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Abstract

®

CrossMark

This study investigates the accuracy of budget optical coherence tomography (OCT) for
measuring the thickness of protective varnishes on ancient artifacts that have to undergo
cleaning or restoration. Two sets of glass slides, deposited with layers that mimic the structure
of ancient handcrafted objects (pigment and varnish), are analyzed. OCT measurements are
compared with coating thickness gauge and destructive scanning electron microscope analysis.
The results show that OCT provides reasonably accurate thickness measurements, with errors
significantly lower than typical variability in cultural heritage applications. This suggests that
even a low-cost OCT has the potential to become a valuable non-invasive tool for real-time

monitoring of cleaning treatments of ancient artifacts.

Keywords: cultural heritage conservation, optical coherence tomography (OCT),

thickness measurement, laser cleaning

1. Introduction

Cultural heritage conservation is an established discipline
that has experienced continuous development since the nine-
teenth century, starting from empirical experience and onward
evolving with scientific methodologies. In the last decades of
the twentieth century, these have provided conservators with a
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number of tools to effectively investigate original artistic tech-
niques and materials used. Nowadays, research is moving for-
ward to the development of new efficient recovery and conser-
vation methodologies.

Recent trends employ multi-analytical approaches [1] in
which imaging techniques are used for an initial screening
of the surface distribution of materials, followed by quantit-
ative or semi-quantitative spot analysis for the chemical and
morphological characterizations of micro-samples and/or for
optical and electronic microscope investigations [2].

Among various analytical techniques for the characteriza-
tion of materials, electron microscopy stands out for its ability
to provide detailed information on the fine microstructure and
stratigraphy of the surface. However, its routine and extensive
use during conservation treatments is limited both because it
is an invasive technique, i.e. small samples must be extracted
from the artifact, and because the sample preparation for the

© 2025 The Author(s). Published by IOP Publishing Ltd
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analysis is cumbersome and may influence the measurement
outcomes. Other characterization techniques include multi-
spectral imaging [3], possibly integrated with chemical ana-
lysis using Fourier transform infrared spectroscopy (FTIR) or
gas chromatography-mass spectrometry. An accurate evalu-
ation of the composition and thickness of at least the most
superficial layer of an artifact provides essential information
prior to any conservation treatment planning, in particular,
when the treatment devises removal of substances from the ori-
ginal artifact. A typical example is the cleaning of painted sur-
faces, which is considered among the most challenging oper-
ations because of the potentially destructive impact.

The effectiveness and safety of a conservation procedure
is commonly assessed by analyzing the surface before and
after preliminary cleaning tests. However, this procedure may
not be effective because the layers to be removed generally
lack thickness homogeneity. Despite scientific research hav-
ing provided many methods to guarantee gradual and select-
ive removal of specific surface materials [4-6], it is difficult to
objectively monitor the impact of any treatment in real time,
going beyond subjective assessments by the conservator.

The scientific analysis carried out after an intervention
provides details on the surface morphology, the presence of
residues, and by sampling cross sections of the transition area
of the cleaned surface, the variation in thickness. However, in
the event of inadequate treatment, permanent damage occurs.
For these reasons, the real challenge in monitoring clean-
ing treatments is having stratigraphic information with a non-
destructive tool, which must also work in real time and be cost-
effective [7], [8].

In addition to multispectral imaging, optics can provide
other noninvasive techniques [9] to monitor cleaning
treatments on painted surfaces, including colorimetric ana-
lysis [10], photoacoustics [11], profilometry [12], reflection
infrared spectroscopy [13], and optical coherence tomography
(OCT) [14].

