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Abstract

Daguerreotypes are historical photographic images made on mirror-like metallic plates. These
are heritage objects whose shape cannot be measured with invasive fechniques, like contact
probes, but the high reflectivity of their surfaces makes the use of non-invasive, 3D-
measuring optical techniques challenging. Moreover, the dark areas resulting/from their
degradation produce a very high contrast, which add extra difficulties to their measurement.
In the last few years, several strategies have been developed to,overcome the limitations of
optical techniques when measuring reflective metallic surfaces: Many of these solutions are
not applicable to the study of cultural heritage artifacts, asithey are.invasive. We attempted
the use of conoscopic holography in a 3D-scanning system using a double-exposure strategy.
This is a promising option for 3D measuring,of daguerreotypes, as we experimentally
demonstrated in this work. We present the results obtained from the analyses of two 19th-
century daguerreotypes with different superficial conditions. The double-exposure allowed us
to obtain high-quality data from the entire object surfacexThis enabled the measurement of
micro-scale details related to the manufacturing,process and/or to the corrosion deposits. The
proposed methodology can be exploitedto mohtor the overall health of highly reflective
metallic objects but also the outcomes of some conservation treatments, such as cleaning.

Keywords: daguerreotypes; surface metrology; conoscopic holography; 3D optical profilometry; 3D modeling; laser

microprofilometry; photography

1. Introduction

Daguerreotypes wete the first commercially available
photographic images,| formed by Ag-Hg, (and in some cases
also Au) nanoparticles (NPs) on mirror-like Ag-Cu plates.
Daguerreotype images can_ either appear negative or positive.
Their nano-scale structure, fragility, and superficial optical
properties [ljimakerthe measurement of their surface micro-
topography challenging for contactless optical techniques.
This limits the recording of the micro-features related to the
technology “ofwproduction, degradation, and evaluation of
conservation treatments.

XXXX-XXXK/ XX/ XXXXXX

The optical properties of a daguerreotype surface depend
on the shape, distribution, and density of the metallic particles.
Previous research demonstrated that the optical response of
the plate surface results from the scattering of light by the
metallic NPs, which are estimated to have sizes in the range
0f 300-800 nm [2]. Their size is inversely proportional to their
density: lower-density areas have bigger NPs [1]. This
produces the characteristic negative-positive appearance of
daguerreotypes: the plate's polished surface has a mirrorlike
reflection, and the diffusion produced by the small metallic
NPs can become negligible with respect to this reflection
depending on the illumination/observation angles [3], thus
changing the angle(s) can change the appearance of the image.

© xxxx IOP Publishing Ltd
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Additionally, optical properties of daguerreotype plates
change with degradation. Barger et al. [4] estimated that a
silver sulfide layer of 500-1000 A is enough to modify the
properties of the surface, producing nuances that range from a
bluish-red to a black color [5]. Additionally, the formation of
silver chloride, another common degradation product in
daguerreotypes, induces morphological changes in the
metallic NPs [6]. The abovementioned phenomena impact on
the appearance of these artworks, their conservation state and
hamper their fruition.

In this respect, the characterization of daguerreotypes,
conducted mainly at the nano- and micro-scale, exploiting
various microscopic methods (e.g., confocal microscopy,
SEM-EDS, AFM, and synchrotron-based techniques [7-9])
aims at understanding of diverse corrosion phenomena and at
supporting restorer during the conservation procedure. The
main efforts, conducted at a macro and mesoscale, have
focused exclusively on digitization of the photographic image
and to its digital recovery when corrosion of the surface is
extensive [10,11]. The specular reflection of the mirror-like
surface is one of the main challenges when digitizing
daguerreotypes. This issue has been overcome by using high-
dynamic-range imaging or modified scanner systems [10].
Another obstacle to the correct measure of the micro-
topography can be the dark regions, generally associated with
tarnishing (i.e., silver sulfide, silver oxide) - the most common
corrosion phenomenon in daguerreotype plates.

