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Abstract Information technology touches all the main activities that orbit Cultural
Heritage, including management, communication, monitoring and conservation. In
particular, advanced digital tools can help the process of preservation, fostering a
participatory process connecting diverse experts with various skills and educational
backgrounds, and empowering the maintenance activities. The practical example
of this statement is its application to the Sacri Monti site. Thanks to its inclusion
on the UNESCO World Heritage list, the needs of the site are highlighted in the
Periodic Report, a tool useful for monitoring the existing condition of the site. The
research presented here attempts to develop a solution for the conservation issue,
using advanced technology as a tool formanaging the safeguarding activities, creating
aproduct that actively involves users and stakeholders, contributing to the valorisation
process.
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1 Introduction

The valorisation of Cultural Heritage is an entire process within a structured and
territorial vision. The strategic lines dealing with the conservation and preservation
of buildings are several. The site is one of the main actions that help this process,
and it should be the result of an interdisciplinary vision that connects public insti-
tutions, various experts and local communities (Laing 2018). In this framework, the
first obstacle to overcome is the communication between many actors, and the use
of advanced digital technologies allows for better management of the information
at every stage of the project (Della Torre 2014). In order to overcome this issue,
valorisation (MiBACT 2019) consists of the activities aimed to promote awareness
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of national heritage, and to ensure the best conditions of use and access to that
heritage by all members of the public, to stimulate cultural development. Improv-
ing the diffusion and the involvement of local communities in heritage awareness
can foster identities, strengthen communities and support business and sustainable
development.

This premise considers valorisation as knowledge awareness and improvement,
and the first step to trigger this kind of process is to collect tangible data and intangible
information about the application field, finding a way to use and combine it in a
sharable and accessible system. Current research in the field of Cultural Heritage
concentrates on the investigation of advanced conservation strategies that also include
the possibility of sharing and use of the relative structured information and 3Dmodels
(Benatti et al. 2014; Apollonio et al. 2017). One of the methods adopted to achieve
this goal is to use a structured web platform (Fassi and Parri 2012). This kind of
online system can handle 3D data models, created to contain and support punctual
information. They simultaneously respond to the need for storing different types of
data (coming fromheterogeneous sources) and sharing information between different
expert users.

2 Sacri Monti Application Field

The research focused on the nine Sacri Monti of Piedmont and Lombardy (Northern
Italy), which are holy paths in a beautiful, isolated landscape (Fig. 1). The chapels and
the church along the route contain artistic scenes (statues, paintings, etc.) that evoke
the theme of the pathway. They have been included in the UNESCOWorld Heritage
list since 2003 (UNESCO 2003). As part of this global institution, they have to
maintain the parameters and criteria1 (UNESCO1972;UNESCO2005) to stay on the
list. The Italian Lex n° 77 of 2006 (and subsequent updates) identifies the UNESCO
sites as points of Italian excellence, representing the country on an international level.
It recognises the management plans required from the organisation as tools to ensure
the conservation and valorisation of the sites, defining intervention priorities and the
implementation methods and the actions for finding public and private resources.
The Sacri Monti circuit is subject to the drafting of a ‘periodic report’, one of the
core conservation monitoring mechanisms of the World Heritage Convention.

Every 6 years, the States Parties are invited to submit to the World Heritage
Committee a Periodic Report on the application of the World Heritage Convention
in their territory.2

The Report (UNESCO 2014) is composed of two sections, in the form of a ques-
tionnaire, compiled by the World Heritage Site Manager (Sect. 2) and the National

1Operational Guidelines for Implementation of the World Heritage Convention.
2Unesco Periodic reporting https://whc.unesco.org.

https://whc.unesco.org
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Fig. 1 The Sacri Monti circuit geolocalisation

Focal Point (Sect. 1 and validating Sect. 2): the first lists the State Party and the insti-
tutions and groups involved in the preparation of the Report; the second provides
information about the primary data of the property and its management.

Thus, the document contains a series of criteria throughwhich to assess the ‘health
status’ of the Sacri Monti and as such, is a good starting point to define the needs of
the site.

The categories represented in the Periodic Report Second Cycle (2012–2015 for
Europe), highlight these main requirements:

• Annual conservation work/action plan.
• Education and awareness programmes.
• Local community and stakeholder engagement.
• Tourism monitoring.

The management needs of the sites required a monitoring programme for improving
the understanding of Outstanding Universal Value3 and knowledge of the areas. The
research activity in progress aims to respond to these needs, contributing to the ful-
filment of the Third Cycle of the Periodic Reporting (2019–2024). In particular, this
chapter focuses on the management system, proposing a structured methodology for
planning and storing conservation activities and supporting interdisciplinary work.

