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Abstract 

This study outlines the methodology employed for the digitisation and visualisation in different 3D Virtual Environments (both 

web-based and desktop-based) of paleontological and geological specimens from the Geological Collection “Giovanni 

Capellini Museum”, part of the University of Bologna’s museum system. The digitisation process involved 87 objects of 

varying sizes, shapes, materials, and conservation states, following the proven methodology implemented within the Digital 

Twin of L’Altro Rinascimento’s temporary exhibition, developed within the PNRR project CHANGES (Spoke 4). This paper 

describes the pipeline adopted to address specific challenges encountered during the acquisition campaign of the diverse 

artifacts. A preliminary assessment was conducted to determine the most suitable technique for each object based on its size, 

shape, material, and conservation state. The study showcases different integrated techniques, including photogrammetry, 

structured light scanning (SLS), and terrestrial laser scanning (TLS). The results demonstrate the flexibility and reproducibility 

of this approach, making it suitable for different heritage preservation and dissemination applications. 

CCS Concepts 

•Computing methodologies→ Computer graphics→ Image manipulation→ Image-based rendering; •Applied computing→

Physical sciences and engineering→Archaeology

 

1.Introduction 

Advances in 3D modeling have boosted interest across fields like 

cultural heritage, where digital methods enhance research, 

communication, and preservation. They also let museums share 

collections beyond physical limits and safeguard them against the 

loss of originals [PN24]. 3D technologies are now essential in 

natural science and palaeontology museums, supporting both the 

study of specimen morphology and the conservation and 

valorisation of collections. They are widely used to reconstruct 

behaviours, explore anatomical structures from skeletal remains, 

and create animations that dynamically visualise the lifeways of 

extinct animals [LR14]. Given that communication and 

educational goals in natural science museums are fundamentally 

geared toward science education, the use of 3D models in these 

contexts must ensure a high level of accuracy and scientific 

reliability [ZXG20]. While high-resolution geometry is essential 

for scientific analysis in palaeontological research, textures play a 

limited role in morphological studies. However, for models 

intended for web-based platforms, optimised geometry is 

necessary to ensure performance, and textures become important, 

providing visual detail that maintains realism and enhances public 

engagement. Due to this specific requirement, the hybridisation of  

 

 

acquisition techniques becomes necessary, using Structured Laser 

Scanner (SLS) or Terrestrial Laser Scanner (TLS) to capture high-

resolution geometries and photogrammetry to acquire detailed 

textures. This article presents the digitisation campaign carried out 

at the Geological Collection of the “Giovanni Capellini Museum”, 

part of the University of Bologna’s museum system, within the 

framework of Spoke 4 of the Changes project. A total of ninety 

objects were digitised, aiming primarily to valorise the museum’s 

collections. Section 2 begins by exploring the main applications of 

3D models in paleontology, focusing on both public engagement 

and scientific research. The second part reviews key aspects to 

consider during the acquisition phase, along with the main 

evaluation methods used to select the most appropriate digitisation 

techniques for different contexts. Section 3 details the adopted 

methodology, previously applied in the research case Aldrovandi 

Digital Twin [BBB*24], including the methodological framework 

and metadata management system designed to adapt to various 

purposes. This article explores its application within a different 

research domain, paleontology, which presents distinct and 

specific challenges and requirements. Different digital versions of 

the same Cultural Heritage Object (CHO) are provided to address 

DOI: 10.2312/dh.20253255 https://diglib.eg.orghttps://www.eg.org

https://doi.org/10.2312/dh.20253255


© 2025 The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.

the dual need for scientifically accurate and optimised models for 

web-based dissemination. Specifically, four case studies will be 

presented, illustrating the hybridisation of acquisition techniques 

used to achieve the dual purpose. The framework is further 

validated through a case study involving the application of Virtual 

Reflectance Transformation Imaging (VRTI) as a potential method 

for morphological analysis conducted on the acquired 3D models. 

In Section 4, results and discussion, an evaluation graph of the 

digitisation technologies is introduced. Based on both current 

literature and hands-on experience, this graph was formalised after 

the methodological phase and is therefore presented as a research 

outcome in its own right, alongside other insights that emerged 

from the project. Section 5, conclusion, reflects on the applied 

methodology and outlines prospects for future development. 

