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Abstract

:

Digitalization techniques, such as photogrammetry (PG), are attracting the interest of experts in the cultural heritage field, as they enable the creation of three-dimensional virtual replicas of historical artifacts with 2D digital images. Indeed, PG allows for acquiring data regarding the overall appearance of an artifact, its geometry, and its texture. Furthermore, among several image-based techniques exploited for the conservation of works of art, multispectral imaging (MSI) finds great application in the study of the materials of historical items, taking advantage of the different responses of materials when exposed to specific wavelengths. Despite their great usefulness, PG and MSI are often used as separate tools. Integrating radiometric and geometrical data can notably expand the information carried by a 3D model. Therefore, this paper presents a novel research methodology that enables the acquisition of multispectral 3D models, combining the outcomes of PG and MSI (Visible (VIS), Ultraviolet-induced Visible Luminescence (UVL), Ultraviolet-Reflected (UVR), and Ultraviolet-Reflected False Color (UVR-FC) imaging) in a single coordinate system, using an affordable tunable set-up and open-source software. The approach has been employed for the study of two wooden artifacts from the Museo Egizio di Torino to investigate the materials present on the surface and provide information that could support the design of suitable conservation treatments.
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1. Introduction


The study of artifacts belonging to the field of Cultural Heritage (CH) has always been a challenging task. Indeed the methodologies aimed at studying such artifacts require several conditions to be satisfied to avoid any possible damage to the items. When possible, it has to be preferred to investigate an artifact using techniques that can be non-invasive, i.e., involving no sampling, and that can be performed where the object is stored or exhibited [1]. Therefore, there is increasing interest in the development and application of analytical techniques that can satisfy the above-mentioned requirements and provide useful insights into the state of artwork preservation [2].



In this context, digitalization techniques are gathering the interest of experts in the field of Cultural Heritage. The creation of a 3D model of artifacts, without doubt, brings several advantages. Firstly, the possibility of fully documenting an item and creating a trustworthy digital replica, which includes data regarding the overall aspect, color, texture, morphology, and geometry of an artifact. Secondly, digital twins of artifacts can then be exploited in several ways. First, the replica can be archived to virtually preserve an artifact and monitor its state of preservation over time, in consideration of future degradation or non-predictable damage or loss. 3D models can also be employed as an active tool for the study of an artifact: they can be used to document and monitor the morphology and aspect of an item, along with its conservation or during interventions, as traditionally done with 2D technical imaging, but with the advantage of having a model that can be virtually manipulated. In addition, 3D models can be shared among institutions, such as research or conservation centers, to transfer information about an artifact during its investigation. Moreover, a virtual replica also finds applications among the public, enabling virtual access to items from all over the world. Eventually, 3D models can even be employed to create 3D-printed replicas of an artifact that can be exploited to create more inclusive tactile exhibitions or for innovative displays [3,4,5,6,7,8,9].



Considering all the potentiality that a 3D model carries, several digitalization techniques have been employed over the last years in the Cultural Heritage field, with a particular focus on the non-contact methodologies that enable modeling from reality through light waves [3].



Among a large variety of techniques, such as laser scanning, structured light, 3D scanners, and many more, photogrammetry finds major applications [10,11,12]. Indeed, this technique enables the creation of high-resolution 3D models with accurate geometrical information compared to other digitalization processes [12,13]. In addition, it allows the creation of textured models that reproduce the photorealistic aspect of an item. Further-more, photogrammetry can be performed on objects of small to large size and can be easily carried out in situ without relevant changes to the employed instrumentation [14].



