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Abstract

Exploring 3D models requires accessible digital 3D assets suitable for 3D viewing tools. Despite
increasing interest in 3D models within the cultural heritage sector, standards for publishing 3D models
remain unreconciled. It compels cultural institutions to adhere to general guidelines inadequate for
3D model exploration on the web. This trend is culminating in a scenario where cultural and scientific
institutions increasingly depend on commercial, private repositories, which lack assurances regarding
the long-term sustainability of the stored data. Sketchfab, a platform with over 100,000 heritage models
by 2019, is a current leader in exploring cultural heritage models online. However, there is growing
controversy around the platform in academia, especially following its acquisition by Epic Games in
June 2021. In light of the aforementioned considerations, it becomes critically important to establish an
alternative environment for the publication of 3D models of cultural heritage, which endeavours to fulfil
contemporary requirements for publishing and extracting data on the web.

The WissKI-based 3D Repository was developed to address these challenges, featuring an integrated 3D
viewer and aligning with the FAIR Principles and Semantic Web approach. the WissKI 3D Repository,
hosted by the Hochschule Mainz, aims for sustainable accessibility and archiving cultural heritage
3D models. This article presents the technological strategies employed in constructing a repository
as a component of the first phase of the project ‘DFG 3D-Viewer: Infrastructure for Digital 3D
Reconstruction’. It employs Drupal and WissKI for data management, facilitating semantic relationships
and storage as a triplestore to establish an open platform for efficient 3D data publishing. The study
critically examines existing solutions for metadata-based documentation of 3D models and explores
documentation frameworks in various 3D repositories. This analysis facilitated a new metadata proposal
encompassing mandatory and optional fields. The processed schema was transferred into a data model
employing the CIDOC CRM-referenced application ontology of OntSciDoc3D. Furthermore, the
significance of controlled vocabularies in the system is highlighted, exemplifying their application. The
article also introduces the internally developed 3D viewer, outlining its functionalities and operational
mechanisms. The paper culminates with an overview of practical tests conducted in two domains: the
archiving of 3D models by cultural heritage 3D practitioners and the dissemination of 3D models through
web publication in higher education, specifically in courses on digital reconstruction. Participants of
each test group shared their experiences through a concluding survey. The feedback from respondents
offers an evaluation of the repository in terms of practical applications and user experience (UX) design.
It allows the identification of current system limitations and indicates future developmental directions.

Fig. 1 - Al Mainz/Igor Bajena, View of the WissKI 3D Repository in the computer browser, 2024, 17 x 23 cm.
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Introduction

Exploring 3D models in cultural heritage (CH) realms presents a dynamic intersection
of technology and history. It offers unprecedented access to and understanding of our
collective past. As an immersive experience transcending traditional barriers of time
and space, it allows a global audience to interact with and learn from heritage sites
and artefacts. This approach enables restoring access to lost or unreachable heritage
and the virtual execution of architectural and urban projects that have never been
realised. The virtual space is also conducive to exploration in a broader sense, not only
through discovery, observation and learning but also through the automatic extraction
of knowledge, the contextualisation of transmitted information or the possibility of
model-based simulation (Time Machine, 2020). However, reaching the full potential
of exploration requires additional effort in preparing 3D models for publication.
This may include structuring, enriching with information, adapting to the technical
requirements of web browsers, providing appropriate documentation, and finally,
finding a suitable platform for publication. Issues like data reliability, standardised data
exchange formats, comprehensive metadata, and copyright information can hinder the
archiving and widespread dissemination of these 3D heritage assets. Consequently,
while there is a significant presence of commercial repositories for downloading and
sharing these models, the actual preservation and accessibility of these models online
can be problematic and short-lived.

Hypothetical digital 3D reconstruction represents a comparatively recent methodology
in academia. Owing to its novelty, universally accepted standards for their publication
have yet to be established. Nonetheless, the challenges inherent in utilising virtual
reality to present CH have been acknowledged. This recognition culminated in the
formulation of the London Charter (LC) for the computer-based visualisation of CH
(2009) and the Seville Principles on virtual archaeology (2011). Both documents
primarily concentrate on documentation and visualising authenticity and uncertainty
in 3D models. However, they underscore the significance of ensuring data availability,
maintaining transparency in research processes, and the imperative of archiving
the results obtained. These objectives can be achieved by adhering to the principles
outlined in FAIR Guiding Principles for Scientific Data Management and Stewardship
(Wilkinson et al., 2016). FAIR stands for findability, accessibility, interoperability, and
reuse of published scientific data. The principles emphasise the machine-readability
of data, the use of persistent identifiers, providing rich metadata descriptions and
the maintenance of data in formats that are both accessible and interoperable. Their
implementation, however, depends not on the data creators but on the platform
on which the deposit is made. It is, therefore, essential to understand how the data
preservation principles work in synergy with the FAIR Principles.

Contemporary digital preservation necessitates the adoption of advanced information-
sharing technologies. Web 3.0, emerging as the third generation of the World Wide

Web’s evolution, is marked by a transition towards intelligent, interconnected, and
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open web technologies. Central to Web 3.0 is the Semantic Web, which aims to enable
machines to understand and interpret the semantic content of data, thus facilitating a
more intuitive and efficient user experience. This is achieved through technologies such
as RDF (Resource Description Framework) and OWL (Web Ontology Language),
introduced in the late 1990s and early 2000s, providing meaningful data context.
Concurrently, the Linked Open Data (LOD) concept enhances the Semantic Web
by interconnecting open data to promote understanding and discovery (Berners-Lee,
2006). The synergy of these technologies, characterised by ubiquitous connectivity,
advanced analytics, and adecentralised approach, forms the cornerstone of contemporary
digital preservation strategies. This integration ensures the safeguarding of data and its
functional and valuable utilisation over time, laying a robust foundation for the future
of information preservation and access.