2. Related works 

The adoption of 3D technologies in natural history and 

palaeontological museums is steadily increasing, as they offer 

invaluable resources for both public dissemination and scientific 

research. In public dissemination, indeed, 3D models, especially 

when combined with immersive technologies like XR reality, 

enhance museum collections and create more engaging visitor 

experiences, as demonstrated by [BR23]. These tools are 

particularly effective in making complex palaeontological data 

more accessible to non-expert audiences, who often require further 

contextualisation [AHM*18]. Thus, several museums have 

embraced both open-source and commercial online platforms for 

publishing their collections. Popular open-source platforms 

include Voyager (https://smithsonian.github.io/dpo-voyager/), 

used by the Smithsonian to share annotated collections 

(https://3d.si.edu/collections/hominin-fossils), and 3DHOP 

(https://github.com/cnr-isti-vclab/3DHOP), used by the Natural 

History Museum of Paris 

(https://cabinetdecuriosites3d.mnhn.fr/en). On the commercial 

side, Sketchfab (https://sketchfab.com/) is used by institutions like 

the British Museum, the Osaka Natural History Museum, and by 

[MFS*23] to digitise the University of Pisa’s cetacean collection 

(https://sketchfab.com/MuseoStoriaNaturaleUnipi). As proof of 

the value of digitising museum collections for both dissemination 

and research purposes, [BBD*21] made available 3D models of 

collections of the Museum of Geology and Palaeontology in 

Florence as study resources. Similarly, [CBD*23] developed the 

3D web platform for the Dynamic Collection, which shares 

archaeological artifacts from Scandinavian historical museums, 

making these models available for research purposes. However, 

most widely used online platforms impose storage limitations for 

3D models, which often necessitates the publication of optimised 

versions. Data accessibility issues persist, with raw datasets 

frequently retained in personal repositories and only the optimised 

models made publicly available [BK23] [MRS22]. In the research 

context, 3D technology in palaeontology has become 

indispensable for studying fossils, tracks, rocks, and minerals, as 

well as core and sediment samples. [HFF20] provides a 

comprehensive review of its various uses in both palaeontology 

and geology, highlighting the importance of high geometric detail 

in acquiring palaeontological specimens to generate accurate 3D 

models and facilitate morphological studies. Moreover, by 

integrating geometric detail with advanced imaging, such as 

multispectral imaging, high-resolution 3D technologies expand the 

analytical potential of digital artefacts and support the 

reconstruction of incomplete specimens [ELB*23]. A notable 

advancement in digital documentation is the integration of 3D data 

with Reflectance Transformation Imaging (RTI). RTI, along with 

other 2D imaging techniques, has long been used across various 

research fields, including archaeology [LMZ21] [MP18], 

numismatics [KTN*20] and palaeontology to document surface 

textures, inscriptions, and fine morphological features. In 

palaeontology, RTI has proven effective in studying the 

morphology of small fossils, revealing microstructures that would 

otherwise go unnoticed [WK23]. RTI enhances surface visibility 

by using controlled lighting to capture how light interacts with an 

object’s surface, useful to examine its details. It is typically carried 

out either by manually moving a light source around a stationary 

camera and subject (Highlight RTI) or by using a dome fitted with 

fixed light sources that illuminate the object in sequence while a 

static camera records the images (Dome RTI) [GDP*20]. In recent 

years, RTI has increasingly been combined with 3D models 

generated through techniques such as Structure from Motion (SfM) 

photogrammetry or Structured Light Scanning (SLS), resulting in 

what is known as Virtual RTI (VRTI). This integrated approach 

offers greater flexibility and precision in digital surface 

visualisation [DEC*24] [MBD23]. In light of what has been 

discussed so far, the main aim of an acquisition strongly influences 

the selection of appropriate technologies and equipment. In an 

ideal acquisition campaign, indeed, the selection of tools follows a 

thorough analysis, considering both intrinsic and extrinsic object 

characteristics, particularly through artefact classification and 

surveying objectives, such as research or dissemination purposes 

[Amm25]. According to [OPM*20], some of the most widely 

applied technologies in paleontological studies are articulated 

arms, portable laser scanners, handheld 3D scanners, and 

photogrammetry. When no single method can fulfil all recording 

requirements simultaneously, a combination of both approaches is 

preferable [RElH06] [CM17] [HF19]. The literature is rich with 

comparative studies of tangible heritage objects, yet no universal 

solution exists for all scenarios [RElH06]. Heritage institutions 

should leverage all three technologies, evaluating their 

effectiveness based on specific needs [CM17], combining the 

strengths of each method. While the output metrics and 

measurement requirements of the final model (e.g., whether a 

detailed mesh or realistic texture is needed) play a critical role in 

the planning process, certain object characteristics impose crucial 

conditions for successful acquisition [Amm25]. Key factors 
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influencing model complexity, as described by [AFG*21] and 

[Amm25], include the size, form, and surface properties of the 

object, such as reflectivity, translucency and finish [DDG*20]. 

 

Figure 1: General features of objects belonging to museum 

collections [AFG*21]. 

As an example, the choice of equipment is particularly critical 

when material properties, such as reflectance, interfere with sensor 

capabilities, leading to failures when scanning objects made of 

reflective or refractive materials [HHP17]. For instance, laser 

scanning struggles with shiny or translucent surfaces like marble, 

gold leaf, or gemstones, which are challenging to capture due to 

the way laser light reflects [LZS24]. In contrast, photogrammetry’s 

flexibility, such as using polarised lenses along with a set of cross-

polarisation lights, can yield better results for these materials. 

Laser scanning, however, is beneficial for capturing matte 

surfaces, even in low-light conditions [HM24], where direct light 

contributes to enhancing geometric accuracy. Our field evaluations 

and related insights into the relationship between survey 

campaigns and equipment selection have been synthesised in a 

diagram, which will be presented and discussed in the Results 

section. This contribution also originates from the identification of 

a gap in the current literature: despite numerous studies comparing 

acquisition techniques for objects with complex materials or 

geometries and efforts to develop semi-automatic 3D survey tools 

[Amm25], these remain fragmented and focused on specific case 

studies (e.g., small objects or experiments on glass or hair). There 

is still no comprehensive framework to assist researchers in 

selecting the appropriate equipment based on the characteristics of 

the object and the objectives of the acquisition campaign. 

