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Figure 1: 3D Gaussian Splatting (photometric approach) of Historical Puppets featuring diverse materials and components, such as wood,
rods, thin strings, plastics, shiny textiles and coated surfaces.

Abstract

3D digitisation offers unique opportunities for research, preservation, distribution, presentation, and contextualisation of arte-
facts in museum and heritage contexts. However, despite advances in the field, no single contemporary capture method or
representation can perfectly capture all artefacts for all purposes. For example, heterogenous materials, transparent surfaces,
intricate structures, motion, and interactivity all remain significant challenges for contemporary 3D digitisation techniques.
From the perspective of digital heritage, we present here an analysis of two prominent techniques: "structure from motion"
surface-based "geometric" representations and surface-free "photometric" Gaussian Splat representations. We discuss the ad-
vantages and disadvantages of both with respect to digitisation workflows, usability, integrability, and practicality in museum
contexts, with a particular focus on performative artefacts, and propose a goal-oriented guide for digital heritage professionals
embarking on digitisation projects.

CCS Concepts
• Applied computing → Digital libraries and archives; Arts and humanities; • Computing methodologies → Rendering;
Shape modeling;

1. Introduction

Digital 3D representations play an essential role in the digital
preservation of cultural heritage, offering museums new ways to
document, research, and present artefacts [GBS14]. Among these,
performative artefacts - artefacts whose meaning depends on their
motion and contextual use (Fig. 1) - exemplify how digitisation
enables advanced and novel forms of contextualisation and interac-
tive presentation [TCY∗]. However, the digitisation process poses
major challenges, not only due to their possibly fragile condition,

complex structures, and diverse materials, but also because of the
inherent complexity of the actual digitisation process itself [IM21].

Ongoing research in the field of 3D representations extends
the possibilities for digitising artefacts, each involving diverse ap-
proaches and yielding distinct results. Conventional digitisation
and reconstruction techniques rely on mesh-based methods, as
commonly employed in the field [GBS14]. Recent research has in-
creasingly focused on the development and refinement of Neural
Radiance Fields (NeRF) [MST∗21], and, more recently, Gaussian
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Splatting (GS) [KKLD23] highlighting their potential and evolving
capabilities. These approaches introduce novel characteristics that
distinguish them from traditional methods [SWG24].

Building on this foundation, recent studies in digital heritage
have begun to explore how these emerging techniques can be
applied in practice. Early applications of NeRF have primar-
ily focused on their usability for large-scale architectural sites
and monuments [BPCO23, MKR∗23, PBP∗22]. Similarly, GS was
already applied to the reconstruction of architectural structures
[WHS∗24], emphasising its potential for large-scale, static envi-
ronments. Broader investigations into the use of NeRF and GS
highlight its strengths in capturing objects that are difficult to re-
construct using SfM approaches, particularly due to its ability
to represent complex details and realistic material appearances
[CCDL∗23, LYXC24]. Studies such as [CNAC24, BCG∗24] sys-
tematically compare NeRF, GS, and Structure-from-Motion (SfM)
approaches for architectural heritage, focusing on aspects such as
geometric accuracy and visual fidelity. The photorealistic qualities
of GS are emphasised [JB25], which determines its immersive po-
tential in representing cultural heritage sites. In addition to spatial
considerations, practical aspects of data acquisition and processing
have been examined, including the impact of varying the number
of source images [BGP∗23] and image quality [CBC∗24].

Despite the very recent interest in GS, their application within
digital heritage remains limited, particularly for smaller, perfor-
mative artefacts and their use in museums. These objects present
unique challenges due to their complex structures and diverse ma-
terials, which go beyond those encountered in the digitisation of
large-scale architectural subjects. As methods and developments in
GS continue to evolve rapidly, this work seeks to explore the fol-
lowing questions:

• What are the specific requirements, workflows, and chances for
digital performative artefacts [section 2]?

• What are the basic characteristics of GS representations [section
3] and how do they compare to traditional mesh-based models
when applied to performative artefacts [section 4]?

• In what ways can these different 3D representations be both
goal-oriented and sustainably embedded within standard mu-
seum workflows [section 5]?

