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Abstract

Cultural heritage building information models (HBIMs) incorporate specific geometric and semantic data that are
mandatory for supporting the workflows and decision making during a heritage study. The Industry Foundation
Classes (IFC) open data exchange standard can be used to migrate these data between different software solutions as
an openBIM approach, and has the potential to mitigate data loss. Specific data-exchange scenarios can be supported
by firstly developing an Information Delivery Manual (IDM) and subsequently filtering portions of the IFC schema and
producing a specialized Model View Definition (MVD). This paper showcases the creation of a specialized IDM for the
heritage domain in consultation with experts in the restoration and preservation of built heritage. The IDM was then
translated into a pilot MVD for heritage. We tested our developments on an HBIM case study, where a historic building
was semantically enriched with information about the case study’s conservation plan and then checked against the
specified IDM requirements using the developed MVD. We concluded that the creation of an IDM and then the MVD
for the heritage domain are achievable and will bring us one step closer to BIM standardisation in the field of digitised

cultural buildings.
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Introduction

Benefits of heritage building information modelling

The Building Information Modelling (BIM) methodology
applied to building heritage has generated a significant
catalogue of experiences classified under the title Herit-
age Building Information Modelling (HBIM) [1]. Some
researchers have already highlighted the fact that para-
metric modelling, database formulation and structured
information management through BIM could offer many
benefits to managing a built historic environment in the
operation and maintenance phases, and particularly in
Conservation, Repair and Maintenance (CRM) program-
ming [2—4]. HBIM could also play an important role in
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defining the best retrofit solutions among a set of alter-
natives proposed by research and design participants
as well as other stakeholders [5]. Furthermore, HBIM
could help integrate other criteria, often neglected or
applied in a non-structured way, such as compatibility
with restoration and conservation guidelines, economic
aspects through the whole lifetime, including the energy
efficiency of the end solution, as well as environmental
aspects of the long-term heritage management plan.
Despite advantages, communicating information
through the BIM process for historical architecture and
thus creating HBIM models has proven to be problem-
atic [3, 6]. One of the challenges in HBIM is to provide
appropriate geometrical accuracy. The creation of a
HBIM model for conservation projects requires the col-
lection of available information, interpretation, and the
final modelling of the different structural elements [7].
The HBIM can include the following BIM dimensions: (1)
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analytical survey (3D), including establishing the geomet-
rical model; (2) historical evolution (4D), including an
overall evaluation of the cultural significance of the asset;
(3) diagnosis (5D), including characterization of the state
of knowledge, protection, possible conservation and dis-
semination; (4) cultural context (6D), including environ-
ment and territorial infrastructure; and (5) related assets,
conservation and intervention (7D), including the pro-
gramme for future research, protection and conservation
activities [1].

It is not unusual to capture the different histori-
cal stages of built assets in HBIM with several simul-
taneous models that correspond to each phase so as to
understand and represent the development of the object
under study [8-10]. Furthermore, dating periods as well
as historic information on building materials and his-
torical changes to the building, such as demolitions and
renovations, can be integrated into the model for a bet-
ter understanding and managing of the asset. Lastly, a
damage assessment for conservation practices using
HBIM is often performed too. This can be a part of the
overall analysis and generation of knowledge regard-
ing the building itself. Usually, a considerable amount of
such data is condensed into a conservation plan prepared
by experts in ethnology and history [4, 11-14]. A major
problem within HBIM is the interoperability of heritage
data models. An early call for a unified HBIM library was
made by [7]; however, to date there is no such library.
Attempts to support the HBIM ontology through vari-
ous standards have been made, such as the CIDOC CRM
by [15]. While such a system has major advantages over
using BIM or CIDOC CRM in isolation, the approach
does not natively integrate the heritage information with
the BIM, but keeps the two paradigms as separate entities
that link together. The ideal approach would harmonise
the heritage information with the BIM concept.

Industry foundation classes (IFC)

Interdisciplinary data sharing and the exchange of
information between a diverse set of software tools are
accepted standards in the Architecture, Engineering,
Construction/Facility Management (AEC/FM) indus-
try [16]. Thus, the interoperability of HBIM is of great
importance, since interdisciplinary weighted decisions
are made based on the model created and shared using
BIM tools. Hull and Ewart [2] acknowledged that com-
mon data environments (CDEs), structured datasets,
and the use of naming conventions would offer a signifi-
cant benefit to heritage-asset management. Projects that
involve the creation and management of built environ-
ments are increasing in complexity; the needs of data
sharing and exchange are expanding; and thus BIM tech-
nology has been adopted to address the creation, storage
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and management of information throughout a building’s
lifecycle in an integrated way. However, the data inter-
operability between diverse software tools involved in
managing built environments is traditionally limited to
point-to-point, direct conversions, which turned out to
be a limiting factor in collaborations [17].

