
TOWARDS MASTER DATA MANAGEMENT FOR CULTURAL HERITAGE: THE 
SACRI MONTI WEB PLATFORM 

 
 

F. Spettu1 *, S. Parri2, P. Quaroni2, C. Achille1, F. Fassi1 

 
13D Survey Group, ABC Lab, Politecnico di Milano, Via Ponzio 31, 20133 Milano, Italy (franco.spettu, cristiana.achille, 

francesco.fassi)@polimi.it 
2QP Nova, Via Giulio e Corrado Venini 5, 20127 Milano, Italy (stefano.parri, piero.quaroni)@qpnova.com 

 
Commission II 

 
 

KEYWORDS: 3D, Point Cloud, Cultural Heritage management, Information System, Web Platform, Master Data Management 
 
 
ABSTRACT 
 
This paper focuses on managing the Cultural Heritage maintenance process through web platforms, exploring a data-driven new 
approach that relies on the framework of Master Data Management (MDM). The MDM framework is based on data quality, revisioning 
and auditing of information, and the Microsoft SQL Server Master Data Services (MDS) was used. It is a highly customizable 
commercial tool that proved to be effective and able to manage extended and articulated databases and provide stability and long-term 
software support. MDS provides powerful tools to avoid duplicates, ensure data quality, and record all the modifications that occurred 
on the dataset over time. These are key features to build a reliable platform for information management of complex CH assets. 
The paper presents some first tests applied for the Sacri Monti of Piedmont and Lombardy case of study. It is a UNESCO wide religious 
architectural complex site in northern Italy’s mountainous part. The paper compares approaches and previous experiences of Sacri 
Monti management using web platform information systems, such as the BIM3DSG, Chimera, and Main10ance, to support Sacri Monti 
management activity. 
 
 

1. INTRODUCTION 

The digitisation projects of Cultural Heritage (CH) require 
thorough planning, accurate implementation, and constant 
supervision in the operational phases. The digitisation project 
concerns not only the CH asset but also all the related information 
useful to its description and requires preparation of the 
maintenance and protection activities. The digitized data must be 
managed to be accessible and stable over time. 
The recent evolution of survey techniques and tools allows 
operators to capture and process a considerable volume of data 
easily and quickly, with unprecedented detail, precision, and 
reliability. Integrating different survey sensors maximizes the 
possibilities of digitizing the built heritage, increasing the amount 
and the quality of the information acquired. The significant 
possibilities of documenting CH with complete, fast, and 
eventually repetitive surveys stress the need to manage the data 
produced flexibly, rigorously, and resiliently. The capture of 
dimensional data is frequently conducted with the acquisition of 
information concerning the building materials, their state of 
conservation and the description of the ongoing and future 
activities. These heterogeneous data can be natively digital or one 
of the products of a digitization campaign of analogue ones. They 
help track the condition and interventions that occurred on the 
CH asset. 
The amount of data produced in CH documentation significantly 
increases the need for complete tool to visualize and efficiently 
use the 3D data by all the sector operators for different purposes. 
This latter consideration stresses the need for flexible tools to 
easily share data and empower inspection, maintenance, and 
restoration processes. 
Presently, the web platforms for 3D data visualization and 
information management represent a promising solution for 
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accessing and sharing the data related to CH (Fassi et al., 2023). 
A web platform is a Web App developed to view and interact 
with 3D representations, such as models, meshes, and point 
clouds, that can be stored in the system or uploaded by the user. 
The web platforms available in the market generally offer 
efficient tools for 3D data visualization and annotation but 
usually do not provide specific instruments to structure all the 
data related to the CH and its maintenance (Fiorillo and Spettu, 
2023). 
Over the years, numerous attempts have been made to introduce 
techniques from different application domains and adapt them to 
create 3D information systems tailored to CH’s realm. The 
experiences that employed BIM systems might be listed among 
them. These attempts are directed towards the issue of organising 
the CH asset into objects and connecting them to Information 
Systems (IS). However, they fall short of addressing the necessity 
to model and significantly simplify the representation of the 
asset, particularly considering the lack of information systems 
that are typically CH-adaptable or, at the very least, readily 
customizable to various scenarios (García-Valldecabres et al., 
2021; Lovell et al., 2023; Yang et al., 2020). 
It is important to ensure that digital data are correctly archived, 
accessible and related to proper metadata (Maravelakis et al., 
2013) that empowers the understanding of methods and 
technologies used to produce them. The data management 
activities must be extended to any type of information, 
independent of its origin and source. 
So, giving a reliable structure to the whole digitisation products 
(3D data and info) that has to be rigorous, easy to access and 
stable through time is not a simple task, and the challenge is 
doing this allowing a flexible custumizable structure that must be 
adapted case by case, must be easy to access and stable through 
time. 
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Figure 1. Images of the restored Chapel I of Sacro Monte of Orta “The birth of Saint Francis of Assisi”. The restoration regarded the 

exterior and interior surfaces and decorative apparatus (Ente di gestione dei Sacri Monti, 2024a). 
 
