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1 Scope

The present document encompasses BIM from the city scale down to building components but is mainly focused on the
buildings scale and related data. This approach remains inside the domain of application of BIM: Building close
environment, Building envelop and indoor components. Infrastructures are not considered here, as they are not covered
by actual BIM standards and overlap with geospatial standards at upper scales. The approach is illustrated through a few
use cases that cover the main multi-scale aspects of BIM. It also gives some guidelines and recommendations to use
NGSI-LD in Buildings context.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.
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Void.
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Void.
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3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AECO Architecture, Engineering, Construction, and Operations
API Application Programming Interface

BBS Building Block System

BIM Building Information Modelling

BMS Building Management System

BOT Building Operation and Technology

CIM Context Information Management

CRS Coordinate Reference System

ECM Energy Concervation Measures

EPA Environmental Protection Agency

FAIR Findable, Accessible, Interoperable, and Reusable
FOG File Ontology for Geometry formats

GLTF GL Transmission Format (a file format for 3D models and scenes)
GML Geography Markup Language

GUID Global Unique Identifier

HVAC Heating, Ventilation, and Air Conditioning

ICT Information Technology

IFC Industry Foundation Classes

loT Internet of Things

JSON JavaScript Object Notation

JSON-LD JavaScript Object Notation for Linked Data
LBD Linked Building Data

LD Linked Data

LOD Level Of Details

NGSI Next Generation Service Interfaces

NGSI-LD Next Generation Service Interface - Linked Data
NIBS National Institute of Building Sciences

OGC Open Geospatial Consortium

OMG Object Management Group

OWL Web Ontology Language

RDF Resource Description Framework

RDFS Resource Description Framework Schema
SAREF Smart Applications REFerence ontology

SOSA Sensor, Observation, Sample, and Actuator (ontology)
SPARQL SPARQL Protocol and RDF Query Language
SRS Spatial Reference System

SSN Semantic Sensor Network

SVG Scalable Vector Graphics

TIN Triangulated Irregular Network

uiD Universal Identifier

URI Uniform Resource Identifier

UuiD Universal Unique Identifier

W3C® World Wide Web Consortium

WNS Web Notification Standard
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4 Background information

Next Generation Service Interface - Linked Data (NGSI-L D) is an open standard for context information management,
which defines a common data model and interface for exchanging context information between different systems and
applications [i.1]. It is an extension of the NGSI standard, which was developed by the FIWARE Foundation, and is
designed to support the integration of Internet of Things (10T) devices and data sources. NGSI-LD uses Linked Data
principles to represent context information as a graph of interconnected entities, where each entity has a unique
Uniform Resource Identifier (URI) and can be described using a set of attributes and relationships. This allows for
greater flexibility and interoperability in the exchange of context information, as it enables data to be shared and reused
across different domains and applications. NGSI-LD is used in a variety of domains, including smart cities,

industry 4.0, and transportation. It provides a common framework for managing context information in these domains,
enabling the development of new services and applications that can leverage data from multiple sources. By using
NGSI-LD, organizations can improve data sharing and collaboration, reduce integration costs, and accelerate the
development of innovative solutions.

The NGSI-LD information model (Figure 1) is derived from PGs. Entities, relationships, and properties are the key
components of the NGSI-LD information model, as shown in Figure 2. A real-world item, such as a building or a
person, is represented by an entity. A relationship connects two or more entities, such as a person who works in a
building. A property connects values to elements, such that it can identify that an entity corresponds to a real person.
Due to its extensive data structure, it may be utilized for practically any data exchange situation throughout the life
cycle of a building.
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Figure 1: NGSI-LD Information Model
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Figure 2. Key components of the NGSI-LD ontology

BIM stands for Building Information Modelling. It is a digital representation of the physical and functional
characteristics of a building, including both geometric and non-geometric information. BIM is a process that involves
creating and managing digital models of a project, which can be used for planning, design, construction, and
management of buildings and infrastructure. The BIM process allows architects, engineers, and construction
professionals to collaborate more effectively, as it provides a shared view of the project and enables better
communication and coordination. It can also help to improve the accuracy of cost estimates and construction schedules,
reduce waste, and enhance the overall quality and sustainability of buildings. BIM is typically used throughout the
entire lifecycle of a building, from the initial design phase through to construction, operation, and maintenance. By
using BIM, stakeholders can make more informed decisions, improve the efficiency of their workflows, and ultimately
deliver better outcomes for their clients and end-users.

Data spaces are a concept used in data management and integration to describe a virtual environment where data from
different sources can be stored, managed, and shared in a secure and controlled manner. Data spaces are typically
designed to support specific use cases or domains, such as healthcare, finance, or manufacturing. Data spaces provide a
common framework for data integration and sharing, enabling organizations to break down data silos and leverage data
from multiple sources to gain new insights and create new value. Data spaces typically include a set of tools and
services for data discovery, access control, data quality management, and data governance. Data spaces can be
implemented using a variety of technologies and architectures, such as data lakes, data warehouses, or federated data
platforms. They can also be implemented using decentralized architectures, such as blockchain or peer-to-peer
networks, to enable secure and distributed data sharing. Data spaces are becoming increasingly important in the era of
big data and digital transformation, as organizations seek to leverage data to gain a competitive advantage and create
new business models. By providing a secure and controlled environment for data sharing and collaboration, data spaces
can help organizations to unlock the value of their data, while ensuring compliance with privacy and security
regulations. By using NGSI-LD, data spaces can provide a common data model and interface for representing and
sharing data, enabling greater interoperability and integration between different data sources and applications. For
example, in a smart city context, different data spaces may be created for different domains, such as transportation,
energy, and building management. NGSI-LD can be used as a common data model and API specification for
exchanging data between these different data spaces, enabling greater integration and collaboration between different
domains and stakeholders.

