CEUR-WS.org/Vol-4113/paper4d.pdf

CEUR
E Workshop
Proceedings

published 2025-11-30

A Standards-Based Approach to BIM-GIS Integration:
Extending the Multi-Model Container Schema

Judith Krischler™*!, Sebastian Schilling®!, Jakob Taraben®, Maximilian Sternal',
Christian Koch! and Christian Clemen?®

'Bauhaus-Universitit Weimar, Chair of Intelligent Technical Design, Coudraystrafie 13A, 99423 Weimar, Germany
’Dresden University of Applied Sciences, Chair of Surveying and BIM, Friedrich-List-Platz 1, 01069 Dresden, Germany
7 Technische Universitit Berlin, Chair of Computing in Civil Engineering, Gustav-Meyer-Allee 25, 13355 Berlin, Germany

Abstract

The integration of Building Information Modeling (BIM) and Geographic Information System (GIS) remains
a significant challenge in the Architecture, Engineering and Construction (AEC) industry. Container-based
methods for linked data exchange in the construction domain, such as the Information Container for Linked
Document Delivery (ICDD) and the Multi-Model-Container (MMC) standards, might support the BIM and GIS
integration process. To address the specific challenges posed by the integration of BIM and GIS, it is necessary
to connect geodata in a context-sensitive manner to satisfy distinct requirements. This paper presents four
different link types in order to create more meaningful connections between datasets: geospatial, geometrical,
topological, and mereological links. It furthermore proposes an extension to the MMC schema, a standard
defined by the German standard DIN 18290-1, to improve interoperability between the BIM and GIS domains.
The MMC facilitates modular and structured data exchange by linking heterogeneous models while preserving
their independence. However, its limitations in semantic linking and BIM-GIS domain relationships require
further development. To address these challenges, the proposed schema extension includes methods for defining
geometric transformation parameters, geospatial relationships, and part-whole associations. The practicality and
applicability of the proposed extensions are illustrated through use cases that involve the integration of diverse
datasets such as cadastral, surveying, and environmental noise data with building models.
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1. Introduction

In the construction industry, numerous federated application models from architecture, construction,
and facility management are tendered, ordered, created, checked, and jointly analyzed using the Building
Information Modeling (BIM) method. With Geographic Information System (GIS), various models such
as cadastres, terrain models, city models, land management models, traffic infrastructure, pipelines,
environmental data, or demographic data are acquired, managed, analyzed, and presented in geospatial
data management. The integration of both domains allows for a more comprehensive understanding
of projects within their broader geographical context, enabling better decision-making and improved
digital efficiency throughout the project lifecycle and asset management. However, to successfully
make use of their joint merits to solve complex tasks and problems in the construction industry, urban
planning, or disaster management, their heterogeneous, domain-specific data needs to be contextualised.

There are well-established software systems and expert knowledge for this type of heterogeneous
collaboration [1]. However, there are still significant challenges, such as data compatibility and interop-
erability issues, differences in scope and level of detail, lack of agreement on appropriate schemas and
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formats, problems in storing large amounts of information and software dependencies. Overcoming
these challenges is critical to realising the benefits of BIM-GIS integration and reaping the benefits it
offers.

The use of linked BIM-GIS data, as opposed to repeated conversions between differing data schemas,
may help to reduce manual effort and data redundancy, while supporting a more consistent con-
textualization of the originary data from both worlds. This paper applies the German DIN 18290-1
(Multi-Model-Container (MMC)) as a linking framework to persist and formalize the results of cross-
model computations. These include geospatial, geometrical, topological and mereological relationships.
The resulting link model could be exchanged and interpreted by different software systems. The authors
assume that platforms like Common Data Environment (CDE), BIM coordination tools, BIM model
checker, or 3D-Web-GIS could make effective use of a standardized approach to semantically-rich and
use case-specific link models.

2. Related Work

This section highlights some of the notable works related to BIM-GIS interoperability, and then focuses
on related research and standards, addressing the concept of container-based exchange in general.