3. Materials and Methods 

The digitisation campaign carried out at the Geological Collection 

of the Giovanni Capellini Museum was based on a well-established 

methodology previously developed for Aldrovandi’s pilot case 

study within the Spoke 4, which involved the digitisation of a 

temporary exhibition “The Other Renaissance: Ulisse Aldrovandi 

and the wonders of the world”, held in Palazzo Poggi Museum 

between December 2022 and May 2023 [BBB*24].The 

implemented workflow follows well-defined phases to provide the 

digital representation of each Cultural Heritage Object (CHO): 1) 

an acquisition phase, where photogrammetry and scanner 

technologies were employed to generate 3D data; 2) a processing 

phase, involves using specialised software to process the acquired 

data, employing automatic algorithms to obtain a processed raw 

model without authorial intervention; 3) a modelling phase, where 

the operator manually resolved relevant topological 

inconsistencies - such as large holes and gaps with complex, 

irregular edges that cannot be accurately reconstructed through 

automated processes - using 3D modeling software (i.e. Blender); 

4) an optimisation phase involve the use of semi-automatic tools 

to remesh the 3D model and achieve a quad-dominant topology 

[JTP*15], reducing the geometry complexity while preserving its 

visual fidelity for web-based platforms; 5) an export phase, where 

3D models are converted and exported in appropriate formats for 

their scope; 6) a metadata and provenance creation phase, where 

structured information is generated for bibliographic and process 

data related to each CHO and its digital counterparts; and 

provenance information is tracked and created for each metadata 

record; 7) a presentation phase, where the optimised mesh and 

related textures are published on a web-based platform. 

Each stage of the pipeline, from data acquisition to web-based 

publication, was meticulously documented [BBC*24]. To this end, 

the semantic model CHAD-AP [BHM*24], based on widely 

adopted standards in the cultural heritage domain (e.g., CIDOC-

CRM), was used to formally describe CHOs, their digital 

counterparts, and the digitisation process. The resulting data was 

carefully managed [BBG*24a] to ensure transparency and 

reproducibility [BBG*24b]. Our research output is a 

methodological framework that incorporates progressive 

refinements preserving three distinct versions of each 3D model 

derived from the raw acquisition data (RAW): 

1. Processed Raw Data (RAWp): The initial output from 

photogrammetry or scanning software, obtained during data 

processing without interpolation or geometric corrections, stored 

in OBJ format. RAWp features dense geometry along with some 

gaps and inaccuracies resulting from data collection limitations. 

2. Digital Cultural Heritage Object (DCHO): A refined model 

stored in OBJ or FBX format with resolved geometric and texture 

issues, gap filling, and interpolation, produced during the 3D 

modelling phase using computer graphics software. 

3. Optimised Digital Cultural Heritage Object (DCHOo): A further 

optimised version stored in glTF format, designed for enhanced 

performance, created during the optimisation phase to enable real-

time interaction on web-based platforms. 
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Preserving all derivative versions (RAWp, DCHO, and 

DCHOo) provides: 

a) a clear record of the authorial decisions and interventions made 

throughout the modelling process; b) varying levels of topology 

detail to accommodate different research needs. 

Crucially, the methodological framework we propose is 

designed with versatility at its core. By laying the groundwork 

already during the acquisition phase, we ensure that the data is 

structured for immediate reuse across a range of research and 

dissemination objectives. Although the present work does not 

detail the documentation of authorial interventions, this topic is 

being explored in a study currently under peer review [ABC*25]. 

Given its relevance for ensuring transparency and traceability in 

3D modelling, the study proposes a methodology for automatically 

mapping and visualising topological edits within a Web3D 

environment. The research builds upon case studies developed 

within the CHANGES project (Spoke 4), and its outcomes will 

contribute to the broader discourse on provenance-aware digital 

reconstructions. In this context, as part of developing guidelines 

for the digitisation of tangible objects [BBC*24], we have 

established recommendations (Table 1), based on recent scientific 

literature cited in this document and on practical experience from 

fieldwork, to determine the appropriate Level of Detail (LOD) 

based on the object's size and characteristics, and intended use 

(e.g., online visualisation vs. scientific analysis). 

Table 1: LOD parameters based on object size and features. 

Object Size Smallest 

Detail 

Minimum 

Texture 

Resolution 

Recommended 

Texel Density 

Very small objects 

(coins, jewellery) 

0.05–0.1 

mm 

4K–8K 0.05–0.1 mm per 

texel 

Small/medium 

objects (vases, 

small sculptures) 

0.1–0.4 

mm 

4K–8K 0.1–0.4 mm per 

texel 

Medium objects 

(busts, small 

statues) 

0.4–0.8 

mm 

4K–8K 0.4–0.8 mm per 

texel 

Large objects 

(statues) 

0.6 mm – 

2 mm 

8K (tiled 

4x4K)–16K 

(tiled 16x4K) 

0.8–1.5 mm per 

texel 

 

To achieve an appropriate LOD, it is essential to balance the 

relationship between Ground Sample Distance (GSD) and texel 

density. GSD is a parameter typically considered during the data 

acquisition phase, and it refers to the physical distance between 

two adjacent pixel centres on the object’s surface as captured by 

the imaging system; it defines the spatial resolution of the original 

data acquisition. Texel density, on the other hand, becomes 

relevant in the post-processing and visualisation phases. It refers 

to the number of texture elements (texels) mapped per unit area 

(mm, cm, m) of a 3D surface and directly influences the visual 

fidelity of the texture. A higher texel density enables finer detail 

representation. The digitisation campaign involved 90 CHOs from 

the permanent collection, highly diverse in size, material, and 

preservation state. Working within a museum context presented 

several obstacles: limited time windows - often during closure days 

- especially for larger CHOs; restrictions on moving certain items 

from their showcases for conservation issues; fixed, often 

suboptimal, lighting conditions. Considering the specific needs of 

both research and cultural outreach, a preliminary assessment was 

conducted to determine the most suitable acquisition technique for 

each CHO to meet the LOD requirements (Table 1). To obtain the 

most comprehensive preliminary data, the most effective solution 

often involves hybrid acquisition approaches, combining SLS, 

TLS, and SfM photogrammetry techniques. 