Domain models are models that represent the concepts, entities, and relationships within a specific domain or area of
interest. A domain model is typically developed by domain experts who have a deep understanding of the business or
technical requirements of the domain. The purpose of a domain model is to provide a common language and a shared
understanding of the domain among stakeholders, such as business analysts, developers, and users. A domain model
typically includes entities, attributes, relationships, and constraints that are relevant to the domain.
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A cross-domain model refers to a common data model that can be used to represent and exchange context information
across different domains or applications. A cross-domain model provides a standardized way to describe entities,
attributes, and relationships in a way that is interoperable and reusable across different domains. NGSI-LD is designed
to support cross-domain data integration and interoperability, and the development of cross-domain models is an
important part of this effort. Cross-domain models can be created by mapping and aligning domain-specific data models
to a common data model, using Linked Data principles and vocabularies such as RDF, RDFS, and OWL. For example,
in a smart city context, a cross-domain model may be developed to represent and exchange data related to buildings,
transportation, energy, and environmental conditions. This cross-domain model would provide a common data model
and vocabulary for representing entities such as buildings, vehicles, sensors, and weather conditions, as well as their
attributes and relationships. By using a cross-domain model, stakeholders can improve data integration and
interoperability, enabling greater collaboration and innovation across different domains and applications. Cross-domain
models can also help to reduce data silos and enable the development of new services and applications that leverage
data from multiple domains. Developing cross-domain models requires collaboration and consensus-building between
different stakeholders, including domain experts, data modelers, and software developers. It also requires the use of
common vocabularies and standards, such as those provided by the W3C® and other standards organizations.

An ontology is a formal representation of a set of concepts and their relationships within a specific domain of
knowledge. An ontology provides a shared vocabulary and a set of rules for describing and reasoning about the
concepts and relationships within that domain. Ontologies are used to enable interoperability and knowledge sharing
between different systems, applications, and stakeholders. By providing a common understanding of the concepts and
relationships within a domain, ontologies can help to overcome semantic heterogeneity, which is the difference in
meaning and interpretation of data between different systems and stakeholders. An ontology typically includes a set of
classes or concepts, which represent the entities or objects within a domain, and a set of properties or attributes, which
describe the characteristics of those entities. Ontologies can also include relationships between classes, such as
hierarchical or associative relationships, and constraints or rules that govern the use of the ontology. Ontologies are
used in a variety of domains, including healthcare, finance, biology, and engineering. They are often used in the
development of semantic web applications, which aim to provide a more meaningful and contextual representation of
data on the web. Ontologies can also be used in artificial intelligence and machine learning applications, to provide a
structured representation of knowledge and enable more sophisticated reasoning and decision-making.

5 FAIR requirements in BIM context

5.1 Introduction

This clause lists Findable, Accessible, Interoperable, Reusable (FAIR) [i.20] requirements specific to BIM context, and
how they are currently addressed by architecture and construction communities [i.14] and [i.15]. W3C® interoperability
recommendations and OASC Minimal Interoperability Mechanisms are also listed and taken into account.

5.2 Findable: Locating and Identifying instances

The first step in using data is to be able to find them. Metadata and data should be easy to find for both humans and
computers. Machine-readable metadata are essential for automatic discovery of datasets and services.

F1. (Meta)data are assigned a globally unique and persistent identifier

F2. Data are described with rich metadata

F3. Metadata clearly and explicitly include the identifier of the data they describe
F4. (Meta)data are registered or indexed in a searchable resource

Unique identifiers, by means of namespaces and registration identifiers, provided by National Registration authorities
(e.g. Nation Building Referential in France) or Building Owners, are to be used.

Identifying properties and geospatial references (as, for instance, described in the user guide for geo-referencing in IFC)
is extremely important.

Finding a glue between different scales, for instance using NGSI-LD (see [i.16]), is important.
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5.3 Accessible: Publishing Models and Data

This principle encourages long-term preservation and easy access to data such as open standards and protocols. It also
covers security aspects for data access (confidentiality, copyright, privacy, cyber security).

Al. (Meta)data are retrievable by their identifier using a standardized communications protocol
Al.1. The protocol is open, free, and universally implementable

Al.2. The protocol allows for an authentication and authorization procedure, where necessary

5.4 Interoperable

Interoperability encourages open, widely shared vocabulary and formats, which enable exchanges between computer
systems and increase the capacity of metadata to be combined.

11. (Meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation
12. (Meta)data use vocabularies that follow FAIR principles
13. (Meta)data include qualified references to other (meta)data

Interoperability has to occur at several levels: Technical (protocols), Syntactic (structures and formats), Semantic
(controlled vocabulary, models), Organizational (processes), legal (licences, policies, confidentiality, regulation)

5.5 Reusable

Reusability asserts the need for metadata that provides information about the origins of the data and the conditions for
its re-use: general terms of use, distribution licences.

R1. (Meta)data are richly described with a plurality of accurate and relevant attributes
R2. (Meta)data are released with a clear and accessible data usage license
R3. (Meta)data are associated with detailed provenance

R4. (Meta)data meet domain-relevant community standards

6 Open standards in BIM domain

6.1 Introduction

There have been many previous works that explore the modelling of smart building entities and their metadata. The
Smart Appliances REFerence (SAREF) [i.22] ontology captures key features of connected and smart appliances. While
SAREF does not cover the entire range of devices and sensors found in buildings, it can be mapped to the NGSI-LD
Information Model, making use of this Context Information Management API specification for smart home
applications. Similarly, the Building Topology Ontology (BOT) and more complex metamodels such as SOSA / SSN
ontology, to represent relationships between the low-level 10T device world and semantic concepts [i.3] and [i.38], can
also be mapped to NGSI-LD entities. The Industry Foundation Classes (IFCs) is a digital standard for describing the
building asset domain. It supports vendor-neutral, or agnostic, and usable capabilities across a wide range of hardware
devices, software platforms, and interfaces for many different use cases and is an open, international standard. It offers
a comprehensive, standardized data format for the vendor neutral interchange of digital building models that are a
crucial foundation for the development of Big Open BIM.

The following clauses give a short description of existing standards related to BIM. More detailed information can be
found in Annex D.
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6.2 BOT - Building Topology Ontology

The Building Topology Ontology (BOT) [i.28] is a minimal OWL Description Logics (DL) ontology for defining
relationships between the sub-components of a building. It was suggested as an extensible baseline for use along with
more domain specific ontologies following general W3C® principles of encouraging reuse and keeping the schema no
more complex than necessary.

6.3 Digital Construction Ontology (DiCon)

The purpose of the Digital Construction Ontology Suite [i.27] is to address the semantic level of this challenge, by
providing the essential concepts and properties of construction and renovation projects, thus paving the way to the
ultimate integration of information from different decentralized sources over construction lifecycle.