3D investigations of the plates’ shape are not frequently
reported in the scientific literature and most are limited to
specific regions of interest (ROI) of small dimensions (in the
order of millimeters). For instance, confocal microscopy was
applied to monitor the effect of cleaning methods onythe
micro-topography of the plate surface [7]. Similar attempts
have been made with optical coherence tomography (OCT) to
register the effect of laser induced breakdown"spectroscopy
(LIBS) measurements on the surface and to correlate the data
with the stratigraphic distribution of the_elements detected
[12], or to study corrosion deposits, such as copper formates
[13].

3D metrology of specular metallic ‘surfaces aepresents a
challenge for most systems /available today. Contact
techniques (i.e., stylus-based testers) [14]are'not applicable to
the study of daguerreotypes due to the fragility of the surface
that is susceptible to scratches. On the other hand, the 3D
contactless  surface _measurement’ methods, broadly
categorized into (1) triangulation, (2). time-of-flight and (3)
wave interference (holography, conoscopy), might be chosen
according to thesmetrological<requirements (e.g. accuracy,
object size, etc.). The latter;also known as the interferometry-
based surface metrology, is widely exploited for its high
measurement accuracy:"The contactless optical systems to
retrieve the 3D sufface of an object (i.e. laser scanning,
structured . light projection, interference-based methods

(holography and conoscopy), and time-of-flight methods) [15]
may be affected by unwanted optical phenomena that occur in
the presence of specular surfaces (e.g., reflection or
interreflections when transparent or semi-transparent layers
are present) or by dark areas, which mostof the optical
systems struggle to register adequately [16]. Torovercome this
inconvenience, several strategies have been adopted in the
industrial field, for example, by applying matte coatings to
reduce specular reflections, using multiplenlights, point
sources, or screens, employing polarizing filters during
measurement, or modifying the set-up geometry by changing
the instrument angle during scanning [15-17].

Some of these strategies arénot applicable to the study of
cultural heritage objects (€.g., applying coatings) and can
introduce errors in the measurement, reduce the capacity of
registering dark areas (i.e., using filters), or increase the time
required for measuring and data processing (i.e., measuring
with many diverseetup geometties) [18].

In the heritage science. field, the most similar application
for the study of small metallic objects is the analyses of coins.
Because of their small size and of their highly reflective
surface, their 3D digitization is a challenge [19]. Morris et al.
[20] developed a workflow for an effective 3D digitization of
small.coins by photogrammetry equipped with macro-lenses,
circumventing tlle specular reflection by changing the camera
angle without modifying the lighting direction. This approach
allowed for/the creation of 3D models including the coin
edges. Schirripa Spagnolo et al. [21] proposed a low-cost
fringe projection profilometry, based on a digital micro-mirror
device to generate flexible structured-light patterns, for the
surface acquisition of the coins. Fusion of data, obtained with
more than one acquisition system at diverse scales and spatial
resolutions, proves to be effective with coins, yet, this might
not solve the problem of specular reflections or dark areas’
measurement [22].

Alternatively, to avoid specular reflection interference in
optical metrology, a multiple exposure system for structured
light instrumentation was proposed by Zhang but this method
is practicable only without ambient light [17]. Another
approach, based on high dynamic range phase-shifting fringe
projection, exploits fringe image fusion algorithm to avoid
saturation and under-illumination phenomenon by choosing
the pixels in the raw fringes. The latter, acquired with different
camera exposure time and the illumination, with the highest
modulation intensity are used to create synthetic fringes. This
methodology increases the measurement automation and
represents a suitable alternative to overcome non-invasively
the problem of specular reflection in measurement even at
ambient conditions [19]. The method is under development
regarding several parameters of the digital fringe projector
such as the fresh rate, range and resolution of the light
intensity.
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Another method to retrieve the 3D surface - the Conoprobe
distance-meter - uses conoscopic holography to extract the
target distance with micrometric precision. To provide
distance information, the laser power needs to be adjusted
according to the target reflectance. If the conoscopic hologram
is either underexposed or saturated, the device cannot measure
properly. The probe was originally introduced for industrial
use, and it performs at its best on reflective, uniformly colored
surfaces. When applied to the analysis of cultural heritage
objects, abrupt changes in the target reflectance are common,
and the measurements are more difficult, as the laser power
needs to be matched to the average reflectance of the area
under investigation. Holes in the Z map due to
saturation/underexposure of pixels are quite common when
the target reflectance is far from being uniform. Conoscopic
holography has been successfully applied to measure metal
surfaces and evaluate the results of different cleaning
methodologies. The signal-to-noise (SNR) ratio, provided by
the instrument driver as a percentage value, was used to
evaluate the quality of the output of the probe [23,24]. The
authors [23] developed a routine to optimize the performance
of the conoscopic holography probe for the multi-material
characterization, demonstrated on a Russian icon. By using the
SNR value as threshold, a stack of acquisitions with different
laser settings is combined into a single optimized surface map.

