renoire [19-21]. The smart-
SCAN (Aicon) is a structured light scanner with a spatial
resolution (X and Y) of 100 um, and a measuring depth of
150 mm. The system was used to analyze a collection of
painting placed in the “Pepoli-Capogrande Palace” (Bolo-
gna, Italy) [22]. That device can reach a lateral resolution
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of 60 pm and a feature accuracy of 15 pm, with a special
focus on heritage studies [23].

Considering the classification of the laser devices in the
field of conservation science reported by Pezzati [24], our
apparatus is at triangulation laser system based on single-
point-projection [25], whereas the most of the reported
systems are generally based on surface or line detection,
our laser sensor is based on single point measurement.
Specifically, here we plan to scan the surface of historical
canvas paintings by means of a triangulation laser sen-
sor mobilized via an XY robot. The apparatus allows to
perform the scanning of a generic surface with medium
accuracy (inaccuracy <#£50 pm). The resolution is
obtained at a relatively low cost, but with a slow scanning
speed, and it is mainly determined by the spatial repro-
ducibility of the positioning system.

As a benchmark for the system, we acquired the canvas
shapes of three historical artifacts, during their restora-
tion phase at the ISCR institute. The first artifact was a
canvas painting masterpiece (“Annunciazione’, Antonello
da Messina), which was subjected to tensioning test by
the institute technical personnel. The second and the
third artifacts were two gilt leather canvas (“Paliotto
di San Domenico” and “Portiera Oddi-Montesperelli”),
which were under study in order to estimate the effect of
temperature and RH on the canvas fibers.

Masterpieces

In order to test the performances of the proposed system,
an experimental analysis was carried out on three ancient
artifacts that were under restoration at the Istituto Supe-
riore per la Conservazione ed il Restauro (ISCR Roma,
Italy). They are part of a conservation and restoration
project focused on acquiring information on the state
of conservation of the paintings, as well as on the long-
range development of novel frames capable to compen-
sate the effects induced by environmental temperature
and humidity fluctuations.

The first painting was the “Annunciazione” by
Antonello da Messina (1474, 1.80 x 1.80 m?), which
is a part of the permanent collection at the Galleria
Regionale Palazzo Bellomo (Siracusa, Italy). In 1907, the
painting was transferred on double canvas due the dete-
rioration of the wood support causing numerous crack-
les on the image Fig. 1. The cracks are the main reason
of separation between the color film and the canvas, and
canvas displacements induced by microclimate effects
can amplify the deterioration.

Secondly, we investigated two furnishings, made with
the technique of gilt and painted leather. The “Portiera
Oddi Montesperelli’, is a sixtennth century door hang-
ing—measuring 1.76 x 1.08 m>—from the Museo e Gal-
leria Mozzi Bardini (Firenze, Italy) presently exposed in
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Fig. 1 "Annunciazione-Antonello da Messina”

the Medicean Villa (Cerreto Guidi, Italy) Fig. 2. The “Pal-
iotto di San Domenico’, is a seventeenth century “Ante-
pendium’, belonging to the Museo dell'Opera del Duomo
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in Orvieto (Terni, Italy), composed by eleven squared
skins sewn together for a total surface of 0.97 x 2.14 m?
Fig. 3.

Experimental methods

The system we have designed is contactless, capable of
scanning shapes of about 1.40 x 0.90 m?, and able to be
configured and set up for any situation, thanks by the
Cartesian robots used for the lasers scansion. Among the
3D imaging sensors [26, 27] we decided to use the single
point laser triangulation methodology due to: (i) the high
accuracy in a given field of view, (ii) the inherent insensi-
tivity to the environmental illumination conditions, and
(iii) the high acquisition rate [28].

Taking into account the irreplaceable nature of the
pieces and the potentially damage caused by the laser
beam and the induced heat, an overriding concern was
to avoid harming the masterpieces. Therefore, being
required that the system operated at the highest safety
level, we choose a red semiconductor laser with a power
of 0.5 W and it is moved continuously during scanning.