To address these questions, this work adopts an object-centered
approach, focusing on the performative artefact itself. So here, it
starts with examining performative artefacts and their specific re-
quirements. Next, common tasks within museum practice involving
digital artefacts are identified and analysed in relation to the corre-
sponding types of 3D data. Subsequently, the fundamental charac-
teristics of geometric and photometric 3D representations are in-
troduced. A comparative analysis is then conducted between SfM-
based meshes and GS representations using selected case studies.
These are evaluated against key criteria: dataset and processing,
geometric accuracy, visual fidelity, and interactivity and dynamics.
In the final step, insights from the comparative analysis are syn-
thesised with the identified requirements to map digital representa-
tions to relevant museum tasks. The paper concludes by proposing
a goal-oriented and object-centered guide tailored to performative
artefacts and offering a discussion on the usability and adaptability
of these digitisation practices.

2. Digital Performative Artefacts

Performative artefacts are objects whose use involves physical ma-
nipulation and motion. Examples include craftsmen’s tools, musi-
cal instruments, or children’s toys. For heritage, such objects pose
a challenge, as their true value and purpose are only revealed when
they are performed or used. For example, the value or purpose of
a scientific instrument or ritual object may only be apparent when
it is in motion or used in context. It may be that only when we use
something ourselves, with our own hands, do we truly understand
it.

In this paper, historical puppets are used as a case study, includ-
ing for instance marionettes, hand puppets, and rod puppets, see
Fig. 1. These objects often consist of multiple components made
from various materials, ranging from shiny to matte surfaces and
from rigid to soft or deformable parts. These materials may include
metal, wood, textiles, thin strings, and various types of plastics.
Digitising historical puppets as performative artefacts enables ad-
vanced forms of contextualisation, allowing for their use and move-
ment in virtual environments despite their typically fragile physical
condition. However, contextualising such artefacts within the scope
of a performance introduces additional layers of complexity, in-
volving the performer, their intentions, and the specific settings in
which the artefacts were used [TCY∗].

For the sake of clarity and focus, the following discussion adopts
an object-centered approach, rather than performance-centered,
concentrating on the digitisation of the performative artefact it-
self. Within this scope, various conditions significantly influence
the possibilities and design of digitisation workflows. Broadly, per-
formative artefacts can be categorised as follows.

1. Artefacts that can still be moved
2. Artefacts that can no longer be moved due to their fragility
3. Artefacts that have partially or entirely missing parts

A digital replica of a performative artefact enables (1) non-
invasive exploration, (2) re-animation, and (3) the reconstruction of
missing elements, thereby extending the scope of traditional mu-
seum practices. Moreover, a digital workflow facilitates the doc-
umentation of holistic performances and opens up new ways for
re-contextualisation and artistic reinterpretation of digital histori-
cal puppets within contemporary settings—particularly when fur-
ther involved performative elements are taken into account.

2.1. Museum Workflows for Digitisation

In general, there are two primary approaches to digitisation of arte-
facts: manual modelling and capture-based methods. Manual mod-
elling offers a high degree of flexibility and can be tailored to spe-
cific use cases. However, it is labour-intensive and therefore diffi-
cult for large-scale digitisation efforts. Furthermore, it is difficult
to verify or guarantee the accuracy of hand-made digital models.
In contrast, capture-based approaches, such as SfM-based meshes
or GS representations, offer more efficient workflows, enabling up
to fully automated 3D digitisation workstations for suitable arte-
facts [SRD∗25]. Within these methods, various techniques (geo-
metric and photometric) exist for capturing and visualising digital
artefacts, each suited to different tasks and requirements.
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Traditional capture-based pipelines for generating 3D models
typically involve capturing raw images, aligning feature points,
calculating dense point clouds, integrating mesh geometry, and
generating textured models [Bed17]. These methods predomi-
nantly result in geometric, mesh-based representations, which are
widely used in museum contexts. Museums thus operate on two
interconnected yet distinct levels: the physical artefact and its
corresponding 3D digital representation. (Fig. 2).

Identification

Digital Acquisition Processing Use of 3D Data Long-term Data Management

Acquisition
Documentation

Conservation
Integration in Database

Exhibition
Long-term Preservation

3D Data

Artefact

Figure 2: Artefact and 3D Data Workflows operate on two distinct
but interrelated levels.

At the artefact level, workflows typically involve identifying and
selecting objects based on cultural and curatorial value, acquiring
them into collections, documenting their provenance and condi-
tion (including photography and 3D models), implementing con-
servation measures, integrating them into digital systems, preparing
them for exhibition, often with digital enhancements, and ensuring
their long-term preservation [GKK24].