When it comes to software, public authorities need to
be vendor-impartial [16]. With heritage, public authori-
ties play a major role in the process, as the conservation
plan is required by the cultural heritage institute. Vendor
lock-in by proprietary software vendors can cause acces-
sibility problems in BIM. This is even more so in fields
where BIM is not one of the core businesses, as is the
case with heritage. The exchange of information between
different actors is complicated, because not all of them
have the resources to use the same software. In these
cases, there is a need for open formats. The price of pro-
prietary software packages that deal with BIM models
can be a barrier to purchasing [18]. Alternative systems
to commercial packages give problems if proprietary data
formats are used. These are often only compatible with
one distributor. OpenBIM copes with these accessibility
issues, as a vendor-neutral and open concept. The IFC
schema is a manifestation of the openBIM concept.

The IFC schema was initiated in 1994 as an open-data-
model standard. It is governed by the buildingSMART
International (bSI) organisation and standardized by the
International Organization for Standardization (ISO).
The most up-to-date version IFC4 ADD2 TC1 is defined
in ISO 16739-1:2018 [19]. The data model is intended
to provide software-agnostic data interoperability in the
AEC/FM industry [20]. It is very common to drop data
into CDE using the IFC schema, which supports data
sharing and exchange between heterogeneous software
tools. bSI [21] reports that over 200 software tools can
import or export IFC files. OpenBIM is widely recog-
nised in the area of heritage as a valuable asset [22-24],
although setbacks exist when it is combined with her-
itage data: the IFC language is not familiar to people
working in these field. Diara and Rinaudo [25] attempt
to overcome this by opting for an extension of the IFC
schema itself in the form of data-extraction methods and
not IFC classes, which do not yet exist. However, as IFC
is a standardised schema, such an approach can be coun-
terproductive and lead to reduced interoperability. A
better approach would stay within the boundaries of the
IFC schema and use existing methods to include heritage
information, for example, property sets.

Information delivery manual (IDM) and model view
definition (MVD)

The IFC schema is implemented in BIM environments
through MVDs, proposed by bSI. As described by, e.g.,
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Jiang et al. [26], this “handshake” protocol MVD defines
a subset of the IFC schema, concept templates and
properties that are needed to satisfy the data-exchange
requirements. The IFC is always exported accord-
ing to one MVD. To exchange the data, the exporting
and importing software need to understand the same
MVDs on the export and import sides, respectively.
This is also the basis for software implementation and
certification.

However, there are different challenges to face when
using MVDs: interoperability between MVDs, the low
level of the understanding of the difference between IFC
and MVD on the user’s side, the implementations of
MVDs in the software tools and the challenges related
to releasing versions of the IFC, for example, updat-
ing each software release for new IFC versions [27, 28].
The IFC2 x 3 schema has four final MVDs: (1) Coordi-
nation View (CV); (2) Space Boundary Addon View; (3)
Basic FM Handover View; and (4) Structural Analysis
View [29]. The two common MVDs based on the IFC4
ADD2 TC1 schema are the Reference View (RV) and the
Design Transfer View (DTV). Apart from RV and DTV,
there are four other official MVDs within the [FC4 ADD2
TC1 schema: (1) Quantity Takeoff View; (2) IFC4Precast;
Energy Analysis View; and (3) Product Library View [27,
29-31].

The idea of MVD as a handshake protocol is only partly
implemented. While it is possible for an organisation to
develop a new MVD, it is not possible for existing soft-
ware implementations to export according to these
MVDs without the developers implementing it first. This
takes time and the responsibility lies with the software
vendors. Exports are currently achieved using the base
MVDs, such as the CV in IFC2 x 3 and the RV/DTV in
IFC4 [27]. However, it is possible to validate the BIM
models exported as IFC files using any valid MVD [32].

The development process of an MVD can be described
by three core steps: establishing an IDM, establishing an
MVD, and implementation [33]. The specification relat-
ing to what business processes and information need to
be included in each MVD is standardised in ISO 29481-
1:2016 [34]. The standard was developed by bSI to have
a methodology that can capture and specify processes
and information flow during the lifecycle of a facility. The
IDM documents the business processes and information
requirements. It also defines for one or more use cases
what data are needed, who will provide the data and who
is requesting it, at which stage of a project this happens
and why it is needed. The Exchange Requirements are the
part of the IDM that show what data are needed for the
use case. Another part is the process map, a visual rep-
resentation of the process. It shows how actors exchange
information during the relevant phases [32, 35].
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While the IDM forms a human-readable predecessor
of the MVD, mvdXML represents the MVD as a com-
puter-interpretable format. MvdXML has multiple pur-
poses, one of which is the support of automatic IFC file
validation [32, 36]. It can be used to define the correct
nomenclature, as well as data types, must-haves, may-
haves and similar rules to prepare a specific BIM pro-
ject for easy data mapping and implementation. Several
researchers have attempted to define valid and functional
mvdXML documents using a variety of software, such as
xPPM and IfcDoc [27, 32]. No matter which path pre-
vails in the future, HBIM-specific interoperability chal-
lenges will need to be addressed. In previous research
we have seen how important the quality of metadata
is for heritage science [37, 38]. Therefore, it is not only
necessary to advance the geometrical accuracy of HBIM
models, but also to agree on the semantic classification
of cultural heritage peculiarities in HBIM models. Thus,
previous research proposed an experimental IFC classifi-
cation implemented within HBIM open-source software
(FreeCAD), whereby the limitations of IFC standards can
be overcome thanks to the freedom of access to libraries
and codes [39].