The main steps of the project are outlined below (Tommasi et al. 2019):

• Knowledge phase: Experimentation and integration of different systems and tech-
nologies of the 3D survey for a multi-scale representation (architectural and land-
scape scale);

• Modelling phase: Definition of the workflow from the data (point cloud, bi-
dimensional drawings DWG, etc.) to accurately building the 3D model to support
related information; creation of support for the information collected;

3Outstanding Universal Value (UNESCO 2005, Operational Guidelines) Par. 49. Outstanding uni-
versal value means cultural and/or natural significance, which is so exceptional as to transcend
national boundaries and to be of common importance for present and future generations of all
humanity. As such, the permanent protection of this heritage is of the highest importance to the
international community as a whole. The Committee defines the criteria for the registration of
properties on the World Heritage List.
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Fig. 2 Workflow from survey data to modelling, web sharing access and final visualisation

• Sharing Phase: Methods and modalities for access to and web sharing of the 3D
multi-scale reconstructions and further information from experts with different
skills (Fig. 2).

3 Data Management Through an Online Information
System for Conservation

The first topic addressed is the elaboration of the existing survey data for building 3D
models of chapels used as pilots; in this case, the data inserted came from the Ente
di Gestione dei Sacri Monti4 and the summer school Laboratory of Places 2018 by
the Politecnico di Milano (Achille et al. 2018). Starting with the survey data,5 which

4From 2012, the Regional Lex n° 19/2009, merged the seven Sacri Monti of Piedemont in the Ente
di Gestione dei Sacri Monti, which is a regional management body.
5During the Laboratory of Places 2018 six chapels of Sacro Monte di Domodossola were surveyed,
the data acquired and inserted in theweb system includes: general point cloud of the site coming from
Leica Pegasus Backpack, point cloud coming from Leica C10 TLS, photogrammetric point cloud
obtained from the integration of UAV and terrestrial photogrammetry. The clouds are georeferenced
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consists mostly of bi-dimensional drawings in DWG format and images in RASTER
format, the first step is to build a 3D model, which provides information support.
The choice of BIM technique6 is due to: (i) the increasing implementation of this
process in national and international regulations; (ii) the potential that connecting the
3Dmodel with an entire information system offers; (iii) the object-oriented structure
that supports the building of a semantic model; (iv) the possibility of managing the
whole life cycle of the building.

The criterion for building the model was its description in all the constitutive parts
necessary to support the punctual information about conservation and management.
The Politecnico’s operators and the Ente di Gestione identified the objects to model
and the level of detail needed to ensure correct georeferencing of all the information
required. Therefore, it was necessary to know and select the data before assignment
to themodel. In this case, the information was about roof monitoring, humidity, static
damage, and restoration information regarding the statues.

Once the BIM model is built, it can serve different purposes as it is possible to
export it in many formats. This feature helps the sharing phase to transition from a
BIMmodel that can only be edited byBIMspecialists, into an open system, accessible
to all kinds of specialist. In assessing the 3Dmodel and themonitoring data available,
the primary necessities are: to manage and easily visualise a structured information
database, to share the models and their content between experts with different skills
and backgrounds and to manage conservation activities, enhance the survey data
and the output. The tangible result for these specific needs is the BIM3DSG web
platform7 which allows for:

• Loading, visualisation and use of 3D models inside an ordinary web browser,
selecting the level of detail desired.

• Monitoring the conservation status of Sacri Monti.
• Managing the information system.
• Using the system in portable devices.
• Sharing data among experts with different skill sets and backgrounds.

The benefit of this system is the possibility to shape it according to the needs of
the application field. Thanks to teamwork and the bottom-up approach, the result is
accurate and tailored to the real needs of the chapels. Within the environment, the
three-dimensional objects modelled become categories of real elements, to which
different kinds of information is assigned, according to typology: information that

using the Leica Pegasus Backpack data as reference. Modelling data: the BIM model of Chapels,
georeferenced as point clouds, and divided into all the elements and categories required from
the restorers and workers of Enti Gestione Sacri Monti. Conservation information: structural and
humidity analyses, decay, 2D drawings, photos, and more.
6Themodelswere elaboratedwith the softwareAutodeskRevit, as the software guarantees complete
compatibilitywith theDWGdrawings of theEnte (coming fromAutodeskAutoCAD, same software
house), and a very good management of the point clouds, making the modelling phase much easier.
7The system was developed starting from the prototype BIM3DSG (3DSurvey - Patent Pending
MI2014A002016), an online platform created ad hoc and through the collaboration between the
Politecnico di Milano and the final users/consumers.
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belongs to the objects, information that changes after a 3D model update and infor-
mation that varies according to different time thresholds (Fig. 3).