At the data level, workflows adapt to the specifics of digital
material and the characteristics of the artefact: selecting objects
for 3D digitisation, acquiring data through various capture meth-
ods, processing models for specific applications, using them in re-
search, restoration, education, or exhibitions, and ensuring long-
term storage and accessibility through standardisation, publication
and archiving [GKK24]. The use of the 3D data can vary widely,
from analysis and comparison to precise manipulation and immer-
sive contextual experiences [GR24]. Each involves distinct inter-
actions with digital artefacts, ranging from orientational (e.g. tar-
geting, tracking, exploring) to operational (e.g. editing, object ma-
nipulation, comparative analysis) [Gro17]. The following chapters
explore the suitability of various types of 3D representations for the
specific tasks involved in these workflows.

By integrating 3D representations within these workflows, mu-
seums can enhance their core tasks: accurate documentation, bet-
ter preservation strategies, increased access for research and edu-
cation, and novel forms of visitor engagement such as interactive
exhibitions or online platforms [GGH∗24]. Despite these oppor-
tunities, significant challenges remain in the digitisation process,
particularly due to the complex materiality and structure of perfor-
mative artefacts. Digital skill gaps, questions of authenticity, and
the scalability of 3D solutions all affect implementation. Success-
ful applications depend on solutions that are low-tech, easy to use,
adaptive, and integrative with existing museum infrastructure and
media standards [IM21, GKK24, EUr24].

3. 3D Representations

Digital artefact representations can be categorised as either geomet-
ric, focusing on spatial structure, or photometric, capturing visual
appearance such as colour and light. These approaches serve dif-
ferent purposes in digital heritage based on their distinct character-
istics.

3.1. Geometric 3D Representations

Geometric 3D representations describe an object’s geometry using
explicit three-dimensional structures. These can be either surface-
based such as polygonal meshes or volumetric, like point clouds or
voxels (volumetric elements) [FvDHF90]. Point clouds store spa-
tial positions along with colour information for each point, but
lack structural connectivity. In contrast, meshes consist of inter-
connected vertices, edges, and faces that together define a struc-
tured surface geometry. This makes them particularly effective
for computing precise surface normals. Additionally, meshes sup-
port surface texturing, where 2D bitmaps encoding colour, nor-
mals, height, specularity, smoothness, occlusion, and metalness are
wrapped onto the surface to enhance visual fidelity [GNBL13].
Their structured format also enables efficient geometry simplifica-
tion, compact data storage, and ease of manipulation, making them
especially suitable for animation and simulation tasks [AB17].

One approach for creating geometric representations is manual
modelling by a "3D artist", typically yielding polygonal models
with materials and textures. Such workflows have a number of ad-
vantages. For one, they often employ "physics-based" representa-
tions of surface materials, in which materials are modelled in terms
of albedo, roughness, metalness and surface-normal deviations, al-
lowing realistic simulation of surface-light interactions in arbitrary
contexts. Secondly, the surface topology and segmentation can be
tailored specifically for subsequent animation of the artefact, be it
through manual key-frame animation or physics-based simulation.
However, manual modelling is very time-intensive, demands expert
training, and it is difficult to ensure or even verify the accuracy of
hand-made models.

Another method is Structure from Motion (SfM). It is a pho-
togrammetric technique that reconstructs three-dimensional mod-
els of static objects from overlapping digital images taken from
multiple viewpoints. By matching features across these images,
SfM estimates both the camera positions and the object’s geometry
through triangulation and bundle adjustment, initially producing a
sparse point cloud which can be densified and converted into a tex-
tured mesh [Bed17]. SfM-derived point clouds and meshes have be-
come standard 3D representations for documenting and visualising
cultural heritage artefacts [CDR15, CNAC24]. Controlled lighting
and systematic image capture further enhance model quality and
accuracy [Bed17].

3.2. Photometric 3D Representations

In contrast to geometric approaches such as SfM, where the goal
is to extract an explicit description of the geometry of an object,
photometric approaches seek representations that produce photore-
alistic images of an object, without necessarily generating accurate
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representations of the geometry of the object. Examples include
photographs, videos, light field rendering, Neural Radiance Fields
(NeRFs), and Gaussian Splatting (GS).

A single photo does not represent a 3D structure of an object,
rather, it offers a depiction from a specific viewpoint. While a
viewer can infer depth, three-dimensional information remains ab-
sent. Multiple photos from different angles add view-dependent
cues, but projecting them onto 2D surfaces still loses spatial data.
Similarly, video recordings introduce temporal dynamics but still
lack inherent spatial structure.