3.1 Case studies 

In the following sections, we will present four case studies of 

particular complexity (Table 2), selected from the acquisition 

campaign conducted. The characteristics of each object and the 

various techniques employed for their digitisation will be 

described, along with the main challenges encountered in each case 

study. Finally, concerning CS4, experimental tests were carried out 

involving the application of VRTI to support ex-post 

morphological analysis of the specimen for scientific research 

purposes. 

Table 2: Case studies’ specifications. 

 
Size Materials Conservation State Acquisition 

techniques 

CS1 x: 1.29m 
y: 9.44m 
z: 3.86m  

Shaped and then 

painted plywood, 

bones 

No showcase, tilted on 

the vertical axis, 

immovable 

Photogrammetry + 

TLS 

CS2 x: 0.15 m 
y: 0.39 m 
z: 0.09 m 

Painted plaster Display case; movable Photogrammetry 

CS3 x: 

0.356m  
 y: 

0.245m 
 z: 

0.218m 

bones movable Photogrammetry + 

SLS 

CS4 x:0.205 

m 
y:0.177 

m 
z:0.201m 

bones movable SLS 
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3.1.1 Whale Skeleton 

The case study of the whale skeleton (CS1) involved acquiring a 

large, immovable object (9.44m x 3.86m) tilted at approximately 

20 degrees along the vertical axis. The tilt and the absence of 

scaffolding further complicated the ability of operators to reach the 

higher parts during the acquisition. In this context, a hybrid 

acquisition method was used, integrating scanning and 

photogrammetry techniques. Given the large dimension of the 

skeleton, after placing coded markers on the object, we used a 

FARO FOCUS scanner with remote control via the CAM2 Stream 

app, conducting 6 scans for geometry and colour in HDR format. 

The quality and resolution parameters were chosen based on the 

environment (Table 3), which was sufficiently illuminated, 

reaching a scan time of 03:19 min per scan. The resolution of ⅛ is 

generally used for small indoor and outdoor spaces, while the 

quality of 3x is generally used as the most common value for non-

adverse acquisition conditions. We are aware that this represents a 

borderline case for the use of a TLS scanner, which is primarily 

intended for architectural and large-scale surveying. Nonetheless, 

its use in this context was a practical choice driven by the need to 

quickly acquire a large surface area (nearly 37 square metres) 

without the aid of scaffolding. Given the object's height of almost 

4 metres and the absence of fine surface details, alternative 

methods such as SLS were considered less feasible under the 

existing conditions. The resolution of ⅛ is generally used for small 

indoor and outdoor spaces, while the quality of 3x is used as the 

most common value for non-adverse acquisition conditions. 

Nonetheless, its use in this context was a practical choice driven 

by the need to quickly acquire a large surface area (nearly 37 

square metres) without the aid of scaffolding. 

Table 3: Scanning 3D parameters for CS1. 

CS1 Scanner Average 

error 
3d 

resolution 

and quality 

Color 

resolution 
Field of 

view 
Scanning 

Distance 

Scanning  FARO 

FOCUS 
0.5 mm Resolution: 

⅛ 
Quality: 3x  

70 MP 305°x360° 1 m - 1,5 

m 

 

Given the object's height of almost 4 metres and the absence of fine 

surface details, alternative methods such as SLS were considered 

less feasible under the existing conditions. Moreover, considering 

the nature of the object and the intended use of the 3D model, the 

use of SLS would not have yielded significant advantages for our 

specific documentation goals. 

Next, photogrammetric data were captured (Table 4) using 

close-ups with a tripod at three different heights, employing a 

Nikon D750 with a 35mm lens with the following settings: ISO 

400, f/11, and a shutter speed of 1/50 sec. 

Table 4: Photogrammetry parameters for CS1. 

CS1 Came

ra 
Senso

r size 
Image 

Resoluti

on 

Pixel 

Size 
Focal 

Leng

ht 

GSD Equipme

nt 

Photogramme

try 
Nikon 

D750 
CMO

S 36 

x 24 

mm 

6032 x 

4032 
5.97µ

m 
35 

mm 
Betwe

en 

0.034 

and 

0.068 

Markers, 

tripod 

The scans were registered and processed in FARO SCENE 

software, resulting in a highly accurate point cloud with a 

registration error of approximately 0.5 mm. Given the requirement 

to analyse micro-cracks and fine details on the artifact, a point 

cloud was generated with an average inter-point distance of 

approximately 1.65 mm, enabling the representation of features as 

small as 5 mm. Finally, the point cloud was exported in E57 format 

to preserve not only the spatial coordinates but also associated 

metadata such as color information, scan positions, and intensity 

values. This format was chosen to ensure interoperability with 

photogrammetry software and to allow for the import of the model 

into an empty 3DF Zephyr workspace 

(https://www.3dflow.net/it/). The photogrammetric dataset was 

pre-processed in RawTherapee (https://rawtherapee.com/) to apply 

basic adjustments, including white balance, exposure, and 

highlight/shadow correction. It was then processed in a separate 

3DF Zephyr workspace, where camera alignment and dense point 

cloud generation were carried out following the standard Structure 

from Motion (SfM) workflow. The two point clouds, generated 

through laser scanning and photogrammetry, respectively, were 

aligned in 3DF Zephyr using common markers as control points. 