The vast group of techniques employed for the diagnostic and characterization of materials and surfaces, such as computed tomography, electronic microscopy, X-ray fluorescence, and Raman Spectroscopy [2,15,16,17,18,19,20,21], also includes Multispectral Imaging techniques (MSI), often employed to investigate the outermost layers of items, including the ones in the Cultural Heritage field. Indeed, MSI has proven to be successful in the preliminary mapping the distribution of pigments, varnishes, underdrawings, and the overall constituent materials of an item. This is possible since images are acquired by selecting specific ranges of the electromagnetic spectrum and by illuminating with sources of certain wavelengths. The radiation employed to investigate a surface can be absorbed, reflected, and/or emitted as luminescence radiation. In addition, radiation from different spectral regions has a different penetration power. These features enable the study of painted surfaces and highlight details that are not detectable by the human eye [8,18,22,23,24,25,26,27,28]. Today, thanks to the development of new and advanced technologies, multispectral imaging has improved regarding resolution, sensitivity, portability, and cost. Indeed, the instrumentation is becoming more affordable and accessible to a larger user base [14]. For example, once modified, commercial digital cameras can acquire signals on a wider range of the electromagnetic spectrum.



It is worth underlining that providing the conservators with scientific and diagnostic information is of outstanding importance for conservation treatments. At the same time, providing conservators and experts with analytical data and results that are easy to read can improve the decision-making process. In this context, 3D models could support the display of scientific results. Indeed, the applicability and potentiality of 3D models as diagnostic tools in the Cultural Heritage field could be enhanced by the possibility of integrating data coming from different techniques on a 3D model [26,29]. In particular, the idea of combining the results of techniques that are usually employed as separate tools, such as photogrammetry and multispectral imaging, could notably expand the information carried by a 3D model.



Recent studies present different approaches to combine multispectral information and 3D models [14,30,31]. For instance, in [30], a 3D model of a sculpture showing the distribution of Egyptian blue by visible-induced infrared luminescence (VIL) imaging has been created. Furthermore, the study presented by [14] deals with a methodology aiming to combine photogrammetry and spectral imagery to study two artifacts. The methodology proposed by the authors involves using a modified digital single-lens reflex (DSLR) camera coupled with a sophisticated and expensive lens that makes refocusing unnecessary when switching wavelengths. In addition, the 3D model is constructed utilizing commercial software, i.e., Agisoft Metashape (Agisoft Photoscan Pro 1.4.2). Also, in [31], a similar approach was presented to study a polychrome Hellenistic terracotta funerary head vase, creating three item models. In this case, separated 3D models were built using Agisoft PhotoScan Professional (Agisoft Metashape) after masking the RGB images and applying the same masks to the image sets used for the luminescence-textured 3D models. Indeed, several studies are based on commercial software, such as Agisoft PhotoScan Professional [14,31,32,33].



This study aims to present a user-friendly approach, with accessible equipment and software, that can be tuned to be applied and replicated both in laboratories or where the artifacts are stored or displayed, such as in museums. In addition, the present study is focused on an innovative approach to integrating geometrical and spatial information coming from PG and radiometric data collected with MSI in a unique 3D model that allows navigating the collected data in a single coordinate system. The aim is to avoid the creation of separated 3D models that need to be successively aligned and allows the re-texturing of a geometrically accurate 3D model extracted from VIS images.



This approach employs affordable and portable instrumentation that can be tuned to meet users’ needs and involves a simple pipeline and the use of open-source software that allows one to carry out all the required image processing. The final aim is the creation of multispectral 3D models that can be exploited as an active tool for the artifact study to be integrated into the practices for the conservation of artifacts in the CH field.



The proposed approach was employed to investigate two artifact parts of a wooden sculpture that belongs to the collection of the Museo Egizio di Torino. In particular, the combination of multispectral imaging (visible (VIS), Ultraviolet-induced Visible Luminescence (UVL), Ultraviolet-reflected (UVR) and Ultraviolet-reflected False Color (UVR-FC) imaging) and photogrammetry was exploited to investigate the materials of the surface, characterize any discontinuities, and detect any organic materials applied in previous interventions to provide the conservators with information that could be of support in the development of conservation treatments.