Light field rendering adopts a similar principle. The scene is cap-
tured through a dense set of images and novel views are synthe-
sised by combining, resampling and interpolating these captured
perspectives [Han96]. Rather than reconstructing the scene’s struc-
ture, it is essentially represented through a 4D function, the light
field. In comparison, further advancements in novel view synthesis
have introduced neural networks to generate a scene’s appearance
and support free-viewpoint camera movement. Unlike light field
rendering, NeRFs learn the behaviour of light within a scene using
a neural network trained on a set of input images [MST∗21]. NeRF
models scenes as volumetric functions, enabling photorealistic 3D
reconstructions and smooth view synthesis, particularly useful for
complex materials in digital heritage [CCDL∗23]. Despite recent
acceleration efforts [MESK22,GKJ∗21], it remains more computa-
tionally demanding than point-based methods [RWW∗25].

Gaussian Splatting (GS) [KKLD23] on the other hand, is a hy-
brid version. It combines the ideas of view-dependent renderings
with a explicit spatial structure. This allows not only for real-time
rendering, but also enables realistic and immersive scene depic-
tions. Starting from a set of input images, initial 3D Gaussian
ellipsoids are derived from the sparse point cloud generated by
SfM, therefore using the same pre-processing steps as for con-
ventional SfM-based meshes [KKLD23]. The second step is the
optimisation. Based on differential rendering, the parameters of
these Gaussians, including their positions, rotations, scaling vec-
tors, opacity, and spherical harmonics coefficients, are iteratively
adjusted until rendered images of the splats appear photometri-
cally similar to the original images. The spherical harmonics co-
efficients ensure a view-dependent rendering through a rasteriser,
which splats the 3D Gaussians onto a 2D image plane, which in
comparison to NeRF makes it much more efficient and usable for
real-time use. Therefore, in the following we will compare GS with
SfM-based meshes. Analogous to extending a photo into a video,
GS can be expanded into the temporal domain by incorporating a
time-dependent component to the 3D Gaussians [LCLX24]. This
enables the reconstruction of immersive dynamic scenes. Here,
Spacetime 3D Gaussians are interpreted by multi-level perceptron
(MLP) rather than spherical harmonics coefficients, making them
both time- and view-dependent. Capturing such scenes typically
requires complex and carefully synchronised camera setups. How-
ever, there are approaches reducing the necessary views, making it
more accessible [LLW∗25].

From the perspective of digital heritage, the key insight is that
photometric approaches like Gaussian Splats can produce highly
realistic renderings, without necessarily producing accurate geo-
metric structure. They are particularly effective at reproducing ma-

terial properties in a way that conventional digitisation techniques
(e.g. SfM) are unable to achieve [CCDL∗23].

4. Comparison of SfM-based Meshes and Gaussian Splatting

The differences between SfM and GS in dataset requirements, pro-
cessing, geometric accuracy, visual fidelity, and workflow integra-
tion are examined using historical puppets with diverse features and
materials. Both representations are generated from the same dataset
for a direct comparison. Camera registration was performed using
Agisoft Metashape Professional Version 2.2.0 build 19890†. From
there, the masked image sets and corresponding camera poses were
exported to ensure consistency when generating the GS represen-
tations. The GS representations were created using PostShot‡ with
the MCMC profile and subsequently cleaned using Supersplat§. For
rendering, Blender¶ in combination with the Kiri Engine plugin∥

was used. All models were relit under identical lighting conditions.
Additionally, the rendering perspectives were deliberately chosen
to be outside the original training views. This is especially relevant
for GS, which could not optimise for these unseen angles, offering
a fairer basis for comparison.

4.1. Dataset and Processing

The dataset consists of images of a hand puppet with rigid, soft and
deformable parts. Images were captured using a Canon EOS 700D
with an 18–55 mm lens (focal length: 23 mm, aperture: f/11, ISO
100) and flashlight. The camera is equipped with a CMOS sensor
(22.3 × 14.9 mm) at a resolution of 5184 × 3456 pixels. A total
of 400 images were captured under constant acquisition parame-
ters, without any changes to the setup or camera settings. To ensure
complete coverage, the camera was systematically moved around
the stationary object during image acquisition.