The challenge with measuring daguerreotypes is that they

cannot be considered as uniform targets. They have a strongly
reflective surface produced by the mirror-like polishing but
also diffusive areas due to the Ag nanoparticles, and finally.
high-reflective and/or very dark areas where corrosion spots
are located. Moreover, the small metallic particle  size
represents a disadvantage for the conoscopic measurements.
Speckle noise is produced when the roughness of the surface
is at the scale of the wavelength of the light employed in the
system (in our case A=649 nm) [25]. A phenomenon that is
also produced by specular surfaces [26]. To solve this issue,
multiple recordings are common optical strate\gies to reduce
noise [25].
To overcome problems of saturation/under illumination due to
the material inhomogeneity and,itshother intrinsic properties
we developed a double-exposure acquisition workflow for a
customized conoscopic holography; as described in this paper,
allowing the acquisition at two different laser power values.
Being the acquisitions mapped onto the same reference system
by the X-Y scanning stages;the dense’point cloud describing
the 3D shape of the measured surface, is already hardware
registered. This papet shows the capability of a calibrated
conoscopic holography ‘instrument coupled with a tailored
multiple exposure scanning system to obtain high-quality 3D
maps of the entire:surface of daguerreotype plates, even from
specular and dark regions.

2. Materials and'methods

2.1 Daguerreotypes analyzed

Two 19"-century daguerreotypes (Table 1) were employed
as targets for this study. The objects belong to,the Chiesa-
Gosio private collection (Brescia, Italy) kindly made available
for the purpose of this research project. Both daguerreotypes
present degradation materials (i.e., formates;, cyanide
compound, and Ag sulfides as examined by Raman
spectroscopy) deposited over the, surface and other micro-
scale features (i.e., hallmarks) of particular interest for the
present study.

The daguerreotypes were fixedito the optical'table (Fig. 1b)
using a tailored sample holder.-with micrometric movements
to align the entire object surface with the plane where the laser
diode is focused.

2.2 Experimental apparatus

3D acquisition of daguerreotypes is achieved through an in-
house built scanning micro-profilometer. Its core element is a
commercial {conoscopic «holography distance meter
(Conopoint.10, Optimet, dsrael), equipped with a diode laser
(peak emission wavelength A=649 nm) and a 25-mm focusing
lens (Figure 1), mounted on two high-precision motorized
linearstages (M-531, Physik Instrumente). The laser power at
the’sample surfage can be adjusted in the range of 1.9 pW to
655 pW. With the help of control software, its value is set to
the optimum value according to the measurement
requirements, as detailed in a following section. The X, Y
linear stages of the device allow for a maximum scanning area
of 30 X30 cm?. Depth (Z) and in-plane (X-Y) resolutions are
about 3 pm and 40 pum, respectively. The Z-measurement
range is about 2.0 mm, when operating with a 25 mm lens, as
specified in Table 2. The measurement X,Y step size was set
20 pm, but the actual lateral resolution is given by the laser
spot size in the focus region, which in this case is 40 x 40 pm?.

The scanning micro-profilometer is powered by an in-
house designed (C# coded) software application, that we
named Cono2022. This software controls and sets the power
laser at the sample surface, controls and synchronizes the
Conopoint probe data acquisition with the motion of the
scanning stages. The software allows the real-time 2D and 3D
visualization of the acquired data.