The conservation plan

The Register Kulturne Dedis¢ine (RKD, eng. Cultural
Heritage Registry) in Slovenia lists 16,207 heritage build-
ings that have some form of protection or restrictions
[40]. In addition, based on national datasets on build-
ings and protected areas, we can deduce that 135,105
buildings are under some form of cultural protection, for
example, protected city views [41, 42]. While there is no
official data available for Europe on this matter, we can
safely say that there are a vast number of buildings under
cultural protection. In the case of renovation, acquiring
approval from a cultural heritage authority is necessary
to start the process.

In Slovenia, a conservation plan is a legal document
based on the Cultural Heritage Protection Act [43]. It
is produced by conservators to provide guidelines on
the renovation or restoration of monuments and herit-
age buildings. The Slovenian conservation plan draws
its roots from the Australian James Semple Kerr’s “The
Conservation Plan’ (first edition 1982) [44]. This book
is still widely used by heritage professionals and had a
great influence on conservation research field in Europe
[45]. This can be seen in other authors taking similar
approaches to conservation documentation, such as [13,
23, 46]. The Slovenian protection act defines the duties
of the conservators, including research oversight and
restoration interventions in heritage, advising owners
on protection procedures, participation in the prepara-
tion of cultural protection conditions and consents for



Oostwegel et al. Heritage Science (2022) 10:10

interventions on immovable heritage and in the prepara-
tion of management plans [47]. A conservation plan typi-
cally consists of images, 2D floor plans and descriptions
of the elements that have some particular importance or
that are vulnerable.

The plan can be divided into three sections: (1) a basic
document dealing with the conservation; (2) a specific
document in the case that the heritage is more com-
plex (the heritage survey); and, if extensive changes are
planned; and (3) a document focusing on the execution
of the conservation/restoration (the conservation/resto-
ration project). The conservation plan deals with under-
standing the object, assessing the significance of the
heritage itself, and the elements inside. It assesses the
vulnerabilities and threatened objects and declares poli-
cies on how to deal with the heritage [43].

The conservation plan is a comprehensive document,
containing mostly textual descriptions of objects [48].
While objects are typically grouped by element type
(floors, windows, doors etc.), the spatial context around
the object is not always self-evident. In the best approach
to the renovation of heritage buildings and restoration
we would integrate the guidelines and the design into a
single common environment. However, with the current
approach, the conservation plan is only read by a small
group of people [49]. This hinders an understanding of
the importance of heritage conservation in buildings. The
entire chain of problems boils down to one common fac-
tor: limited communication.

The inclusion of HBIM in the process reduces these
problems. A spatial context is provided, and data can be
added as semantic information to objects or the complete
project. Conservators are, however, usually neither BIM
nor IFC specialists. So far, there is no MVD that limits
the scope of the IFC for conservators. In addition, to pre-
vent a loss of information that is added to HBIM mod-
els during the process, a data model must be formalised.
This could add to the interoperability between software
when dealing with HBIM models.

Previous research on a similar topic to the conserva-
tion plan includes data models for damage assessment
[13, 46] or other structural or physical properties [50].
Moreover the use of HBIM for stratigraphic analyses has
been researched [9, 51]. Acierno et al. looked at the inter-
actions between actors and HBIM data for the purpose
of heritage conservation [52]. The connection between
standardised heritage ontology and BIM was described
in [15]. The authors expressed the need for a methodol-
ogy that links the IFC and the heritage data model. This
research is not the first with regard to cultural herit-
age proposals for the IFC schema: Diara and Rinaudo
[39] proposed informal additions to the schema using
FreeCAD. Instead of including heritage elements in the
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ISO standard, they proposed the use of data-extraction
methods to exchange the heritage information between
different BIM software.

The use of MVD instead of data-extraction methods for
data exchange was not yet investigated. It has the capa-
bility to be more standardised, automated and to ensure
a higher-quality model. While the focus of Diara and
Rinaudo [39] was on the classification of elements into
‘roles’ fit for heritage (such as Cladding Wall or Retain-
ing Wall for the IfcWall element), the focus of this study
is the standardisation of the information in the conserva-
tion plan into the IFC schema.

Aim of the research

The interoperability and accessibility of HBIM data
should be addressed to increase usability. A formalisation
of the needs for heritage is required to ensure the trans-
parency and traceability of the decisions and actions.
Even given the many advantages of HBIM (see [2-5, 23,
50]), it is understandable that conservators are reluctant
to move to a BIM-enabled workflow: the existing pro-
cesses are well documented and clear, whereas there is no
framework for dealing with Heritage BIM that ensures a
quality of data such that the output is fit for the replace-
ment of a conservation plan [23, 39].

Therefore, this study describes the concept of a new bSI
domain: the heritage domain. In this research the process
of MVD creation was followed to open discussion about
the domain. An IDM is developed to describe a part of
the conservation-and-restoration process. Consequently,
an MVD is extracted from the IDM. Concepts not avail-
able in modern buildings are introduced and evaluated
based on the state-of-the-art data-exchange specifica-
tion format mvdXML. Additionally, a completely new
data model is proposed and mapped to IFC to facilitate
data exchanges in HBIM. The MVD in the context of this
research is by no means meant as a comprehensive defi-
nition for cultural heritage, but rather a showcase about
what is possible and the beginning of a larger process of
IDM/MVD development within heritage domain. This
process should lead to a better quality of data quality in
HBIM.