2.1. BIM-GIS cross-domain information continuity

The Open Geospatial Consortium (OGC), buildingSMART International (bSI) and the International
Organization for Standardization (ISO) address the interoperability as a subject of geometric-semantic
information models, which are jointly used by the Architecture, Engineering and Construction (AEC)
and geospatial domains. These organisations often use the technically misleading, but however common,
term BIM-GIS interoperability. Strictly speaking, the method BIM would be more in line with the term
geospatial information management (GIM), and the GIS tools would be more in line with Computer-
Aided Design (CAD)/BIM authoring systems and BIM coordination software [2].

The OGC and bSI strategic roadmap for enabling information continuity across BIM-GIS domains [3]
postulate the necessity for a BIM-GIS-framework as a linked-data-system. In addition, ISO identifies
several interoperability barriers in a comprehensive technical report on BIM-GIS standardization [4].
This technical report also suggests standardizing link models for future BIM-GIS integration. It is worth
noting that the problem categories identified by these Non-Governmental Organizations (NGOs) have a
strong influence on the research presented in this paper - particularly on the selection of the four link
type categories in section 4: Geospatial, Geometric, Topological and Mereological.

Numerous academic meta-studies cover BIM-GIS interoperability, but each from a very different
perspective: Some distinguish BIM and GIS in terms of model intention, user type, use cases, software,
semantic and geometric representation, and spatial scale, highlighting interoperability challenges at
data level, process level, and application level [5]. Focusing more on integration, Beck et al. [6] identify
four integration types: conversion, extension, linking, and merging, each with distinct challenges. Some
authors analyze BIM and GIS integration in specific contexts, such as sustainability [7], emphasizing
the need for common semantics for integration platforms.

The EuroSDR GeoBIM study [8] investigates the exchange between City Geography Markup Language
(CityGML) and Industry Foundation Classes (IFC) across various European countries. The research
initiative of Noardo et al. [9] outlines challenges in georeferencing BIM models in IFC format and their
conversion to CityGML. Understanding the practical problems described in the EuroSDR GeoBIM study,
many authors recommend using linking methods. For example Garramone et al. [10] identify three
hierarchical modes: BIM leads and GIS supports, GIS leads and supports BIM, and equal involvement of
both systems. The approach presented in this paper, Sections 4 and 5, considers all application models
to be equal, hence, not having a superior application model.

In addition to the many current academic approaches based on ontologies and the semantic-web
technology stack [11, 12, 13], many authors, e.g. Djuedja et al. [14] and Herle et al. [2], also emphasize
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that the BIM-GIS integration with linking must somehow be standardized and identify standardization
as a key success factor for BIM-GIS interoperability.

2.2. Container-based exchange

Standards for container-based information exchange, such as the German DIN 18290 (MMC), as well as
ISO 21597 (Information Container for Linked Document Delivery (ICDD)), define frameworks to ensure
structured and interoperable data exchange across various phases of a project lifecycle. These containers
serve as digital vessels for organizing, storing, and transmitting information in a way that enhances
collaboration and minimizes miscommunication. There are several core ideas for a container-based
exchange, however, Esser and Borrmann [15] argue that container-based information management
according to ISO 19650-1 [16] is insufficient for complex infrastructure projects due to a lack of linking
capabilities. Information containers enable the assembly of heterogeneous information in a use-case-
specific and modular way, allowing the included data to remain within their original structure. Links, or
better link instances, between the resource documents create context among them - however, depending
on the inflicted knowledge of the expert assembling it. Over the years, several projects have focused on
container-based data exchange in the construction and infrastructure sectors. Among these initiatives,
two stand out as particularly significant: the German MEFISTO project and the Dutch COINS project.
The seminal MEFISTO project introduced the MMC approach, which provides a mechanism for de-
scribing and managing distributed, yet interrelated application models through ID-based links [17].
This XML-based container serves as a logical envelope, enabling the handling of various data types as
a single information resource. MEFISTO led to the development of DIN 18290-1 [18], which will be
explained further in subsection 2.3.