Utilising these technologies has become fundamental in archiving the digital heritage
and scientific data of numerous institutions at both national and European levels.
Notable examples include the German Digital Library (DDB) (Schmiede, 1999), the
Dutch repository Data Archiving and Networked Services (DANS) (Dijk, 2014), and
Europeana (Purday, 2012). Predominantly, these databases are dedicated to collating
data from smaller museums, archives, and libraries, thereby assembling a comprehensive
catalogue of digitised collections. This emphasises a tendency to overlook the significance
of digital reconstruction projects about lost, damaged, or unrealised heritage. Due to
the inherent challenges in establishing historical uncertainty — which often cannot be
conclusively verified — such projects are frequently excluded from archiving programs
(Hardesty et al., 2020). Nevertheless, the LC and SP underscore the unique value
inherent in the interpretative efforts of the digital reconstruction community. These
efforts can stimulate creative dialogues, leading to further stages of verification and a
refined understanding of the past.

However, institutions embarking on such projects often lack the resources to maintain
their data archiving repositories, primarily due to the long-term costs associated with
data server management and maintenance. Conversely, open data archiving repositories
typically do not possess the infrastructure necessary to facilitate efficient online viewing
of 3D models. In response to this dichotomy, efforts are underway to develop a new
service that facilitates the deposit and management of 3D models while adhering to the
FAIR Principles: the WissKI 3D Repository [1]. This initiative represents a significant
stride towards bridging the gap in digital heritage preservation and accessibility.

Virtual Research Environment (VRE)

The WissKI-based 3D Repository was created as part of the German research project
DFG-Viewer 3D - Infrastructure for digital 3D reconstructions. This project endeavours
to establish an infrastructure facilitating the straightforward publication of 3D models
within the expansive realm of digital reconstructions [2] in the context of CH. Its primary
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Fig. 2 - Al Mainz/Igor Bajena, DFG 3D-Viewer architecture, 2023, 15 x 5,6 cm. The grey colour refers
to the requirements for the user, the green to the functions that the repository must provide, and the
dark blue defines the service’s functionalities. The light blue colour specifies the requirements for the
data aggregator.

objective is to ensure the long-term preservation and access to the published data.
The project consists of three distinct phases, with the initial phase concluding in mid-
2023. This inaugural phase was dedicated to delineating and developing the essential
components of the infrastructure (fig. 2). Key elements included the integration of a
viewer solution for displaying 3D models on the web, the implementation of a basic
documentation scheme for 3D models based on metadata, and the development of a
container for transferring datasets to data aggregators (Bajena et al., 2022). The efficacy
of these developed solutions necessitated practical testing, for which the WissKI 3D
Repository was employed.

The platform is a repository for 3D cultural heritage content. It is anchored in the
Content Management System (CMS), namely Drupal 9. Its architecture enables the
integration of a variety of modules to augment both operability and functionality.
This includes the module of WissKI (Wissenschaftliche Kommunikationsinfrastruktur,
https://wiss-ki.eu/), a scientific communication infrastructure. As a free and open
Virtual Research Environment (VRE), WissKI excels in managing scholarly data and
applying Semantic Web technology. This process entails the addition of a semantic

layer to data, represented as triplestores, thereby synergising conventional data storage
with sophisticated semantic networking capabilities (Fichtner et al., 2023).

Triplestores organise information in bundles comprising a subject, predicate, and
object, utilising the RDE It is a standardised data model format developed by the
World Wide Web Consortium (W3C), tailored for publishing and exchanging
meaningful data on the web. Its distinctive feature lies in its ability to amalgamate
varying underlying schemas and integrate data from disparate sources (Ontotext,
2020). The schema in this context refers to the OWL language used to record data,
providing a comprehensive overview of the vocabulary and their interrelationships. It
is designed to represent intricate and comprehensive knowledge about entities, groups
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of entities, and their interrelations within specific research domains by specifying a
standard conceptual vocabulary.

Utilising RDF for data storage facilitates using the SPARQL. It is a protocol and RDF
Query Language, adept at querying various data types. This capacity efficiently extracts
information embedded within non-uniform data dispersed across various formats and
sources. SPARQLs functionality resembles that of the Structured Query Language
(SQL). However, unlike relational databases, where queries are confined to a single
database, SPARQL enables the execution of queries across multiple endpoints. This is
achieved through an HTTP-based transport protocol. The proficiency of WissKI in
harnessing these tools significantly enhances the system’s conformity with the FAIR
Principles and the LOD technology, thereby contributing to the advancement of data
accessibility and interoperability in digital preservation.