The output is a dense point cloud, describing the 3D shape
of the measured surface, regularly sampled in X and Y. The Z
values can be represented into a 2D map. The sampling steps
in X and Y are software selectable: square or rectangular
pixels can be used, as small as 10x10 pm?. On the Z map,
image processing can be performed either for noise reduction
(e.g., X-Y binning) or for enhancing the visibility of
micrometric details of the surface, such as different color
rendering techniques, or flattening Z through best plane
fitting. For example, the back (verso) of daguerreotype 534,
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was binned on 2x2 pixels. Despite the reduced image
resolution, this allowed a 50% reduction of the Z noise.

Some ROIs selected from the daguerreotype maps were
further processed to enhance the micrometric features. We
fitted the reference plane of the selected areas with a second-
or third-degree polynomial plane and then subtracted it from
the dataset. The degree of polynomial fitting was chosen based
on the features to be highlighted in the plots, considering that
higher degrees can mask small topographic features. For
comparison, the same areas were examined under a Leica
M205C stereomicroscope with a camera Leica DFC 295 at
0.78x and 1.8x according to the areas investigated. White
balance over a white surface was performed before capturing
the images processed with LAS v4.6 software.

2.3 Single-exposure scanning

The micro-profilometer scans the object surface by one
column at a time. The fast axis is the vertical one (Y), running
at the fixed maximum speed of the stage (i.e., 50 mm/sec). The
acquisition of the single pixels within a column of data is
paced by a clock signal, generated by dividing the stage
encoder output signal with a programmable divisor, to give the
desired pixel resolutions in Y. When a column of data has been
acquired, the X stage is moved of the sampling distance
towards the right, and a new column scan is acquired. In the
normal single-exposure-scanning mode, the X is advanced
after each column is acquired, thus generating an acquisition
trajectory that is different for odd and even columns of data.
0dd columns, starting from the first, are acquired from bottom
to top. Even columns are acquired from top tombottom
(traditional snake scan). The perfect alignment of the
acquisition positions during forward and backward scanning
is secured by a fine calibration of the instrument. The starting
position of the column acquisition is finely tuned to. make all
the Z positions (pixels in the map) coincide in the Y direction
with the Z position of the previous column. This is enabled by
both the precision/repeatability of the Y. translation stage and
by the possibility of finely tuning the delay of the column
trigger, generated by the programmable divisor.

2.4 Double-exposure strategy and implementation

When the double-exposure mode is activated, the system
scans each column twice. This is.obtained by advancing the X
stage only after the ¥ is scanned. forward and backward
(traditional raster scan). The lasef, poweris changed before the
same column of data, is'scanned again. In this way all the
column pixels fare acquired twice with two different
exposures, and|they remain perfectly aligned, as the data
registration «isy guaranteed by the hardware calibration
described/ before. When selecting the double-exposure
scanning mede, the user is called to set two levels of power,
corresponding to.two different exposures. In the first scan of

the column, going from bottom to top, all the available data
points at that laser power are acquired. When scanning again
the same column, top to bottom, a different laser power is used
to try to complete the acquisition of all the data‘which were
not correctly exposed in the first scan. If the userselected a
low laser power for the first scan, all the high-reflectivity.areas
are acquired first, and the second scan try to fill all'the “holes”
left by underexposed (in this case) points. The decision to
expose first for dark or for white areas is left to,thefuser, and
it depends on the target. A fast preview measurement,
implemented in the software, helps the user to decide the best
exposures to be set.

The acquisition software allows to control the measurement
advancement in real time (included the hole-filling) and the
estimated duration of the scan. The real-time 2D high-
resolution map of the object is shown'(using false color scales)
as it is progressively acquiréd by the system.

After the scan is'acquired, the application permits to move
the Conopoint to precise, pixel positions, that the user can
select on the fap, to inspect the local data quality. This is
remarkably useful in,case/of points which, even after a double
exposure,/ remainynot acquired. The user may then reselect
new exposure conditions to try to obtain a better acquisition
(i.e., less holes in the map).