The Dutch COINS project has gained prominence as an open standard that provides a flexible data
exchange format for BIM which annotates data utilizing an OWL-based ontology [19]. Its documen-
tation specifically addresses the integration of IFC for BIM and CityGML for GIS, as it incorporates
both detailed building information and a broader geographical context by employing a sophisticated
approach to data linking, distinguishing between two primary concepts: ‘model links” and ’deep links’.
Model links refer to connections between entire models or datasets, whereas deep links allow for more
granular connections between specific parts or subparts of models. This hierarchical linking structure
enables a more nuanced and flexible representation of relationships between different elements in a
project.

The findings from both projects, MEFISTO and COINS, were later incorporated into the development
of the ICDD [20, 21]. The ICDD, an Resource Description Framework (RDF)-based schema, has further
developed the COINS approach and uses container and link ontologies to describe the container structure
and the semantic relationships and links between the so-called payload documents. Krischler et al. [22]
contextualized diverse data from both the GIS and BIM domain by using geospatial and topological
relationships and eventually aggregating the contextualized data within an ICDD in an open source
framework. The authors found that ICDD in its current form carries implicit (user) knowledge about the
result of a linking process but not necessarily about the nature of its context (e.g. the aforementioned
geospatial or topological relationships). Furthermore, Hagedorn et al. [23] recommend to develop
agreements on how to further structure and identify elements (from, among others, the GIS domain) to
enhance link interpretation in different systems.

2.3. The Multi-Model-Container (MMC)

Generic MMC link and store application models and files from various domains that contain semantically
equivalent information in order to serialize and exchange knowledge [24, 25]. Despite differences in
format, these alternative representations maintain the same underlying meaning and relationships
within the model. Originally, they are completely domain independent, but there are also specific MMC
for the BIM domain. They are standardized in the German DIN 18290-1: "Linked BIM data exchange of
building information models with further specialist models - Part 1: Linked data exchange of several
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MultiModel J MultiModel LinkModel J LinkModel
+ uuid: String + formatVersion: String = "2.1.0"
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+ formatVersion: String + type: String 07
1--1 + category: String R;'te
DataRecource + type: String
+ id: String 0.1 + value: String
+ location: anyURI + modelld: String

Figure 1: Classes for describing models/documents and links in the MMC according to DIN 18290-1 (adapted)

specialist models in Building Information Modeling (multi-model container)" [18]. The standard defines
the requirements and a generic structure for linking Building Information Models (e.g. IFC) with other
application models. The main concepts of DIN 18290-1 are application models from diverse application
domains and link models, enabling a representation of relationships between different elements in a
construction project.

Each MMC consists of at least two models and/or documents from different domains and two
documents that can be described in Extensible Markup Language (XML). The standard provides XML
schemas for the multi-model and link-model parts together with optional metadata (Figure 1). The
multi-model file contains a XML-based content description of all the domain models and their documents
stored in the container using metadata. The link model file contains all the id-based links in the container.
Links can be general, if they are between models or documents, or they can be more detailed, if they
are between uniquely identifiable elements of models or documents. Additional information about the
exchange can be added as metadata using the generic attributes @key and @value. Some required
attributes are defined in the standard. For example, IFC models require a "fileFormat" attribute with one
of the predefined values.

The containers enable software to exchange internally defined links between elements of different
models. The MMC is exchanged as a ZIP archive with the extension ".mmc". Parts 2 to 4 of DIN 18290
define specialized MMCs for the exchange for bill of quantities, cost determinations and accounting.

3. Problem Statement

In comparison, both standards, ICDD and MMC, have individual advantages and disadvantages, even
though they were designed to serve similar purposes.

ICDD strongly supports linked data principles by making use of ontologies and related technologies
(e.g. RDF, Uniform Resource Identifiers (URIs)) and is therefore well-suited for complex and data-rich
exchange scenarios. However, the hurdles for an industry adoption are high due to the complexity of
the standard and the necessity for an in-depth understanding of the mechanisms and principles used
within. Industry adoption and tool support outside the research area is very limited and the profitability
of applying the ICDD also to small projects appears questionable, as it adds unnecessary intricacy and
overhead.
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On the other hand, the MMC standard in its current form has only limited semantic linking capabilities,
making it less effective than ICDD for creating detailed relationships between datasets. However, the
MMCs simpler structure makes it easier to understand and implement as it relies only on XML as a
technology. Most software can read these XML structures. Parts 2 to 4 of DIN 18290 have been adopted
by several German industry tools [26, 27] to allow linked exchange of detailed cost data with BIM
models, for example, in the process of contracting or accounting.