Ontology

The use of the WissKI module necessitates the implementation of a specialised ontology
to make data machine-readable. The CIDOC Conceptual Reference Model (CRM)
was selected for this purpose as a base (Bruseker et al., 2017). It is a living standard
facilitating cultural heritage documentation by providing a shared and expandable
semantic framework for information integration. Initially developed in the late 1990s
(Doerr & Crofts, 1999), the model continues to evolve to meet the community’s
requirements. This ongoing adaptation led to a significant ISO standard update based
on CIDOC CRM version 7.1.1 [3] (ISO 21127:2023). It was used for data model
development in the WissKI 3D Repository. The updated ontology encompasses a
definition of 86 classes, categorising entities sharing common characteristics and 136
properties, delineating relationships between classes or specific attributes of a class.
Although the CIDOC CRM provides a comprehensive model, it does not encompass
all aspects pertinent to 3D models and digital reconstruction. Consequently, it was
necessary to augment the data model with a specialised application ontology tailored
for documenting digital reconstructions, known as OntSciDoc3D (Kuroczynski &
Grofle, 2020). This ontology was conceived to function application ontology based
on the CIDOC CRM framework. As a result, the CIDOC CRM classes utilised in
OntSciDoc3D were replicated, either retaining their original scope or undergoing
slight modifications (e.g., E21 Person = osd 21a Person). The data model underpinning
OntSciDoc3D incorporates eight principal class concepts, encompassing persons,
institutions, objects, historical events, scientific activities, digital reconstructions
(represented by 3D models), sources, and types. This ontology laid the foundation for
the VRE developed for documenting the project of Digital Reconstruction of the New
Synagogue in Breslau (Kuroczyniski et al., 2021).
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Metadata schema

The identical ontologies set was employed in developing the WissKI Repository.
However data model necessitated significant alterations. Firstly, CIDOC CRM
operates as an event-oriented ontology. Instances regarding activities and events
centralised all data around. Conversely, the new approach of the WissKI 3D Repository
centralises the published 3D model, consequently altering the modelling of inter-class
links. Secondly, OntSciDoc3D objectives are diverse from the requirements of a 3D
repository. This ontology focuses on detailed documentation of the reconstruction
process, including historical and social context. In contrast, the WissKI 3D Repository
focuses on optimised and low-threshold documentation and publication of the 3D
model. Consequently, developing a new documentation scheme that positions the 3D
model at the core was essential.
The scheme was developed by analysing metadata about deposits in existing 3D model
repositories (Bajena & Kuroczyriski, 2023). This analysis indicated that the schemas
vary considerably, depending on the repository’s specific publication purposes. Six
distinct purposes were identified:
1. Visualization: Focused on making the 3D model available in a publicly accessible
web-viewer.
2. Object documentation: Aimed at creating records documenting cultural heritage
objects.
3. Research documentation: Intended to detail research conducted on cultural objects,
including the methodologies and tools used and the dissemination of the findings.
4. Downloading files: Providing downloadable 3D files for reuse under specified legal
licenses.
5. Aggregation of data: Facilitating data transfer to aggregation services for archiving.
6. Storytelling: Narrating a story about an object, often associated with virtual tours.
These objectives are collectively referred to using the acronym VORDAS. The WissKI
3D Repository aligns with the objectives of visualisation, object documentation,
research documentation, and file download (VORD). However, visualisation
and object documentation goals are primary, following DFG 3D-Viewer project
assumptions. Clarifying these objectives enabled the selection of 3D repositories for a
detailed content analysis of their metadata schemas (Bajena et al., 2022). The selected
repositories included:

* Europeana (institutional): https://www.europeana.eu/en;

* Open Heritage 3D (institutional): https://openheritage3d.org/;

» Kompakkt (institutional): https://kompakke.de/;

* Smithsonian 3D (institutional): https://3d.si.edu/;

e Sketchfab (commercial): hteps://sketchfab.com/;

* 3D Warehouse (commercial): https://3dwarehouse.sketchup.com/;

* BlendSwap (commercial): https://www.blendswap.com/;
 TurboSquid (commercial): https://www.turbosquid.com/;
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Tab. 1 - Al Mainz/Igor Bajena, Draft of the documentation scheme for digital models of cultural heritage
prepared, 2022, Schema was prepared on the basis of data collected from public repositories of 3D models
from institutional (Europeana, Open Heritage 3D, Kompakkt, Smithsonian 3D and commercial offer

(Sketchfab, 3D Warehouse, BlendSwap, TurboSquid).

Bundle Mandatory fields Optional fields
Description;
- Reconstructed Period, - Software;
3D Model - Copyrights - Technique(s);
- 3D File Format; - Creator(s)

- Creation Time Span;
- Native File Upload;
- Data Exchange File Format Upload;

- Visualisation Upload;

Name;
Identifier; - Historical Relation(s)

Type; - Wikipedia
Location;

Object

- Documentation Upload

Research Activity - Online Documentation

- Name;

- Acronym;

- Website;

- Purpose(s);

- Outcome(s);

- Time Span;

- Description;

- Participant(s);

Research Project e

- Structural Part;
Referencing - - Version;
- Derivative;

Publication B Publisher
- Date

The metadata within these repositories has been categorised into four distinct areas:
object depicted on the model, 3D data set, publication process and research. The 3D
data set category is split into two sub-categories: metadata specific to the 3D model
and the entire dataset accompanying the 3D file. Also research category has two sub-
categories: information about the project and the undertaken research activities. The
data collected facilitated the development of a novel proposal for a documentation
schema. Modifications have been made to the field categorisation. The category
related to the data set was omitted due to the emphasis on a single file. Also, the
referencing category was introduced to aid in forming relationships and hierarchies
among 3D models (tab. 1). The new schema distinguishes mandatory fields, serving
as a fundamental set of metadata for the description of the 3D model of CH (fig. 3).