Furthermore, additional analyses were carried out on the artifacts to support and confirm the results obtained with the proposed approach. In particular, portable non-invasive X-ray fluorescence spectroscopy (XRF) and micro-invasive Fourier-transform infrared (FTIR) spectroscopy were carried out to study both the original pigments and materials of past conservation treatments.



The present study is part of a wide project related to characterizing the state of preservation of several Egyptian wooden sculptures of the Museo Egizio di Torino. The project involved the characterization of the constituent materials of the artifacts, together with possible deposits on the surface and modern materials that could have been applied in previous interventions. All this information is gathered to enable the definition of the most appropriate methodological approach for conservation treatments.




2. Materials and Methods


2.1. The Artifacts


This paper focuses on the study of a wooden model of a granary (S. 08651) from the collection of the Museo Egizio di Torino (from Asyut–Egypt–Schiaparelli excavation 1908). In Figure 1a,b, a visible (VIS) image of respectively a side and top view of the artifact is shown. The entire artifact dates back to the Middle Kingdom (1939–1875 BC) and depicts a scene of everyday life set indoors. This kind of artwork can usually be found as part of the funerary ensembles belonging to the Middle Kingdom, and its function is to represent a scene of daily life [34]. Indeed, it is composed of several parts, namely the main quadrangular element, multiple smaller elements, such as a door, staircases, a floor, and some sacks of wheat and figures placed within the scene. The sculptures used to be placed in the funerary ensemble to help the tomb owner collect food necessary for survival in the afterlife. On the other hand, they could also represent the people working for the tomb owner.



The sculptures are painted with a palette composed of a few pigments, namely red, black, and yellow.



Concerning the state of preservation of the whole artifact, it is possible to observe the presence on the surface of several deposits and particulates, together with several cracks in the material and stratigraphy of the decorations. Furthermore, the surface presents abrasions and some detachment. Therefore, the whole artifact had to undergo interventions, in particular, cleaning treatments to remove all the deposited materials on the surface.



Among all the figures and elements that are part of the whole artifact, this paper will mainly focus on two particular sculptures, namely the two sacks of wheat depicted in Figure 2 and Figure 3. For clarity, the two sculptures will be referred to in the following as sack No. 1 and sack No. 2.



These two items are of particular interest for the methodology presented in this manuscript since their surface is characterized by the presence of layered superficial substances. In addition, one of the aims was to detect the presence of any aged material on the surface, considering both original products and ones that could have been applied in previous interventions to protect the surface. These materials are usually organic and, therefore, are characterized by a luminescence response to ultraviolet (UV) sources. As a matter of fact, in multispectral imaging, UV radiation finds great use in the study of most external layers due to its low penetration power, and in particular, for the study of varnishes and coatings.



The combined use of ultraviolet imaging techniques such as UVL and UVR imaging, and photogrammetry can enable the characterization and mapping of the finishing on the surfaces. Furthermore, a UVR-FC 3D model can enhance the clarity and legibility of such information. To this aim, the following section presents the setup employed for generating the multispectral 3D models of the sculptures of the two sacks of wheat.




2.2. Analytical Approach for Multispectral 3D Model by Photogrammetry


To investigate the artifacts and integrate both radiometric and geometrical data in a unique 3D model, a specific set-up was employed. In particular, photogrammetry can be performed in two configurations, namely, keeping the object still and acquiring images by moving the camera around it or keeping the camera in a fixed position and placing the object on a turntable. To the aim of this study, the latter configuration was employed, placing the camera on a tripod. This assures that the camera and item relative orientation do not change during the acquisition. Therefore, it is possible to acquire images that can be compared and overlapped, when exploiting different multispectral imaging techniques.



Therefore, the employed set-up is composed of several elements: (i) a modified digital camera, (ii) a rotating platform, (iii) radiation sources, (iv) filters.



For this study, an off-the-shelf digital camera modified to be sensitive to radiation in the range between 350 nm and 1100 nm has been employed. To this aim, the IR-blocking hot mirror was removed from a mirrorless camera, i.e., the Fujifilm XT-30 (APS-C X-Trans 1 CMOS 4 sensor). The camera was coupled with a prime lens with a fixed focal length (Minolta MC Rokkor-PF 50mm f/1.7). Table 1 and Table 2 report the specifications of the camera and lens employed, respectively.