The challenge of linking heterogeneous files, particularly when one or more files lack indexed data
or unique identifiers, presents a significant obstacle in data integration and interoperability. This issue
is especially prevalent when attempting to connect diverse data sources such as point clouds, gepsptaial
raster data, and BIM models.

Furthermore, not only does the absence of identifiers prevent linking, but often the models have a
completely disjoint universe of discourse, so there are no equivalent real-world objects to link at all.

The absence of both, linkable equivalent objects and indices, necessitates the use of alternative
linking methods based on coincident characteristics of the data. For a BIM- and GIS- interoperability,
these coincident characteristics may be categorized as being geospatial, geometrical, topological or
mereological.

This paper proposes an extension of the MMC standard that allows to create more diverse, meaningful
links between BIM- and GIS-specific input data, while maintaining application simplicity. Four link types
as an extension to the current MMC schema are proposed and their utilization in different scenarios is
presented.

4. An MMC-Schema Extension for BIM-GIS Exchange

Initially, this section explains the general concepts and constraints within the MMC schema, which
relate to the implementation of all proposed link types. In the subsequent subsections, the link types
are explained in detail, as well as their implemention within the MMC schema.

The MMC schema in its current form allows two types of linking: linking between clearly identifiable
(and therefore indexed) elements and linking to an application model as a whole [18]. The following
link types are intended to minimize the gap described in section 3 and to extend the linking possibilities
within the MMC schema:

+ Geospatial Link: Providing meta-data and transformation parameters for georeferencing appli-
cation models, given in an arbitrary coordinate reference system.

+ Geometrical Link: Mechanisms for filtering only subspaces of an application model, e.g. bound-
ing boxes (BBox) and footprints.

» Topological Link: Mechanisms for capturing topological cross-model relationships between
geospatial entities, such as touches or overlaps.

« Mereological Link: Mechanisms for capturing part-whole cross-model relationships.

4.1. Geospatial Links

The extended multi-model container should support the transfer of geometrical discipline-specific
application models, such as 3D building models, 2D floor plans, 2.5D terrain models, 3D city models, 3D
point clouds, and the BIM Collaboration Format (BCF). These models can originate in diverse 2D/3D
geodetic coordinate reference systems or local cartesian systems. The software reading the multi-model
container should extract the geometric transformation parameters and metadata needed to position
these application models correctly in a common coordinate system.

Georeferencing is a quite complex topic, so some constraints are defined, to maintain simplicity in
the BIM-GIS-MMC (Figure 2):

« Geospatial_MultiModel:wktCrs is the only (singleton) and most outer Coordinate Reference
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Geospatial Link
Extension

MultiModel Link Relatum
Extelnds Extends Extends
1 1
Geospatial_MultiModel Geospatial_Link Geospatial_Relatum
id = "mmc" (static)
+ wktCrs: String + type: Link_Type_Geospatial + type: Relatum_Type_Geospatial
+ outerPose:Pose + innerPose:Pose
id = modelld
+ wktOperation:String + innerPoseld:String

+ wktCrs:String

<<enumeration>> Pose <<enumeration>>
Link_Type_Geospatial Relatum_Type_Geospatial
useMmcWktCrs + origin: double[3] = 0,0,0 directPosition
useRelatumWktCrs + x-axis: double[3] = 1,0,0 innerPose
pose + z-axis: double[3] = 0,0,1 innerPoseld
geodeticOperation + scale: double[3] = 1,1,1 wktCrs

Figure 2: Concepts for georeferencing of multiple linked application models in an BIM-GIS multi-model container

System (CRS) for this MMC, which is parameterized as an OGC Well-Known Text (WKT)', avoiding
ambiguous string representations of EPSG-Codes, proj-Strings or software specific schemas.
« An ApplicationModel (Figure 1) must not use multiple geospatial CRSs.