Methodology

Selecting the case study to create HBIM: Mrak’s homestead
This is explorative research into the use of IDM/MVD
OpenBIM processes for heritage. In such circumstances
the use of a single case study is justified. Multiple use
cases can help to find possible frictions and excep-
tions; however, this is desired in the later stages, where
the use case has proven to be effective. We had access
to a conservation plan and supplementary documenta-
tion for Mrakova domacija (Mrak’s homestead, Fig. 1), a
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Fig. 1 Mrak's Homestead (left) and the entrance portal (right)

residential building built in the seventeenth century that
is in the north-west of Slovenia near Bled and protected
as cultural heritage of local significance. The conser-
vation plan of the case study is taken as a basis for the
research. The focus on Slovenian documentation means
that the applicability of the research is narrow. However,
as with any case when working with cultural heritage it
is necessary to deal with regional regulations; therefore,
the focus is justified. As the Slovenian conservation plan
is largely based on the groundwork of Kerr and draws on
previous attempts at HBIM data models like [13, 46], this
research is still widely applicable.

Today’s homestead is the result of alterations from the
17th to the twentieth century. It reveals the traditional
method of building farmhouses and interior design. It
was identified as architectural heritage because of this
and it will be restored and renovated to serve as an eth-
nological museum, showcasing the lifestyle of Slovenian
farmers in the past. The decision to use it as a demonstra-
tion case was based on the assessment of a conservation
plan that contains all the relevant data, the inclusion of
which we wanted to showcase in our study. Furthermore,
a point cloud was acquired and the basic BIM model was
built for other research purposes. Developing the IDM
and MVD complemented wider research efforts for the
digitalization of this built asset that might help revital-
ize it and use it as a demonstration project for innovative
approaches for heritage protection.

Methodology for evaluating IFC import and export data
quality

This research consists of three parts: (1) development of
the IDM as a predecessor of the Heritage MVD; (2) cre-
ating a Heritage MVD using IfcDoc; and (3) automatic
checking of the IFC model using the newly created MVD.
This is illustrated in Fig. 2.

Developing an IDM for heritage

Creating an IDM that can be used to create an MVD
that is accepted by bSI as an official model is a process
that requires many actors from different countries. The
rules on how to develop an IDM are defined in the ISO
standard 29481:2016 [34]. Currently, this process can be
followed in the Building Energy Modelling (BEM) field,
where actors have made progress to create an IDM.
Another completed IDM can be found on the bSI web-
site for geo-referencing, the Model Setup IDM [53]. In
this research we are not trying to develop an official,
all-encompassing standard for a heritage MVD; rather
we wish to demonstrate a base that is able to show that
a heritage MVD is possible and why it is needed. No
consensus between countries is needed yet and the
MVD developed will be simple. Therefore, we consider
it appropriate not to follow the rules defined in the ISO
standard strictly, but rather to use them as guidelines.
The process on data flows is studied in detail and a data
model is found that describes the relations between ele-
ment classes, attributes and properties.

The IDM is based on the rules of the Slovenian Herit-
age Agency with a single use case: the conservation plan.
The data are derived from various acts found in the Offi-
cial Gazette of Slovenia. The acts together make the regu-
lations on conservation and restoration. Uradni list RS,
st. 66/09 [48] defines the Rules on the Conservation Plan,
which is essentially a template for conservation plans.
Also, the conservation plan of Mrak’s homestead follows
this template. Other relevant documents are [42], which
establishes the various types of heritage, and [43], which
defines policies around the protection of conservation.

Creating an MVD based on an IDM
The constructed IDM is formalised into an MVD appro-
priate for the IFC schema. This is achieved by mapping



Oostwegel et al. Heritage Science (2022) 10:10

Page 6 of 14

Acts in the Official
Gazette of Slovenia
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Fig. 2 Conceptual model
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- Automated IFC model
checking according to
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Fig. 3 Point cloud of Mrak’s homestead (left) and BIM model (right)

the extracted data entities stemming from the conser-
vation plan to their appropriate IFC classes. MvdXML
is chosen as an appropriate format to formalize the
MVD. In the mvdXML format, the applicable entities
are defined and the rules set in the data model are cre-
ated using template rules in the mvdXML format. The
baseline is an IFC version that allows the referencing of
existing entities and concept templates. In this research,
IFC4.0.2.1. (IFC4 ADD2 TC1) is used as a baseline.

HBIM model checking

The IFC model of Mrak’s homestead is created and the
data relevant to the conservation plan are added to the
model. The conservation plan’s data are added to the
HBIM model as replacements for the PDF document and

conform to the IDM/MVD. However, deliberate errors
are produced in the IFC file, with the purpose of test-
ing the quality of the MVD for model checking. Conse-
quently, detected and undetected errors are reported.