The merging was performed via Zephyr’s “import and merge 

another workspace” tool, with the laser scan workspace set as the 

reference. The alignment relied on shared reference points 

manually identified in both workspaces. This approach ensured 

that the entire photogrammetric block, including camera positions, 

was rigidly transformed into the coordinate system of the laser 

scan, thereby preserving geometric consistency and enabling the 

use of the aligned cameras for texturing the laser-derived mesh. 

Finally, the texture was computed using the high-resolution mesh 

derived from the laser scan, with image data projected from the 

photogrammetric dataset. The RAWp consists of around 4 million 

polygons, providing a high level of geometric detail for studies on 

the specimen, while the DCHOo features 195,000 polygons 

(Figure 2). For the last version, modelling interventions and 

optimisation, including texture painting, were performed using 

Blender (https://www.blender.org/) to obtain a performant 3D 

model for cultural dissemination. The inability to access the higher 

areas of the object resulted in parts of the mesh having lower 

confidence, which were addressed using semi-automatic processes 

and documented for transparency purposes. 
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Table 5: CS1 resolution for each digital representation. 

CS1 Triangular 

Mesh 
Texture 

number  
Texture 

resolution  
Texel density 

(px/cm)  

RAWp 3,995,628 1 8K 11.213 

DCHO 1,995,669 2 8K 11.207  

DCHOo 195,696 2 2K-4K 5.175  

 

Figure 2: DCHOo of the Whale Skeleton. 

3.1.2 Stenella skull 

In the case of the Stenella skull (CS2), a simple photogrammetric 

acquisition was chosen as the preferred approach. The skull itself 

is a cast of an original specimen, collected by Roberto Lawley in 

1876 and unfortunately lost along with other specimens during 

World War II [Bia96]. It is a medium-sized artifact (0.15 m x 0.39 

m x 0.09 m), currently housed in a display case, from which it can 

be removed. It did not require a high level of geometric detail or 

texture resolution. The acquisition was carried out using a Canon 

EOS 6D, equipped with a 35 mm lens, ISO 100, aperture f8.0 and 

a shutter speed of 1s (Table 6). However, due to its elongated yet 

narrow shape, it was not possible to utilise a lightbox for the 

acquisition process. This constraint allowed for a direct 

comparison between two different photogrammetric techniques: 

one using a turntable and one without. The former proved to be 

significantly more effective in capturing the complete geometry of 

the object, as it facilitated photo alignment and scaling of the 

artifact thanks to the markers on the turntable. Additionally, a color 

balance was applied in RawTherapee before processing. The skull 

exhibits an elongated but asymmetrical morphology, with a 

narrower anterior section and a wider posterior portion. This shape 

posed challenges during the alignment phase. As a result, the 

dataset had to be processed in separate workspaces, which were 

later aligned and merged into a single one. This resulted in a 

unified point cloud, from which the final 3D model was generated 

(Figure 2). 

 

 

Table 6: Photogrammetry parameters for CS2. 

CS2 Came

ra 
Sens

or 

size 

Image 

Resoluti

on 

Pixel 

Size 
Foca

l 

Leng

ht 

GSD Equipme

nt 

Photogramm

etry 
Cano

n 

EOS 

6D 

CM

OS 

da 36 

x 24 

mm 

5472 x 

3648 
6.54µ

m 
35 

mm 
0.009cm/p

ixel 
Roundta

ble; 

Markers; 

Tripod 

The resulting RAWp model did not present any significant 

geometric gaps. However, post-processing adjustments were 

necessary to improve its spatial orientation and manageability. In 

Blender, the model was reoriented by applying rotation and 

translation transformations to align it with the global X, Y, and Z 

axes. Additionally, the origin of the model was repositioned to its 

center of mass, facilitating easier manipulation and consistent 

integration in subsequent stages of the workflow. Finally, Instant 

Meshes [JTP15] was used to obtain a quad-dominant DCHOo 

(Figure 3).  
 

Table 7: CS2 resolution for each digital representation. 
CS2 Triangular 

Mesh 
Texture 

number  
Texture 

resolution  
Texel density 

(px/cm) 

RAWp 390,130 1 8K 163.083 

DCHO 173,032 1 8K 163.083  

DCHOo 44,048 3 2K-4K 112.892  

 
Figure 3: Comparison between DCHOo (top) and DCHO 

(bottom) topology. 
This structured approach ensures the availability of both a high-

definition, geometrically detailed DCHO model for scholarly 

research and an optimised DCHOo version with significantly 

reduced geometry, making it suitable for dissemination across 

various web3D platforms (e.g., ATON) (Table 7). 