6.4 TNO Interconnect Ontology series

The interconnect ontology is based on the ETSI SAREF or Smart Applications Reference ontology with its distributions
for energy and buildings. It extends this ontology family with concepts specific to the cross-domain semantic
interoperability: extensions for representing the user information and profiles, device and sensor information and
profiles, forecast and flexibility information.

6.5 SSN / SOSA - Semantic Sensor Network

The Semantic Sensor Network (SSN) ontology is an ontology for describing sensors and their observations, the
involved procedures, the studied features of interest, the samples used to do so, and the observed properties, as well as
actuators. SSN follows a horizontal and vertical modularization architecture by including a lightweight but
self-contained core ontology called Sensor, Observation, Sample, and Actuator (SOSA) for its elementary classes and
properties. With their different scope and different degrees of axiomatization, SSN and SOSA are able to support a wide
range of applications and use cases, including satellite imagery, large-scale scientific monitoring, industrial and
household infrastructures, social sensing, citizen science, observation-driven ontology engineering, and the Web of
Things. Both ontologies are described below, and examples of their usage are given.

6.6 SAREF4BLDG - Smart Applications for Building

SAREF4BLDG is an extension of the SAREF ontology [i.22] that was created based on the Industry Foundation
Classes (IFCs) standard for building information. It should be noted that not the whole standard has been transformed
since it exceeds the scope of this extension, which is limited to devices and appliances within the building domain.
SAREF4BLDG is meant to enable the (currently missing) interoperability among various actors (architects, engineers,
consultants, contractors, and product component manufacturers, among others) and applications managing building
information involved in the different phases of the building life cycle (Planning and Design, Construction,
Commissioning, Operation, Retrofitting/Refurbishment/Reconfiguration, and Demolition/Recycling).

6.7 Smart Model Building

This model [i.47] contains a harmonised description of a Building. It is associated with the vertical segments of smart
homes, smart cities, industry and related 10T applications. This data model has been partially developed in cooperation
with mobile operators and the GSMA, compared to GSMA data model following changes are introduced the reference
to BuildingType is removed, since BuildingType compared to category attribute does not introduce significant
information. category attribute is required. openingHours is introduced following schema.org data model to allow
fine-grained on building opening times.
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6.8  CityGML

The CityGML standard [i.11] defines a conceptual model and exchange format for the representation, storage and
exchange of virtual 3D city models. It facilitates the integration of urban geodata for a variety of applications for Smart
Cities and Urban Digital Twins, including urban and landscape planning; Building Information Modelling (BIM);
mobile telecommunication; disaster management; 3D LAND registry; tourism; vehicle & pedestrian navigation;
autonomous driving and driving assistance; facility management, and; energy, traffic and environmental simulations.

6.9 IFC - Industry Foundation Classes

The Industry Foundation Classes (IFCs) are an open international standard for Building Information Model (BIM) data
that are exchanged and shared among software applications used by the various participants in the construction or
facility management industry sector. The IFC standard includes definitions that cover data required for buildings over
their life cycle. This release, and upcoming releases, extend the scope to include data definitions for infrastructure assets
over their life cycle as well.

IFC2x3 TC1 (Industry Foundation Classes, version 2.3.0.1 ISO/PAS 16739:2005 [i.50]) has been widely used for many
years and is still in use today. It provides a comprehensive schema for representing building data, including elements
such as walls, doors, windows, and various building services.

However, the newer IFC4 ADD2 TC1 (Industry Foundation Classes, version 4.0.2.1 1SO 16739-1:2018 [i.50]) has been
introduced to improve upon the previous version. It offers several enhancements, including better support for complex
geometries, improved representation of building services, and more. It is gradually becoming the new standard for
Building Information Modelling (BIM).

With the introduction of IFC4.3 ADD2 (Industry Foundation Classes, version 4.3.2.0 ISO 16739-1:2024 [i.50]), the
standard has been further extended to include infrastructure elements such as bridges, roads, rails, and ports & harbours.
This version also includes support for modelling terrain and geological layers, making it more versatile and applicable
to a wider range of projects.

The evolution of the IFC standard [i.50] reflects the ongoing efforts to improve interoperability and data exchange
within the building and construction industry and with GIS data [i.42] and [i.43]. It is important for professionals in this
field to stay updated with these changes to ensure they can effectively work with the latest BIM models and data.

6.10 OGC GeoSPARQL

The OGC GeoSPARQL standard [i.24] supports representing and querying geospatial data on the Semantic Web.
GeoSPARQL defines a vocabulary for representing geospatial data in RDF, and it defines an extension to the
SPARQL [i.9] query language for processing geospatial data. In addition, GeoSPARQL is designed to accommodate
systems based on qualitative spatial reasoning and systems based on quantitative spatial computations.

6.11 GLTF - GL Transmission Format

gITF [i.29] is a royalty-free specification for the efficient transmission and loading of 3D scenes and models by engines
and applications. gITF minimizes the size of 3D assets, and the runtime processing needed to unpack and use them.
gITF defines an extensible, publishing format that streamlines authoring workflows and interactive services by enabling
the interoperable use of 3D content across the industry. gITF 2.0 has been released as ISO/IEC 12113:2022 [i.54].

6.12 The FOG ontology - File Ontology for Geometry formats

The File Ontology for Geometry formats (FOG) [i.30] provides geometry schema specific relations between things
(e.g. building objects) and their geometry descriptions [i.13]. These geometry descriptions can be:

1) RDF-based (e.g. using specific ontologies such as GEOM, OntoBREP, etc.);
2)  RDF literals containing embedded geometry of existing geometry formats; and

3) RDF literals containing a reference to an external geometry file.
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The FOG ontology extends the Ontology for Managing Geometry (OMG) and consists of three taxonomies of
properties.

7 Use cases for Buildings

7.1 Introduction

Smart Buildings leverage advanced technologies and data analytics to optimize the use of resources, improve
operational efficiency, and enhance occupant comfort and well-being. They are designed to be self-sufficient, adaptive,
and responsive to changing conditions, providing a more sustainable and cost-effective approach to building
management.

On a larger scale, Smart Cities extend these principles to the entire urban ecosystem. They use digital technologies to
collect, analyse, and act on data from various sources, such as sensors, devices, and systems, to improve infrastructure,
public services, and quality of life. By integrating Information and Communication Technology (ICT) and various
physical devices connected to the network, smart cities optimize the efficiency of city operations and services and
connect to citizens.