 
This presented research attempts to solve these challenges, testing 
systems that make data consistency and customization flexibility 
their strong point as the Master Data Management (MDM) tool. 
It is a “technology-enabled discipline in which business and 
information technology work together to ensure the uniformity, 
accuracy, stewardship, semantic consistency and accountability 
of the enterprise’s official shared master data assets.” (Gartner 
Inc, 2023; Stedman and Vaughan, 2023). 
This article presents the case study of the informative web 
platform for the periodic inspection and maintenance of the Sacri 
Monti, following a Master Data Management approach to address 
the data-structure problem to overcome the main limitation of the 
available web platforms in terms of information management. 
 

2. THE SACRI MONTI CASE STUDY 

The Sacri Monti is a complex of nine devotional paths between 
the Italian regions of Piedmont and Lombardy. Each Sacro Monte 
is built on the top of a hill and is articulated as a sequence of 
chapels in which stories about Christianity and the Gospels are 
visually narrated. Visual storytelling is constituted by frescoes, 
pictures, and realistic statues realized between XV and XIX 
centuries by some eminent artists of the north of Italy (Figure 1). 
Each Sacro Monte has a significant religious and symbolic value 
and represents a peculiar example of the integration of devotional 
architecture and mountainous landscape, as well as houses 
valuable statues and frescos inside the chapels. For these reasons, 
UNESCO added the Sacri Monti of Piedmont and Lombardy to 
the World Heritage List in 2003 (Ente di gestione dei Sacri 
Monti, 2024b; UNESCO, 2023) 
The peculiar condition of Sacri Monti in terms of geographical 
collocation and architectural features requires a multi-scale 
approach both for the maintenance activities and the information 
management system. The complex is articulated in different 
locations, and each Sacro Monte has several chapels that host 
various narrative elements (architectural ones, pictures, statues...) 
that are the object of the inspection and restoration activities, as 
well as the structures that protect the integrity of the decoration 
apparatus, as roofs as walls (Achille et al., 2019; Ente di gestione 
dei Sacri Monti, 2024a).  
A multi-sensor, repeated survey of the Sacro Monte of 
Domodossola was carried out as the main topic of the summer 
school “Laboratory of Places – history, survey, evolution” in the 
2018 and 2019 editions. The survey was done with Terrestrial 
Laser Scanner (TLS), close-range and UAV photogrammetry, 
Mobile Mapping System (MMS) and total station for correct 
referencing and accuracy assessment. The result is the point 
cloud of the chapels, interior and exterior, suitable for the 1:50 
representation scale and referenced into the topography and 
landscape. The point cloud was used to produce BIM models, 
CAD drawings, orthophotos and mapping of materials and decay 
(Achille et al., 2019). 

The outcomes of the survey campaign are at disposal of the Ente 
di Gestione, which over the years has also collected other data 
from digitization campaigns carried out for research or 
educational purposes (Zerbinatti et al., 2023, 2021). 
 
2.1.1 Experiences and evolution of Sacri Monti platforms 
To support planned and extraordinary CH asset maintenance, the 
Ente di Gestione dei Sacri Monti tested several methods for its 
data management. The primary need concerned the possibility of 
accessing and editing data without any specific software and 
limiting the data post-processing by Ente operators. 
 