The first operation is the creation of a structured Database (DB), which represents
‘the skeleton’ of the user interface. Once the fields to be listed were identified, it
was necessary to organise them at an IT level, following the BIM3DSG logic of

Fig. 3 Structure of the admin system: each 3D element is assigned to a category, and each category
has structured information attached. In the lower part, the visualisation of the structure of the
database in the user interface
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structure and relationships between pieces of information8 (Rechichi et al. 2016).
Thus, it was possible to link in a dynamic way the models and the data about the
state of conservation and the interventions on the Chapels. This structure is presented
in PostgreSQL, a ‘free database management system’ developed through PgAdmin
software.

Moreover, the system allows various data to be saved and stored as digital doc-
uments, 3D models, videos, images, etc., and these may be consulted within the
web environment. In particular, each model was attached to the original report in the
format provided (mainly PDF format).

4 Contribution of the Research to the Co-design Process

The Periodic Reporting Questionnaire is the document that ensures the continuity
of the exceptional universal value of the CH, providing information on the measures
adopted, the actions taken and the state of conservation of the cultural heritage. The
previous paragraphs have illustrated the usefulness of having a 3D model to support
the conservation and monitoring activities, but the same technologies could also be
used to increase the awareness of citizens and their active participation in defining
the strategies and methods for the development of the area.

The ‘experimentation’ of cultural resource consumption through the involvement
of creative operators (Fanzini and Rotaru 2015; Fanzini 2017) represents a sector of
undoubted centrality and relevance for improving the quality of cultural consumption
and at the same time triggering a new economy (Della Torre 2015). This formula
implies the transition from a passive cultural fruition model to one in which the user
actively participates, co-producing individual experiences.

Citizens’ involvement is increasingly acknowledged as an important success factor
able to contribute to all phases of the processes connected to the protection of world
cultural heritage, from the initial start-up stages to the subsequent development and
actual implementation. The terms co-design and user-centred design (stressing the
involvement of endusers from the early stages of the process—fuzzy front end), have

8The system’s architecture includes:

– The categories that represent the 3D components division, and refer to classes of real elements;
– The information that is divided into three classes: object info: the data that does not change in

time, version info: the 3D model changes over time, and subversion info: the 3D model does not
change over time, but the information related to it is updated, allowing operations to be traced and
inspections already made or in progress in the buildings, handling their life-cycle and planning
the events over time.

Each class of information has different macro fields, and each macro field has specific “boxes”
inside, defining the name and typology of fields (text, date, multiple choice, and more).

The classes of information are connected to the categories through relationships that relate the
number of the macro field to the number of categories. The structure of the database has a user
interface inside the web browser, e.g. Mozilla firefox.
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been introduced to describe this particular endeavour. The evolution of user involve-
ment models, from the participatory formulas to the real co-design, has changed the
role of professional designers, and also that of the project users, establishing new
creative domains.

As noted by Jannack et al. (2015), the real challenge for the future co-design
environment is to enable communication and collaboration between large numbers
of experienced citizens and professionals, ensuring a more creative, targeted and
secure design process for projects of public interest. In other words, there is a need
for collaborative tools and environments that allow creative professionals to capi-
talise on the ingenuity of crowds, to follow opinions, feelings, values and exploit
widespread intelligence. The Building Information Modelling (BIM) turned out to
be an effective expert instrument in similar cases. The intermediation of informa-
tion exchange from the computer model of the real-life building enables a better
understanding of the planned intervention, opening the design process to different
stakeholders not necessarily familiar with specialised representation conventions. As
part of the proposal, BIM is, therefore, the enabling technology that could be used
to connect different information, from the conscious and compelling expression of
the client’s needs, to the broad and operational sharing of the project, also fostering
the possibility to access and use diffuse data (Fig. 4).

In addition to the responsible use of technologies, special attention is needed for
the configuration of methods and processes for the creative involvement of users. In
other words, computer skills have to be combined with the in-depth knowledge of
collaborative design practices that can specifically involve the original contribution
of users.

Fig. 4 Re-elaboration of the co-design environment (Jannack et al. 2015)
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In this sense, the BIM 3D model could contribute to the realisation of interactive
systems that facilitate public participation by anticipating problems and allowing
creative interaction between experts, local communities and the various stakeholders.

5 Conclusion

In conclusion, the research aims to show how it is possible to build a valid tool for the
conservation and monitoring activities of CH, following national and international
legislation and the specific needs of the application field. In particular, it will broaden
the criteria to build a semantic 3D model that will link a database of information,
specifying the logic and the specifications behind it.

In the same way, it will show how to build a database collaborating with local
institutions and experts, following the real needs of the site. The benefit is that this
kind of tools gives multidisciplinary works and projects a shared environment for
storing and viewing a variety of data. They can help both to implement conservation
activities and be open to the public. The result will help to update a section of the
UNESCO Periodic Report and will contribute to shaping ‘standard’ best practices to
monitor and safeguard all similar case studies.
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