3.1.3 Rhinoceros Etruscus 

The case study of the Rhinoceros Etruscus (CS3) focused on 

acquiring a small/medium-sized movable object (0.356m × 

0.245m × 0.218m). Although relatively compact, some protrusions 

made it impossible to perform a full rotation inside the lightbox, so 

the acquisition was carried out directly on the turntable, using a 
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soft rubber base to safely position the object upside down, 

minimising the risk of potential damage to the teeth from contact 

with a hard surface. The Capellini Museum, where the object is 

housed, requested a high-resolution mesh for future research 

purposes, along with a visually appealing and detailed texture 

suitable for potential educational and outreach activities within the 

museum. For this reason, a hybrid acquisition approach was 

adopted. The process was performed with an Artec Spider II 

structured light scanner (Table 8), to best capture the numerous 

cavities in the rhinoceros' dental structure. In parallel, 108 

photogrammetric images were acquired using a Canon EOS 600D, 

mounted on a tripod, with a 50mm lens (Table 9). The camera 

settings were ISO-200, f/8 aperture and a shutter speed of ½ s. 

 

Figure 4: From left: RAWp (mesh), RAWp (textured mesh from 

scanner), RAWp (re-textured mesh with photogrammetry). 

Table 8: SLS parameters for CS3 acquisition. 
CS3 Scanner N. 

scans 
Maximum 

error 
Tracking 

mode 
FPS Texture-

recording 

mode 

Scanning  Artec 

Spider II 
15 0.1  Geometry + 

texture 
8 automatic 

Table 9: Photogrammetry parameters for CS3 acquisition. 
CS3 Came

ra 
Sens

or 

size 

Image 

Resoluti

on 

Pixe

l 

Size 

Focal 

Leng

ht 

GSD Equipme

nt 

Photogramm

etry 
Cano

n 

EOS 

600D 

CM

OS 

22,3 

x 

14,9 

mm  

5202x 

3464 
4.3μ

m 
50 

mm 
0.009cm/pi

xel 
Markers, 

rubber 

base, 

Roundta

ble, 

tripod 

Data processing was performed in Artec Studio 19 

(https://www.artec3d.com/it/3d-software/artec-studio), where 

outliers were removed using a 3D noise level of 3.000 and a 

resolution of 1.000 mm, producing the resulting RAWp mesh. 

Although Artec Studio 19 supports texture projection from photos 

onto the mesh, earlier versions do not. To ensure broader 

compatibility, the more commonly adopted workflow, explained 

below, was chosen. 
To obtain a valid texture for 3D models intended for public 

dissemination, the surveying campaign photographs were white-

balanced and aligned to generate a photogrammetric point cloud. 

Then, the cloud was aligned with the scanner mesh in a second 

3DF Zephyr project using the “Import and merge another 

workspace” tool and 5 control points as constraints. This allowed 

the high-quality texture derived from the 80 higher-resolution 

images to be projected onto the RAWp geometry. Further post-

processing was completed in Blender, where the RAWp mesh was 

correctly positioned at the origin of the axis, and the origin was 

repositioned to its centre of mass before exporting in OBJ format. 

This fulfilled the museum’s first goal: a high-resolution, research-

grade model. 
 

Table 10: CS3 resolution for each digital representation. 
CS3 Triangular Mesh Texture number  Texture resolution  Texel density 

( px/cm) 

RAWp 6,116,450 1 8K 230.999 

DCHO 442,347 2 8K 323.492 

DCHOo 48,368 2 2K-4K 165.261 

To create a complete lightweight version (DCHO), the RAWp was 

imported into Instant Meshes for geometry optimisation, then 

reimported into Blender, where the 8K texture was “baked” onto a 

simplified mesh. This process required proper UV unwrapping to 

ensure that the texture aligned accurately with the simplified 

geometry. Finally, a further reduced version for online 

dissemination (e.g., via ATON), the DCHOo model, was 

produced. This version includes a 4K diffuse map and a 2K normal 

map, the latter computed from the high-resolution geometry to 

preserve surface detail on the low-poly mesh (Table 10). 

3.1.4 Humerus of the Rhinoceros 

The rhinoceros humerus (CS4) is a small specimen from Giovanni 

Capellini's collection, it was scanned using the Artec Spider 

Scanner (Table 11), it was acquired on a turntable.  

Table 11: SLS parameters for CS3 acquisition. 

CS4 Scanner N. 

scans 
Maximum 

error 
Tracking 

mode 
FPS Texture-

recording 

mode 

Scanning  Artec 

Spider II 
10 0.3 Geometry + 

texture 
8 automatic 

Data processing was carried out in Artec Studio 19, where outlier 

removal was applied using a 3D noise level of 3.000 and a 3D 

resolution of 1.000 mm. The resulting RAWp showed no 

significant gaps; any minor holes were filled using the gap-filling 

tool within Artec Studio. Further post-processing was performed 

in Blender, where the RAWp OBJ file was imported. The DCHO 

version was created through a remeshing process using the open-

source software Instant Meshes. A high-to-low poly bake was then 
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completed for the texture, followed by the creation of the normal 

map in Blender. Finally, a further reduced mesh, DCHOo, was 

produced as an optimised version specifically designed for web 

visualisation (Table 12). 