2.1.2 The BIM3DSG and Chimera platforms 
Starting in 2017, a web platform based on open-source modules 
was developed and tailored on the Sacri Monti needs. The 
BIM3DSG platform (Fassi et al., 2015) was developed to provide 
an effective tool to support the inspection, maintenance and 
reporting process, keeping a centralized archive of all the 
information referenced on the 3D model. 
The development of the platform started from the consideration 
that it is necessary to rely on the collaboration of different 
professional figures with their heterogeneous background and 
competencies to manage such an articulated CH complex. 
Typically, each of these people is accustomed to using 
specialised software and technology that serve to the specific 
requirements of their field. Developing a web-based information 
system for data management that is compatible with any 
hardware and software allows for the creation of a centralised and 
regularly updated tool. This tool facilitates collaboration and the 
sharing of essential data among the individuals participating in 
the process. 
From this consideration, the development of BIM3DSG was 
oriented towards the form of a web platform, accessible through 
the internet, hardware and software independent, as the only 
technical requirements are an internet connection and a web 
browser. The choice aims to increase the accessibility level of the 
data as it is considered a critical aspect. The web-based approach 
natively allows data centralisation and enables every user to 
access the most updated and unique version of the information 
(Achille et al., 2019; Tommasi et al., 2020). 
The platform was built based on open-source modules and 
libraries in order to reduce ownership costs and have more 
customization possibilities. The relational database is based on 
PostgreSQL (PostgreSQL Global Development Group, 2024), 
managed through PGAdmin (PostgreSQL Community, 2024). 
The database is structured to recall the semantic subdivision of 
the heritage assets according to the working practices used by the 
management of Sacri Monti. The structure that proved to be the 
most adaptable is a 4+1 one that uses four layers to organize the 
whole object (Achille et al., 2019). The 3D model to be used in 
the platform are in different formats: they can derive from the 
multi-sensor survey campaign or be realized by the technical 
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office of Ente di Gestione dei Sacri Monti, relying on the already 
available on their archive CAD or paper drawings when the 3D 
survey was not available, using Autodesk Revit (Autodesk, 
2023). The BIM method for the geometry production was chosen 
because of the object-oriented approach natively adopted by the 
BIM modelling software, which produces a separate object for 
each architectural element, following the logical structure 
adopted for the specific case, choosing which elements to model, 
which ones to simplify and how they fit into the logical structure 
of the database. As the platform is software agnostic, the 3D 
models can be realized also in other 3D software instead of the 
BIM ones, as the platform supports the OBJ format. The 
information database supporting the maintenance activities is 
structured in different entities that serve specific purposes. The 
“object” is the “digital image” of the physical architectural asset, 
and each object can have different “versions” and “subversions”. 
These two are critical for the maintenance process as they can 
keep track of the modifications that intervened on the real object. 
A modification can be a damage, an inspection, a maintenance 
activity or the acquisition of new data, including surveys. A new 
version is when an object is also modified physically, which 
implies a change in its 3D representation. A subversion is a 
modification only related to the information connected to the 
object or the physical modification of the asset without new 
models to represent it (Achille et al., 2019; Rechichi, 2020). 
The versioning and subversioning of the objects are triggered by 
the “intervention” event, which represents an action or a 
modification in the real world that requires an update at some 
level of the database, as described previously. The BIM3DSG 
web platform proved to be an effective tool to access and manage 
data through the web. The main limitation can be identified in the 
lack of support for the point cloud, commonly requested in the 
reality capture process. For this reason, is required to model on 
the chosen software new geometries for each update. In the case 
of reality-based modelling, this operation can be considerably 
time-consuming and requires an interpretation phase for the most 
challenging shapes, which might introduce differences and errors 
from the data source (Achille et al., 2019). In 2019 the platform 
was updated into a new version, Chimera (Bruno et al., 2020; 
Rechichi, 2020), that adopted a new multi-scalar BIM+GIS 
approach particularly suitable to the Sacri Monti case study. 
Moreover, Chimera has overcome some limitations in the web-
visualization interface, making the visualization of the 
information system more transparent and more appealing. The 
user interface was re-designed in order to be clearer, easier and 
suitable for the use on recent digital devices. 
Moreover, the floating window feature was implemented, 
allowing users to freely arrange panels inside the browser 
window. The rendering performance are significant, thanks to the 
use of seven graphical LOD that are automatically computed by 
the system on the loading phase, and to the implemented caching 
mechanism (Rechichi, 2020). Chimera combined the BIM and 
GIS tools as two different ways to access a unique repository of 
information, as it is required in the Cultural Heritage cases that 
need to be managed at different levels, combining a specific 
approach to the single architectural element to the general 
management of the asset as a whole. 
This could be the case with archaeological sites or articulated and 
scattered architectural complexes such as the Sacri Monti. 
Moreover, this latter case is peculiar because of the presence of 
nine different Sacri Monti, and because the single Sacro Monte 
is articulated into several chapels distributed along the devotional 
path. The GIS tools are implemented through the PostGIS 
(PostGIS PSC, 2024) libraries and manage the most common 
geospatial entities as vectors, raster both as uploaded into the 
platform or loaded through the GeoServer framework (Open 
Source Geospatial Foundation, 2024). 