The acquisition system was composed of: (i) two laser
displacement-sensors (PM Instruments, LDS, FSO
30 mm, 0.01%), and (ii) a two-axes XY-robot (Robostar,
ROK stroke 300 mm, payload 40 kg) for the sensor

Fig. 2 The“Portiera Oddi-Montesperelli” a Frontal view, b rear view
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Fig. 3 The“Paliotto di San Domenico” a frontal view, b rear view

positioning. The system was assembled using an indus-
trial mounting system (Montech, Quickset series) charac-
terized of high flexional rigidity and low perpendicularity
tolerance. An industrial pc (National Instruments, PXI-
8105) equipped with a 16 bit DAQ acquisition device,
and with an custom LabVIEW application (NI, US), trig-
gered the motors and acquired signals. In order to pre-
vent any possible damage, we built the control software
to preclude that the laser beam could remain still on the
tested artifact for hardware or software bad functioning.
Thus, to preserve the integrity of the surface, a disaster
recovery procedure was implemented: the measurement
heads are automatically moved in a safe location out-
side the painting and switched off when an alarm code is
identified by the in-house developed control software.
The described system was assembled in two different
configurations, as a function of the analyzed artwork,
as reported below. For both the cases, the test were per-
formed in a controlled microclimate environment.

“Annunciazione”

The automatic system was used to monitor the horizontal
displacements of the canvas fibers during the tensioning
tests. The experiments aimed to provide detailed infor-
mation for the analysis of the residual elasticity of the fib-
ers, so to optimally set the tensioning of the canvas.

As the Fig. 4c shows, two surfaces of the masterpiece
were scanned, one area on the front of the painting and
one area on back. In the frontal side of the canvas, the full
measurement area, 0.275 x 0. 580 m? (Fig. 4) was divided
into two sub-areas of 0.275 x 0.290 m? (identified in the
figure as areas A and B) due to the robot stroke, which
was limited to 0.300 x 0.300 m? A reference plane for
the canvas deflection at the frontal side was obtained by
placing a series of vertical whiteboard tapes, on the sup-
porting frame of the artwork, with a distance of 3 mm
from the canvas. In the posterior area, a surface of
0.275 x 0.290 m? (area C) was acquired. Before starting
the tests, the parallelism between the painting surface
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Fig. 4 "Annunciazione” a detail of the laser, ready to scan the frontal area A; b sketch of the trajectory profile of the laser sensor; € A and B are the
scanned frontal areas, C is the posterior one; the vertical lines represent the reference whiteboard strips, fixed to the painting frame; the crossed circle

and the laser’s head was controlled by comparing the
relative distances at the four corners and at the center of
the scanned area. The frame of the mechatronic system
was considered to have been correctly positioned when
the all the relative distances were less than 0.5 mm. We
computed the relative displacement along the orthogonal
direction of the canvas, assuming as a reference the plane
given by the added whiteboard tapes, for both the frontal
and posterior scanned areas.

Figure 4b report the laser trajectory performed by
the robot end effector: each of the areas A, B and C
was divided into a grid of 14 horizontal lines with ver-
tical spacing of 20 mm. In order to limit the vibrations
induced by the movement of the robot, the motor speed
was limited to 17.00 & 0.02 mm/s. The velocity profile of

the robot was trapezoidal, i.e. (1) acceleration, (2) con-
stant speed, and (3) deceleration, but only in (4) the laser
output was considered valid.