It 1s to be,noted that, with such implementation, triple and
quadruple exposure schemes are possible, even if time
consuming, in cases where the target is too contrasted even for
double exposure acquisition.

We explored the range of laser power of the probe on
different types of materials for achieving the correct
registration of conoscopy hologram (i.e., non-under-exposed
hologram). As expected, the minimum laser power strongly
depends on the surface finish of the material, on its diffusion
properties and on its color. On white paper the minimum
power to obtain a valid distance is about 11 pW, and the
maximum power before saturation is about 49 uW, a range
rather small, being contained in a laser power variation smaller
than 5 times. This is partly due to laser diffusion inside the
target. Indeed, on a glossy white paint on plastic substrate,
where the diffusion is almost negligible, the minimum laser
power is about 2 uW (close to the minimum power selectable)
and the maximum about 0.06 mW. Thus, on this kind of target
the dynamic range of laser power is about 30x (the maximum
usable power is 30 times the minimum). It follows that the
dynamic range, then, varies with the target material and it is
generally included in a range of 10x. Materials showing bulk
diffusion of the laser light have smaller ranges, while less
diffusing materials have the higher ones. We measured the
minimum usable power on some reference materials as: 6.4
uW on white canvas; 6.9 uW on white (99% reflecting)
Spectralon® reference; 8.6 uW on white cardboard and up to
28.0 uW on matte iron.
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3. Results and discussion

3.1 Single-exposure scanning

To test the performance of the system in different scenarios,
we measured recto and verso of two daguerreotypes (Table 1,
Figures 2a and 4a), with dissimilar superficial characteristics.
For the first daguerreotype, the 3D maps (in a 2D false
colormap formats) of recto and verso (Figures 2b and 2¢) show
the surface data of the entire plate. The layer of white
corrosion products distributed over the surface reduces the
specular reflection, hence, it was possible to obtain high-
quality data from the micro-topography and the general form
of the plate with a single exposure with laser power set at 0.46
mW and acquisition step of 20 um. We have further examined
a ROI corresponding to a hallmark, useful for the
identification of the daguerreotype producer, located in the
upper right corner (white rectangle in Figure 2b). Figure 2d
shows results of such ROI as a false color image and as a 3D
plot in Figure 2f zooming on letters “H” and “B”. Figure 2e
reports a microphotograph of the hallmark for comparison.

Profile sections (X, Z) extracted from the micro-
topography data, along the white dashed lines in Figure 2d, are
plotted in Figure 2g (i.e., H from the hallmark and PS from the
plate surface, respectively). The results show the curvature of
the plate in the edges, associated with the polishing process
during manufacturing. The edge curvature is also evident,.in
Figures 2b and 2c. Moreover, it was possible to quantify‘the
size of the hallmark relief imprinted by the manufacturer,
depth being in the range of 9 to 31 um. Such data can be
helpful for the comparison and identification of the producers
and the possible forgeries. Today they are particularly useful
for dating daguerreotype plates [25].

3.2 Double-exposure scanning

A different situation was faced in the analysis ‘of 'the
daguerreotype 534 (Figures 4a and 5a). The p}a{e is in a better
condition and maintains its typical mirror-like reflection,
however it exhibits several areas with'significant deposits of
corrosion products. The specular reflection,of the surface in
conjunction with intrinsically contrasting white and very dark
areas — the latter also associated with the tatnish of the silver
— hamper the correct registration of the micro-features with a
conventional 3D scanning employing a single exposure for the
whole surface.

The proposed working methodology begins with
optimizing the in-plane focus position of'the plate surface with
respect to the probe, using the:micrometric adjustments of the
sample holder platform (Figure 1b). Being the dynamic range
of the probe/lens configuration only 2 mm long, this step is
important /to maintain the best possible data collection
conditions. The second step is to verify the optimal laser
power settings. (power 1 and power 2). This is performed by

measuring the complete plate in the fast preview mode (X, Y
step sizes of 500 um) at different laser powers. This coarse
preview takes each about 10 min. Based on the fast preview,
the response of the incorrectly measured pixelstis analysed
again by moving the probe to their exact locationyThere, the
second laser power (power 2) is set to obtainnthe best data
considering the fringe shape and intensity (and not the SNR
percentage proposed by the producer, as‘that was found to be
unreliable). This test is run on several bad pixels.to.obtain the
optimal average conditions for the power.2. The preview maps
can be acquired as many times @s necessary based on the
complexity of the measured object.