In particular, OCT is attractive for its good balance between
the information available and the complexity of use [15,
16]. OCT, exploiting either a low power broadband source
or a swept laser, produces a cross-section image of semi-
transparent samples, yielding fast sampling (images are pro-
duced within milliseconds) and micrometer resolution. In
its simplest and low-cost implementation, OCT uses a low-
coherence broadband light in the near infrared region (usually
in the range 0.7—1.5 wm, with investigations at 2 pm using cus-
tom instruments [17]); this optical signal is reflected by the
sample, which behaves as one arm of a Michelson interfer-
ometer. Interferometric patterns are collected and processed
over a scanning length to return the internal structure of the
sample. The result of the measurement is then shown as a map
extending in depth to up to 3 mm and whose intensity levels
depend on the refractive index and scattering coefficient of the
materials. Because OCT is a non-contact technique and can be
implemented as a portable instrument, it is commonly used in
biomedical applications to obtain images of tissues below the
surface [18], but it is proved to be a promising tool in the con-
servation of cultural heritage thanks to the development of new
systems and segmentation algorithms [19]. However, studies

published so far mainly report qualitative evaluations of the
cleaning process evolution, without attempting to quantify the
actual thickness of the layers, which instead requires an accur-
ate estimation of their refractive index values [20]. Besides,
OCT is very effective only when the layers under investiga-
tion are semitransparent and have a sufficient refractive index
contrast. For these reasons, a recent work has highlighted that
the most promising approach for effective aid during cleaning
of artifacts is to combine OCT measurements with data from
other techniques, such as FTIR spectroscopy [21]. Within this
research, we are exploring a different approach, based on the
combination of OCT measurements with fluorescence spec-
troscopy (FS), which may bring advantages in terms of equip-
ment and measurement speed. FS allows rapid and reagent-
free analysis of samples with little pre-processing and provides
a 10-1000 fold higher sensitivity than other analytical tech-
niques such as UV absorption measurements [22]. Moreover,
many materials have characteristic fluorescence spectra, thus
they can be used as natural fluorophores. This property can
be exploited to detect specific chemical fingerprints and thus
provide an additional tool to estimate the refractive index
necessary to the OCT measurements by integrating FS meas-
urements with machine learning techniques. As a prelimin-
ary step, it is necessary to separately validate the ability of
the OCT to discriminate and measure the thickness of lay-
ers, in particular those of varnish and pigments, to be used
as a portable aid during processes of cleaning and removal of
layers of painted surfaces. In this first work, only the valida-
tion of the OCT alone is performed, but for the first time to
the best of authors’ knowledge, using a very simple commer-
cial instrument [23] featuring acceptable characteristics at a
price fourfold lower than the average, to prove that the OCT
may enter the conservators’ work bag. The primary object-
ive is to assess whether such an instrument can provide reli-
able, reproducible, and non-invasive measurements suitable
for both laboratory testing and potential in situ applications.
Two sets of layered samples were prepared: the first, with well-
defined and controlled layer thicknesses, was used to calib-
rate the measurement procedure; the second, featuring hand-
applied layers that replicate typical coated painted surfaces,
served as a testbed for OCT-based thickness evaluation. The
OCT-derived measurements were validated through compar-
ison with scanning electron microscopy (SEM), considered a
benchmark technique for this type of analysis. Furthermore, a
series of repeated OCT measurements was carried out to assess
the reproducibility of the method. The subsequent sections are
organized as follows: section 2 describes the sample prepara-
tion and experimental procedures, section 3 presents and dis-
cusses the results, including a real case study, and section 4
concludes the article with a summary and perspectives for
future work.

2. Materials and methods

The potentiality of OCT for online monitoring of conserva-
tion treatments was investigated in a simplified, yet represent-
ative case of actual scenarios, where the thickness of a layer
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of Paraloid® B72, a transparent protective material, must be
quantified when it is deposited on Egyptian blue painting.

Paraloid® B72, an ethyl methacrylate-methyl acrylate co-
polymer, is one of the most used chemicals in the restoration of
artifacts thanks to its properties of being stable, water-resistant
and non-yellowing finish. It is extensively employed by con-
servators as a coating, consolidant, and adhesive, even if in
some cases it leads to an increase in superficial gloss and in
others to matting, yellowing, adhesion, and possible incorpor-
ation of atmospheric particulates. These alterations can com-
promise the accurate interpretation of original painting tech-
niques and affect the outcome of scientific analysis, such as
imaging and colorimetric measurements [24, 25].

Egyptian blue, a pigment used in Ancient Egypt, is a cal-
cium copper silicate, whose accepted chemical formula is the
same as cuprorivaite (CaCuSizOjp) [26]. It represents a rel-
evant test-bench for optical techniques due to its high porosity
and vivid coloration. Modern artworks or restored artifacts fre-
quently exhibit irregular acrylic resin coatings over such pig-
ments, making Egyptian blue a relevant model substrate.