« ApplicationModels (Figure 1), including geospatial data, are stored as a file, hence, the BIM-
GIS-MMC must not contain any URLSs to dynamic geospatial web services.

+ In contrast to normal MMC-links, Geospatial_Link must have exactly two Relatums: A static
modellD ="mmc” and an modelID indicating the related ApplicationModel instance.

The schema allows for some variants to address possible application model heterogeneity:

+ The coordinate operation from the ApplicationModel’s to the MultiModel’s CRS is stored in
Geospatial_Link, either as:

— outerPose, parameterized as a simple rigid body transformation providing origin, cartesian
axis, and scales (aka. coordinate base in the MMC-CRS) xor

— operationwWktCrs, parameterized as geodetic operation, that may include a well geodetic
defined datum transformation and map projection xor

— uses Link_Type_Geospatial to indicate that the related application model either has the
useMmcCrs or useRelatumCrs.

+ The geometric origin of the related ApplicationModel model can either be

assumed implicitly to be 0,0,0 for the whole document (default) as directPosition xor

be specifed as innerPose such like an project coordinate offset xor

be specified as deep linked using innerPoseId (such as IfcSite, IfcSpatialElement, IfcGeo-
metricRepresentationContext, IfcProjectedCRS) xor

be specified as a geospatial wktCrs String.

4.2. Geometrical Links

While modeling in BIM involves comparatively simple and structured geometric objects (e.g., compo-
nents of a building), GIS data may involve much larger datasets if rasters or point clouds are used. 3D

1http://WWW.opengis.net/doc/is/wkt—Crs/2.0.6
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point clouds (raster for 2D data) are described by a much larger number of points than abstracted CAD
data and are not structured by component IDs. The linking of a subset of such a data set is therefore
not possible based on IDs. To avoid structuring within the data, links to subsets of a point cloud are
expressed by boundaries that are defined within a link. A processing application has to interpret these
boundaries and be able to process the point cloud data in a corresponding way. This prevents data
redundancy on the container side because the original data is kept without modification. Additionally,
a targeted structure for the required subsets of large point cloud data is created.
The definition of a boundary in a link contains three elements (Figure 4a):

« wkt is a valid WKT string for a geometry of type POLYGON or of type MULTIPOLYGON that
defines the boundary footprint.

« min is a float number that defines the minimum height value of the boundary which would
be in z-direction according to the common practice. This value is optional in the boundary
definition.

« max is the corresponding maximum height of the boundary and is also an optional attribute.

If no values for min and/or max are defined, the upper or lower limit of the boundary remains open.
The 3D geometry is built from the extrusion of the WKT string from and to these limits as shown in
Figure 3. Thus, it is possible to reference to 2D map elements as well as 3D model objects. Limitations
of this method occur when representing concave 3D objects or objects with openings because of the
less accurate approximation of the object surface as known from the convex hull of such objects.

a b

Figure 3: Process of linking a region, e.g. a cadastral area, represented by a polygon from a wkt string and a
point cloud of a building (a). The extrusion from the min and max parameters (blue, b) enables the selection of a
point cloud subset (red, c).

4.3. Topological Links

While geometric transformations between different data models often prove challenging due to diverse
digital representations, topology offers a more reliable foundation. The concept relies on analyzing
three key components of geometric elements: interior (points within), boundary (edge points), and
exterior (points outside). This forms the basis for describing geospatial relationships between geometric
objects, independent of their specific model representations.

The dimensionality of the linked elements plays a crucial role in determining valid topological
relationships:

« 0D elements (points): Building nodes, survey points

+ 1D elements (lines): Utility networks, boundaries

+ 2D elements (surfaces): Building footprints, land parcels

+ 3D elements (volumes): Building bodies, underground structures

Topological links effectively express neighboring relationships between BIM and GIS models without
requiring geometric transformations. Standards like Building Topology Ontology (BOT) and IndoorGML
already provide frameworks for graph-like relationships but need connections to external data sources.
The presented extended container-based multi-model approach focuses on maintaining relationships
between elements through the Topological Link (Figure 4b), which has two essential properties:
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+ predicate: Defines the type of geospatial relationship (e.g., contains, within, overlaps)
« from: A string attribute to identify the source element

To describe a topological link, the Dimensionally Extended 9-Intersection Model (DE-9IM) predicates
are implemented in the proposed schema extensions as adjacency relationships (Figure 4b). The
predicates consider both the dimensionality of the elements and their interior-boundary-exterior
relationships, enabling a precise description of geospatial relationships between elements of different
dimensions and domains.