Here is a list of use cases where NGSI-LD could benefit from BIM context to handle information about buildings as
geographic features and systems.

Smart Building Use Cases:

. Water Management: Smart buildings can monitor water usage, detect leaks, and automatically adjust usage to
conserve water.

e  Air Quality: Advanced systems can monitor and control air quality, ensuring a healthy environment for
occupants.

. Energy Efficiency: Smart buildings can optimize energy usage, reducing costs and environmental impact.

. Carbon Footprint: By monitoring and managing energy usage, smart buildings can significantly reduce their
carbon footprint.

e  Construction Process: Smart technologies can streamline the construction process, improving efficiency and
safety.

o Building Maintenance: Predictive maintenance can prevent equipment failures and extend the life of building
systems.

. Space Usage: Smart buildings can track how spaces are used, enabling more efficient use of resources.

e  Simulation: Buildings can be modelled to predict acoustics, ventilation, thermics, and lighting, improving
design and performance.

e  Cost/Performance Evaluation: Smart systems can provide real-time data on building performance, aiding in
cost management.

. Building Code Compliance and Quality Control: Digital tools can ensure compliance with building codes and
maintain quality control.

. Life Cycle Assessment: Smart buildings can track and manage the environmental impact of materials
throughout their life cycle.

. Construction Process Monitoring: Real-time monitoring can improve construction efficiency and safety.
. Digital Permits: Digital permitting can streamline the construction process.

. Digital LogBook: A digital record of building operations can aid in maintenance and management.
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Smart City Use Cases:

. Water Management: Smart cities can monitor and manage water usage city-wide, reducing waste and
improving efficiency.

e Air Quality (Indoor/Outdoor): Smart cities can monitor air quality in real-time, alerting citizens to potential
health risks.

e  Energy Efficiency (Building Surrounding): Smart cities can optimize energy usage in public spaces and
buildings, reducing costs and environmental impact.

. Urban Heat Island: Smart technologies can help mitigate the urban heat island effect, improving city livability.
. City Planning: Data from smart systems can aid in city planning, improving efficiency and quality of life.
. Mobility: Smart cities can improve transportation systems, reducing congestion and improving mobility.

. Green Cities: Smart technologies can aid in the creation of green cities, improving environmental
sustainability.

e  Water Management: Smart cities can manage water resources more effectively, reducing waste and improving
water quality.

In the following clause, with focus into three specific use cases are examined at both city and building scales: Air
quality, Energy management and Water management.

7.2 Air Quality

7.2.1 Scenarios and assumptions

Air pollution is one of the greatest environmental health threats. 9 out of 10 people globally are living in ar eas with
levels of pollution over officially established health limits. People spend almost 80 % of their time in buildings and
indoor air quality is often poorer than outdoor air quality [i.32]. The UN reports that almost 80 % of deaths caused by
air pollution could be avoided if current air pollution levels were reduced to Air Quality recommendations. Identifying
pollution source and understanding exposur e factors is the key to reduce human and economics damage.

Air quality forecasts could give up-to-date advice to citizens for sports activities or urban mobility to reduce pollutants
emission and exposure. Finally people suffering from respiratory illnesses can take benefit from personal applications to
prevent exposition to a pollutant concentration higher than those required by physicians.

Clear indicators can also help decision makers in conducting necessary interventions to sustainably improve indoor and
outdoor air quality or reduce pollutants exposure. Exposure is the correlation between duration of human-pollutant
interaction and pollutants concentration. It is one of the main threat indicators [i.31].

M easuring Air Quality can be achieved by analysing satellite data or by deploying networks of sensors in cities
(outdoor) and buildings (indoor). The Environmental Protection Agency (EPA) identified six main pollutants (Carbon
Monoxide, Lead, Nitrogen Oxides, Ozone, Particulate Matter and Sulphur Dioxide) for outdoor air quality. For indoor
air quality more than 250 pollutants are considered by the Air Quality Observatory [i.32] and [i.33]. In addition to
concentrations, temperature and humidity ratio also need to be captured as they can represent aggravating factors. The
frequency of measurement depends on the pollutant characteristics and goes from 10 seconds (for Carbon Monoxide) to
1 week (for mites). Collecting measurement context is essential to guarantee analysis interpretation and traceability.

People location is a key entry for exposure calculation. Furthermore human activities but can produce pollutants. For
those reasons people activity and people location should be collected in order to collate concentration measurements
with sources and impact on people.

7.2.2 Stakeholders

o Building Owners and Property Managers: They are responsible for ensuring the overall health and safety of
occupants within the building. Monitoring indoor air quality data helps them identify potential issues and take
corrective actions.
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Facility Management Teams: Facility managers play a crucial role in implementing strategies to maintain
optimal indoor air quality. They rely on data to assess performance, identify trends, and make informed
decisions regarding maintenance and upgrades.

Occupants and Tenants: People who live or work in the building have a vested interest in indoor air quality.
Access to data about air quality can empower them to take personal precautions and advocate for
improvements if necessary.

Health and Safety Professionals: Health and safety professionals, including occupational health specialists,
may use indoor air quality data to assess potential health risks associated with the building environment. This
information can inform recommendations for mitigating risks and promoting a healthier indoor environment.

Environmental Agencies and Regulatory Bodies: Government agencies may set standards and regulations
related to indoor air quality to protect public health. These entities rely on data to assess compliance, enforce
regulations, and develop policies aimed at improving indoor air quality in buildings.

Heating, Ventilation, and Air Conditioning (HVAC) Contractors and Engineers: Professionals responsible for
designing, installing, and maintaining HVAC systems need access to indoor air quality data to assess system
performance, diagnose issues, and optimize ventilation strategies.

Building Automation and Internet of Things (IoT) Solution Providers: Companies that provide building
automation systems and loT devices for monitoring indoor air quality rely on data to develop and enhance
their products. They may offer data analytics services to help building owners and managers optimize indoor
environments [i.44].

Insurance Companies: Insurers may have an interest in indoor air quality data as it relates to risk assessment
and liability. They may offer incentives or discounts for buildings with superior indoor air quality practices or
provide guidance on risk mitigation strategies based on data analysis.

Real Estate Developers and Investors: Developers and investors may consider indoor air quality data as part of
their due diligence process when assessing the value and desirability of a property. Positive indoor air quality
can enhance the attractiveness and marketability of a building.