Data acquisition and resources

A georeferenced point cloud of the entire building was
created using photogrammetry and a geodetic survey.
DSLR cameras we used for the photogrammetry and
the point cloud was built in Autodesk Recap. The point
cloud and survey were used as a reference for creating a
CAD floor plan and the sections. Together with the point
cloud, these were used as the input for building the BIM
model (See Fig. 3). The point cloud and BIM model were
available at the start of this research.
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The HBIM model of Mrak’s homestead was created in
Blender! with the BlenderBIM? add-on. Blender is used
because of its reliability in IFC exports. The add-on uses
the IFC schema to structure the BIM model. Therefore,
there is no data loss expected (in contrast to many other
BIM programs that use a mapping table to map the ele-
ments to the IFC, see [30]). Newer versions of Blender-
BIM (versions after January 2021) work directly with IFC
files, so exports are not needed. The case-study model
was created in an earlier version (v.0.0.201025).

The properties and property sets were added program-
matically using the IfcOpenShell library.® While it is
possible to do this manually in Blender using the Blend-
erBIM add-on, this way was chosen to save time. A map-
ping table was made with the name of each modelled
element, the ifc class and the property values that should
be added. Using a Python script, the values were linked to
the actual elements and added.

The mvdXML was created using IfcDoc* (IFC docu-
mentation generator). This is a tool, created by bSI, that
is able to produce mvdXML, a computer-readable MVD
format that can be used to test IFCs on that MVD. In the
IFC documentation generator it is possible to propose
updates to the IFC schema that can later on be adopted
by the bSI organization as an official new version of the
IFC exporting handshake protocol for different software
environments. The IfcDoc structure is very similar to
any IFC documentation found on the bSI website. The
reason is that IfcDoc is used to produce the documenta-
tion in the first place. The checking involved a small pro-
totype developed by one of the authors that follows the
MYVD structure and reports on the errors identified in the
IFC file. Other methods are available for checking with
mvdXML, e.g., xBIM or mvdXMLChecker [32], but for
the purpose of this research, our method is sufficient.

Results

Developing an IDM for the heritage field

The processes around the renovation and restoration of
cultural heritage in Slovenia have been researched exten-
sively by [49]. A few key area where HBIM could enhance
the renovation/conservation process were defined by
various actors: (1) capturing the current state of herit-
age in BIM using scan-to-BIM (architect); (2) renovation
proposal (architect); (3) guidelines of the conservation
plan (comnservators); (4) automatic checking of guidelines
using MVD (cultural heritage authority); (5) plans of the

! https://www.blender.org/.

% https://blenderbim.org/.

3 https://github.com/IfcOpenShell/IfcOpenShell.
* https://github.com/buildingSMART/IfcDoc.
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renovation project (architect); (6) using 4/5D BIM in con-
struction (contractors); (7) HBIM monitoring for Facil-
ity Management (heritage owner). The current project is
focused on (3) and (4).

The data model can be found in Fig. 4. The project that
is described is that of a conservation plan. This plan con-
tains one or more objects that are defined as cultural her-
itage, and which are described in detail. The objects that
are described (Cultural Heritage Object) refer to architec-
tural heritage, a cultural landscape, urban heritage, or any
other of the heritage types found in the Heritage Type.
In the conservation plan, the general information about
the heritage object is first described. This is information
about the construction period, demolition period, the
cultural significance of the object as well as the vulner-
ability and the risk. The demolition period may need an
extra explanation: investigations of heritage over a long
time period are not rare [11]. Sometimes the entire inves-
tigated site is already demolished or severely damaged
[54], but for an analysis of its former structure, it must be
modelled (see, for example, [55, 56]). This type of analysis
calls for a demolition period attribute. The vulnerability
describes the general threats to an object, such as climate
impact or disasters, while the endangerment describes
the immediate threats to the heritage.

Moving forward in the conservation plan document,
more specific elements inside the object are described:
first, the spatial layout (rooms and areas) and later the
elements that are called physical elements in Fig. 4. These
are the windows, doors, wooden beams, walls. Each room
is detailed separately, with information about the func-
tion and use of the room in different time periods. Areas
are the subdivisions of rooms into smaller parts and are
elaborated in a similar manner. Each physical element is
typically described with a photograph, a textual descrip-
tion (including construction year, description of materi-
als, vulnerabilities and endangerments). Some elements
can be deconstructed into even smaller parts: walls for
example, can be subdivided into multiple surfaces, for
stratigraphic analyses. One part of the wall might be
painted and therefore more valuable than another. The
significance value of each element is not found together
with the description of the element, but expressed in a
floor plan with standardised colour values somewhere
else in the document.

Each element and each surface division can have one
or more material attributes that describe the state of the
material, together with the interventions that are needed
to restore the material. The specialisation of the expert
that is needed to deal with the material is described here,
as well as the region of origin and the age of the material.
Non-physical elements are described in the conservation
plan too, such as the rooms and areas within the rooms.


https://www.blender.org/
https://blenderbim.org/
https://github.com/IfcOpenShell/IfcOpenShell
https://github.com/buildingSMART/IfcDoc
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Fig. 4 Created data model that includes all the relevant data for the conservation plan