 

Table 12: CS4 resolution for each digital representation. 
CS4 Triangular 

Mesh 
Texture 

number  
Texture 

resolution  
Texel density 

(px/cm) 

RAWp 3,273,852 1 8K 73.278 

DCHO 234,234 2 8K-4K 94.073 

DCHOo 103.988 2  4K-2K 88.988 

The humerus shows visible cuts and morphological features that 

are inconsistent with the natural structure of the bone. According 

to expert analysis, these marks may represent potential cut marks 

made by Neanderthals [LDF*24][Das21]. This led to the use of the 

high-definition RAWp scan model as the subject of RTI analysis 

carried out in a virtual environment (V-RTI) to highlight the hand-

cut marks on the surface. The preservation of three different 

versions of CHOs allowed multiple research and dissemination 

activities to be carried out independently from the initial data 

acquisition. V-RTI, as highlighted by [DiEsC*23], yields excellent 

results even when performed in a virtual environment to emphasise 

the morphology of the surface. The .obj file was imported into 

Blender, where a dome [Fab25] was constructed to simulate RTI 

conditions (Figure 5). The dome’s 60 lights, set in three horizontal 

rings at varying heights and diameters, were angled 40–65° from 

the surface normal [MP18], providing diverse lighting crucial for 

highlighting subtle surface details during virtual relighting. Next 

to the object, a black sphere with a roughness of 0.1 was placed, 

necessary for tracking light sources during processing. 

 
Figure 5: Dome in Blender. 

A fixed virtual camera with a 50mm focal length was positioned at 

the top of the dome, using default settings throughout. The Cycles 

rendering engine was used for each test. Multiple rendering 

settings were tested, using consistently 0 light bounces to prevent 

colour bleeding and sharpen shadows [MBD23], with 4096 

samples and 8192×8192 resolution. Table 13 details the settings 

per model. Configuration number 4 was ultimately selected. 
 
 

Table 13: Different settings for VRTI rendering in Blender. 

  NR.1 NR.2 NR.3 NR.4 

Render settings-Max samples 4096 4096 4096 4096 

Render settings-Denoise disabled enabled disabled disabled 

Render settings-Noise threshold 0.005 0.01 0.005 0.01 

Render settings-Path guiding disabled enabled enabled disabled 

Light paths-max bounces 0 0 0 0 

Caustic reflective-refractive enabled disabled enabled disabled 

Light settings-Cast shadow enabled disabled disabled disabled 

Light settings-Multiple importance enabled disabled disabled disabled 

The images were exported using a custom script [Fab25] in 

Blender’s text function, which toggled each light on and off while 

automatically saving the images in JPG format. Next, the files were 

imported into Relight, an open-source software to process RTI 

images [PCS19]. The RTI was calculated using the Polynomial 

Texture Map (PTM) algorithm. The final result was exported in 

RTI format, ready to be viewed in RTI Viewer(Figure 6). 

 
Figure 6: RTI visualisation on RTI viewer. 

4. Results and discussion 

 
By following a well-established workflow, we were able to 

efficiently organise the work at the Capellini Museum and adapt 

the methodological famework to different requirements compared 

to those limited to dissemination. In the paleontological context, 

research priorities differ significantly, with less emphasis on 

texture and greater focus on geometric accuracy to enable detailed 
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analysis of specimens. While high-resolution geometry is essential 

for scientific documentation, optimised models with quality 

textures can still play a key role in interactive installations or 

digital storytelling, enhancing visitor engagement and educational 

experiences. To address both sets of needs—scientific precision 

and public dissemination—we adopted a hybrid acquisition 

strategy combining laser scanning and photogrammetry. The 

added value of combining laser scanning and photogrammetry lies 

in the complementary nature of these technologies. Scanning 

technology provides highly accurate and dense geometric data, 

ideal for capturing overall morphology and fine structural details, 

while photogrammetry offers high-quality texture information and 

the flexibility to document areas less accessible to scanning 

equipment. It is worth noting that, under optimal conditions and 

when handled by skilled operators, photogrammetry alone can 

yield geometric results comparable to those of laser scanners.  

However, the repeatability and standardised accuracy provided 

by scanners, especially in the presence of complex surfaces, make 

them particularly important in contexts like the one presented here. 

Photogrammetry remains superior for texture capture, but its 

outcomes are more sensitive to environmental factors and 

acquisition setup. For these reasons, combining both techniques is 

not always necessary, but it proves particularly advantageous. In 

such contexts, integration enhances the robustness of the dataset 

and proves particularly effective in this paleontological context, 

where the demand for fine detail reproduction and precision is 

critical for scientific analysis, yet there is growing interest in 

developing engaging, visually rich models for dissemination 

purposes. By aligning photogrammetric cameras with the high-

resolution laser-derived mesh, it was possible to generate textured 

models that retained metrical reliability while enhancing visual 

realism. Beyond surface quality, the hybrid method also introduced 

a broader evaluative dimension: it allowed us to test, compare, and 

document how each technique performs under specific material 

conditions (e.g., glossy or translucent surfaces), and to select the 

most suitable acquisition strategy on a case-by-case basis. In this 

sense, the workflow served not only as a technical solution but also 

as a methodological platform for critically assessing the 

applicability and limitations of each technology in this kind of 

museum context. The selection of equipment for the case studies 

presented here was based on field experience and experimentation.  