Academic Researchers and Consultants: Researchers and consultants specializing in indoor air quality may
utilize data from various buildings to conduct studies, develop models, and provide expertise on best practices
for maintaining healthy indoor environments.
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Figure 3: Conceptual model of air quality
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Data types and data sources

Geospatial things:

Space: Unique identifier (String or Integer), Type (String), Surface (Float), location (building storey),
geometry (floorplan, height, 3D model). Data sources could be floor plan, building model, digital twin models,
or facility management systems.

Building: Unique identifier (String or Integer), Type (String), Surface (Float), Height (Float), Location
(Latitude, Longitude), Address (String), geometry (footprint, bounding box, 3D model). Data sources could be
building databases, building model, floorplan, GIS systems, or real estate databases.

Parcels, Zones, Roads, Paths, Services, Points of Interest, City, Administrative Areas: Geometric data
(Polygons, Lines, Points), Names, Types (Strings). Data sources could be GIS systems, urban planning
databases, or open data portals.

Features of interest:

People: Profile (String or Object), Building Role (String). Data sources could be HR systems, building
management systems, surveys or user databases.

Pollutants: Type (String), Concentration (Float). Data sources could be environmental sensors, air quality
databases, or pollution monitoring systems.

Equipment that interacts with Indoor air quality: ventilation, openings, heater.

Time Series:

Sensors:

7.3

7.3.1

Activity: People Concerned (String or Object), Type of Activity (String), Time Stamps (DateTime), Product
Used (String), Geolocation Tracking (Latitude, Longitude), Presence in a Space (Boolean). Data sources could
be surveys, activity tracking systems, sensors, or user inputs.

Measurements: Date of Measurement (DateTime), Pollutants Measured (String), Physical Quantity Measured
(Float), Unit (String), Sensor Used (String). Data sources could be environmental sensors, air quality
databases, or pollution monitoring systems.

Sensor Description: Geolocation (Latitude, Longitude), Type (String), Maintenance (DateTime or String),
Accuracy (Float). Data sources could be sensor databases, maintenance records, or sensor manufacturers'
specifications.

Energy efficiency

Foreword

Building Information Modelling (BIM) and the Internet of Things (10T) are powerful technologies that, when
combined, offer numerous opportunities to enhance energy efficiency in buildings [i.18] and [i.19]. Some typical use
cases demonstrating their potential include:

Smart Building Automation: 10T sensors can be integrated with BIM models to collect real-time data on
various building parameters such as temperature, occupancy, lighting levels, and energy consumption. This
data can then be analysed to identify inefficiencies and optimize building systems for energy conservation.

Predictive Maintenance: By monitoring equipment performance and health in real-time through 10T sensors
connected to BIM models, facility managers can predict maintenance needs before equipment failures occur.
This proactive approach helps prevent energy waste caused by inefficient or malfunctioning systems.

Energy Monitoring and Management: 10T devices can track energy usage patterns throughout a building,
providing insights into where energy is being consumed most and where improvements can be made. BIM
models enhance this by providing a digital representation of the building, allowing for better visualization and
analysis of energy data.
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Dynamic Building Simulation: BIM models can be coupled with 10T data to create dynamic building
simulations that model how changes in building design or operation impact energy efficiency. This allows
architects and engineers to test different scenarios virtually before implementing them in the physical building,
optimizing energy performance from the design phase onwards.

Occupant Comfort and Behaviour Analysis: 10T sensors can collect data on occupant behaviour, such as room
occupancy patterns and temperature preferences. By integrating this data with BIM models, building operators
can adjust heating, cooling, and lighting systems to optimize comfort levels while minimizing energy
consumption.

Renewable Energy Integration: BIM models can be used to design and plan the integration of renewable
energy sources such as solar panels or wind turbines into buildings. 10T sensors can then monitor the
performance of these systems in real-time, optimizing their operation to maximize energy generation and
usage.

Demand Response and Peak Load Management: loT-enabled BIM systems can participate in demand response
programs by automatically adjusting building systems in response to grid signals or peak demand periods. This
helps reduce energy costs and alleviate strain on the electrical grid during peak times.

The Energy Monitoring and Management use case leveraging BIM and 10T involves the continuous monitoring and
analysis of energy consumption within buildings to identify inefficiencies and optimize energy usage. Here is a more
detailed breakdown of how this use case works:

10T Sensors Installation: 10T sensors are deployed throughout the building to collect real-time data on various
parameters that affect energy consumption. These sensors can measure electricity, water, and gas usage, as
well as environmental factors such as temperature, humidity, and occupancy. The sensors are typically
connected to a central monitoring system via wireless or wired networks.

Integration with BIM Models: The data collected by 10T sensors is integrated with the building's BIM model.
This integration provides a digital representation of the building's physical and operational characteristics,
allowing for more accurate analysis and visualization of energy usage patterns. BIM models capture detailed
information about building components, systems, and their interactions, enabling more sophisticated energy
simulations and analysis.

Real-Time Monitoring and Analysis: With 10T sensors feeding data into the BIM model in real-time, building
operators can monitor energy consumption patterns continuously. This allows them to identify areas of high
energy usage, detect anomalies or inefficiencies, and track energy-saving initiatives' effectiveness. Real-time
monitoring also enables quick response to deviations from expected energy usage, helping to prevent waste
and optimize energy performance.

Performance Benchmarking: By comparing current energy usage data against historical data or industry
benchmarks, building operators can assess the building's energy performance and identify areas for
improvement. BIM models facilitate this benchmarking process by providing a standardized framework for
comparing energy usage across different buildings or building components.

Energy Conservation Measures (ECMs) ldentification: Through analysis of the integrated 10T data and BIM
model, building operators can identify specific ECMs to reduce energy consumption and improve efficiency.
These measures may include upgrading building systems, optimizing HVAC schedules, retrofitting lighting
fixtures, or implementing renewable energy technologies. BIM models help evaluate the feasibility and
potential impact of these ECMs before implementation.

Optimization and Automation: Building management systems can leverage the integrated BIM and 10T data to
automate energy optimization strategies. For example, automated controls can adjust HVAC setpoints based
on occupancy patterns, dim lighting in unoccupied areas, or prioritize the use of renewable energy sources
when available. These optimization strategies help maximize energy savings while maintaining occupant
comfort and operational efficiency.