Data model

Formulating the documentation schema facilitates the design of the front end, namely,
the system layer that interacts with the user in the CMS Drupal. This process necessitates
defining the number of fields, their structure, interdependencies, and their labels and
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Polygonal
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Mixed

Representation
by File

[ Location [ ]
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Reconstructed
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3D Model

End Date

Legend
&= text [ Author(s) ] [ License ]
/O file :
@ geo- ﬁ cco1.0 Type Name Type ID Type
coordinate PDM Reference URL
cc-BY
N CC-BY-SA
= list CC-BY-ND
[ ] URL CC-BY-NC
CC-BY-NC-5A
vaules CC-BY-NC-ND
available NoC-NC
on the list Rt

Fig. 3 - Al Mainz/Igor Bajena, Basic documentation schema for WissKI 3D Repository, 2022, 15 x 10,7 cm,
Diagram illustrating the core documentation scheme for WissKI 3D Repository (minimum user input
for publication of the 3D model) with the specification of the type of documented data.

descriptions, which are instrumental in aiding user comprehension of the content
within each field. However, this alone does not provide the machine-readable data.
For this specific purpose, the WissKI module incorporates a tool called Pathbuilder. Its
graphical interface lets users model data based on ontologies integrated into the system.
The structures created in Pathbuilder are stored in the triplestore, generating a structure
in the RDF file based on the data input by the user. Incorporating the data schema
with semantic meaning is imperative by employing an ontology in the backend, the
system’s layer communicating with the server. The CIDOC CRM is a paper standard.
Its use required a translation to the OWL file, which was done in the project Erlangen
CRM (Goerz et al., 2008). The translation offered is subject to ongoing updates and
is publicly accessible on the project’s website [4]. Similarly, CIDOC CRM-referenced
OntSciDoc3D was initially conceptualised as a paper ontology. It was later translated
into the OWL format utilising the Protege software, after which it was made available
online [5].

Data modelling in Pathbuilder employs a hierarchical structure based on groups (called
‘bundles’ in Drupal) and paths (known as ‘fields’ in Drupal). Groups facilitate the
creation of clusters for subordinate fields referring to the same class. Paths enable the
creation of fields whose formatting can be adjusted via the Drupal interface. At the
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Tab. 2 - Al Mainz/Igor Bajena, Application of a sub-bundle reference mechanism using a flat hierarchy),
2023, In the examples of the ‘Model Copyrights’ bundle declares the author field twice: once as an entity
reference (white row) for the form and once as a flat hierarchy group (grey row) for the view.

Hierarchy Name Path Field Type

? 3D Model Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction] =~ ------

| Model Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->

L Copyright ecrm:P104_is_subject_to -> https://www.ontscidoc3dhs- -
pyrie mainz.de/osd 30a Copy Right]

Model https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
License ecrm:P104_is_subject_to -> https: //www.ontscidoc3d.hs- List (text)
mainz.de/osd 30a Copy Right

https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ecrm:P104_is_subject_to -> https://www.ontscidoc3d.hs- Entity

mainz.de/osd 30a Copy Right -> ecrm:P75i_is_possessed_by -> reference
https://www.ontscidoc3d.hs-mainz.de/osd 21a Person

Author(s)

r———xt——T——0

r--———e,——\———7x—-—-0

©)

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->

Author(s) ecrm:P104_is_subject_to -> https://www.ontscidoc3d.hs-
mainz.de/osd 30a Copy Right -> ecrm:P75i_is_possessed_by ->
https://www.ontscidoc3d.hs-mainz.de/osd 21a Person]

https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ecrm:P104_is_subject_to -> https: //www.ontscidoc3d.hs-
Author mainz.de/osd 30a Copy Right -> ecrm:P75i_is_possessed_by ->
Name https://www.ontscidoc3d.hs-mainz.de/osd 21a Person ->
ecrm:P1_is_identified_by -> https://www.ontscidoc3d.hs-
mainz.de/osd 82a Person Name

Text (plain)

https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ercm:P104_is_subject_to -> https://www.ontscidoc3d.hs-
Author mainz.de/osd 30a Copy Right -> ecrm:P75i_is_possessed_by ->
ORCID ID https://www.ontscidoc3d.hs-mainz.de/osd 21a Person ->
ecrm:P1_is_identified_by -> https://www.ontscidoc3d.hs-
mainz.de/osd 42c Actor ID

URI

https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ecrm:P104_is_subject_to -> https://www.ontscidoc3d.hs-
Author mainz.de/osd 30a Copy Right -> ecrm:P75i_is_possessed_by ->
Affiliation https://www.ontscidoc3d.hs-mainz.de/osd 21a Person -> Text (plain)
| ecrm:P11i_participated_in -> https://www.ontscidoc3d.hs-
Le mainz.de/osd 7b Membership-> ecrm:P11_had_participant ->
ecrm:E74_Group -> ecrm:P1_is_identified_by -> ecrm:E35_Title

=
O

same time, paths define relations between the bundle and the field through subject-
predicate-object configuration using ontologies. It is essential to outline the number
of main groups (main bundles) which generate independent entry forms in advance.
Seven main bundles have been created for the WissKI 3D Repository, listed below. The
assigned class from the ontology is indicated in brackets, with ‘osd’ as the prefix for
OntSciDoc3D and ‘E’ for Erlangen CRM:

* 3D Model (osd_73a_3D_Reconstruction);

e Person (osd_21a_Person);

* Institution (osd_74a_Corporate_Body);
Object (0sd_22a_Object);
Object Type (0sd_55d_Object_Type);
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* City (osd_53a_Place);

* Project (E7_Activity).
Each main bundle constitute an independent group with its data input form. When a
field inside a form refers to a whole group, then a particular field type, ‘entity reference’,
is used. It can connect fields with existing groups for loading or writing comprehensive
group information. Unfortunately, there are currently no suitable tools for WissKI that
would enable the correct export of data for fields using entity references. The ‘views
data export’ [6] module, which was applied, creates exports based on ‘views’ [7]. View
is one of the core modules in Drupal, which fetches data from the backend and formats
it suitably for front-end presentation. Consequently, the data exports produced are
based not on the structure of the semantic model but on the view in the frontend.
Incorrect data export prevents transfer to data aggregators. On the other hand, removing
the entity reference entirely would result in unfeasible referencing data within the system.
Therefore, an unconventional data modelling method was developed, using a dual
mechanism for field interrelation (tab. 2). Users are provided with an entity reference
function within the data form view, whereas data presentation in the frontend view is

Tab. 3 - Al Mainz/Igor Bajena, Full hierarchy of groups in flat data modelling’ for the WissKI 3D Repository,
2023.