Heritage Type SignificanceValue Material MaterialState
Architectural Heritage Disruptive + Description : string
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Archaeology Objects Remarkable |
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Period + Specialisation : string InterventionType
+ Intervention : InterventionType e R
: + . L
+ startDate : date e Peaon Actions : string [1.."]
+ endDate : date [0..1]
Cultural Heritage Object
Conservation plan _ _ + Type of heritage : Heritage Type
+ Description © string + cultural Heritage Object | + Cmstr}jc(ion period : Period
‘f = + Demolished : boolean
+ Demolition period : Period [0..1] G
o + Significance : Overall significance i
*inside | 4 vylnerability : string
01| * Endangerment : string
1
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Physical Element + sidniﬁ cance | + value : SignificanceValue
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+ Room function : string +bound by | + Demolished : boolean i + Description : string
+ Room usage : sting <> + Demolition period : Period [0..1]
+ Period of use : Period | 01 + Vulnerability : string
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+ Significance : Overall significance...
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+subarea | = .
' + element Surface |= Overall significance
Area
- - Element Surface
+ Area function : strning e =
+ Area usage : string + Matenal : CHMatenal o
+ Period of use : Period : 1o

These are described with a function, a use and a period
of use.

The period type is described with a start date and a
possible end date. This is chosen instead of just using a
date to describe the temporal elements in the data model,
for two reasons. Many monuments and heritage build-
ings were not constructed over the course of a single
year, but rather a decade. Churches could take up to a
century to construct. The second reason is that it is often

unknown when assets were constructed or demolished.
In conservation-plan documents this could be described
as ‘the first half of the sixteenth century, or ‘the end of
eighteenth century. These text-wise descriptions are
readable, but become a problem when searching for all
elements from before the seventeenth century, for exam-
ple. In these cases, a fuzzy date (1500-1550, or 1780-
1800 in the examples) is a lot more convenient. As in
some cases the year, or even month/day that something
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is constructed or demolished is known (for example,
because it was demolished during an earthquake that was
recorded), only a starting date needs to be provided.

Creating MVD based on IDM

Now that the data model is defined, it should be con-
verted to comply with IFC standards. Therefore, all the
elements in the data model should be assessed in terms
of which class in the IFC schema they belong to. The con-
servation plan itself is on the same hierarchical level as
the IfcProject class: it is the head of the document. The
Cultural Heritage Object is somewhat more ambiguous:
the objects could be of type Heritage Building, Cultural
Landscape, Urban Heritage (multiple buildings) or Tech-
nical heritage (e.g., a bridge). In IFC4.3 these objects
could be classified in the IfcFacility class [57]. However,
as this class is not yet available in IFC4, we consider the
IfcBuilding class to be the most appropriate. The logic
follows that IfcBuilding is the central hierarchical ele-
ment in the schema, and can be considered not only as
a ‘structure that provides shelter for its occupants or con-
tents and stands in one place’ [21], but also as any ‘built’
element in the built environment.. The Physical Element
is mapped to IfcElement. Rooms and areas are both
mapped to IfcSpatialZone, as they have the same prop-
erties and IfcSpatialZone defines both the rooms and
the smaller zones. The Element Surface is equivalent
to the class IfcSurfaceFeature in the schema. Materi-
als are treated as a separate class in the IFC schema (the
umbrella for all the material types is IfcMaterialDefini-
tion). Therefore, instead of treating material as an attrib-
ute, with CHMaterial as an extension of that attribute,
the material is treated as a class. As such, CHMaterial
becomes a property set. While the Significance is a sepa-
rate class in the data model, there is no such class in the
IFC schema, and therefore its more appropriate use is as
a complex property. The SignificanceValue and the Her-
itageType are both enumerations, a concept that exists in
IFC. The Period data structure does not exist yet: coming
soon are the IfcTimePeriod, which measures the dura-
tion (in 24 h), IfcDuration, which measures the number
of days a task takes, but not when the task starts, and
lastly IfcTaskTime, which among many other attributes
contains a ScheduleStart and a ScheduleFinish attribute,
both of the IfcDateTime type. However, this class would
not correspond to all uses of the Period type in the IDM:
The period of use attribute in the Room and Area classes
and the Material age Material attribute are periods, but
do not relate to tasks.

Adding the properties and property sets
The properties and property sets are the first structure
elements added to the MVD. All possible enumeration
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values that will be referenced by property enumerations
will be added to the PropertyConstants tab (e.g., ARCHI-
TECTURAL HERITAGE, CULTURAL LANDSCAPE,
etc., as well as DISTURBING, SMALL, MEDIUM, etc.).
Consequently, the enumerations are added to the Prop-
erty Enumerations tab and the related PropertyConstants
are referenced.