Performance Reporting and Visualization: BIM models provide powerful visualization tools that enable
building operators to communicate energy performance data effectively. Dashboards, reports, and 3D
visualizations generated from the integrated loT and BIM data help stakeholders understand energy usage
trends, track progress towards energy goals, and make data-driven decisions to further improve energy
efficiency.

ETSI



7.3.2

23 ETSI GR CIM 051 V1.1.1 (2025-02)

Stakeholders

Several stakeholders are involved in this use case, who play different roles in the implementation, operation, and
management of the system. These stakeholders include:

7.3.3

Building Owners: Building owners have a vested interest in optimizing energy efficiency to reduce operating
costs, enhance asset value, and meet sustainability goals. They are responsible for making decisions related to
investments in energy monitoring and management systems, setting energy performance targets, and ensuring
compliance with regulatory requirements.

Facility Managers: Facility managers are responsible for day-to-day operations and maintenance of the
building's systems and infrastructure. They play a critical role in implementing energy monitoring and
management strategies, coordinating sensor deployments, analysing data, and implementing energy
conservation measures to optimize building performance.

Architects and Engineers: Architects and engineers are involved in the design and construction phases of the
building project, where they use BIM technologies to create digital models of the building's physical and
operational characteristics. They provide expertise in building design, energy modelling, and systems
integration to optimize energy performance from the outset.

Energy Consultants: Energy consultants provide specialized expertise in energy efficiency, renewable energy,
and sustainability. They assist building owners and operators in developing energy management strategies,
conducting energy audits, analysing data, and recommending energy-saving measures tailored to the building's
specific requirements.

10T Solution Providers: 10T solution providers supply the hardware, software, and networking infrastructure
necessary to deploy 10T sensors and collect real-time data on building parameters. They offer expertise in
sensor technology, data analytics, and integration with building management systems to enable effective
energy monitoring and management solutions.

Software Developers: Software developers create the software applications and platforms used to collect,
store, analyse, and visualize data from 10T sensors and BIM models. They develop custom software solutions
or integrate off-the-shelf software products to meet the unique needs of energy monitoring and management
projects.

Regulatory Agencies: Regulatory agencies establish energy efficiency standards, codes, and regulations that
govern building design, construction, and operation. They may provide incentives, certifications, or
compliance requirements related to energy monitoring and management initiatives aimed at reducing energy
consumption and greenhouse gas emissions.

Occupants and Tenants: Occupants and tenants of the building play a role in energy conservation by adopting
energy-efficient behaviours, such as turning off lights and equipment when not in use, adjusting thermostat
settings, and participating in energy awareness programs implemented by building management.

Data sources

To effectively run the Energy Monitoring and Management use case leveraging BIM and IoT [i.45], a variety of data
sources are necessary to collect comprehensive information about the building's energy usage and operational
parameters. These data sources include:

10T Sensors: 10T sensors are crucial for collecting real-time data on various building parameters such as
electricity, water, and gas usage, as well as environmental factors like temperature, humidity, and occupancy.
These sensors can be installed throughout the building's infrastructure, including electrical panels, HVAC
systems, lighting fixtures, water meters, and occupancy sensors.

Building Management Systems (BMS): BMSs provide control and monitoring capabilities for building
systems such as HVAC, lighting, and security. Data from these systems, including equipment status, setpoints,
and energy consumption metrics, are essential for understanding the building's operational performance and
identifying opportunities for energy optimization.

Utility Meters: Utility meters measure the consumption of electricity, gas, water, and other utilities at the

building level. Integrating data from utility meters into the energy monitoring system provides accurate
measurements of overall energy usage and enables benchmarking against historical data or industry standards.
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e  Weather Data: Weather data, including temperature, humidity, solar radiation, and wind speed, are important
for understanding how external conditions impact the building's energy performance. Access to reliable
weather data allows for more accurate energy modelling and helps identify opportunities for optimizing
HVAC and lighting systems based on weather conditions.

. Building Information Models (BIM): BIM models serve as the central repository for digital representations of
the building's physical and operational characteristics. BIM data includes detailed information about building
components, systems, spatial relationships, and performance attributes. Integrating BIM data with 10T and
sensor data enables more comprehensive analysis and visualization of energy usage patterns within the
building.

. Occupancy and Usage Data: Data on building occupancy, usage patterns, and operational schedules provide
insights into how the building is being utilized and when energy-consuming systems are most active.
Integrating occupancy data from sensors or access control systems helps optimize energy usage by adjusting
HVAC and lighting settings based on occupancy levels.

. Renewable Energy Generation Data: If the building incorporates renewable energy sources such as solar
panels or wind turbines, data on energy generation and performance are essential for evaluating the
effectiveness of these systems and optimizing their integration with the building's energy infrastructure.

7.3.4 Conceptual Model

Figure 4 illustrate the main concepts and their relation for building energy applications [i.2].
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Figure 4. Conceptual model for Energy Monitoring and Management

7.4 Water management

7.4.1 Foreword

From a smart city perspective, the impact of climate change on water management presents both challenges and
opportunities for innovation. Digital technology, data analytics, and the Internet of Things (1oT) are used to optimize
water management [i.39] and [i.41].

Two different scopes of water management are identified:

1) the utilities viewpoint which includes water sources and collection, treatment plants, distribution systems,
wastewater collection and treatment, and stormwater management;

2)  the building viewpoint which includes connection of the building to the utilities water and waste systems and
the water management inside the building.
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7.4.2 Scenario description

As water management becomes increasingly integrated with smart cities initiatives, it is essential to explore how
emerging technologies and standards can support buildings, networks and infrastructures. One main aspect of this
integration is the use of the Industry Foundation Classes (IFCs) and NGSI-LD for improving interoperability in urban
water management systems.

To illustrate the potential, the following hypothetic use cases related to Water Management using the IFC as data
models for a Smart Building application in relation to other Smart City application are identified, which will need to
relate IFC data with other context data using NGSI-LD as an interoperability format.

. Flooding alerts from water management system or from meteorological agency which sends a message to a
smart building application in order to prevent flooding of basements and lower level stories.

. Pollution alert from water management system send to smart building water station to stop incoming flows and
prevent contamination.

. Leak detection from water management system to minimize water damage and reduce water wastage.

e  Publication of water retention basins volume, location and shapes modifications from a property to the
stormwater management system.