2.1. Preparation of the samples

Two sets of samples were prepared by deposition of
Paraloid® B72 and Egyptian blue layers glass microscope
slides to replicate typical stratigraphies encountered in con-
servation. The layer structure of the two sets is illustrated in
figure 1(a). The first set aimed at providing controlled condi-
tions and would be used as a reference for calibration, while
the second set was devised to validate the calibration process
as in the nearly real case.

In the first set Paraloid® B72 was deposited using an
industrial-grade professional sprayer onto both glass micro-
scope slides and compressed tablets of Egyptian blue pigment.
The sprayer was maintained perpendicular to the surface at a
fixed distance of 20 cm, and coating thickness was verified
with a coating thickness gauge. The resin solution was pre-
pared at 20% v/v in acetone (70:30 acetone: Paraloid® B72).
The subset of samples contained Paraloid® B72 on a glass slide
and would be used to analyze the behavior of OCT in the case
of a single material. To reduce porosity, Egyptian blue powder
(Kremer pigment no. 10 060) was mechanically grounded and
compressed into tablets without binders. For each substrate
(glass and pigment), the deposition of Paraloid® B72 was
repeated up to 5 times, creating a gradient of resin layer
thicknesses.

The second set consisted of samples prepared by manual
deposition to simulate real-world manual applications.
Paraloid® B72 was mixed in acetone (20 vol% v/v) and then
manually applied by repeated brushing to obtain samples with
multiple layers of different thicknesses. Also, in this case, two
subsets were prepared: the first having Paraloid® B72 directly
deposited on the microscope slides, whereas the second hav-
ing a background layer of Egyptian blue. For the preparation
of the latter, Egyptian blue pigments in a water solution of
Arabic gum (10% vol.) were manually applied on the micro-
scope slides, producing a layer of about 1 mm. The brushing
technique and the use of Arabic gum simulate traditional

artistic practices. This second set was used to validate the cal-
ibration on samples with more realistic variability in surface
morphology and resin distribution. The pigment layers in both
sample sets were not standardized in thickness, as they were
consistently thicker than the OCT penetration depth and thus
did not interfere with the measurement of the varnish layers.
No binder (e.g. Arabic gum) was added during the preparation
of the compressed pigment tablets, since the pigment served
solely as an inert substrate. As the calibration procedure tar-
geted only the varnish layer, variations in pigment thickness
or composition beneath it had no influence on the reliability
of the results.

2.2. OCT

The experiments reported were performed with a Lumedica
budget instrument [23] (figure 2(a)). The system exploits the
spectral domain OCT scheme and is equipped with a broad-
band source at 840nm, yielding an output power of just
750 uW, which can be considered non-perturbing even on
light-sensitive materials such as those of ancient artifacts. The
system has a depth resolution of 7 um in air and a transverse
resolution of 15 um. The cross section of the sample under
test is presented by the built-in software as a grayscale image
with bright hues corresponding to high reflection/scattering
sections.

Additional external processing based on artificial-
intelligence-assisted segmentation can be applied to identify
the various layers and associate a false-color map [27, 28]. The
main parameters of the instrument were compared to about
15 OCTs, manufactured by brands that mainly operate in bio-
medical fields and some focusing on industrial applications.
Considering those operating at around 800 nm, it turns out that
the low-cost OCT used for this investigation is mainly lim-
ited by the lower scanning rate and lower sensitivity, whereas
the resolution is similar to that of more costly instruments.
Figure 2(b) provides a comparison of the main parameters
between the budget OCT here employed and a reference
instrument that is representative of the category of OCT oper-
ating at 800 nm [29]. While scanning rate is not an issue in the
framework of cultural heritage conservation, since there is no
need for dynamic acquisitions, a low sensitivity may reduce
the capability of detecting different layers. The difference in
sensitivity between the budget OCT and standard instrument,
expressed as optical-signal-to-noise-ratio, is a non-negligible
value of 6 dB. The challenge is to prove that budget OCT,
worth a quarter of comparable instruments, can be used by a
conservator as a useful aid in recognizing layers for accurate
removal and subsequent restoration.