Example use cases demonstrating dimensional relationships include:

« 3D-2D: Linking a building volume (BIM) to its corresponding land parcel (GIS)

+ 3D-3D: Connecting building components to underground infrastructure

+ 2D-1D: Relating building footprints to utility networks

+ 3D-1D: Establishing relationships between building volumes and transportation networks

The dimensionally-aware approach using DE-9IM predicates provides a standardized way to describe
geospatial relationships between elements of any dimension, enabling robust cross-domain integration
without complex geometric transformations.

Geometrical Link Topological Link . Mereological Link
Extension Extension <<enumeration>> Extension
DE-9IM_Predicates
equals
Link i disjoint Link -
Link ) <<enumeration>>
intersects Mereological_Relation
Extend touch partof
xtends ouches
Extends Extends hasPart
contains
Geometrical_Link thi coincidesPartiallyWith
I . within Mereological_Link
. Topological_Link —
+ wkt: String pological_ I coincides
: - DE- : overlaps + relationType: Mereological_Relation
+ min: float + predicate: DE-9IM_Predicates
e covers + from: String
+ max: float *+ from: String
crosses
(a) Geometrical (b) Topological (c) Mereological

Figure 4: Three of out four proposed link type extensions

4.4. Mereological Links

The mereological link (Figure 4c) describes a part-whole relationship between two instances or models.
When linking BIM and GIS data, direct geometric or semantic equivalence is often difficult to establish,
particularly due to differences in data models, varying levels of detail, or incomplete datasets. A
mereological link enables the association of subparts of a dataset (e.g., a segment of a point cloud) with
corresponding objects in a building model. This approach allows for meaningful connections even in the
absence of semantic alignment regarding object types, differences in data granularity, or inconsistencies
in geometric completeness and geospatial alignment between data sources. A mereological link can
also serve to link differing representations of the same concept to each other, e.g. a detailed 3D building
model to its representation as a cubature in a 3D city model.
The following mereological relation types are proposed:

« partOf describes from the perspective of an instance that it’s part of a whole. E.g. a subset of a
point cloud represents a part of a building component. As this relationship includes a direction
(point cloud segment -> building component), the string attribute £rom needs to be specified.

+ hasPart describes the inverse of partof. E.g. a building component has a part, which is
represented within a subset of a point cloud.
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« coincidesPartiallyWith describes a partial mereological equivalence. E.g. a building model and
a point cloud represent the same building, but some components in one model are absent or differ
in the other, as the building was partly renewed.

« coincides describes a mereological equivalence. E.g. a complete point cloud of a building
component is represented as well by a 3D geometric model component, without having added or
removed parts of it.

5. Use Cases

This chapter describes an exemplary scenario with an as-planned building model (.ifc) as the central
component. In addition to the 3D building model, cadastral data (.dxf) is available for the property, which
contain information about the parcel itself and the neighboring parcels. The neighboring buildings are
freely available in a city model (.gml) with a Level of Detail 2 (LOD2). Furthermore, digital terrain data
(xyz, .obj) and noise maps (.geoJSON) of the nearby traffic routes are included for the surrounding
area. As the scenario considers the construction process over time, point clouds (.xyz) of the site will be
utilized for construction progress monitoring.