2.1.3 The Main10ance platform 
Main10ance (Colucci et al., 2023; Main10ance, 2023) is a multi-
purpose platform developed to support the programmed 
maintenance and management of Cultural Heritage complexes 
with a multi-scale, BIM+GIS approach. The platform was 
developed inside an EU Interreg Italy-Suisse project from 2020 
to 2022. Main10ance aims to simplify gathering, archiving, 
interacting and visualizing information relevant to CH 
management and fruition. The platform is operative online and 
accessible through a dedicated website (Main10ance, 2024). 
The platform’s pilot project that aims to be generalizable and 
scalable to any CH application concerns the Sacri Monti as a 
complex with a specific focus on the ones of Varallo, Orta and 
Ghiffa. For the Sacro Monte of Varallo, a complete 3D survey 
suitable for the 1:100 representation scale was conducted with a 
multi-sensor approach (Matrone et al., 2023), obtaining as final 
products the digital model of the terrain and the point clouds of 
the chapels. The implementation of the Level of Detail (LoD) 
into the platform is crucial to understand its functioning, as it 
determines the visualization scale of the object, the available 
information, the modelling strategy and, consequently, which 
interface on the platform will be used and which kind of user is 
able to access to the data. 
LoDs from 0 and 1 are dedicated to the regional scale and to the 
whole Sacri Monti system. LoD 2 is a 3D model of the single 
Sacro Monte with the buildings modelled as their external shapes, 
the terrain surface and the pathways. LoD 3 represents the single 
building (e.g. a specific chapel) with the architectural elements 
composing it. The LoD 4 represents through images or external 
links the architectural elements or part of them that were chosen 
not to be modelled. Moreover, a LoD 5 was introduced to 
represent the information in the restoration database. 
The modelling part at the single Sacro Monte scale (LoD 2 and 
3) is performed inside the Autodesk Revit software starting from 
the imported point cloud data. The object-oriented modelling 
approach produces models already structured into constitutive 
architectural elements, although due to the software intrinsic 
limitations, some architectural elements are not represented by 
BIM software, and models are not labelled correctly (Matrone et 
al., 2023). The platform uses an alphanumeric identifier that 
contains all four layers of collocation (e.g. Sacro Monte, 
building, element type, element code), that attributes the models 
to the proper category, overcoming the problem described 
previously. Main10ance uses three different visualization 
modules according to the LoD considered: the active user and the 
operational purposes. The first one is the GIS viewer, which 
locates the CH assets on a base map and can display layers from 
the territorial geospatial databases. 
The second interface is the BIM viewer, based on the Application 
Programming Interface (API) of Autodesk Platform Services, 
formerly known as “Forge” (Autodesk, 2024), to display and 
interact with models at the LoD 2 and 3. This interface allows 
navigating the 3D model, sectioning the geometries and 
visualising the architectural elements’ information through 
properties panels. The third interface is the Artifact Viewer, 
which shows the LoD 4 elements as images or attached files in a 
gallery. 
The authorized users are provided with planning and scheduling 
interfaces for the maintenance cycle. The maintenance cycle is 
structured into four phases, represented into an equal number of 
tabs. Planning and Programming tabs are accessible only to site 
managers and allow to decide the frequency and schedule of 
inspections and assign the task to specific operators, that will find 
it into the Execution tab. The History tab act as the archive of the 
past operations. Managers have at disposal also a résumé of the 
operations through a dashboard. 
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Figure 2. Left: The breakdown structure in 4+1 layers was adopted for the case of Sacri Monti in the BIM3DSG System. Right: the 

implementation of the structure in the MDS database. 
 