To ensure the best condition for the reconstruction of the 3D model, i.e., to enable the identification of the greatest number of homologous points between images, the camera parameters during the acquisition have to remain fixed. In particular, the illumination condition has to remain stable during the acquisition, together with the shutter speed, ISO values, aperture, and focal length. The employed parameters are reported in Table 3.



The artifacts were placed on a precision rotation platform, the URS 150 BCC (Newport Corporation, Irvine, CA, USA). This platform has a payload capacity of 300 N, an angular resolution of 0.002°, bi-directional repeatability of ±0.0044°, and can continuously rotate from 0° to 360°, enabling accurate positioning of the artifacts.



Several lighting sources and filters were employed, as required by the specific MSI technique. For VIS images, two tungsten-halogen lamps (800 W) were placed symmetrically at 45° concerning the object’s surface. Furthermore, the HOYA UV&IR Cut visible bandpass filter was employed to select the signal in the visible region (400–700 nm), together with a 455 nm long-pass filter. For UVL and UVR images, two 365 nm UV LED sources (3000 mW AC/battery operated) were used. For UVL images, the HOYA UV&IR Cut visible bandpass filter was employed, while for UVR images, a Baader U-filter, with a transmission bandwidth of 60 nm (320–380 nm), was exploited to exclude the signal in the visible and IR regions (400–1100 nm). A 24-color X-Rite ColorChecker Classic Mini® was included in the scene to perform chromatic and exposure correction.



For the reconstruction of the 3D model, Meshroom [35], an open-source 3D reconstruction software based on the AliceVision® framework, was employed. This software has the advantage of being open-source and of consenting to carry on all the photogrammetry pipeline, from the image alignment to the textured 3D model. The pipeline can be used with the default setting by the user, but it can also be modified and configured to meet the user and project needs. Indeed, the pipeline comprises several processing blocks for every reconstruction step.



To create a unique 3D model that carries morphological and geometrical data from photogrammetry and radiometric data from MSI techniques, the pipeline was set as follows. The mesh and point cloud were generated using the embedded default pipeline, starting from the VIS images. Then the point cloud and mesh generated with the above-mentioned step were employed to re-texture the VIS 3D model with the images from UVL, UVR, and UVR-FC techniques. In particular, the dense scene node is duplicated, and it is recomputed with a different set of images, i.e., UVL, UVR, UVR-FC, etc. It is worth underlying that this was possible since all the images were acquired by keeping the relative orientation of the camera and object stable during the acquisition. Consequently, this approach leads to the generation of a multispectral 3D model, which stores different data, with the advantage of keeping all the information in a single coordinate system, allowing one to navigate and compare the results as superimposed layers.




2.3. X-ray Fluorescence Spectroscopy and Micro-Invasive Fourier-Transform Infrared Spectroscopy


In addition to the imaging campaign, portable non-invasive X-ray fluorescence spectroscopy and micro-invasive Fourier-transform infrared spectroscopy were carried out to study both the original pigments and materials of past conservation treatments. Indeed, these analyses can support and confirm the results obtained with the proposed imaging approach.



XRF analysis was performed using a Micro-EDXRF Bruker Artax 200 spectrometer equipped with a fine focus X-ray source, including a molybdenum anode and a Si(Li) silicon drift detector (SDD) with an 8 μm beryllium window, providing an average resolution of approximately 144 eV for the full width at half maximum of the manganese Ka line. The system includes a 4096-channel analog-to-digital converter (ADC), a series of interchangeable filters, and two 0.65 mm and 1.5 mm collimators to adjust spot analysis size. Maximum voltage and current are 50 kV and 1500 μA, respectively, for a maximum power of 40 W. In the present case, measurements were carried out using 30 kV voltage, 1300 μA current, 60 s acquisition time, and 1.5 mm collimator, with no filter, by fluxing helium gas onto the measurement area to improve the technique’s detection limits (corresponding, with a helium flux, to Z = 11, sodium).