5.1. Construction Progress Monitoring using Survey Data and Building Models

This case study will demonstrate the use of geometric links to derive a construction progression state
from an IFC model and a point cloud of a construction site. Some more examples of applications of
geometric links using bounding boxes in the link model were given in subsection 4.2. The process is
divided into the following steps; (1) Both, the IFC model and the point cloud of the construction site, are
georeferenced and thus co-registered. (2) The WKT files for the extruded 2D-Oriented Bounding Box
(OBB) is computed for each building element. The OBB is represented as WKT string along with the
attributes min and max for the minimum and maximum z-coordinate (height) of the building element.
(3) Each building element is related to a link entry in the link model using the computed OBB. (4) The
point cloud is added to all geometric links of the building elements if the bounding box in the link
contains at least a point of the point cloud. The usage of a minimum quantity of point contained by the
OBB allows for more stable results and considers the effects of outliers in the point cloud. The results
of the process steps are shown in Figure 5. The coloured parts of the point cloud are indicating the
assignment to a different building element. Also, it can be observed that not all building elements are
assigned to the point cloud and consequently are not contained in the current construction state of the
building.

Figure 5: Usage of a geometric link for the comparison of as-built and as-planned states comparing an IFC
building model (a) and a point cloud of the construction site (b). The bounding boxes from the linkage according
to building elements and the segmentation of the point cloud (d) lead to the selection of linked, and thus already
built, building elements (c).
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5.2. Building Permission

A building permission is required to build, convert or demolish a building. In order to obtain this
permission, the building owner has to submit documents of the building project, cadastral data and
data of the surrounding environment to the building authority.

This exchange of building models, cadastral data and city models with a MMC is a use case where
different geo links could be used. The following Table 1 shows possible link elements and the type of
link between them:

Table 1
Possible link types and triple examples for the handover of building permissions
Link Type Link Example
topological IfcBuilding - within - parcel77
geospatial Building.ifc - pose - mmc:wktCrs
geospatial Cadastre.xml - pose - mmc:wktCrs

geospatial  City-Model.gml - useMmcwktCrs - mmc:wktCrs

This example shows the use of topological and geographic links in the user scenario of Figure 6. Since
a topological calculation can only be performed with the lowest coordinate dimension of the elements
involved, it is assumed that the higher dimensional elements are broken down to this dimension. For
the shown example, it means that the 2D footprint of the 3D IfcBuilding would be the geometry to
calculate the topological link to a 2D parcel. Table 1 shows some possible links between the example
data.

Another option is to geospatially link the cadastral data and the city model to the IFC building model.
In this case, the global coordinate system of the MMC was specified as ETRS89 UTM 32N (EPSG:4647).

The IFC file has a georeferenced IfcSite that contains a project base point with geographic coordinates
in latitude and longitude in the WGS84 coordinate reference system (EPSG: 4326). The cadastral
coordinates use the ETRS89 coordinate reference system with UTM 32N (EPSG: 25832) coordinates, but
the easting coordinates are truncated by the zone. The city model is already in the container CRS. This
means that the city model can use the CRS of the MMC (Table 1, last row). The geospatial link elements,
except for the city model link, need a pose to transform them into the MMC coordinate system.

5.3. Environmental Noise Assessment

In the Federal Immission Control Act (BImschG), German legislation lays down regulations for the
prevention, avoidance and reduction of environmental noise. Noise maps must be drawn up for so-called
main sources of noise (roads, railway lines, airports, etc.) in accordance with the requirements set out
in §4 34.BimSchV [28]. The railway infrastructure companies (e.g. Deutsche Bahn AG) are responsible
to submit the noise maps of the railway infrastructure to the supreme state authority. The result must
be digitally processable as well as geo-referenced as a graphical representation and present all relevant
analysis results and explanations in a coherent manner. A noise map contains the representation of
the isophones and the noise sources, but also information of non-graphical nature (tables, textual
descriptions) as well as calculations of the sound volume. Detailed geographical data in the form of
digital terrain models are required for the calculations of noise levels. Measures to protect against
environmental noise can be planned on the basis of the noise maps and accompanying expert reports -
for example in the form of noise protection walls.

Various resources are included for the exemplary implementation of the use case described above:
The georeferenced noise map in the form of isophones (.geoJSON), a three-dimensional city model (.gml),
the georeferenced building model (.ifc), a georeferenced digital terrain model (.obj) and an exemplary
noise report (.pdf).