2.2 Open issues and possible developments 

Each previously presented approach and solution solves several 
problems but inevitably introduces limitations. A web platform 
for CH can be seen as the balance between the nature of the 
maintenance process for the CH asset, the digitization needs, and 
the technological and material resources available for operations. 
As a working tool, the platform needs its own maintenance at the 
database and software level. On this topic, it is relevant to 
consider that on the side of resources, a platform based on open-
source modules can reduce the software component ownership 
costs but might increase the need for maintenance for updating 
the software and keep the system efficient. Moreover, the 
possibility that the used component or library might be 
discontinued or not updated by the open-source community must 
be considered. On the other side, commercial components usually 
ensure longer-term support and more stability, but this comes at 
a higher price. 
The modelling phase is undoubtedly time-consuming if carried 
out with manual methods, a reality-based approach, and high 
accuracy (Acosta et al., 2022; Spettu et al., 2021). A possible 
solution is using the point clouds as the geometrical basis. This 
aspect is of significant interest, and it is addressed by many 
commercial platforms that propose advanced point cloud 
visualization and sharing (Cintoo, 2024; Geovast 3D, 2024). 
Despite the recent developments and increase in the offer, most 
of the available commercial platforms are efficient in the 
“geometric model” rendering part. However, at present, they 
offer only very basic tools for annotation, not enough for the 
professional practice inside management processes in the CH 
field (Fiorillo and Spettu, 2023). 
Moreover, point clouds, as products of the three-dimensional 
survey, are a raw and undifferentiated accurate geometrical 
representation of the architectural and landscape shape. The use 
of point clouds inside a structured database that represents the 
logical breakdown of a CH asset seen from the restoration 
perspective requires preliminary work of cleaning and 
classification that can be done manually, semi-automatically or 
automatically according to the chosen methods and the 
complexity of the case (Teruggi and Fassi, 2021; Zhang et al., 
2022). The approach based on BIM prioritizes the use of 3D 
models with semantic structure, which serve as a foundation for 
the linked information. Within the domain of CH, there are 
instances where, due to constraints in time, expertise, and 
resources, models and visual representations are not feasible to 
reconstruct or iterate. However, maintaining up-to-date 
information is crucial for day-to-day management as it reflects 
the current condition of the CH asset. Additionally, it is often 
simpler and more time-efficient to update a database rather than 
to adjust geometrical data or to merge existing data with new 
surveys. 
This research investigates the feasibility of inverting the 
conventional BIM process of appending information to 

geometry. It explores the concept of orienting the CH information 
system around the essential core data required for its 
management, which may be supplemented with comprehensive 
metadata and entity attributes, and subsequently visualizing this 
information via 3D geometrical representation. 
 
3. THE MASTER DATA MANAGEMENT APPROACH 

This paper proposes a novel approach to developing web 
platforms for Cultural Heritage management, inspired by the 
principles of Master Data Management and using its specifically 
developed tools. 
Gartner defines Master Data Management as a “technology-
enabled discipline in which business and IT work together to 
ensure the uniformity, accuracy, stewardship, semantic 
consistency and accountability of the enterprise official shared 
master data assets. Master data is the consistent and uniform set 
of identifiers and extended attributes that describes the core 
entities of the enterprise including customers, prospects, citizens, 
suppliers, sites, hierarchies and chart of accounts” (Gartner Inc, 
2023). More in detail, the MDM is the discipline that defines the 
most critical data within an enterprise or organization and their 
policy. The Master Dataset is usually a subset of all the managed 
data and is available across the organization. The creation of the 
Master Dataset starts with its cleaning and systematization, as it 
must be unambiguous, lean and without duplicates. The 
maintenance of the Master Dataset is ensured by the Data 
Governance policy of the organization, which is meant to ensure 
the long-term efficiency and consistency of the dataset, as the 
success of the MDM strategy is closely related to the quality of 
the data (Fleckenstein and Fellows, 2018). 
The objective of establishing a Master Data Management (MDM) 
Data Hub, which serves as a System of Records, is to orchestrate 
the central database holding the master data in such a way that it 
remains synchronized with the source system feeding the Data 
Hub, and satellite systems integrated downstream consuming this 
data. A Data Hub is an approach to efficiently managing the 
access and sharing of data. Systems that connect to the Data Hub 
send and receive data in real-time, as it acts as a centre of 
distribution (Lauer, 2021). 
The synchronization aspect is crucial as these systems use, 
consume, and enrich the master data, forming a complex data 
ecosystem within the institution involved in preserving cultural 
heritage items. 
The MDM Data Hub is designed to monitor all recognized 
attributes within the operational scope of the organization or the 
institution. It is tasked with creating and maintaining different 
versions of each data model, capturing the evolution of data over 
various timeframes. However, these versions are only committed 
to the master record after a stringent process that includes 
thorough validation, necessary approvals, and compliance with 
established quality rules. This ensures data integrity and 
trustworthiness.  
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Figure 3. The user interface of MDS. On the left is the version management tool for the data structure on the web. On the right is the 

Excel add-in for data insertion. 
 