Path

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction]

Hierarchy Name
O 3D Model
I Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->

|-O Becoustiyced ecrm:P141i_was_assigned_by -> ecrm:E13_Attribute_Assignment -> ecrm:P141_assigned ->

sl https: //www.ontscidoc3d.hs-mainz.de/osd 52a Timespan]

Model Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
Copyright ecrm:P104_is_subject_to -> https: //www.ontscidoc3d.hs-mainz.de/osd 30a Copy Right]

O
I Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
I-O Author(s) ecrm:P104_is_subject_to -> https: //www.ontscidoc3d.hs-mainz.de/osd 30a Copy Right ->
| ecrm:P75i_is_possessed_by -> https://www.ontscidoc3d.hs-mainz.de/osd 21a Person]
L

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
O Holder ecrm:P104_is_subject_to -> https://www.ontscidoc3d.hs-mainz.de/osd 30a Copy Right ->
(Organization) ecrm:P75i_is_possessed_by -> https://www.ontscidoc3d.hs-
mainz.de/osd 74a Corporate Body]

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->
Model Creation https://www.ontscidoc3d.hs-mainz.de/P12.1i was created by->

https://www.ontscidoc3d.hs-mainz.de/osd 7a Research Activity ]

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->
https://www.ontscidoc3d.hs-mainz.de/P12.1i was created by->
https://www.ontscidoc3d.hs-mainz.de/osd 7a Research Activity ->
ecrm:P141i_was_assigned_by -> https://www.ontscidoc3d.hs-
mainz.de/osd 13d Role Assignment]

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->
https://www.ontscidoc3d.hs-mainz.de/P12.1i was created by->
Creation https://www.ontscidoc3d.hs-mainz.de/osd 7a Research Activity->

Person ecrm:P141i_was_assigned_by -> https://www.ontscidoc3d.hs-
O mainz.de/osd 13d Role Assignment -> ecrm: P141_assigned -> https://www.ontscidoc3d.hs-
mainz.de/osd 21a Person]

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
Creation Time https://www.ontscidoc3d.hs-mainz.de/P12.1i was created by ->

O Span https://www.ontscidoc3d.hs-mainz.de/osd 7a Research Activity -> ecrm:P4_has_time-span -

> https://www.ontscidoc3d.hs-mainz.de/osd 52a Timespan]

Creation
Participant(s)

r——|—0O

r———————|—7T———0
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Object

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->

ecrm:P130_shows_features_of -> https://www.ontscidoc3d.hs-mainz.de/osd 22a Object ]

Object
Location

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->

ecrm:P130_shows_features_of -> https://www.ontscidoc3d.hs-mainz.de/osd 22a Object ->

ecrm:P53_has_former_or_current_location -> ecrm:E53_Place |

r——0O

@)

Object City

————x—-0

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->
ecrm:P130_shows_features_of -> https://www.ontscidoc3d.hs-mainz.de/osd 22a Object ->

ecrm:P53_has_former_or_current_location -> ecrm:E53_Place -> ecrm: P89_falls_within ->

https: //www.ontscidoc3d.hs-mainz.de/ontology/osd 53a Place ]

Historical
Relations

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->
ecrm:P130_shows_features_of -> https: //www.ontscidoc3d.hs-mainz.de/osd 22a Object ->

ecrm:P10_falls_within -> ecrm:E93_Presence |

Related
Actor(s)

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction->
ecrm:P130_shows_features_of -> https://www.ontscidoc3d.hs-mainz.de/osd 22a Object ->
ecrm:P10_falls_within -> ecrm:E93_Presence -> ecrm:P141i_was_assigned_by ->

https://www.ontscidoc3d.hs-mainz.de/osd 13d Role Assignment ]

Historical
Events

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ecrm:P130_shows_features_of -> https://www.ontscidoc3d.hs-mainz.de/osd 22a Object ->

ecrm:P10_falls_within -> ecrm:E93_Presence -> ecrm:P9_consists_of ->
https://www.ontscidoc3d.hs-mainz.de/osd 5a Historical Event |

e &5TTTETO |

©)

Event Time
Span

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ecrm:P130_shows_features_of -> https://www.ontscidoc3d.hs-mainz.de/osd 22a Object ->

ecrm:P10_falls_within -> ecrm:E93_Presence -> ecrm:P9_consists_of ->

https: //www.ontscidoc3d.hs-mainz.de/osd 5a Historical Event -> ecrm:P4_has_time-span ->

https://www.ontscidoc3d.hs-mainz.de/osd 52a Timespan ]

Project

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->
ecrm:P19i_was_made_for -> ecrm:E7_Activity ]

Project Time
Span

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->

ecrm:P19i_was_made_for -> ecrm:E7_Activity -> ecrm:P4_has_time-span ->

https://www.ontscidoc3d.hs-mainz.de/osd 52a Timespan ]

r——x——0
O

Project
Participant(s)
(Organization)

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->

ecrm:P19i_was_made_for -> ecrm:E7_Activity -> ecrm:P141i_was_assigned_by ->

https://www.ontscidoc3d.hs-mainz.de/osd 13d Role Assignment ]