As can be seen in Table 1, a new domain IfcHeritage-
Domain is created in the Domain-specific schemas-tab
in IfcDoc. In this domain, property sets are created for
applicable entities. Six property sets are added: (1) CHPe-
riod; (2) CHSignificance; (3) CHElement; (4) CHType; (5)
CHSpace; and (6) CHMaterial. The CHPeriod has two
properties: StartDate (IfcDate) and EndDate (IfcDate).
CHSignificance has three properties: SignificanceValue
(SignificanceValueEnum);  SignificanceType (IfcLabel);
and SignificanceDescription (I/fcText). CHElement has
properties: Vulnerability (IfcText), Endangerment (Ifc-
Text), Demolished (IfcBoolean), ConstructionPeriod
(complex property inheriting properties from CHPeriod),
DemolitionPeriod and Significance (a complex prop-
erty inheriting properties from CHSignificance). The
CHElement property set is applicable to IfcElement and
IfcBuilding. The CHType property set only has the Her-
itageType (HeritageTypeEnum) property and is applica-
ble to the IfcBuilding. The CHSpace has the properties:
Function (IfcText), Usage (IfcText), and PeriodOfUse (a
complex property inheriting properties from CHPeriod).
CHSpace is applicable to the IfcSpatialZone entity. Lastly,
CHMaterial is applicable to IfcMaterialDefinition (parent
of IfcMaterial, but also to IfcMaterialConstituent or Ifc-
MaterialLayerSet, etc.). The CHMaterial properties are:
MaterialState (IfcText), Region (IfcText), Specialisation
(IfcLabel), Interventions (list of IfcText), and MaterialAge
(complex property inheriting properties from CHPeriod).

he ‘material association’ template is added to the IfcEle-
ment and IfcSurfaceFeature tables. The IfcElement imple-
ments the ‘Decomposed by’ template and is decomposed
by IfcSurfaceFeature. IfcProject implements the Project
Document Information template.

Creating a new MVD

In the Scope tab, a new view is added on top of those
already existing (CV, DTV, RV and General Usage). The
Heritage View is meant for cultural heritage use cases. As
this research deals with only a single use case, the conser-
vation plan, only one Exchange Definition is added: the
Conservation Plan Exchange. For each previously men-
tioned entity, a table definition is added to the MVD and
rules are added for each entity. The property sets that are
previously described are added with the Property Sets for
Objects template that is found under the ‘Fundamental
concepts and assumptions’ tab. The template for material
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Table 1 Data model translated into property sets, applicable IFC classes, properties and IFC property types
Complex property Applicable propertysets Property Property type
CHPeriod CHElement, CHSpatialZone, CHMaterial StartDate IfcDate
EndDate IfcDate
CHSignificance CHElement, CHSpatialZone SignificanceValue SignificanceValueEnum
SignificanceType IfcLabel
SignificanceDescription [fcText
Propertyset Applicable IFC classes Property Property type
CHElement IfcElement, IfcBuilding Vulnerability IfcText
Endangerment [fcText
Demolished IfcBoolean
ConstructionPeriod CHPeriod
DemolitionPeriod CHPeriod
Significance CHSignificance
CHType IfcBuilding HeritageType HeritageTypeEnum
CHSpatialZone IfcSpatialZone Function IfcText
Usage IfcText
PeriodOfUse CHPeriod
Significance CHSignificance
CHMaterial IfcMaterialDefinition MaterialState IfcText
Region IfcText
Specialisation IfcLabel
Interventions IfcText
MaterialAge CHPeriod

association is also used to link objects with materials;
the Decomposed by is used as an object decomposition
relation and the Document Information template is used
to describe the general project. Using the Export File
function, the mvdXML is created. Manually, some extra
rules are added that were defined before, but were found
impossible to implement in IfcDoc. Examples of such
rules are: if the Demolished property is TRUE, the Demo-
litionPeriod complex property is required, otherwise it is
not. The structure with all the added elements is shown
in Fig. 5.

BIM model and MVD checking
The IFC file is produced according to the data model, as
a replacement for the conservation plan (see Fig. 6). In
this BIM model, the same information is stored; however,
everything is related to the elements in the 3D models.
Properties are added for each element of relevant classes.
The file is produced with deliberate errors. The generated
errors can be found in Table 2. All the errors are caught
by the checker (see Table 3).

With the creation of the mvdXML, we ran into several
expected problems. As a developers’ tool, IfcDoc has
little documentation on how it functions. In addition,

it requires deep knowledge of the IFC Schema to use it
[27, 58]. Firstly, importing a baseline was not straight-
forward. We could import the mvdXML of the baseline
in the program. However, this did not provide the full
schema. Instead, to add the baseline, the IFC4.0.2.1
branch from the BuildingSMART/IFC GitHub reposi-
tory is forked and downloaded. The folder is opened in
IfcDoc, not as a *.IfcDoc file, but as the whole folder.
The creation of template rules for property sets in
IfcDoc does not work at the level we would hope. The
template rule had some shortcomings in remember-
ing the properties inside the property sets. The full
issue (#71) can be found on the IfcDoc GitHub reposi-
tory [59]. The template rules containing properties
were added manually after the MVD export. That way
we were able to add a checker for all the properties,
while still producing a valid mvdXML. Like the single
and enumerated values, complex properties are added
manually too and copied afterwards. One additional
problem with respect to the complex properties was the
absence of the complex properties in the Property Sets
for Objects template of IFC4 ADD2 TC1. The mvdXML
file of RV1.2 did implement complex properties in the
template; therefore, that one was imported and used.
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IfcObiectDefinition
IfcContext
lfcProiect
lfcObiect
lfcProduct
lfcElement
IfcFeatureElement
lfcSurfaceFeature
lfcSpatialElement
IfcSpatial StructureElement lfcSpatialZone
lfcSite
IfcPropertvDefinition
IfcPropertySetDefinition
lfcPropertySet
IfcRelationship
lfcRelAssociates

lfcRelAssociates Document lfcRelAaaregates

lfcRelAssociatesMaterial

Fig. 5 Relevant classes in the Heritage MVD

IfcRelDefinesByProperties

Significance

[ RemarkaBLE
I e+
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MEANINGLESS
[ oiskupTive