The acquisitions were conducted in parallel with the
verification tests performed by the laboratory staff of the
ISCR; the purpose of these tests was to estimate the ten-
sioning level the canvas. The tensioning tests consisted
of a micrometer screw, positioned at the center of the
rear part of the canvas, used to impose horizontal dis-
placements to the center of the canvas. The actual posi-
tion of the screw and the correspondent reaction force
of the canvas were monitored by a linear variable dif-
ferential transformer (LVDT) and load cell, respectively
(Fig. 5). Because the experiments aimed only to estimate
the stress condition of the canvas, the displacement level
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Fig. 5 "Annunciazione”: general view of the acquisition system used
for scanning the backward area C, and of the canvas tensioning
hardware

imposed to the center of the canvas was minimal. In
addition, any operation have been authorized by the head
of the department and the director of the Institute.

Two different tensioning procedures have been imple-
mented. In the first procedure, the micrometer screw
advanced with the sequence (0, 1, 2) mm. In the second
procedure, the screw advanced with the sequence (0,
3.75, 6.25, 8.75, 10) mm. The difference between the two
selected ranges was suggested by the team in charge for
the restoration. The position of 0 mm was identified with
the simple contact of the screw with the canvas. The laser
scan was performed on the areas A and B, at the front
of the canvas, during the first tensioning test, and on the
area C, at the back of the canvas, during the second one.
The time needed for the acquisition was of about 7 and
4 m for the two tests, respectively.

The experimental procedure was articulated in: (i) the
imposition of a selected out-of-plane condition via the
micrometer screw; (ii) the collection of LVDT data; and
(iii) the starting of the surface scanning and the gathering
of laser sensor outputs.
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“Portiera Oddi-Montesperelli” and “Paliotto di San
Domenico”

The “Portiera Oddi-Montesperelli” was analyzed after the
conservation treatments to verify the capability of the
new support, manufactured by the ISCR, to follow the
canvas deformations due to the change of the environ-
mental conditions, i.e. temperature and RH, that could
damage the gilding and the stamps [5]. Actually, the fluc-
tuations of temperature and RH are considered one of
the main factors that contribute to the deterioration of
artifacts.

The “Paliotto di San Domenico” was monitored before
the conservation to permit the design of a new specific
support frame, and to use the collected data for a com-
parison after the expected conservation treatments.

In both the cases, the system was equipped with a tem-
perature and RH transducer (HMT-310, Vaisala, FI).

The robot configuration was similar to the one adopted
for “Annunciazione’, but with an additional vertical
motor M3, having a stroke of 1200 mm (Fig. 6). The
horizontal motor M2 was not used in the present case.
Moreover, because the system had to monitor the verti-
cal displacements of the vertical edges of the canvas, two
laser sensors were mounted on a horizontal bar fixed to
the end-effector of the robot. Two series of markers were
positioned on both sides of the “Portiera Oddi-Montes-
perelli’, but only one series on the left side of the “Pali-
otto di San Domenico” in Fig. 6a (the right side was too
much deteriorated). Each 8 consisted of a small plastic
clip with square-section 10 mm x 10 mm and a length
50 mm. In the case of “Paliotto’, 8 markers was attached
to the canvas vertical edges, and one marker (named F
in Fig. 6a, b) was placed on the fixed frame, close to the
canvas. The nominal distanced between each marker pair
was 100 mm. In the case of “Portiera’; the used markers
were 9 + 1 in total.

The test procedure can be schematized as it follows:
(i) the acquisition of the environmental temperature and
relative humidity; (ii) the laser signal acquisition to ver-
ify the parallelism between the acquisition system and
the panel (parallelism dimensional tolerance <0.5 mm);
(iii) the acquisition of the laser signal (scanning
speed ~ 17.00 & 0.02 mm/s) for detecting the marker
edges, in order to measure the relative distances between
each pair of contiguous markers.

The relative displacements were evaluated by acquir-
ing the elapsed time between two consecutive detections
of markers and multiplying it for the motor speed. We
computed the distance-variation of each pair of mark-
ers, defined as the difference between the maximum
and the minimum relative distance measured during the
day. The marker fixed on the support frame was used as
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Fig. 6 General view of the acquisition system used for a the “Paliotto”and b the “Portiera”; the actuators M1 and M3 were used for positioning the
lasers, M2 was not used in this set-up; 8 and 9 markers were fixed on the leather, 7 on the fixed frame; the markers £, attached to the fixed frame,

a reference for measuring the total stretching of the two
canvases.