The hallmark of this system is that it is subject-oriented, meaning 
it is organized around subjects of data (artefacts, conservation 
records, digital assets, etc.) rather than processes or departments. 
It is integrated, implying seamless interaction with and among 
various data sources and applications. Its time-varying nature 
allows for the historical tracking of data changes, providing a 
temporal perspective on data evolution. Moreover, the hub is 
non-volatile: once entered the system, data is stable and remains 
unaltered until intentionally revised, providing a reliable audit 
trail. 
This cohesive approach aims to achieve what is often called “one 
version of the truth” within the organization. It’s a unified and 
agreed-upon view of accurate, comprehensive data and, most 
importantly, universally recognized as the single source of truth. 
This foundational concept is pivotal, as it enables consistent 
decision-making and operational processes across the entire 
organization, preventing the discrepancies and fragmentation that 
can arise from multiple versions of data residing in disparate 
systems. The role of MDM Data Hub, transcends mere data 
storage, becoming a critical facilitator of organizational 
coherence and reliability in data-driven strategies. 
The key role of a Data Steward, typically held by a Subject Matter 
Expert (SME) who may not necessarily have a background in 
Information Technology, is pivotal in managing the integrity and 
usability of data within an organization. The crux of Data 
Steward responsibility lies in maintaining and curating data 
elements within a metadata registry. The steward toolkit can vary 
depending on organizational needs but often includes web-based 
applications and add-ins to spreadsheet editors like Microsoft 
Excel. These tools enable the steward to create and edit data 
models, establish and refine hierarchies, and formulate business 
rules that govern the use and handling of data. 
The role of the steward involves a continuous cycle of running, 
processing, and validating data to ensure that improvements are 
made iteratively. This cyclical process is crucial for adapting to 
data use changes and responding to the evolving CH needs. 
The Data Steward is in charge of upholding high data quality. 
This encompasses the data accuracy, completeness, reliability, 
and relevance, ensuring it meets the strict standards for decision-
making and operational processes. The Data Steward acts as a 
“guardian” of data quality, ensuring that the organization’s data 
assets remain trustworthy and valuable.  
 
3.1 MDM tool: Master Data Services 

The newly designed system is built upon the robust framework 
of Microsoft SQL Server Master Data Services (MDS), a 

comprehensive master data management solution engineered by 
Microsoft for the organization of relational databases (Microsoft, 
2023). The system leverages the MDS advanced toolset to 
facilitate precise structuring and association of master data, 
customized to accommodate the complex, multifaceted 
requirements of the Sacri Monti Management Office. The 
system’s design strategically centralizes the architectural 
element, streamlining it as the focal point for all ensuing 
maintenance actions and protocols, thereby enhancing 
operational efficiency and data coherence. 
MDS is typically used by organizations that need for maintaining 
consistency across their data estate, providing access to the most 
current and accurate version of master data and enforcing the 
paradigm of the “single version of the truth”. It is a powerful tool 
for data stewards and IT professionals who manage and maintain 
the integrity of mission-critical data. 
MDS is based on a model-driven architecture where the data 
model dictates the stored data structure. A model can be thought 
of as a container for the master data and can include multiple 
entities, which are like tables in a relational database. An entity 
represents a type of master data, such as “Material” or 
“Building”, and is made up of attributes that, like columns in a 
table, define the data stored in an entity. Hierarchies and 
collections can be defined to organize and group data within 
entities, which is especially useful for searching, reporting, and 
analysing data. MDS allows the definition and enforcement of 
business rules to ensure data integrity and quality against specific 
constraints. These rules can be used to validate data when entered 
into the system, ensuring compliance with industry processes and 
requirements. It also supports versioning of the master data. This 
allows for managing and viewing data as it changes over time, 
which is critical for auditing, lineage and historical analysis. 
MDS can integrate with other systems via multiple interfaces. 
This allows data flow into and out of MDS from various sources 
and satellite systems. On the security side, several features are 
included to control access to the master data based on user roles. 
This ensures that only authorized accounts can add, view, or 
modify the master data. 
Users can interact with the Master Data as tables using standalone 
software or the web-based interface. MSD provide an add-in for 
Microsoft Excel that allows one to manage Master Data directly 
from the software, which is a familiar environment for many 
users. Moreover, MDS features a web-based interface where 
users can perform various tasks such as creating models, 
managing data, and applying business rules. The web-based 
interface can be accessed through different devices, including 
mobile ones. Before any changes are committed to the database, 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-2/W4-2024 
10th Intl. Workshop 3D-ARCH “3D Virtual Reconstruction and Visualization of Complex Architectures”, 21–23 February 2024, Siena, Italy

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-2-W4-2024-421-2024 | © Author(s) 2024. CC BY 4.0 License.