Fig. 6 IFC model automatically coloured by IfcSingleProperty
SignificanceValue, that is part of the Significance complex property
in the CHElement propertyset. The RGB values of the colouring are
according to the Slovenian standard [48]

Discussion

The interoperability and accessibility of HBIM data
should be addressed to increase the usability and to
improve the model’s data quality and completeness.
Therefore, the process of MVD development was fol-
lowed. In this research, the conservation/restoration
process was investigated and formalised as an exchange
model between the creator of the guidelines for the con-
servation and the authority that needs to approve the
guidelines, by means of an IDM. A data model was devel-
oped that dealt with the information in the conservation

plan for our case study of Mrak’s homestead. By means of
an MVD, the guidelines’ data model was adjusted to the
IFC schema using IfcDoc. Lastly, the MVD was used to
validate an IFC model of the case study that was created
to conform the guidelines. Nine deliberate errors were
placed in the IFC model to examine the validator. All the
errors were found.

As a result, we demonstrated that the OpenBIM
approach to BIM data quality can be adapted for her-
itage needs. The IFC model can hold the necessary
information in the conservation plan with the use of
predefined property sets. The IDM/MVD workflow can
check the IFC models on the completeness of the data
and the data quality. This opens doors to computer-aided
model checking for conservation plans, which can save
resources. For use on a larger scale, more development is
still needed, with new and larger case studies. For wider
applicability and interoperability, we should use the
CIDOC CRM instead of the Slovenian legislation as basis
for future research. The balance between international
standardisation and support for the local context will be a
crucial component here.

For the effective implementation of a Heritage MVD,
it is also essential that the necessary tools are developed.
Currently, there is no easy-to-use MVD checker soft-
ware available, where someone who is not a developer
can simply drag-and-drop an MVD and an IFC model
and check the model according to the rules in the MVD.
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Table 2 Errors included in the IFC file

IFCClass Element name Property name Error Caught
IfcDoor Door-01 (#15242) Vulnerability Property is missing from property set YES
IfcDoor Door-02 (#11885) Endangerment Property value is missing YES
IfcWindow Historical Window: 600x900-01 (#12112) Demolished Property type is IfcText instead of IfcBoolean YES
[fcWindow Historical Window: 600x900-02 (#14063) Demolished; DemolitionPeriod Demolished is TRUE, but DemolitionPeriod is missing  YES
IfcDoor Portal-01 (#12722) SignificanceValue Value has a typo: IMPORANT instead of IMPORTANT  YES
IfcwWall FF_EXT-01 (#12806) ConstructionPeriod Dates are of IfcText instead of IfcDate YES
[fcWall GF_EXT-01 (#13252) ConstructionPeriod Element has an EndDate, but no StartDate YES
IfcBuilding My Building (#11732) HeritageType Property called Heritage Type instead YES

Table 3 All errors in the IFC file caught by the checker

There are 36 IfcOpeningElement instances. 0.0 percent failed

There are 10 IfcDoor instances. 30.0 percent failed (#15242, #11885,
#12722)

There are 20 IfcColumn instances. 0.0 percent failed

There are 24 IfcWall instances. 8.33 percent failed (#12806, #13,252)
There are 70 IfcBeam instances. 0.0 percent failed

There are 21 IfcWindow instances. 9.52 percent failed (#12112, #14063)
There are 15 IfcSlab instances. 0.0 percent failed

There are 4 IfcStairFlight instances. 0.0 percent failed

There is 1 IfcChimney instance. 0.0 percent failed

There is 1 IfcProject instance. 0.0 percent failed

There is 1 IfcSite instance. 0.0 percent failed

There is 1 IfcBuilding instance. 100.0 percent failed (#11732)

There are 8 IfcBuildingStorey instances. 0.0 percent failed

When such software exists, other use cases of the Herit-
age MVD can be found, such as the automated checking
of a renovation/restoration plan on the conservation plan
using change detection. Such a use case can support bet-
ter decision making in the distribution of building per-
mits for heritage buildings. Using the GUIDs of elements,
all the modified and removed elements in the IFC model
can be found. We can check whether it is permissible to
make these changes to the heritage building.

This research showcased the orchestration of the
different OpenBIM standards in the HBIM domain.
The great potential of the IfcDoc software for the
development of customized MVDs based on differ-
ent IFC schema versions is recognised. Addition-
ally, the machine-readable mvdXML allowed for IFC
model checking using algorithms, rather than manual
checking. This saves a considerable amount of time
during the development of the BIM model. How-
ever, we should be cautious with implementing a fully
automated approach, which can also be prone to mis-
takes. Rather, the automated model checking should be

included as a computer-aided process that is curated
by experts. We see the OpenBIM methods as the best
way forward in the heritage domain, where a continu-
ous improvement of the models could be achieved with
predefined human- as well as machine-readable speci-
fications. Thus, we call for a joint effort by the interna-
tional community and clear governance by bSI in the
heritage BIM domain.
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