In general, the quality of both GS and SfM representations is
strongly influenced by the capture process [RWW∗25,Bed17]. SfM
pipelines usually aim for a high degree of overlapping (60-80%) of
high-resolution images to ensure sufficient feature matching and
coverage, especially for smaller objects [Bed17]. In GS, the cap-
turing process affect the quality and density of the resulting splats
[RWW∗25]. Furthermore, GS implementations vary in their image
requirements: while some necessitate a similar capture process, re-
cent developments demonstrate promising results even with as few
as 2–5 input images [FCW∗24]. This raises questions about the per-
formance of both techniques under constrained capture conditions
(Fig. 3).

For the high-quality model, SfMHQ400, 400 images were used
as input. The images were aligned with the highest accuracy, fol-
lowed by gradual selection for tie point filtering and camera opti-
misation [Agi25,Esc19]. A dense point cloud and model were gen-
erated from depth maps (quality: ultra-high, filtering: mild), with

† https://www.agisoft.com/
‡ https://www.jawset.com/
§ https://superspl.at/editor
¶ https://www.blender.org/
∥ https://www.kiriengine.app/blog/announcement/
kiri-releases-3dgs-addon-for-blender
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GS HQ 400 DS Images GS HQ 100 DS Images GS LQ 400 DS Images GS HQ 400 FR Images

SfM HQ 400 Images SfM HQ 100 Images SfM LQ 400 Images GS Surface Reconstruction 2DGS
Figure 3: Comparison of different Capturing and Processing Methods for SfM mesh-based Models and Gaussian Splats (GS). PostShot
with 40,000 Steps (HQ) and 10,000 Steps (LQ) as well as Agisoft Metashape was used to create the models. The study also compares GS
results using downsampled 1600×1066px (DS) vs. full-resolution 5184×3456px (FR) images, focusing on visual differences and GS surface
reconstruction based on 2DGS [HYC∗24].

SfM GS
HQ400 HQ100 LQ400 HQ400 HQ100 LQ400

Processing Time [h:min:s] 01:08:36 00:22:02 00:06:57 00:41:18 01:11:37 00:08:15
Number Points/Splats 20,337,426 14,185,363 942,711 938,402 2,382,056 61,931
File Size 85.7 MB 45.3 MB 862 KB 232.7 MB 370.2 MB 15.4 MB

Table 1: CPU: 13th Gen Intel(R) Core(TM) i7-13800H; GPU(s): NVIDIA GeForce RTX 4050 Laptop GPU; HQ/LQ400:398 images, HQ100:
97 images, SfM (texture: 4K, files: *.fbx + diffuseMap.jpg + normalMap.jpg), GS (file: *.ply).

GSfullRes GSdownsampledRes
Processing Time [h:min:s] 00:40:36 00:07:45
Image Resolution [px] 5184 x 3456 1600 x 1066
File Size [MB] 229.8 232.7

Table 2: CPU: AMD Ryzen 9 7950X 16-Core, GPU: NVIDIA
GeForce RTX 4080 Super, Processed using PostShot.

partial masking applied to exclude unwanted features. A 4K texture
was then created. The same workflow was applied to the SfMHQ100
model, using a reduced dataset (1/4 of the original). For the low-
quality model, SfMLQ400, the full dataset was used, but with adjust-
ments to the alignment settings (low accuracy), followed by gradual
selection for tie point filtering and camera optimisation. A dense
point cloud and mesh were subsequently created from depth maps
(quality: low, filtering: aggressive), and a 4K texture was applied.
Masked images of the SfM models were automatically generated in

Agisoft Metashape, and the camera poses were exported to be used
for generating GS with PostShot. As the masked images were gen-
erated from the 3D model, incorrect areas may be carried to appear
in the GS, too. Nevertheless, GS can also be generated without the
exports from SfM.

For GS, both the output quality and processing time are inher-
ently influenced by the number of training iterations. Using high-
resolution images (5184 × 3456 px) significantly increases process-
ing time (by factor 5) compared to downsampled versions (1600
× 1066 px) (Tab. 2), while the visual quality is increased, adding
high-resolution details to the face (Fig. 3), for example. Addition-
ally, reducing the number of input images from 400 to 100 images
has a lesser impact on the final GS representation than reducing the
number of training iterations from 40,000 to 10,000, though it can
lead to increased processing time, see Table 1. Fewer images yield
fewer matching points and a sparser point cloud, resulting in fewer
initialised splats. This reduced coverage limits information for op-
timisation, often slowing convergence despite the smaller dataset.