Project
Organization

r——0O

O

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction ->

ecrm:P19i_was_made_for -> ecrm:E7_Activity -> ecrm:P141i_was_assigned_by ->
https://www.ontscidoc3d.hs-mainz.de/osd 13d Role Assignment -> ecrm:P141_assigned ->
https://www.ontscidoc3d.hs-mainz.de/ osd 74a Corporate Body ]

@)

Documentation

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction
-> ecrm:P70i_is_documented_in -> ecrm:E31_Document]

r-—-r——-"""\""""\""">7*T™)"""""""|"=""\@""¥\|="""{\|\=""«"“"«"“"«*+|[="~"—"~"*'\|=—-~"¥>*—

Publication

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction
-> ecrm:P140i_was_attributed_by -> https://www.ontscidoc3d.hs-mainz.de/
osd 13f Documentation Assignment -> ecrm:P141_assigned -> https://www.ontscidoc3d.hs-

mainz.de/osd 7c Documentation]

O
I
I
I
I Publisher
L,

O

Group [https://www.ontscidoc3d.hs-mainz.de/osd 73a 3D Reconstruction
-> ecrm:P140i_was_attributed_by -> https://www.ontscidoc3d.hs-mainz.de/
osd 13f Documentation Assignment -> ecrm:P141_assigned -> https://www.ontscidoc3d.hs-
mainz.de/osd 7c Documentation -> ecrm:P14_carried_out_by ->
https://www.ontscidoc3d.hs-mainz.de/ontology/osd 21a Person]

achieved through paths predicated on a ‘flat hierarchy’. It is based on modelling each

field as a precise path with no references. Additionally, it became essential to constrain

the input forms to a single one pertinent to the 3D model. Thus, the primary hierarchy

of the system is anchored on one main bundle (0osd_73_a_3D_Reconstruction), with

all other groups conceptualised as sub-bundles (tab. 3).
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Controlled vocabularies and authority files

Appropriate vocabulary control also influences the data quality. It reduces the inherent
ambiguity of the used terms and entities. In the Semantic Web, all individual entities
need to be identified by unique User Resource Identifiers (URIs). A URI essentially
serves as a web link that directs to the domain and location of the desired resource.
The FAIR Principles advocate for using permanent identifiers to describe the data
accurately. Controlled vocabularies afford this stability.

The WissKI 3D Repository applies a comprehensive array of controlled vocabulary types
(fig. 4). Authority files serve to identify individuals. Open Researcher and Contributor
ID (ORCID) is utilised for person identification. The Virtual International Authority
File (VIAF) is employed for organisations, while geographic names are referenced using
Geonames. CH objects are identified through Wikidata ID. Die Gemeinsame Normdatei
(GND), also known as the Integrated Authority File, managed by the German National
Library, is applied as an additional identifier to all the aforementioned data categories,
excluding institutional roles. Currently, authority files are not directly connected to
the repository. All URIs must be found and inserted manually by the user. Future
enhancements of the platform are set to include the automation of this process and the
capability to search for vocabulary directly from a field within the repository.

To categorise the types and attributes of individuals, controlled vocabulary lists
were established. The roles of institutions in projects were articulated using selected
terms from the Library of Congress Authority Files. Participant roles in the digital
reconstruction process were formulated based on the Taxonomy of Digital Research
Activities in the Humanities (TaDiRAH) and the MARC Code List for Relators Scheme.
The Getty Art & Architecture Thesaurus (Getty AAT) was instrumental in developing
classification lists for types and categories of CH objects and potential CH research
project objectives. The compilation of available licenses for 3D file usage was derived
from the frameworks established by RightsStatements.org and Creative Commons. The
final list of 3D modelling techniques was determined based on the author’s expertise,
deliberations within the European CoVHer project [8], and prevalent terms in the
community. However, this list uniquely does not originate from externally recognised
controlled vocabularies.

3D viewer

The data published in the 3D Repository largely adheres to the FAIR Principles.
Nonetheless, it is insufficient to ensure diverse audiences’ exploration of virtual
models. Consequently, exploring 3D models necessitates viewers - specialised scripts
enabling model display within a window embedded in the browser page. The market
offers many 3D-viewer solutions (Champion & Rahaman, 2020). The selection for
the WissKI 3D Repository required a web-based solution, supportive of a broad
spectrum of 3D file formats and compatible with models created manually or acquired
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Fig. 4 - Al Mainz/Igor Bajena, Cross-referencing of context data in the example of digital reconstruction of
the synagogue in Jandw Sokolski by Klara Gdjska and Maciej Czekasiski, 2023, 15 x 10 cm, The data is
enriched through the utilization of URIs, controlled vocabulary, authority files, and paradata.

through laser scanning and photogrammetry. Additional requisites included possible
operations within the 3D environment, file compression capability, and comprehensive
documentation (Bajena et al.,, 2022). After thorough analysis, the cross-browser
JavaScriptlibrary Three.JS was chosen to develop the DFG 3D-Viewer. The application’s
fundamental workflow encompasses three stages: compression, conversion, and scene
setup. The initial compression stage employs the DRACO algorithm (Google, 2014)
to ascertain file size reduction for web browser compatibility. The second stage involves
compression and format optimisation. The DFG 3D-Viewer used in the repository
supports over 13 different 3D file formats, including .obj, .fbx, .dae, .stl, .glb, and .ifc.
However, not all formats display optimally in the viewer. The prevailing standard for
three-dimensional scenes and models is gl TF (ISO/IEC 12113:2022). Thus, enhancing
browser performance requires conversion to GLB: gITF binary format. The final stage
involves scene setup, where the optimised model is positioned, and its boundary box is
calculated. These calculations facilitate automatic adjustments of lighting and camera
for initial settings.