 
425



 

MDS allows the data to be validated and any issues to be 
addressed. Once the data is validated, it can be published, 
becoming the “golden record” for master data. MDS also 
provides the so-called “Subscription Views”, which are database 
views that provide a read-only, near real-time feed of master data 
to subscribing systems and applications. For all the previous 
considerations, the authors see MDS as a suitable and effective 
tool for building an information system dedicated to the 
programmed maintenance of CH. MDS is a commercial 
framework produced by a well-established company and is 
largely adopted in several fields and at any scale of data 
management. This aspect can ensure long-term support and 
stability during the development and use phase. The features 
described before are considered adequate for the task at hand and 
can support any CH asset’s maintenance processes with every 
level of complexity if the adopted data structure and data 
governance policy are solid. 
 

4. IMPLEMENTING MDM ON CH 

The new platform development for the Sacri Monti started 
reconsidering the data structures constructed for the previous 
BIM3DSG platform, adapting, modifying, and implementing 
them inside the new system and with new paradigms. The value 
of this approach lies in using the most general available tools for 
data management and related methods to address the problem of 
Cultural Heritage data fruition, finding powerful tools and 
solutions that are easy to maintain at the software level and 
ensuring long-term support and compatibility. Moreover, 
considering the lesson learned from the BIM3DSG, the new 
platform has to be adaptable to multiple data sources but ensure 
at the same time that the input requirements are fulfilled. The 
envisioned MDM system serves as a rich framework for 
cataloguing and preserving the CH assets and their related 
information. Following the MDS model-driven approach, the 
data structure was organized in hierarchical layers to categorize 
information with increasing levels of detail from the Layer 0 
down to more specific categories and sub-categories, as shown in 
Figure 2. The breakdown structure is defined as follows. 
Layer 0: Region. It is the top layer. It indicates a broad 
geographical categorization, such as a geographical region or CH 
site area. 
Layer 1: Sacro Monte. The layer specifies a category that refers 
to a specific example of a cultural or religious site within the 
region, such as a sacred mountain or pilgrimage complex. 
Layer 2: Building. This layer drills down to specific buildings 
within the site category. 
Layer 3: Architectural Element. Further detailing occurs at this 
layer, focusing on architectural elements of the buildings, 
referring to distinctive architectural features or components. 
Layer 4: Object. In MDS, the most granular level of data is 
referred to as a “member.” Members are the actual data records 
stored within the MDS system. They represent the specific 
instances of master data defined by the model. Members can be 
considered the individual rows within a table in traditional 
database terms. These members hold the details relevant to each 
specific architectural element, such as its unique identification 
code, description, and any other attributes defined for the entity. 
MDS supports various attribute types that allow for the detailed 
modeling of entities within its framework. These attributes can 
be broadly categorized into the following types: 

1. Numeric attributes that store numerical values, which 
can be integers or decimals, are helpful for quantitative 
data, such as weights or dimensions.  

2. Text attributes that include strings can contain letters, 
numbers, and other characters, codes, descriptions, or 
other alphanumeric information. 

3. DateTime attributes enable tracking temporal 
information like creation and modification dates and 
other time-related data critical for historical records or 
scheduling. 

4. Domain-based attributes are used to reference other 
entities within MDS, creating a relationship between 
them, acting similarly to foreign keys in relational 
databases, ensuring referential integrity and enabling 
hierarchical structuring of master data. 