It should be recalled that OCT images exhibit a distor-
ted representation of the actual cross section because the dis-
played thickness of each layer depends on its optical dens-
ity, i.e. its refractive index n. If the measurement is through
air (n=1), the depth measurement corresponds to the actual
depth, whereas it is magnified when the medium has n > 1. In
order to measure the actual thickness of each layer, corrections
must be applied [30]; these rely on a preliminary calibration
performed on reference samples that exhibit layers of known
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(a) Schematic of the fabrication process of the two sets of samples, performed by industrial
deposition (1% set) and manual brushing (274 set) respectively.

(b) Layer structure and corresponding coding of the samples. Samples designated
as “AGx” refer to the 1% set, consisting of layers directly deposited on the glass
slide, whereas “AEx” samples correspond to the 15 set deposited on an Egyptian
blue substrate. On the other hand, codes “Gx” and “Ex” indicate the 2°d set, also
deposited on glass and Egyptian blue substrates, respectively.

Figure 1. Samples fabrication and identification.

(a) Picture of the bud- (b) Comparison of main specs with a
get OCT used in this reference OCT [27]. Green-shaded cells

work (credit: Lumed- highlight better values.

ica [23]).

Figure 2. OCT system and specs. Reproduced with permission from Lumedica Labscope [23].
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Figure 3. OCT image acquisition of sample G5 at the interface
between glass and Paraloid® B72 layer. The image depicting the
artifact of non-flat glass surface that is caused by the varnish, can be
used to evaluate the refractive index of the deposited layer and to
measure subsequent samples containing Paraloid® B72 layers.

material and thickness. The images from the Lumedica OCT
have a resolution of 512 pixels for depth and each pixel cor-
responds to a different depth in wm according to the refractive
index of the material. In the case of air, each pixel corresponds
to 5.71 um, meaning that the OCT has a maximum penetra-
tion of 2.92 mm in air. As an example, figure 3 depicts the
OCT image of sample G5 at the edge of the Paraloid® B72
layer. It can be seen that the position of the glass surface
moves downward on the right-hand side of the image, though
the microscope slide is actually flat; this artifact is caused by
the Paraloid® B72 layer that shifts the cross-sectional image
due to its high refractive index. This highlights the importance
of critical interpretation of OCT images in obtaining reliable
information on thicknesses.

Defining Z,;; as the optical thickness of the Paraloid® B72
layer in pixels measured in air, the conversion into the actual
thickness T'y; in pm is:

Toir (um) = 5.71 (um/px) - Zyir (px) (1

where 5.71 is the calibration factor.

Equation (1) is specific for the measurement of the thick-
ness in air and can be generalized to TRy, actual thickness
for a generic refractive index (in equation (2)), measuring the
optical thickness for a generic refractive index Zg; (in pixels,
equation (3)), taking into account Z,;; and the difference Az
between the optical thickness in air and in another medium
(n> 1) (more details are reported in [31]) .

5.71 (um/px) - (Zair + Az) (px)

Tri (um) = (2)

where
Zar + Az =Zg; (3

Based on the information provided in figure 3 and apply-
ing equations (1) and (2), it turns out that for Paraloid® B72
n =~ 1.487, in excellent agreement with the values reported in
the literature [32, 33]. OCT is compared with coating thick-
ness gauge and SEM to validate and calibrate the measurement
procedure. Both methods, while being a reference for in-lab
measurements and during sample preparation, do not permit
monitoring ‘on field’. In particular, the first requires the var-
nish to be measured during the deposition process, or at least
while the varnish is still wet. On the other hand, SEM requires
a micro-invasive sampling to allow the measurement of the
layers thickness, giving a pre-treatment information, and is not
considered suitable formonitoring during the intervention. In
addition, SEM allows for a single measure in a limited number
of locations to minimize damage, whereas OCT allows mon-
itoring of the extended area and repeating the measurements
multiple times during the cleaning intervention and through-
out the aging process, thus ensuring a precise assessment of
the effectiveness of the treatment and long-term stability.