The fundamental functionality of the viewer is predicated on model manipulation
in the scene, encompassing adjustments to position, size, rotation, materials, light
modification, and camera settings. Furthermore, the viewer enables the creation of
clipping planes, which produce a transparent plane along the x, y, or z-axis, effectively
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Fig. 5 - Al Mainz, Visualization of the 3D model of the Volpa synagogue reconstruction made by Katarzyna
Prokopiuk in the DFG 3D-Viewer aggregation instance, 2022, 15 x 8,4 cm.

slicing through the model. This capability facilitates the generation of cross-sections
along all axes simultaneously. It permits a comprehensive exploration of the interior of
the 3D model, a feature of particular value in exploring architectural models.

The DFG 3D-Viewer was developed as a Drupal module [9]. The module incorporates
enhanced functionalities that facilitate communication with the system. One such
function automatically generates nine visualisations utilising the Blender rendering
engine, with the initial visualisation as an entry preview. A critical component is the
conversion of the aforementioned metadata export from the view into a standardised
data transmission container (fig. 5), conforming to the Metadata Encoding and
Transmission Specification (METS) and Metadata Object Description Scheme (MODS)
formats. This container can facilitate data transfer to aggregating institutions like the
DDB. This workflow has been evaluated on a demonstration instance, aggregating
3D models from data repositories such as Europeana, Sketchfab, 3D Repository, and
UrbanHistory4D (Miinster, 2023).

Evaluation of the system

The beta version of the WissKI 3D Repository, initiated in June 2022, has been
subjected to evaluation by two primary target groups since its launch. The initial group,
composed of students in the cultural heritage domain, was tasked with showcasing the
importance of documenting and publishing 3D models of digital reconstructions [10].
The second group, comprising digital 3D cultural heritage professionals, predominantly
focused on archiving digital assets [11]. Participants were requested to report their
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Fig. 6 - Al Mainz/Igor Bajena, The assessment of the data form in terms of its length and the time rfguz‘rm’
Jfor completion, 2024, 15 x 12,9 cm ,The length was evaluated on a scale ranging from 1 to 5, where 1
denoted ‘too short’, 5 signified ‘too long’, and 3 represented a ‘well-balanced” length.

experiences across four categories: metadata form, 3D viewer, provided guidelines, and
overall experience. A 5-point rating scale was employed to assess specific issues, with
1 being the most negative and 5 being the most positive. The form length question
was an exception, where a median value of 3 was considered ideal, and extreme values
indicated either excessive length or brevity. Regarding the form length (fig. 6), responses
generally indicated a well-balanced perception. However, the average score of around
2.0 suggested a need for minor shortening (optimal value: 3.0).

The form’s difficulty level (fig. 7) averaged at approximately 2.66, denoting a mild
challenge for respondents, with professionals finding it most challenging. The average
score for field comprehensibility (fig. 7) hovered around 3.45, implying minor difficulties
in field content understanding. Concerning form completion time (fig. 6), the results
were unexpected. Designed for swift documentation, respondents needed about an
hour on average, with notable difficulty in preparing 3D models for accurate viewer
display (fig. 8). On average, 3.44 attempts were needed for satisfactory visualisation,
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Evaluation of the WissKI 3D Repository

’ Score: 3,08 (average)
tuitiv
Intuitiveness ’
3
1 Score: 3,38 (high average)
Puncicalty h— 0

Score: 4,04 (good)

Guidelines _ i

Score: 3,45 (high average)

Fields
comprehensibility
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Score: 2,66 (low average)
Visualisation Score: 3,22 (average)
quality

15 20 25 30

Number of responses

m1-verybad m2-bad ®3-average ®4-good ®S5-verygood

Fig. 7 - Al Mainz/Igor Bajena, The evaluation of the WissKI 3D Repository by respondents, 2024, 15 x 9,4
cm. Ratings were given on a scale from 1 to 5, with 1 the most negative and 5 the most positive. Six
categories underwent evaluation: intuitiveness, functionality, guidelines, comprehensibility, difficulty,
and visualization.

leading to the creation of additional guidelines to assist in proper model preparation
and upload, rated at 4.04 (fig. 7) for comprehensibility (mostly understandable).

The overall impression of the repository’s utility averaged at 3.38 (Moderately Usable),
with users indicating a preference for using the platform for model archiving (53%),
model browsing (11%), and seeking information on restorations (3%). 7% stated they
would not reuse the repository, with another 7% abstaining from opinion (fig. 8).

Conclusion

The WissKI 3D Repository has gathered over 150 users who have published over
200 models. The platform demonstrates uniqueness in the market regarding the wide
range of 3D formats supported and the ability to document in compliance with FAIR
Principles. The growing number of users and published models in the repository
indicates interest among the community. Tests have shown the usefulness of using the
repository for higher education and professionals’ preservation of 3D digital heritage.
However, drawbacks were pointed out regarding the difficulty of preparing 3D models
for publication and the long documentation form. The operability of the system and the
design of the interface still need to be improved in order to provide a fully user-friendly
environment. The presented system also shows potential as an alternative to Sketchfab
for publishing and exploring 3D models, surpassing its ability to document context
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Fig. 8 - Al Mainz/Igor Bajena, 7he assessment of 3D data publication and future of the WissKI 3D Repository,
2024, 15 x 10,4 cm, The left graph illustrates the number of attempts required to successfully publish
3D model, while the right graph depicts respondents’ probability of utilizing the system in the future.

and paradata based on ontological solutions of the Semantic Web. The activities around
the DFG 3D-Viewer project also made it possible to start a shared discussion on the
documentation of 3D models of CH. The presented scheme for the documentation of
3D models was aligned with proposals from other consortia [12] during two editions of
workshops on metadata for 3D cultural heritage in Mainz (2022) and Munich (2023)
to agree on a common standard for the preservation of digital datasets of architecture,
archaeology and art history (Bajena & Kuroczynski, 2023).