5. File attributes to store binary data, such as images or 
documents, directly linked to a master data entity.  

6. Boolean attributes for true/false or yes/no values, valid 
for flags or binary decisions associated with an entity. 

7. Web Link attributes store URLs of external contents, 
such as external websites or datasheets.  

This set of attribute types enables a rich and nuanced 
representation of any data, allowing the design of comprehensive 
models that accurately reflect the multifaceted nature of their 
architectural elements. In MDS, entity-based attributes play a 
crucial role in structuring and pivoting members into different 
hierarchies. These attributes, which define the characteristics or 
properties of an entity, can be used as pivot points to create 
multiple hierarchical views (Figure 4). By associating members 
with specific attributes, MDS allows for the dynamic 
organization of data into hierarchies that reflect the various 
dimensions of data organization. For instance, an architectural 
element entity member could be associated with attributes such 
as category. This attribute can then be used to pivot the same 
elements into a category-based hierarchy. This flexibility is 
essential for tailoring views and reports to the specific needs of 
different CH operational contexts, enabling users to analyse and 
manage master data from multiple perspectives while 
maintaining a single version of the truth within the MDS 
environment. The possibility of tracking the changes for the 
member attributes in MDS is a pivotal feature that ensures the 
integrity and history of CH data over time (Figure 3). Whenever 
an attribute of a member is added, modified, or deleted, MDS 
records and preserves each change. This historical tracking is 
vital for auditing purposes, enabling maintenance teams to see 
when a change was made, who made it, and the details of the 
modification. This feature facilitates compliance with various 
regulatory standards by providing a transparent trail of data 
modifications. Additionally, this capability supports data 
stewards in managing the lifecycle of the CH data estate and 
identifying with an overview the trends or patterns in data 
changes and reverting to previous states if necessary. The change 
tracking system can also be configured to trigger workflows or 
notifications, ensuring that relevant stakeholders are informed of 
important changes as they occur.This granular level of control 
and oversight is crucial to maintaining the quality and reliability 
of master data within an organization, providing a solid and 
reliable foundation for maintenance and inspection processes. 
The attribute change tracking described previously enables 
“version control”, a critical capability that allows logging 
different versions of CH models over time. Each model in MDS 
can have multiple versions: this enables the management and 
preservation of snapshots of the master data at various points in 
time. This functionality is particularly useful for tracking 
historical data, testing changes, and determining their effects on 
a “safe environment” before applying them to the actual 
environment or rolling back to previous versions if needed. 
Version management supports a collaborative approach where 
changes can be reviewed and approved before they become part 
of the published record. Each version can be locked to prevent 
further changes, unlocked for additional edits, or committed to 
finalize the changes. The MDS system provides a clear, 
trackable, and auditable trail of how master data has evolved, 
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ensuring that any alterations are traceable and reversible, 
enhancing data governance and integrity within the different 
iterations. 
 

 

The Excel add-in for MDS enhances the user experience by 
leveraging the familiar environment of Microsoft Excel to 
manage CH data. This add-in includes a number of features that 
make it easier for data stewards to engage with their platform. 
Users can connect directly to MDS databases and work with the 
data as they would in a conventional Excel spreadsheet, 
complementing the operations performed through the online web 
interface. This includes sorting, filtering, and analysing master 
data. They can also use the add-in to create new entities, add 
members, and validate data against the rules defined in MDS. 
Moreover, the add-in enables bulk updates, which is particularly 
useful for making large-scale changes or updates to the data. 
The Excel interface simplifies the process of publishing data back 
to the MDS repository with few clicks, ensuring that all changes 
are synchronized with the central master data. Additionally, the 
add-in supports version management, allowing users to work 
with different versions of the data and access to the history of 
changes. This integration between MDS and Excel streamlines 
master data management processes, making it more accessible 
and efficient. 
 

5. CONCLUSIONS  

This research has demonstrated that a challenging case study of 
cultural heritage, such as Sacri Monti’s, necessitates the 
implementation of a specific methodology and the utilisation of 
specialised instruments to facilitate the demanding maintenance 
tasks. The challenges raised by the CH complexity seems not to 
be addressed by a unique answer, but to require dedicated 
methods and adaptable instruments, that can be adapted to the 
specific case study and to maintenance practice, as well as to the 
available data and resources. The web platforms dedicated to 
Sacri Monti described in this article testify this diversity of 
approach. The problem of the 3D models that support the 
information in BIM-like frameworks it is a significant effort in 
terms of time and need of interpretation by the modelling 
operator. The possibility of using point clouds instead of BIM 
models is promising but not effortless, as it requires post-
acquisition processing and semantic classification in order to be 
proficiently used in an information system oriented towards the 
architectural objects. Moreover, point clouds and other products 
of reality capture need to be supported by the information system 
in use. The paper proposes a novel data-driven approach to the 
management of the data in the field of CH maintenance and 
conservation. The MDM framework is well-established among 

enterprises and in the IT sector and proved to be effective and 
crucial in improving data quality and implementation of data 
governance policies. From this consideration it descends the 
main idea of applying the MDM framework and its dedicated 
instruments as MDS to the field of CH management. 
The available tools in MDS and its ability to manage complex 
datasets and their relations are fundamental in developing a 
Minimum Viable Product (MVP) web platform able to support 
the programmed maintenance process of a complex CH asset 
such as the Sacri Monti. Moreover, the MDM framework is 
focused on data quality and information consistency, which are 
the main requirements for establishing the Master Data Record. 
The possibility of using, according to the need, a double editing 
tool, the web interface and the MS Excel add-in is a significant 
feature that eases the operators’ use, relying on widespread and 
stable software. Moreover, MDS eases data exporting and 
integration with other platforms, ensuring the interoperability of 
data and its structure. Finally, the MDM framework embeds 
auditing and logging practices that make the data resilient and 
prevent unwanted losses and alterations, a key feature of the 
archival perspective of the information concerning the conditions 
of the common architectural heritage. 
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