Figure 6 shows a coordination of the mentioned (visualizable) application models.
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Figure 6: Coordination Model including an IFC building model, cadastre data, a 3D city model and isophones
for noise assessment

The spatial localisation of some resources enables both topological and geospatial linking. Further-
more, a mereological link can be derived between the IfcBuilding with its representation in CityGML,
as well as between the Isophones and their dedicated noise report, which describes the same matter in
textural form. Table 2 shows link example using the aforementioned link types with their respective
values.

Table 2
Possible link types and triple examples for the assessment of environmental noise
Link Type Link Example
geospatial Building.ifc - pose - mmc.wktCrs
geospatial Digital Elevation Model - useMmcWktCrs - mmc:wktCrs
topological IfcSite - intersects - Isophone
mereological Isophone - coincides - Noise report

6. Discussion and Conclusion

This paper presented and evaluated four distinct link types—geospatial, geometrical, topological, and
mereological links—for the meaningful integration of heterogeneous BIM and GIS data. To support
these linking concepts, the existing MMC schema was extended accordingly, and its integration into the
MMC standard was successfully demonstrated. The practical application of the extended schema was
then illustrated through selected use cases addressing key BIM-GIS interoperability challenges, such as
construction progress monitoring, building permission processes, and environmental noise assessment,
all leveraging open data formats. The results of these case studies confirmed that the proposed link
types effectively meet the specific requirements for heterogeneous data integration across both domains.

The use cases highlighted the versatility of the proposed approach by demonstrating various exchange
scenarios that utilized all introduced link types. The MMC schema was chosen for its lightweight
structure and ease of implementation, making it a practical choice for industry adoption. However,
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the demonstration of the link concepts using a MMC does not limit their applicability to the MMC
schema. The approaches represent possible extensions to other frameworks, such as the ICDD or similar
solutions, if not already contained partially. Moreover, these linking principles could contribute to
future standardization efforts in BIM-GIS interoperability, particularly those emphasizing linking-based
approaches over conversion-based methods, as recommended in recent literature.

A key advantage of the presented approach is that link interpretation remains within the original
authoring software rather than being solely dependent on the interpretation capabilities of the target
software. This ensures that link structures can be accurately replicated across different platforms,
improving data consistency and usability. By embedding explicit linking criteria within the schema,
this approach helps eliminate redundant efforts in contextualizing data across various use cases. Instead
of merely storing the results of a linking decision, the schema also preserves the motives behind the
decision-making process, thus enhancing transparency, reusability, and automation.

The different link types proposed in this work offer specific advantages and constraints depending
on the data context:

+ Geospatial links enable the use of geographic location itself as a link between objects and
components, making them essential for GIS data contextualization. However, they require both
application models to be referenced in a common CRS, which is often not the case when dealing
with BIM models or non-geospatial data such as documents or tables.

« Geometrical links uses auxiliary geometries, such as 2D footprints or 3D bounding boxes,
to create relationships between elements which can not be indexed or do not hold sufficient
semantics for semantic link discovery (as described e.g. by Willenbacher [29, 30]). This procedure
also reduces the amount of links created (e.g. between a building component and their associated
point cloud segments). However, the processing software must be able to interpret the WKT
string which defines the boundary footprint and its extrusion parameters.

« Topological links make use of the established DE-9IM predicates and consider the dimensionality
of the linked elements as it is very common in BIM and GIS-specific exchange scenarios to
encounter datasets of varying dimensionality. However, adjacency relationships still depend on
accurate geospatial placement.

+ Mereological links allow for higher-level abstraction, enabling the association of different
representations of the same building as well as linking incomplete or partial datasets. The
creation of such relationships might profit from the usage of knowledge graphs, as they can help
gain information about part-whole-relationships as well as e.g. sameAs predicates [31].

Future research should consider the entire linking workflow and explore the development of an
open-source framework to support the process end-to-end. This would include automated link discovery,
as described in recent research, as well as the linking process itself, its integration into suitable schemas,
and the subsequent analysis of contextualized data by end users. Furthermore, investigating the adoption
of Al-driven link prediction and machine learning techniques for automated semantic linking could
significantly enhance efficiency and scalability in real-world applications.
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