3. Results and discussion

Each sample from the two sets was analyzed with OCT and
then the recovered thickness values were compared with the
reference thicknesses, either retrieved during the deposition
or from SEM images, to validate the reliability of the OCT
system during cleaning of artifacts. The OCT images were
acquired and processed in MATLAB®, exploiting the image
processing toolbox. Three images were taken for each sample
to have a minimum amount of data to assess the accuracy of
the measurement and uniformity of deposition. The outcome
is reported in the categorical Tabs of figure 4, which reports
the optical thickness in pixels as measured by the OCT as
well as the correspondent thickness in um. The thickness of
the blue pigment in figure 4 is presented for illustrative pur-
poses and is not to scale, as its exact thickness is not critical
for the analysis. The focus of the study is on the measurement
of the varnish layers, and the pigment thickness is signific-
antly larger than the penetration depth of the OCT, meaning
it does not impact the measurements in any way. In figure 4,
the pigment layer thickness is shown only to provide clarity
and improve the graph’s readability, but it should not be con-
sidered as accurate or to scale. When comparing the two sets,
a clear difference in deposition method emerges: the first sub-
set, obtained using the industrial sprayer, shows a minimum
layer thickness of approximately 20 pm, indicating a more
controlled and uniform application. In contrast, the second
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(a) First set: samples with layers deposited (b) Second set: samples prepared by manual

by an industrial sprayer

brushing

Figure 4. Thickness measurement of first and second set of samples. The optical thickness of the varnish is reported in px on the left y
scale, while the actual thickness in pm is displayed on the right y scale. Notice that the x axis reports the samples codes and their substrate

structures NOT on scale.

subset, obtained via manual brushing, presents a thicker and
more irregular layer, with an average thickness around 35 pm.
However, in the case of direct deposition of Paraloid® B72 on
glass the thickness has a non linear increment with the number
of layers because the surface tension and poor adhesion pro-
duces a shrinkage of the varnish and hence a spurious assem-
bling of material at the center of the glass, where the measure
takes place. On the other hand, samples AEI-AES deposited
on Egyptian blue show better adhesion and improved uniform-
ity, as demonstrated by the nearly linear increment of thickness
as a function of the number of layers. This does not hold for
the second set, even for samples E1-E5 where the adhesion to
the hand-brushed Egyptian blue is lower. Both deposition pro-
cesses of Paraloid® B72 were performed using a ‘wet-on-dry’
technique, where the first layer of Paraloid® B72 was allowed
to dry before the next layer was applied.

The OCT measurements for the first set of samples were
compared to those from the coating thickness gauge (Erichsen,
Wet Film Thickness Gauge Model 333, Measuring range 0—
120 pum, Read-off accuracy 5 um). Figure 5 shows the OCT
image of sample AE3, containing both the Egyptian blue layer
and three Paraloid® B72 layers. The varnish is well detectable,
whereas the interface with the glass substrate is masked by the
absorbing Egyptian blue.

The comparison between the OCT and coating thickness
gauge measurements is summarized in figure 6 and shows
that a maximum deviation of 12 um occurs on the samples
with Paraloid® B72 only because it is susceptible to shrink-
age and produces areas of non-uniform varnish distribution.
This effect is also observable on AE1-AES5 samples that have
the varnish deposited on the industrial-made painting that also
enhances the surface tension effect. The results are satisfact-
ory, considering the lack of information on the uncertainty of
the coating thickness gauge, which only provides the nominal
value. In addition, concerning the deviation within values of
30 um emerged in the thicker layers (G5 and ES), the poten-
tially incomplete film formation of the Paraloid® B72 layer

Figure 5. Example of OCT image of the sample AE3.

likely contributed to its thickness reduction from compression
during the glass slide cutting process.

3.1 Validation of the reliability of the OCT measurements of
handcrafted samples

The ability of the OCT to work in a realistic scenario of arti-
facts cleaning was assessed by comparing the OCT measure-
ments of the second set of samples, i.e. fabricated by manual
deposition of pigment and varnish, with those obtained by
SEM (Zeiss Supra40 Field Emission SEM), which would
be used as a reference. After acquisition of OCT images,
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Figure 6. Comparison of the thickness of the Paraloid® B72 layer
measured by OCT with the reference (coating thickness gauge) for
the first set of samples (deposited by an industrial sprayer).