© 2025 The Author(s).
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Comparison C2M distance SLS (ground truth) SfMHQfull to SLS GSHQfull to SLS

Mean distance [mm] — x̄ = 0.129238 x̄ =−1.95611
Standard deviation [mm] — σ =±0.579842 σ =±3.76641

Table 3: Comparison cloud-to-mesh (C2M) distance of SfM mesh and GS point cloud to SLS mesh in CloudCompare v2.13.1, displayed
distance range ±2,4mm.

Although still an active area of research, it is possible to derive
meshes from GS outputs [SP25, HYC∗24], thereby enabling the
reconstruction of artefact surfaces that pose significant challenges
for conventional SfM approaches, such as highly reflective materi-
als or fine textile structures, see Fig. 3. In comparison, the 2DGS-
based mesh [HYC∗24] is less detailed but free of holes. However,
its point-based shading, unlike texture-based rendering, leads to re-
duced visual quality.

Different post-processing steps were applied depending on the
representation. Despite prior masking of the input images, the GS
representations still contained scene splats due to inaccuracies in
the masks. Supersplat was used to clean the GS output. In gen-
eral, post-processing options for GS are limited and mostly re-
stricted to basic operations such as selecting, translating, rotating,
and scaling, along with general colour adjustments. For the SfM
meshes, Agisoft Metashape was used, which includes several post-
processing tools such as mesh cleaning and surface simplifications.
Alternatively, Blender can be employed, offering a broader set of
post-processing capabilities. These include advanced mesh clean-
ing, surface simplifications, and the rigging of specific performative
artefacts to enable virtual control. In addition, Blender’s modelling
and animation tools allow for the virtual reconstruction of missing
parts based on surface features as well as several animation tech-
niques.

4.2. Geometric Accuracy

The geometric analysis of performative artefacts presents signifi-
cant challenges. Firstly, ensuring a consistent pose for comparison
is essential but difficult to achieve. Secondly, these objects often
comprise a diverse range of materials, from rigid to soft compo-
nents. The presence of soft elements further complicates the com-
parison process due to their deformability. To address this, we fo-
cus exclusively on the rigid parts of an object. This highlights the
necessity of standardising the capturing and comparison method-
ologies for movable and deformable objects. In this approach, only
the rigid head of the puppet using SfM and GS is compared. The
results are then evaluated against ground truth data obtained via a
structured light scanner (Artec Spider), which offers an accuracy of
up to 0.1 mm [BGP∗23].

To ensure a meaningful and precise comparison, all recon-
structed models were first aligned and finely registered to the

scaled structured-light-scan (SLS) reference using CloudCom-
pare v2.13.1. Fine registration was performed via an iterative clos-
est point (ICP) algorithm to minimise residual pose differences. For
the quantitative evaluation, see Table 3, CloudCompare’s “distance
mesh to point cloud” tool was applied. In the case of GS, only the
positions of the splats were considered, disregarding their radii and
anisotropic shape properties, as conventional surface-based mea-
surement approaches may not fully accommodate the splat-based
representation.

The comparison between the high-quality SfM-based mesh
(SfMHQ400) and the SLS reference resulted in a mean absolute
deviation of x̄ = 0.129238mm with a standard deviation of σ =
±0.579842mm. For the GS high-quality reconstruction (GSHQ400),
the comparison yielded a mean deviation of x̄=−1.95611mm with
a larger standard deviation of σ =±3.76641mm. The higher devi-
ation in the GSHQ400 reconstruction results from splats inside the
object’s volume. While they increase deviation, they are essential
for representing challenging materials with glossy, transparent, or
depth-related effects. In contrast, SfM focuses on the surface re-
construction, showing lower deviation but lacking these complex
material representations.

4.3. Visual Fidelity

Visual fidelity does not necessarily align with geometric accuracy,
rather, it depends on surface textures and material properties such
as glossiness, reflectivity, and translucency. Consequently, assess-
ing visual quality extends beyond purely geometric metrics and re-
quires consideration of perceptual factors. Fig. 4 illustrates a range
of materials captured and processed as both SfM-based meshes and
GS representations.