. Publication of water devices room locations in a building and other properties like altitude, classification of
water drinkable, waste, grey, etc.

. Publication of the full water fire hydrant network inside a building to the fire department of the city, including
modifications or repairs during the life of the building [i.46].

NGSI-LD and SAREF [i.10] are already identified as a key enabler of the European Union's policy on Water
Management Digitalisation which aims to leverage digital technologies to enhance the efficiency, sustainability, and
resilience of water management practices across member states. This policy aligns with the EU's broader goals of
sustainable water management, water scarcity, climate change, and environmental degradation. For more details, see
EU policy on Water Management Digitalisation.

Most of the Water management use cases using NGSI-LD are loT-related for the water utilities companies and do not
have references to the IFC. Some do mention BIM standards but as the BIM data handover process level, not related to
the IFC data representing the assets in the network. See more details on Fiware4Water demos cases in Greece [i.41],
France, Netherlands and UK.

On the other hand, there are water management use cases related to IFC and /or CityGML or other GIS models, but one
cannot yet found evidence of any usage of NGSI-LD in these contexts. For example, the maintenance of underground
piping networks requires extensive integration of both horizontal and vertical dimensions. The underground networks
need to consider not only their specific attributes, such as materials, depth, size, and connection, but also the interaction
with other objects, as road or surface building. A global underground network contains multiple specific domain
network (water, gas, sewage, communication) layered at different depths. For more details, see this study on challenges
of underground network maintenance [i.42].

The challenges in visualizing and managing these networks derive from:

e A complexity in visualization because of the composition of numerous nodes, lines, and connections which
can be missing a 3D coordinates.

. Interactions between underground and surface structures (roads, buildings, etc.) that require a high level of
details of piping network.

e  The tools that do not accurately depict overlapping pipes (water, waste, electrical, gas), causing confusion for
maintenance teams and increasing complexity of cross-domain cooperation.

Technical difficulties still remain due to the differences between how BIM (focused on architecture with limited
domain) and geoinformation (focused on geography with wider extension) represent the world and the objects. These
challenges include scale of representation and the coordinate systems, the levels of detail and geometric representation,
the exchange file formats, methods for accessing and for the storage of information as well as semantic mismatches and
topological issues [i.43]. However, water management including the buildings characteristics has the potential to
improve efficiency, sustainability and performance.
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7.4.3 Stakeholders

Government & Regulatory Agencies

o Local, state, and federal governments: These entities are responsible for setting policies, regulations, and
standards related to water quality, allocation, and conservation. They also play a key role in financing and
overseeing water infrastructure projects.

. Environmental Protection Agencies: Specialized government agencies at various levels responsible for
protecting water quality and ecosystem health.

Utilities & Water Utilities

e  Water Supply Companies: These entities manage the supply of drinking water to residential, commercial, and
industrial users. They are responsible for water collection, treatment, distribution, and sometimes wastewater
treatment.

. Wastewater treatment entities: Organizations that manage the collection, treatment, disposal, or reuse of
wastewater.

Commercial & Industrial Users

o Businesses and industries: Heavy consumers of water for manufacturing, processing, cooling, and other
operational needs. They have a vested interest in the reliability, quality, and cost of water services.

Environment & Conservation Groups

. NGOs and environmentalists: organizations and groups dedicated to protecting natural water bodies,
preserving biodiversity, and promoting sustainable water management practices to ensure healthy ecosystems.

Research, academic and scientific communities

. Scientists and researchers: Experts who study water systems, climate change impacts, water quality, and
conservation techniques, providing essential data and information for informed decision-making.

e  Academic institutions: Universities and colleges involved in researching and training the next generation of
water professionals.

Local communities and civil society

. Residents: Individuals and communities who are end users of drinking, sanitation, and recreational water.
They are directly affected by water management policies and practices.

o Indigenous communities: Indigenous groups may have historical or cultural claims to water resources and may
be particularly influenced by water management decisions.

. Community organizations: Local groups and nonprofit organizations that work on issues related to community
water access, quality, and conservation.

International organizations

. Multilateral Development Banks and Humanitarian Organizations: These include the World Bank, the Asian
Development Bank, and various United Nations agencies that provide financing, expertise, and policy
guidance for water management projects, particularly in developing countries.

. International Water Management Networks: Organizations that facilitate knowledge exchange and
cross-border collaboration to effectively manage transboundary water resources.

Private Sector & Technology Providers

e  Technology and service providers: Companies that develop and provide water technologies, such as treatment
systems, irrigation equipment, and water efficiency devices, to improve water management practices.

. Consultants and Engineers: Professionals who design, advise, and implement water management solutions and
infrastructure projects.
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Data sources

Spatial data

Satellite imagery: Provides complete and up-to-date images of the Earth's surface, useful for monitoring land
use, vegetation cover, and the extent of water bodies.

Aerial Photography: Offers high-resolution images for detailed analysis of specific areas, often used for urban
planning and environmental monitoring.

Topographic maps: contain information about the elevation, slopes, and landforms of the terrain, which is
crucial for watershed analysis and water flow modelling.

Environmental data

Hydrologic data: Includes measurements of stream flows, precipitation records, and water levels in lakes and
reservoirs, which are essential for understanding water availability and designing flood management systems.

Soil data: Soil types, moisture levels, and permeability affect water infiltration and runoff, impacting
groundwater recharge and surface water flows.

Climate data: Temperature, precipitation patterns, and evapotranspiration rates are critical for assessing water
demand and supply under changing climatic conditions.

Infrastructure and urban area data

City, building, Water treatment positions.
Drainage plans for building permits.

Water distribution networks: Information on pipelines, pumps, reservoirs, and treatment facilities, used to
manage water supply systems.

Sewer and stormwater systems: Data on sewer lines, drainage systems and stormwater management
infrastructure, important for urban water management and flood mitigation.

Land use and urbanization patterns: Influence water demand and affect runoff and pollution levels, which is
necessary for planning and environmental impact assessments.

Asset Management and Operational Data, Asset registers: Databases containing detailed information about
infrastructure assets, their location, status, and maintenance history.

l0T sensors and devices: Generate real-time data on water quality, flow rates, and system pressures, enabling
dynamic monitoring and management of water networks.