The implemented procedure for the monitoring of
“Portiera Oddi-Montesperelli” consisted of eight acqui-
sitions from 10:00 a.m. to 4:00 p.m. for three consecu-
tive days. For the “Paliotto di San Domenico’, instead, we
performed three acquisitions each day, for three non-
consecutive days in the same week, from 12:00 p.m. to
2:00 p.m. For both the cases, the time interval between
each acquisition was 40 min. The tests were scheduled
automatically in climate-controlled environment.

System characterization

The uncertainty estimation can be performed (i) by
means of repeated measures on a suitable standard refer-
ence object (Type-A approach [29]), or, if sufficient and
reliable information are available about the relevant error
sources, (ii) by a Type-B evaluation approach, or (iii) or
by a mixed approach (Type-A plus Type-B).

The use of a reference object is certainly the most reli-
able method for accuracy estimation of the system. How-
ever, the simplicity of the measuring system makes the
procedure (ii) sufficiently reliable. The apparatus, in fact,
consists of an XY-cartesian robot and a laser displace-
ment sensor, therefore, the only knowledge of the accu-
racies of both of the devices, certified by the calibrations
documents, is basically sufficient to estimate the overall
uncertainty value.

The uncertainty has to be estimated differently for both
the two configurations previously described, i.e. for the
canvas painting and for the leather paintings; however,
few preliminary considerations need to be carried out.

The main relevant inaccuracy sources for the overall
acquisition system are: (i) the inaccuracy of the robot in
reproducing a selected target trajectory; (ii) the uncer-
tainty associated to the laser displacement-sensors; (iii)
the precision in assembling the support frame; (iv) the
sensitivity of the assembly to environmental effects such
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as temperature and vibrations. The first two sources
can be evaluated with Type-B uncertainty estimation
approach via the manufacturer specifications. The effects
of the third error source could be reduced and estimated
by using additional knowledge on the mounting toler-
ance. In particular, the apparatus mounting inaccuracy,
which affects the displacement measures with both sys-
tematic and predictable components, can be corrected by
using additional geometrical references, acquired during
the artwork laser scanning. The assembly sensitivity to
temperature and vibrations, instead, cannot be modeled,
and, therefore, this phenomenon has to be reduced as
much as possible by strengthening the frame and reduc-
ing the robot speed at minimum.

“Annunciazione”

The uncertainty associated to the laser displacement sen-
sor (£0.005 mm) combines with the planarity tolerance
of the robot (£0.01 mm). Considering independent the
two sources of uncertainties, by adding them in quad-
rature, the uncertainty in the planarity of the scanned
surface can be estimated equal to £0.02 mm. The dis-
placement data were collected while the robot was mov-
ing horizontally at a constant sampling (1 kHz), it follows
that the capability of the robot to maintain a constant
speed influenced the position estimation of the laser
within the scan area. In order to reduce the effect of the
speed inaccuracy, the external whiteboard tapes have
been taken as references for the scanned areas; more pre-
cisely, the whiteboard edged has been used to normalize
the signals collected for each horizontal line of the scan.
The normalization could not eliminate the inaccuracy
due to the velocity variation around the average value,
but the effect in term of horizontal trajectory inaccu-
racy is less than the maximum tracking-error admitted
by the controller (max admitted deviation +0.05 mm).
As regards the vertical position of the laser, because it
was constant during the scan of each line of the grid, the
associated inaccuracy was 0.05 mm, which is negligible in
comparison with the horizontal accuracy. In conclusion,
the inaccuracy of laser position in the surface scan can be
estimated as equal to 0.05 mm.