GS offers highly realistic images of a model, particularly ex-
celling in areas where traditional SfM-based meshes often strug-
gle, such as textiles with fine details, reflective materials like metal,
monochrome or transparent surfaces, and complex or thin geome-
tries [IM21]. This aligns with the theoretical foundation of geomet-
ric and photometric representations (Section 3.2). GS consistently
outperforms meshes in visual fidelity, as illustrated in Fig. 4, in-
cluding specular reflections on glossy surfaces. However, despite
its photorealistic rendering, GS is not without limitations: prob-
lems like "popping" effects and inconsistent depth perception may
occur due to per-camera splat sorting [HYC∗24]. Additionally, al-
pha blending of splats can cause sharp edges to appear blurred at

© 2025 The Author(s).
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Figure 4: Comparison of Ground Truth Photos (GT) with Gaussian Splatting (GS) and SfM mesh-based 3D representations of performative
artefacts.

close zoom levels. That said, recent research has already proposed
solutions to many of these rendering issues [HFW∗25, HYC∗24].

4.4. Interactivity and Dynamics

SfM meshes are more expressive when it comes to the use of per-
formative artefacts and can be seamlessly integrated into estab-
lished 3D processing pipelines. They support various animation
techniques, including physics-based simulations, motion capture,
and key framing [Par12]. In this context, SfM meshes provide a
flexible foundation for enabling re-contextualisation [TCY∗] and
control of historical puppets, for instance, in an exhibition setting.
While such use sacrifices some degree of historical authenticity,
it opens up new ways for artistic expression, especially in cases
where the artefact cannot be moved any more or is partially or com-
pletely missing (Section 2). Recent advances in dynamic scene re-
construction enable mesh-based approaches for capturing dynamic
scenes [SYD∗23]. Although this remains an active area of research,
these methods exhibit mesh-specific advantages and disadvantages,
such as explicit surface structures with less realistic visual appear-
ances.

In contrast, when applied to dynamic scene capture, GS can pro-
duce highly realistic results, provided appropriate setups are used,
surpassing mesh-based approaches in visual fidelity [LCLX24]. As
such, GS is considered a promising solution for the holistic dy-
namic capturing of moving artefacts. The extension from static to

dynamic GS retains many of the same core characteristics. The
editing and playback of such dynamic GS introduce new chal-
lenges, particularly due to the large volume of data involved. Nev-
ertheless, these methods offer a compelling way to preserve and
replay the authentic movement of artefacts, similar to video, espe-
cially in cases where the objects can still be physically animated.
Despite early approaches [YJM∗24, GL24, QKS∗24], controlling
GS remains an open research topic.

4.5. Evaluation of Mesh-based and GS Approaches

Digitising performative artefacts is inherently individual, as each
object features unique materials and structures. Based on a small
selection of historical puppets, this comparison highlights general
trends despite object-specific variation. Mesh-based 3D represen-
tations are well-suited for operational tasks, such as reconstruction,
geometric analysis, and animation, due to their structured geome-
try and compatibility with established workflows. In contrast GS
captures visual richness, including material appearance and light-
ing effects, making it ideal for orientational and immersive inter-
actions. GS also enables realistic dynamic scene capture and, in
some cases, outperforms traditional SfM in speed and image effi-
ciency [FCW∗24]. Despite their differing paradigms, both methods
can be derived from the same dataset, supporting comparative or
complementary use. Each offers distinct advantages and can meet
different curatorial and institutional needs.

© 2025 The Author(s).
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Figure 5: Goal-oriented and object-centered guide for digitisation of performative artefacts.

5. Goal-oriented Guide for Digital Performative Artefacts

While digitisation offers transformative potential for museums, its
implementation must be intentional, in order to be sustainable for
the future [IM21]. Many current digitisation efforts, especially in
institutions with limited resources, lack consistent strategies and of-
ten overlook 3D-specific considerations [WP22]. Before undertak-
ing 3D digitisation, institutions should clarify the following points
of the guidelines [The19]:

• Goals – What purpose does the 3D data serve (e.g., documenta-
tion, education, research, outreach)?

• Vision – How does 3D integrate into broader museum strategies?
• Resources – Are trained staff, appropriate equipment, and soft-

ware available? Will outsourcing reduce internal control?
• Target Groups – Who will use or benefit from the 3D data

(scholars, educators, general public)?
• Publication and Access – What are the access policies? What

channels (e.g., online databases, AR/VR applications) will be
used?

• Sustainability – What systems are in place for the long-term
management and updating of 3D data?