Figure 7. SEM image of the cross-section of sample ES with the
detail of the Paraloid® B72 layer. From top: Paraloid® B72 and
Egyptian blue layers on the glass substrate (not visible in the
picture). The Paraloid® B72 layer thickness is estimated to be
203.4 pm.

each sample was sharp cut at 1cm from the edge, paying
attention to preserve the cross section. The cut-off inter-
face was coated with an electrically-conducting platinum thin
film (about 10 nm), to enhance the contrast while preserving
the layer pattern. As an example, figure 7 reports a cross-
section image of the ES sample. The interface between the
Paraloid® B72 and the Egyptian blue layers is observable
as the varnish appears more compact and smooth than the
pigment.

Figure 8 shows the correspondent OCT image (figure 8(d))
along with those of samples G1, E1 and G5. In the case of
samples G1 and G5, the flatness of the background surface
of the supporting glass results in a more uniform thickness.
Figure 9 also highlights, for given a number of varnish layers,
samples with the Egyptian Blu substrate exhibit a lower thick-
ness of Paraloid® B72 compared to those with glass substrate.
This difference is ascribed to the porosity of the pigment layer,
which leads to absorption of the varnish into the pigment layer.
Such an effect is better observable in figure 8(c), where the
Paraloid® B72 partially gets blurred within the Egyptian blue

substrate, while in figure 8(d) the Paraloid® B72 is does not
outdiffuse in the glass substrate. It is important to note that
no significant swelling (i.e. macroscopic volume expansion)
of the varnish layer was observed; the reduction in apparent
thickness is solely due to the absorption of Paraloid® B72 into
the pores of the pigment. Evidence of the porosity of Egyptian
blue can also be assessed by comparing figures 8(d) and 5,
wherein the latter the pigment layer (i.e. the lower one) is more
compact than the corresponding one in the first image.

The porosity of the material can be a problem during the
usage of the OCT in a real framework, since the detection of
thin varnish layers in porous materials can be tricky to distin-
guish for untrained users, though a keen eyesight analysis may
detect the presence of the varnish as a higher concentration of
bright spots on top of pigment layer, as in the case shown in
figure 8(c).

Figure 9 compares the thickness measurements from OCT
and from SEM. Due to limited access to the latter, the com-
parison could be performed on a few samples.

The OCT measures exhibit a larger error bar than those
measured from SEM images, in particular for the samples con-
taining Egyptian blue pigment. This is because the Egyptian
blue absorbs the varnish making it difficult to discriminate
accurately between the pigment and the upper layer.

The thickness values obtained through OCT imaging were
compared to reference data acquired via SEM and coating
thickness gauges. The absolute error ranged from 0.5 um to
30.2 pm (for a thickness value of about 230 pm), depending on
layer homogeneity and thickness. A Pearson correlation ana-
lysis revealed a statistically significant correlation (r = 0.991),
supporting the accuracy of the low-cost OCT device in meas-
uring the layers of transparent varnish. It should be noted that
our comparison has an inherent source of error in the prepara-
tion of the samples for SEM analysis because a random com-
pression of the layers can occur during the cutting, as signific-
antly recognizable in sample GS5. Further investigations shall
overcome this issue by implementing advanced dicing tech-
niques, such as femtosecond laser cross-sectioning, as pro-
posed by Harada et al [34]. Overall, the comparison still sup-
ports the use of the budget OCT on artifacts and cultural her-
itage handcrafts, possibly increasing the accuracy by comple-
menting it with fluorescence analysis. Yet, non-contact in-situ
measurements performed without sample preparation make a
point of using OCT in art conservation.

3.2. Reproducibility of the sample

The reproducibility of the sample was evaluated by taking 50
repeated measurements on samples G4 and E4. The measure-
ments were taken at 10 different locations in each sample,
acquiring 5 images for each spot. As summarized in figure 10,
there is better agreement among measures on sample E4,
where the phenomenon of shrinking of the varnish is atten-
uated by the enhanced adhesion of to the pigment layer. On
the other hand, sample G4 exhibits a larger variability due
to the inhomogeneity of the Paraloid® B72 film across the
glass substrate. However, it is important to point out that, for
each acquisition, the spread of the measurements is well within
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(a) Sample G1

(c) Sample E1

(b) Sample G5

(d) Sample E5

Figure 8. OCT images of the second set (samples produced by manual deposition of Egyptian Blue and Paraloid® B72 layers.).