FTIR analysis was performed with a Bruker Vertex 70 FTIR spectrometer coupled with a Bruker Hyperion 3000 infrared microscope and equipped with a mercury cadmium telluride (MCT) detector. In particular, two micro-samples were collected from the surface of both artifacts, in correspondence with the points highlighted with a white arrow in Figure 2 and Figure 3. Upon compression in a diamond cell, samples were analyzed as bulk in transmission mode through a 15 objective. Data were collected in the 650–4000 cm−1 spectral range, at a spectral resolution of 4 cm−1, as the sum of 32 scans. Spectra were interpreted by comparison with published literature and spectral libraries available at the scientific laboratories of the Centro Conservazione e Restauro “La Venaria Reale”.





3. Results and Discussion


Portable non-invasive X-ray fluorescence spectroscopy (XRF) and micro-invasive Fourier-transform infrared (FTIR) spectroscopy were exploited to study both the original pigments and investigate the materials that could have been applied in previous conservation treatments.



The XRF analysis on representative areas of the different colors (white, yellow, and red, not compromised by restoration interventions) allowed for confirming the use of calcium carbonate, gypsum, red earth, and yellow earth, as traditional in the ancient Egypt palette [36].



The FTIR analysis carried out on the two samples removed from the wooden sack provided comparable results. A representative spectrum is reported in Figure 4. The FTIR analysis indicates the presence of calcite (2513, 1795, 1417, 877, and 713 cm−1), gypsum (3394, 1620, 1164 cm−1), and kaolin (3695, 3617, 1063, 1027, 913, 798, and 780 cm−1). The analysis did not allow us to ascertain, nor to exclude, the presence of any natural finishes; however, the FTIR signals of oxalates were detected (1653 and 1323 cm−1) as actually attributable to the degradation of organic substances. The signals at 1653 cm−1 and 1281 cm−1 suggest the possible presence of cellulose nitrate, while the signal at 1731 cm−1 may be associated with the presence of another organic substance, probably of synthetic origin.



The imaging approach presented in this study enabled the construction of multispectral 3D models, which integrated geometrical and morphological data acquired by photogrammetry and radiometric data collected with multispectral imaging. Some views of the multispectral 3D models of the artifacts are reported in Figure 5 and Figure 6.



The combination of the above-mentioned data allows conservators to deepen their knowledge of the state of preservation of the artifacts, to observe in detail the distribution of materials on the surface, and to correlate this information with the 3D geometrical data. Indeed, these 3D models can be navigated and manipulated to plan suitable conservation treatment interventions, including during the intervention itself.



In particular, the VIS models enabled the full documentation of the aspect and morphology of the object, including discontinuities on the painted surfaces, cracks, and pigment detachments. The 3D models are photorealistic replicas of the artifact, considering that VIS images undergo chromatic and exposure correction exploiting the 24-color X-Rite ColorChecker Classic Mini®.



Regarding sack No. 1, through UVL imaging, it is possible to discriminate the presence of two main materials on the surface through their fluorescence color. Indeed, on the front side, it is possible to observe a bright light-blueish fluorescence that could be consistent with the presence of synthetic materials, such as acrylic or vinyl resins, applied in previous interventions as a consolidant [37,38]. Indeed this response is detected along the border of the detached painted surface, where the wood is exposed. A representative area is indicated by a white arrow in Figure 5b. In addition, the remaining painted surface presents a blueish response, also detected in correspondence with the area from which a micro-sample was collected. A representative area is indicated by a green arrow in Figure 5b. This result is in accordance with the FTIR analysis, suggesting the possible presence of cellulose nitrate and other organic substance, probably of synthetic origin. In addition, oxalates were also detected, neither excluding nor confirming the presence of other natural organic substances now degraded. Additionally, on the back of the artifact (Figure 5f, black arrow), a wide area presented a yellow fluorescence response in coincidence with the exposed preparation layer, realized as a mixture of calcium carbonate, as confirmed by the XRF analysis and organic binders, such as vegetable gums or animal glues [36]. In the UVR model, the areas covered in whitish deposits presented a light-grey reflective response (Figure 5c,g). These areas can be discriminated more clearly in the UVR-FC model, in which the information from VIS and UVR images are combined and where a light-blue color characterizes them (Figure 5d,h). A representative area is indicated by a red arrow in Figure 5a,c,d).