Figure 3 shows an example/ofthree preview maps obtained
at different laser powers (i.e., power 1=0.17 mW, power
2=0.46 mW, and power 3=0.65 mW). The lower laser power
(power 1) allowed the/correct measurement of almost all the
pixels, except for the very dark areas (dark red pixels in Figure
3a). On the other hand, when the laser power is raised, most
of'the darker areas were measured correctly but the white areas
saturated the detector (central part of Figure 3¢ corresponding
to the bonnet of the portrayed lady). Moreover, during these
tests, the SNR percentage given by the probe control SW was
higher than 75% in all the points, showing the difficulty of
estimating the data quality by considering this parameter
alone. Several fringe patterns were recorded and are shown in
Figure 3 (second and third rows).

The results obtained from pixel labelled 1 show that the
pattern is disturbed by the low-level signal produced by the
absorption of the laser in the dark areas. In an ideal scenario
(pixel 2 in Fig. 3a third row), the two channels of the signal
graph appear as two perfect sine waves out of phase by 180°.
On the other hand, the sensor output signal in pixel 2 (Fig. 3
middle column) is affected by possible multiple reflections or
split laser spot (i.e., multiple distances measured
simultaneously) as suggested by the shape of the fringe
pattern. The results indicate that a simple variation of the laser
power is not enough to solve the measurement problems in
this case since even at high laser powers, the fringe pattern has
a low intensity.

However, by measuring at two different laser powers (1 and
2) it was possible to achieve a map that measures the height of
almost the entire surface of the daguerreotype. Based on the
preview results, we selected 0.17 mW and 0.65 mW laser
powers and performed a double exposure measure with a step
size of 20 pm (total measure time ~4 hours, double the single
exposure time). Compared to the single exposure
measurement, the resulting map showed a significant
improvement. A small number of pixels (<1% of the entire
map) were incorrectly measured, resulting in holes in the map.
The number of holes was further reduced by applying a 2x2
binning, which did not result in any data loss, since an
oversampling was performed. Figure 4b shows the entire map
of the daguerreotype plate.
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A detailed inspection of the map obtained shows the
possibility of estimating the height of features at a microscopic
level. Particularly, Figure 4d reports the results from a selected
ROI shown in Figure 4c. The area is affected by the formation
of copper formates and cyanides, also due to the previous
conservation treatments. The 3D data enable the numeric
quantification of the heights of the formed corrosion crystals
(in the range of 2-16 um) and the characterization of their
shape and spatial distribution. The selected ROI (red square in
Figure 4a and false color map in Figure 4d, after best plane
fitting subtraction) reports the height of the corrosion
deposition (Figure 4e). The fitted model is shown in Figure 4f.
The application of a polynomial second degree was the best
solution (R?=0.9973, RMSE = 0.4458) for the form removal,
since it avoids eliminating some components from the
corrosion deposits and enhances the morphological details of
the topographic features. The so-obtained information has a
high potential for documenting degradation products and
qualitative monitoring the conservation treatments.

Further details that can be measured with this dataset are
some of the superficial scratches produced by abrasion,
showing the utility of this technique to monitor the effect of
cleaning procedures on the plate’s surface.

The double exposure strategy was also employed for
scanning the verso of daguerreotype 534 (Figure 5a), which
presents complex superficial features, such as dark areas of the
copper plate, copper corrosion deposit, residues of white paper
attached, and black stains of previous conservation treatments.
The double-exposure (laser powers set at 0.06 mW and 0.65
mW) mode revealed the most effective to avoid the detector
saturation when measuring the white paper remains (visible'in
Figure S5a) and to measure the dark regions. No post-
processing was required for this dataset, apart from the best
plane fitting and subtraction.