Figure 9. Comparison of the thickness of the Paraloid® B72 layer
measured by OCT and SEM for the second set of samples.

Figure 10. Mean and standard deviation of Paraloid® B72 thickness
on samples G4 and E4.

acceptable ranges for the intended application. This means that
the thickness of the Paraloid® B72 layer can be measured with
enough accuracy within the small acquisition area of the OCT
(7 mm).

Figure 11. Egyptian artifact. The white line indicates the cross
section of OCT measurements.

3.3. Case study on an Egyptian artifact

Since the measurements on prepared samples yielded satis-
factory results, the OCT was tested on an ancient Egyptian
wooden coffin, applying the calibration described in previ-
ous sections. Figure 11 reports a picture of the analyzed area,
where the artifact white line indicates the location of the OCT
measurement. At that position, the artifact has a dark painted
line partially covered by ancient mastic, whereas the area is
coated by a Paraloid® B72 layer that was deposited during a
previous intervention.

Figure 12 shows the correspondent OCT image.

The layer thickness was evaluated by applying the proced-
ure described in section 2.2. In all the points measured, a value
of 15.4um was obtained, with deviations between 0.9 um
and 4.8 um, thus suggesting a discrete overestimation of OCT
measurements. Concerning the point of analysis of figure 11,
of a value of 31.7 um, a higher variability of the Paraloid® B72
layer might be hypothesized and ascribed to the hand-made
deposition of the varnish during the previous intervention. The
system’s ability to acquire over 100 b-scans withina 1 X 7 mm
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Figure 12. OCT image correspondent to the white line of figure 11.
The Paraloid® B72 layer thickness is estimated to be 31.7 pm.

analysis area underscores its potential for comprehensive, non-
destructive mapping of layer thickness variability, offering a
promising approach for detailed material distribution on the
surface.

4. Conclusions

The paper has presented the use of a low-cost OCT instrument,
to evaluate the thickness of transparent varnish (in particular
Paraloid® B72) that is often found as a protective layer on
ancient paints and artifacts, which has to be removed with a
view to conservation treatments. The assessment has been car-
ried out on two different sets of samples, consisting of micro-
scope slides coated with pigment and varnish. The first set,
where the deposition was made with a professional varnish-
ing setup, has been used as reference for the calibration of
the procedure, while the second set, made by hand brushing
the varnish to mimic real artifacts, has been used as a testbed
for thickness evaluation through OCT. The thicknesses estim-
ated from OCT images resulted in good agreement with the
measurements from SEM images, which is considered a ref-
erence technique for the characterization of artifacts. A cam-
paign of repeated measurements has been carried out to eval-
uate the reproducibility of the OCT measurements, resulting
in well below the usual thickness variability of artifacts, hence
demonstrating the potentiality of the approach to consistently
measure the thickness of the Paraloid® B72 layer. Finally,
the estimation of the Paraloid® B72 thickness on an ancient
Egyptian coffin has been performed, reporting a slight over-
estimation with respect to microscope analysis, performed on
micro-samples, due to inherent measurement limitations: the
pixel-to-micron conversion factor imposes a quantization con-
straint, equal to a minimum of 5.71 pm (equivalent to one
pixel). Interestingly, the accuracy of the thickness quantific-
ation can be assumed also for different resins, calibrating the
values with the specific refractive index, as highlighted in the
activity performed in the case study, even if the overall results
should be considered preliminary because the experimental
investigation should be extended to different varnishes and to
an evaluation of the change of the refractive index linked to the

aging of the materials. Moreover, the OCT measurements shall
be complemented with other non-destructive techniques that
are capable of providing chemical/physical information of the
materials, such as the FS we are exploring. Yet, this research
demonstrates that a budget OCT can be used as a handheld and
real-time monitoring tool for varnish removal.
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