Analogous to sack No. 1, on the UVL 3D model of sack No. 2 it is possible to observe areas with a bright light-blueish response to ultraviolet radiation that could be related to a synthetic material, i.e., a consolidant [37,38]. These areas are located on the front and top of the artifact, along the detachment of the painted layer, where the wood is exposed (Figure 6b), and in isolated areas on the back of the item (Figure 6f). A representative area is indicated by a white arrow in Figure 6b. Besides these areas, the overall surface responds to ultraviolet radiation in a non-homogeneous form, with differences in luminescence behavior. In particular, in the front part, some areas have a dark response, suggesting that these areas absorb UV radiation (Figure 6b, blue arrow). Furthermore, on the front side, the overall surface has a blueish response, which could indicate the presence of an organic substance, probably of synthetic origin, in accordance with the FTIR results, analogous to the results of sack No. 1 (Figure 6f, green arrow). Eventually, certain areas have a yellowish response, possibly related to the absence of coating or varnishes. An example can be observed in the upper left part on the back part of the artifact (Figure 6f, yellow arrow). Also, for this artifact, the UVR model can detect the distribution on the surface of materials applied in the outermost layers. In particular, it is possible to find a spatial correlation between the presence of the whitish deposits on the surface detected in the VIS model and a light-grey reflective response in the UVR model (Figure 6c,g). The two pieces of information are combined and easier to read in the UVR-FC model, where these areas appear light-blue in color (Figure 6e,g,h, red arrow). In addition, this latter model emphasizes the distribution of materials with a different surface trend compared to polychromy, allowing the observation of some brushstrokes (Figure 6d,h).




4. Conclusions


This paper presents an innovative analytical user-friendly approach for generating multispectral 3D models. In particular, the aim is to integrate and combine data collected by photogrammetry and multispectral imaging. These techniques are applied with a specific portable and affordable set-up that allows keeping the camera and artifact in a relatively fixed orientation to obtain a multispectral 3D model that can be navigated in a single coordinate system. In addition, the approach involves using Meshroom, an open-source software that allows the creation of textured 3D models.



The approach was applied to the study and investigation of two wooden artifacts from the Museo Egizio di Torino. The combined data on the 3D model, together with close observation of the artifacts, revealed that the artifacts do not present a homogeneous finishing layer. On the contrary, the surface is characterized by strong material non-uniform distribution due to the state of preservation of the artifacts and previous interventions. Indeed, the items are covered by deposits and environmental particles due both to natural degradation and/or to previous interventions. The results obtained with the 3D imaging approach were also confirmed by portable, non-invasive X-ray fluorescence and Fourier-transform infrared spectroscopy.



The information gathered with this approach proved that an integrated 3D model can be employed as an active diagnostic tool by scientists and conservators, not only to archive and preserve the item’s aspects. Indeed, the multispectral 3D model allowed the conservators to evaluate the state of preservation of these artifacts and, therefore, to plan interventions and detect areas that could be investigated with additional techniques or that could require sampling.
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The following abbreviations are used in this manuscript:



	MSI
	Multispectral Imaging



	CH
	Cultural Heritage



	PG
	Photogrammetry



	VIS
	Visible-reflected



	UV
	Ultraviolet



	UVL
	Ultraviolet-induced Visible Luminescence



	UVR
	Ultraviolet-reflected



	UVR-FC
	UVR False Color



	FTIR
	Fourier-transform infrared spectroscopy



	XRF
	X-ray fluorescence spectroscopy



	VIL
	Visible-induced Infrared Luminescence



	DSLR
	digital single-lens reflex
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Figure 1. VIS image of the artifact from the collection of the Museo Egizio di Torino—Middle Kingdom, beginning of the XXII dynasty (1939–1875 BC): (a) side view; (b): top view. 
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Figure 2. VIS images of the wooden sculpture of the sack No. 1: (a) front view, and (b) back view. The white arrow indicates where the micro-sample was collected for Fourier-transform infrared (FTIR) spectroscopy analysis. 
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Figure 3. VIS images of the wooden sculpture of the sack No. 2: (a) front view, and (b) back view. The white arrow indicates where the micro-sample was collected for Fourier-transform infrared (FTIR) spectroscopy analysis. 
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Figure 4. Representative FTIR spectrum acquired on the micro-samples collected from the two artifacts, in correspondence with the points highlighted with a white arrow in Figure 2 and Figure 3. 
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Figure 5. 3D models of wooden sack sculpture No. 1 by multispectral photogrammetry: (a) front view, VIS 3D model, (b) front view, UVL 3D model, (c) front view, UVR 3D model, (d) front view, UVR-FC 3D model, (e) back view, VIS 3D model, (f) back view, UVL 3D model, (g) back view, UVR 3D model, (h) back view, UVR-FC 3D model. White arrow: a bright light-blueish fluorescence, synthetic materials as a consolidant. Green arrow: blueish response, possible presence of cellulose nitrate and other organic substance, probably of synthetic origin. Black arrow: yellow fluorescence, preparation layer. Red arrows: whitish deposits detected in VIS, UVR and UVR-FC models. 
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Figure 6. 3D models of wooden sack sculpture No. 2 by multispectral photogrammetry: (a) front view, VIS 3D model, (b) front view, UVL 3D model, (c) front view, UVR 3D model, (d) front view, UVR-FC 3D model, (e) back view, VIS 3D model, (f) back view, UVL 3D model, (g) back view, UVR 3D model, (h) back view, UVR-FC 3D model. White arrow: a bright light-blueish fluorescence, synthetic materials as a consolidant. Blue arrow: dark response, non-fluorescent material. Green arrow: blueish response, possible presence of cellulose nitrate and other organic substance, probably of synthetic origin. Yellow arrow: yellowish response, absence of coating or varnishes. Red arrows: whitish deposits detected in VIS, UVR and UVR-FC models. 
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Table 1. Fujifilm XT-30 camera specifications.






Table 1. Fujifilm XT-30 camera specifications.





	
Fujifilm XT-30






	
Image size (pixels)

	
4608 × 3072




	
Effective megapixels

	
26.1




	
Sensor size, type

	
23.5 mm × 15.6 mm (APS-C) X-Trans CMOS 4




	
Pixel size (μm)

	
4.94




	
ISO range

	
160–12,800
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Table 2. Minolta MC Rokkor-PF 50 mm f/1.7 prime lens specifications.
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Minolta MC Rokkor-PF 50 mm f/1.7






	
Focal length

	
50 mm




	
Minimum aperture

	
ƒ/1.7




	
Maximum aperture

	
ƒ/16




	
Focus type

	
Manual




	
Type

	
Prime
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Table 3. Parameters employed for the acquisition of the visible (VIS), Ultraviolet-induced Visible Luminescence (UVL), and Ultraviolet-reflected (UVR) images of the artifacts.
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Parameter

	

	
Value

	






	

	
VIS

	
UVL

	
UVR




	
Shutter Speed

	
1 s

	
20 s

	
20 s




	
Step angle

	
10




	
ISO

	
200




	
Image size

	
6240 × 4160




	
Image Format

	
RAW




	
Focal Length

	
50 mm




	
Aperture

	
f/16
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