Further steps lead to the approved second phase of the DFG 3D-Viewer project,
initiating collaborations with multiple libraries to integrate the developed solutions in
their repositories. This integration will facilitate ongoing enhancements and updates to
the DFG 3D-Viewer. Additionally, plans are to develop a ready-to-use component of
the WissKI 3D Repository as part of the WissKI Cloud service [13]. This service aims
to offer a pre-configured system for download, enabling users to establish their own
WissKI repository for 3D models effortlessly.

Also, all the experiences gathered from the repository are being analysed to derive
insights. These findings will significantly contribute to developing a novel platform
for documenting hypothetical 3D digital reconstructions of lost and never-built
architectural heritage in higher education at the European Union level [14], within the
scope of the CoVHer project.

484



WissKI 3D Repository as a tool for the preservation and exploration of 3D models of cultural heritage

Notes

[1] The 3D Repository is available at: https://3d-repository.hs-mainz.de/, last accessed 23 January 2023.

[2] Digital reconstructions encompass varying definitions, contingent upon the specific community
and discourse involved. In certain contexts, the term is applied to denote hypothetical, source-based
3D reconstructions of heritage sites or structures that have either been lost or were never realised.
Alternatively, it pertains to the digital reconstruction of extant objects through digitisation. The DFG
3D-Viewer project is designed to address both these interpretations, providing a comprehensive approach
to digital reconstructions.

[3] Documentation of CIDOC CRM version 7.1.1. is available at: https://www.cidoc-crm.org/Version/
version-7.1.1, last accessed 19 January 2024.

(4] The Erlangen CRM Project (ecrm) website contains an actual version of CIDOC CRM translation
into OWL and a link to a project repository in GitHub. It is available at: https://www.erlangen-crm.
org/, last accessed 20 January 2024.

(5] The file containing the actual version of OntSciDoc3D is available at: hetps://www.ontscidoc3d.hs-
mainz.de/ontology/, last accessed 19 January 2024.

[6] Views Data Export module overview is available at: https://www.drupal.org/project/views data
export, last accessed 20 January 2024.

[7] Views module overview is available at: https://www.drupal.org/docs/8/core/modules/views, last
accessed 20 January 2024.

[8] CoVHer stands for Computer-based Visualization of Architectural Cultural Heritage. The project
aims to define a transparent methodology for creating and documenting the computer-based visualisation
of the cultural heritage model. More information can be found at: https://covher.eu/, last accessed 23
January 2024.

[9] Documentation of the module and viewer is on the GitHub repository of the DFG 3D-Viewer
project: https://github.com/thedworak/dfg 3dviewer, last accessed 23 January 2023.

[10] Evaluations of the repository were undertaken with three student groups at separate time steps. The
initial survey, conducted in June 2022, involved engineering students from the Faculty of Architecture
at the Warsaw University of Technology (WUT), focusing on reconstructing wooden synagogues. A
subsequent survey, a year later, encompassed a joint class on the same subject, combining students from
the engineering department of the WUT with master’s students from the Lodz University of Technology
(TUL). The final survey occurred during an international digital reconstruction workshop under the
CoVHer project in September 2023. This workshop drew participation from students specialising in
cultural heritage fields (architecture, archaeology, digital humanities) from five European countries: Italy
(University of Bologna), Germany (Hochschule Mainz - University of Applied Sciences), Poland (WUT
and TUL), Spain (Universitat Autdbnoma de Barcelona), and Portugal (University of Porto).

[11] The professional survey was conducted collaboratively within the framework of the DFG 3D-Viewer
project. Participation involved four institutions, each representing a diverse discipline of CH: Deutsche
Museum (history of technology), BTU Cottbus (architecture), LMU Munich (art history), and
University of Cologne (archaeology). This survey was divided into three sequential phases, each focusing
on different aspects of utilising the WissKI 3D Repository.

[12] The inaugural workshop in December 2022 was attended by representatives from various projects
and repositories, including the WissKI 3D Repository, IDOVIR (https://idovir.com/), Semantic
Kompakkt (https://semantic-kompakkt.de/home), FIDBau Digital (hteps://www.fid-bau.de/en/),

baureka.online (https://baureka.online/de), and heidlCON (https://heidicon.ub.uni-heidelberg.de/).
A subsequent workshop in Munich in March 2023 expanded the scope of discussion, augmenting the
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analysis with data schemas from the Europeana Data Model (EDM), Smithsonian, Carrare, and Share
3D. A comprehenswe overview of these collaborative efforts can be found on the shared miro board:

[13] WissKI Cloud is a service facilitating the utilisation of a pre-configured instance of WissKI,
obviating the need for individual server setup. Future enhancements will enable users to customise
configuration parameters tailored to specific intended uses of the system, such as a 3D model repository,
image repository, scientific project documentation, and more. The service is accessible at: hteps://wisski.
cloud/, last accessed 31 January 2024.

[14] The first release of the CoVHer project’s repository for testing is scheduled for June 2024. This phase
involves the development of a new ontology, adaptation of the documentation schema, data modelling,
implementation of adapters for authority files, and enhancements to the user experience (UX). Updates
on the progress can be monitored at https://repository.covher.eu/, last accessed 31 January 2024.
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