The comparative analysis informed a goal-oriented, object-
centered guide for digitising performative artefacts. Goals vary,
including research and conservation [SBSI24, ABC∗18], exhibi-
tion [KKB24], education, and participation [PZS∗23]. These, in
turn, are shaped by specific interactions with the digital material
(Section 2). The guide helps heritage professionals choose suitable
digitisation techniques, based on the intended interaction with 3D
representations and the type and quality of source material available
(see Fig. 5). Therefore, performative artefacts can be grouped into
three categories by preservation state: (1) movable – suitable for
dynamic scene capturing, (2) immovable – requiring static capture,
and (3) (partially-) lost – reconstruction from limited or secondary
sources.

When the performative artefact is movable, dynamic GS is the
preferred technique for capturing immersive, motion-rich and au-
thentic representations of its movement and presence in space (see
Fig. 5). This approach preserves the authentic performance of arte-
facts and offers a dynamic, realistic experience. While dynamic GS
is still an active research area, future improvements are expected to
enhance its quality and usability. Similarly, dynamic mesh recon-

struction may become a viable alternative, but currently lacks the
quality and accessibility required for this application and is thus
excluded.

When a static 3D representation is required, either for not mov-
able artefacts or movable ones the primary options are GS rep-
resentations or SfM-based meshes. Materiality shapes the capture
process. Deformable parts, typical of historical puppets, required
fixed poses for stable capture, affecting rigging and preventing use
of automation like turntables, which introduce motion. Textiles
were stuffed to avoid self-occlusion. Rigid artefacts allow there-
fore more straightforward, automated capture. For immersive view-
ing and visual analysis, GS is preferable for its realistic, view-
dependent rendering. Mesh models remain better suited for struc-
tural or interactive tasks requiring precise geometry, such as an-
notation, segmentation, or modification. In situations where SfM-
based reconstruction fails due to challenging artefact properties, GS
may be a viable option for achieving results. Based on our experi-
ences, this includes reflective or translucent materials and uniform
surfaces (e.g., metal, wood, glass), as well as fine geometries like
rods, strings, and textiles. By combining the expressive, editable
qualities of mesh-based representations with the photorealistic and
real-time rendering strengths of GS, a complementary system can
be established. Considering both GS and SfM-based meshes rely
on the same source dataset and intermediate processing (camera
registration and image masking), as well as the optional surface re-
construction of GS outputs, GS can be seamlessly integrated into
existing SfM-based digitisation workflows commonly used in mu-
seums. This compatibility positions GS as a powerful extension of
current practices, rather than a replacement. If the goal is to create
controllable and interactive virtual experiences or even new per-
formances, the use of meshes is appropriate. These reconstructions
serve as the base for further development, requiring post-processing
steps such as mesh simplifications, rigging and the incorporation
of motion data, whether via simulation, motion-capture devices or
key framing. In order to create a re-contextualised performance, the
additionally involved elements such as narrative contexts, settings,
performers, and intentions must be considered [TCY∗]. This way
new performances can be designed.

In scenarios where the artefact is partially or entirely lost,
meshes offer a flexible basis for reconstructing and re-imagining
missing components. The reconstruction process can be supported

© 2025 The Author(s).
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by historical documentation, which may inform manual modelling
and texturing or the use of AI-driven methods [XCG∗24] to syn-
thesise 3D meshes from single or few images [KKS∗24]. As with
dynamic GS and dynamic mesh-based scene reconstruction, future
research is expected to further improve the quality and practicality
of these methods.

6. Conclusion

This work explores the specific digitisation requirements of per-
formative artefacts, supported by a comparative analysis of se-
lected historical puppets to understand their material character-
istics. Based on these insights, we propose a goal-oriented and
object-centered digitisation guide (Fig. 5) tailored to the needs
of cultural heritage professionals. For immersive representations,
Gaussian Splatting (GS) offers a compelling solution, enabling a
photorealistic representation. Furthermore, it allows the digitisa-
tion of materials, which are otherwise problematic to digitise with
common SfM methods. Additionally, dynamic GS enables holistic
and immersive dynamic scene capturing. In contrast, SfM-based
meshes are more suitable for analytical tasks and scenarios that
require further control over the digital artefact, such as annotat-
ing, segmenting, geometric analysis or interactive control. Given
that both GS and SfM share similar input requirements and pre-
processing steps, a hybrid workflow becomes advantageous. Treat-
ing the chosen representation as an interchangeable outcome of a
unified dataset encourages a flexible, goal-driven approach to the
digitisation of performative artefacts.
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