Figure 5a shows the visible photograph and'the 2D map of
the height values of the surface of the verso of daguerreotype
534. Green copper corrosion products and.black stains are
distributed through the surface, their shape suggests they were
produced by a previous cleaning |procedure performed
employing chemicals that induced further degradation. In
addition, there are residues of paper probably from the housing
systems today lost.

The conoscopic measurements suceessfully recorded the
micrometric features of all‘these elements as it is observed in
Figures 5c and Se. The form subtraction for the ROI selected
in this case was performed using a 3-degree polynomial
(R*=0.9986, RMSE=2.718).

Conclusion

The optical “ properties of daguerreotype surfaces,
characterized by specular reflection and diffusion by
nanometric, particles, represent a challenge for the 3D
measurement »with' contactless optical techniques. The

developed acquisition system presented here provides an
effective methodology for registering the superficial
microscopic features of the entire objects.

The methodology presented in this research/s relatively
simple to implement since it is based on repeated conoscopic
acquisitions with different exposure intensities. 'In Jits
simplicity, however, it allows overcoming the, typical
problems encountered in 3D reconstruction of a daguerreotype
related to the presence areas with specular reflection as well
as the co-presence of very dark and very light areas. The
results point to several scenarios in which, the conoscopic
holography proves valuable in“providing quantitative data
regarding the daguerreotype surfaces (€:g., characterization of
the hallmarks, presence of corrosion, products). It can be
applied to other artifacts with similar superficial
characteristics. =

The so-obtained data<may be exploited for different
purposes. The high-resolution 3D models can be used to
produce the 3D copies torincrease the accessibility and fruition
of the culturaléobjects, also by the visually impaired citizens.
The 3D model can'be employed to generate the digital twin
for the connection of other data. Moreover, the data can be
used during the comservation interventions, for example to
select.the most suitable cleaning procedure and to monitor its
progress and oufgome.
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Table 1. General information of the daguerreotypes analyzed in the present work.

Code Subject Size Surface condition Notes [25]
(mm)

oNOYTULT D WN =

T T T T T 1
9 519mini  Portrait of Mina 50 x 63  White haze distributed over the surface. Hallmark: Henry Beaud et.C.ie.

10 and Anna Bergamo Plate deformed due to manufacturing France. Plate production: 1850-

11 process. 1580 ca:

12 I T T T T 1
13 534 Portrait of a lady 80 x 70 Specular surface with localized Hallmark: E. White Maker, N. Y.
14 with a bonnet corrosion (formates and cyanide Plate production 1844-1851

15 compounds) deposits.

Table 2. Specifications for the probe-25 mm lens set-up as measured.

Laser Dynamic
spot aeproducibility
[um] fpmjs

2 14 3 40 0.4

20 Measurement Standoff Accuracy
21 range [mm]  distance[mm] [um]
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i 74

| Daguerreotype
Al

Interference pattern

Objective
lens

Figure 1. a) Schematic representation of the working principle of the coniescopic holography probe. b) Vertical plane setup
with X,Y motorized stages for scanning a daguerreotype plate (534). ‘The sample holder is equipped with a tilter and manual
z adjustment (white arrow). Red X,Y,Z arrows indicate positive diréctions of the&oordinate system.
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a) Laser power = 0.17 mW b) Laser power = 0.46 mW C) Laser power = 0.65 mW
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31 Figure 4. a) Visible image of the verso compared to the b) 2D:map from the daguerreotype 534. The red rectangle indicates
32 the ROI, where deposits of copper formates and copper cyanides,are located, reported in the ¢) microphotograph and d)
33 corrected 2D map. The e) 3D map, corrected by subtracting the\f) best plane fitted shows the height of the corrosion crystals.
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Figure 5. Daguerreotype 534 a) visible image (verso), b) false colot 2D map obtained with the double-exposure system. The
white rectangle indicates the ROI reported as a 2D map in ¢) and a 3D map in €) where green corrosion deposits are evident.
The microphotography in d) shows a detail from the areaindicated with a red rectangle. A best plane fitting (reported in f)
and subtraction was applied to enhance the visualization,of the morphological features of the corrosion crystals.
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