“Portiera Oddi-Montesperelli” and “Paliotto di San
Domenico”

In these cases the sensors were used only for the detec-
tion of the edges of the markers, thus, the accuracy of
the laser sensors and the planarity of the robot did not
affect the results. The main cause of error can be found
in the robot velocity inaccuracy along the vertical direc-
tion. Actually, because the aim of the experiment was
to monitor only the variation of the vertical relative
distances between the markers, and not the absolute
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displacements, the positional inaccuracy of the robot
assumed a minor role. As previously mentioned, the inac-
curacy can be considered lower than the tracking error,
i.e. 0.05 mm. However, in order to take into account the
effect of the temperature on the robot support, an esti-
mation of the robot frame stability had to be performed.
Therefore, six markers were attached to a fixed rigid ref-
erence frame, simulating a constant marker displacement
input for the acquisition system. Two markers were posi-
tioned at the higher side of the frame, two at the middle
side and two in the lower side. The standard deviation
of repeated measures during the daily acquisitions was
calculated for the distance between each pair of adja-
cent markers. The value obtained was 30 = 0.2 mm. In
conclusion, the observed deformation of the robot frame
during the monitoring can be assumed not greater than
0.2 mm.

Results and discussions

“Annunciazione”

The deformation maps collected at the frontal areas,
assuming as a reference the plane identified by the white-
board tape, are reported in Fig. 7; the results obtained for
subareas A and B Fig. 7 are merged in a single figure. A
mask of the two areas is superimposed on the Fig. 7a, for
sake of clarity. False colors indicate the displacement of
the canvas in the normal direction to the reference plane,
coincident with the reference tape positioned on the
frame.

From an overall analysis of the absolute displacements
(Fig. 7a—c) and considering that the micrometer screw is
centered at the xy coords (—275,30), it emerges that, as
expected, the out-of-plane shape of the canvas increased
as the screw position increased. Thus, the experimental
method allowed to observe the stretching of the canvas.
The dome-shaped profile of the scanned surfaces is per-
fectly coherent with the displacement of the central point
of the canvas imposed by the screw, and, in particular, the
position 1 and 2 mm caused the maximum canvas dis-
placements 0.9 and 1.5 mm, respectively. The procedure
of analysis performed for the posterior area gave similar
results, as Fig. 8 shows. The dome-shaped profile is again
evident, whereas the amplitude of the displacement was
greater, because the micrometer screw reached the posi-
tion of 10 mm.

“Portiera Oddi-Montesperelli”

As regards the “Portiera Oddi-Montesperelli’, the signal
acquired in the 3 days were analyzed in order to high-
light the distance-variations between the markers on
the canvas. The data listed in Table 1 show the distance-
variation of the each pair of contiguous markers col-
lected in the three consecutive days. From the table, the
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Table 1 “Portiera Oddi-Montesperelli”: marker distance-variation (£0.13%)

Marker pair Day 1 Day 2 Day 3 Mean
LS (%) RS (%) LS (%) RS (%) LS (%) RS (%) LS (%) RS (%)

1-2 0.40 1.07 093 140 1.07 2.20 0.80 153
2-3 0.93 0.80 0.67 140 0.67 1.07 1.07 1.07
3-4 0.40 0.80 0.93 1.07 0.93 1.60 0.80 1.20
4-5 0.67 1.07 0.80 1.07 1.07 1.93 0.87 140
5-6 0.67 0.80 053 140 0.53 1.93 0.60 140
6-7 053 1.67 0.67 0.80 067 1.40 0.67 1.27
7-8 0.80 1.07 093 1.07 0.80 1.93 0.87 140