Through an iterative inquiry process, a growing interest 

emerged to explore the wide range of factors that influence 

acquisition campaigns. These factors, which include the operator's 

technical skills, the object's specific characteristics, and the 

project's goals, collectively shape the resolution and quality of the 

final output. This highlights the complexity of acquisition 

campaigns and underscores the need for a comprehensive 

understanding of their various components.As a result of the 

digitisation project carried out at the Capellini Museum, a 

structured evaluative model was developed to guide the 3D 

acquisition of museum specimens. This model enabled a 

systematic analysis of each technique's capabilities and supported 

the exploration and refinement of potential hybrid approaches to 

improve overall effectiveness.The radar graph compares five key 

parameters across four 3D acquisition techniques (Table 14): 

Photogrammetry, Photogrammetry with cross-polarisation, 

Structured Light Scanning (SLS), and Terrestrial Laser Scanning 

(TLS). The parameters include object size (very small = 1, small = 

2, medium = 3, big = 4, very big = 5) (Table1), surface 

characteristics (Lambertian = 1, reflecting light uniformly; 

Dielectric = 2, e.g., glass/porcelain, with specular reflection; 

Conductor = 3, e.g., metals, highly reflective), material 

transmissiveness (Opaque = 1, Glossy = 2, Transmissive = 3), and 

levels of detail for geometry and texture (Low = 1, Medium = 2, 

High = 3). Table 1 presents suggested LOD both for texture and 

geometry based on the size of the object and intended use. The size 

of the object significantly affects the choice of technology. For 

small to medium-sized objects, systems like the Artec Eva, Spider, 

as used by [BBD*21]. However, for very small objects, general-

purpose scanners may not suffice unless specifically designed for 

micro-scale scanning. Photogrammetry stands out for its flexibility 

[Amm25] in terms of object size, ranging from very small samples 

(size = 1, with macro lens setups) to very large structures (size = 

5). Under optimal conditions, it reaches a good geometric 

resolution (LOD geometry ≈ 2.5). However, SLS, which also 

targets very small objects (size = 1 using a micro setup), can push 

the geometric detail further (LOD geometry = 3). On the other 

hand, when it comes to texture quality, photogrammetry achieves 

high levels (LOD texture = 3), whereas SLS is limited to medium 

detail (LOD texture = 2). In terms of surface characteristics and 

material transmissivity, photogrammetry can partially compensate 

for reflectivity using soft lighting techniques. In contrast, SLS and 

TLS suffer from performance drops with specular or transmissive 

materials, which often result in scanning artefacts.  

 
Table 14: Attributed parameters to variables. 

x           y y y y y 

size very small-1 small-2 medium-3 big-

4 
very big-

5 

surface 

characteristics 
Lambertian-

1 
Dielectric-

2 
conductor-

3 
  

material transmissive Opaque-1 glossy-2 reflective-3 
  

LOD geometry low LOD-1 mid-LOD-

2 
hd-LOD-3 

  

LOD texture low-LOD-1 mid-LOD-

2 
hd-LOD-3 

Cross-polarised photogrammetry is the only technique that 

effectively suppresses unwanted reflections, enabling accurate 

acquisition even on complex surfaces, without introducing false 

reprojections. However, its applicability is generally limited to 

small or medium-sized objects (size=2), as the practicality of using 

a controlled setup with polarising filters and lighting is feasible 
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only in environments with controllable illumination and, ideally, a 

turntable. Lastly, both TLS and photogrammetry can handle very 

large objects (size = 5), such as buildings or archaeological sites. 

However, TLS offers a more time-efficient acquisition process, 

albeit with limited texture resolution. 

 

Figure 7: Radar graph representing a comparison of 3D 

acquisition techniques based on performance parameters. 

 
5. Conclusions 

 

The digitisation campaign carried out at the Capellini Museum 

highlighted clear correlations between the physical characteristics 

of the objects and the effectiveness of different 3D acquisition 

techniques. These considerations emerged from the radar graph 

that underscore the importance of selecting and combining 

acquisition techniques based on a critical evaluation of the 

project’s intended outcomes and the specific material and 

morphological features of the objects to be digitised. The 

comparative radar chart provided a clear, variable-based 

evaluation of each technique, helping practitioners assess 

performance and choose the method best suited to their digitisation 

goals. The proposed methodological framework is structured to 

support a high degree of versatility. By incorporating specific 

requirements already at the acquisition stage, the resulting data 

(RAWP-DCHO-DCHOo) is prepared for reuse across diverse 

research and dissemination contexts. This forward-thinking 

approach provides a robust workflow that enhances both the 

efficiency and adaptability of the digital modelling workflow, 

contributing to more sustainable and interoperable practices.  

Moreover, preserving multiple digital versions of each CHO 

with metadata supported research and transparent documentation, 

enabling status monitoring and outcome evaluation. The approach 

seeks to streamline the final dissemination and reuse of results at 

the time of publication, scheduled for the end of 2025 on Zenodo 

(https://zenodo.org/). In this paper, several instances of hybrid 

workflows combining photogrammetric and scanning techniques 

were presented. Finally, the taxonomy was further validated 

through its integration with advanced analytical methods such as 

Virtual Reflectance Transformation Imaging (VRTI). Applied to 

high-resolution 3D models, VRTI produced promising results in 

enhancing surface detail and supporting morphological 

interpretation. Thus, the method proved to be fully replicable, 

effective within research settings, and compatible with workflows 

based entirely on open-source technologies—thereby reinforcing 

the value of accessible and sustainable digital practices across both 

museological and scientific environments. 
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