LS left side, RS right side

non-uniformity of the canvas deformations along the ver-
tical direction is evident. The collected distance-variation
ranges, in fact, for the left and right sides, were equal to
(0.4-1.7) and (0.8-2.2)%, respectively. Averaging the dis-
tance-variations data among the markers, for each side,

we obtain the bar diagram reported in Fig. 9a. The trend
of the mean distance-variation confirms that the left side
was globally less stretched than the right one; in addi-
tion, the canvas stretch seemed to increase slightly along
the days. The difference between the left and right sides,
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Fig. 9 Marker distance-variation (£0.13%) as a function of a the
day and side for the “Portiera Oddi-Montesperelli”; b the day and the
marker for the “Paliotto di San Domenico”

considering all the measurements, was (1.0 &= 0.13)%. The
differences appeared not relevant to produce damage
phenomena on the artwork, and they indicated the good
performance of the proposed frame in compensating the
dimensional changes induced by microclimate variations.
The low distance-variations values were due to the small
HR changes, equal to (45-50)%, whereas the temperature
of the environment was almost stable, around the value
of 21.7 £ 0.15 °C. The difference among the distances-
variations between each pair of markers, instead, could
be addressed to the residual deformation of the canvas,
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inherited from nighttime HR changes, which reached the
peak value of 60%.

“Paliotto di San Domenico”

The marker distance-variations obtained for the “Paliotto
di San Domenico” are itemized in Table 2. From a com-
parative exam of Table 1 with Table 2, it clearly emerges
the range of the measured values in the two artifacts.
Actually, lower distance-variations were collected in “Pal-
iotto di San Domenico” than in the “Portiera Oddi-Mon-
tesperelli” The reason can be ascribed to the effects of the
treatment of restoration that improved the elastic behav-
ior of the Portiera. Regarding the microclimate monitor-
ing, the HR variation was similar to the ones occurred for
the “Portiera”

The higher value of the distance-variations between the
markers 4 and 5, highlighted in the diagram of the daily
mean distance-variation in Fig. 9b, could be addressed
to a defect of restoration in the canvas; the presence of
the defect probably amplified effects of the microclimate
changes.

Conclusions

In the present paper, a scalable motorized scanning sys-
tem for canvas paintings was described and tested on
three historical artifacts. The design of the apparatus is
simple, a Cartesian robot and one or two single-point tri-
angulation lasers. This architecture permitted to estimate
the surface scanning accuracy, £0.05 mm. From the col-
lected data it was possible to assess the multifunctional
potential of the here proposed measurement system, that
allowed to periodically survey and document the artifact
surface shape. These characteristics implies the opportu-
nity to perform test on paintings directly in the exposi-
tion environment, with the possibility of an automated
monitoring. The deformation maps, acquired during the
tensioning tests of the “Annunciazione’, showed a canvas
deformation, in terms of shape and amplitude, coher-
ent with the screw positions imposed during the experi-
ments. A deeper analysis of the shape of the deformation
maps, such as the maximum amplitude and the curva-
ture, could be useful to validate models capable to predict
the tensioning level of a canvas painting under a generic
load. The analysis on the “Portiera Oddi-Montesperelli”
and “Paliotto di San Domenico” have been useful to esti-
mate the capability of the canvas support to follow the
length variation of the leather as a function of the envi-
ronmental conditions. The maximum observed stretch-
ing of the two canvases were equal to (2.2 £ 0.13)%: this
information may be useful to decide if the support frame
can be used without causing damage to the masterpiece
during the exposition phase in the museum environment.
Thus, we can conclude that the proposed systems can
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Table 2 “Paliotto di San Domenico”: marker distance-vari-
ation (£0.13%)

Marker pair Day 1 (%) Day 2 (%) Day 3 (%) Mean (%)
1-2 0.00 040 0.13 0.20
2-3 0.13 0.27 0.27 0.20
3-4 040 0.20 0.00 0.20
4-5 067 1.00 027 067
5-6 0.53 047 0.00 033
6-7 027 027 0.13 0.20
7-8 0.27 0.27 0.40 033
8-9 040 0.20 0.13 0.20

support conservators in preventive conservation, which
potentially avoids serious damage and the consequent
expensive and time-consuming conservation work.
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