Building Information Modelling (BIM) Data

IFC models: detailed 3D representations of construction and infrastructure projects, including water-related
facilities. Three IFC domains are most relevant for water management use cases: the IFC Building
Automation, Control, Instrumentation and Alarm domain [i.44], the IFC Heating, Ventilating and Air
Conditioning (HVAC) domain [i.45] and the IFC Plumbing and Fire protection domain [i.46].

IFC entities concerned by IFC Building Automation, Control, Instrumentation and Alarm domain:
- IfcActuator

- IfcAlarm

- IfcController

- IfcFlowlInstrument

- IfcSensor
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o IFC entities concerned by IFC Heating, Ventilating and Air Conditioning (HVAC) domain:
- IfcBoiler
- IfcFlowMeter
- IfcPipeFitting
- IfcPipeSegment
- IfcPump
- IfcTank
- IfcValve
. IFC entities concerned by IFC Heating, Ventilating and Air Conditioning (HVAC) domain:
- IfcFireSuppressionTerminal
- Ifcinterceptor
- IfcSanitaryTerminal
- IfcStackTerminal
- IfcWasteTerminal
. And common entities:
- IfcPlumbingFixture
- IfcOutlet
- IfcFilter

- IfcWaterHeater, etc.

7.4.5 Conceptual model

As mentioned earlier, water meters, leak sensors, and quality sensors can provide data in NGSI-LD format, allowing the
building's central system to monitor and manage water resources effectively. By mapping SAREF requirement for the
water domain [i.47], [i.48] (SAREFAWATR) concepts to NGSI-LD, the building management system can leverage
standardized, interoperable data models, enhancing integration with other smart city systems and loT platforms, thereby
achieving more efficient and effective water management. The mapping from Smart Applications REFerence ontology
(SAREF) and its extensions, such as SAREFAWATR [i.47] to NGSI-LD is on-going.

For further details on the models, see the SAREF extension for the water domain shown in Figure 5 and Figure 6 and
the NGSI-LD data model for Water Network Management detailed in the FIWARE smart data models repository [i.49].
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Figure 6: Water-related terms of SAREFAWATR
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A mapping between SAREFAWATR and IFC does not currently exist. The present document will show the three cases
on how to generate a mapping:
. The concept exists in IFC and SAREF.
e  The concept exists in SAREF and not in IFC.
. The concept exists in IFC and not in SAREF.

For each case, Table 1 below illustrates how to define such a mapping.

Table 1: Example of IFC, NGSI-LD mapping for water

SAREFAWATR (V1.1.1) IFC (4.3.2.0) NGSI-LD (V1.8)

sdwatr:Tank IfcTank Entity of type
[Tank]

s4watr:GaugingStation  |IfcBuilding with PropertySet Pset_BuildingCommon with label: Entity of type

[GaugingStation]
<Properties>
<I| f cPropertySi ngl eval ue>
<Nane>Bui | di ngType</ Nane>
<Val ue> <I|fclLabel >Gaugi ng Station</IfcLabel > </ Val ue>
</ | fcPropertySi ngl eVal ue>
</ Properties>

Association between IfcBuilding and the classification
s4watr:GaugingStation:

<|fcBuilding id="Building_1">
<HasAssoci ati ons>Rel 0 ass_1</ HasAssoci ati ons>
</ | fcBuil di ng>

<|fcd assificationReference id="MinCd assRef">
<l dentificati on>Water System O assificati on</Identification>
<Description>Main classification for water-rel ated

i nfrastructure</Description>

</IfcC assificati onReference>

<IfcC assificationReference id="C assRef _1">
<l dentification>s4watr: Gaugi ngSt ati on</Identification>
<Description>C assification for Gauging Station in
SAREFAWATER</ Descri pti on>

<Location>https://saref.etsi.org/sarefd4watr/vl. 1. 1/ #sd4watr: Gau
gi ngSt ati on</ Locati on>

<Ref er encedSour ce>Mai nd assRef </ Ref er encedSour ce>
</1fcd assificationReference>

<IfcRel Associ atesCl assification id="Rel d ass_1">

<Rel at edObj ect s>Bui | di ng_1</ Rel at edOhj ect s> <! -- References
the IfcBuilding -->

<Rel ati ngd assi ficati on>Cl assRef _1</ Rel ati ngC assi ficati on>
</|fcRel Associ at esC assi fi cati on>

Does not exist in SAREF |IfcDuctFitting Entity of type
[DuctFitting]

8 Building Model Requirements

8.1 Introduction

This clause discusses on the different data subdomains of BIM context. It presents the main data required by use cases
and compares their implementation in existing standards.
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8.2 Identification

Building persistent and unique Uniform Resource Identifiers (URIs) for Industry Foundation Classes (IFC) models in a
linked data context involves several steps. Here is a simplified process:

. Each IFC model should have a unique identifier. This could be a simple incremental ID, a UUID (Universally
Unique Identifier), or any other unique string. This identifier will be used as part of the URI.

e  Abase URI is needed to represent the location of the linked data. This could be a URL prefix like
‘http:/Nlinkedbuildingdata.net/ifc/".

e  Combine the base URI with the unique identifier of the IFC model to create a URI. For example, if the base
URI is http://linkedbuildingdata.net/ifc/ and the IFC model has an ID of
'28edc58hc25f22227a552a019fc682b9', the URI would be
‘http://linkedbuildingdata.net/ifc/28edc58bc25f22227a552a019fc682h9/".

. Then building elements URIs can be built be from the model identifier. For example if the local ID of a Space
if 'IfcSpace_249', its URI should be
‘http://linkedbuildingdata.net/ifc/28edc58bc25f22227a552a019fc682b9/1fcSpace_249'.

To ensure persistence, one needs to make sure that once a URI is assigned to an IFC model, it never changes. This
means that even if the IFC model is moved or changed, its URI should remain the same.

A content negotiation mechanism should be implemented on a web server so that clients can request the IFC model in
different formats. For example, a client could request the IFC model in its native format by sending an 'Accept:
application/ifc' header, or it could request an RDF description of the model by sending an 'Accept: application/rdf+xml’
header.

The URIs should be dereferenceable, meaning that if a client follows the URI, they should be able to retrieve
information about the IFC model. This is a key principle of Linked Data.

8.3 Spatial data

8.3.1 Location

The ability to accurately represent and communicate the location of building elements and other spatial entities is a
critical requirement for many applications in the built environment [i.21].

The absolute location of a building or element can use geographic coordinates (e.g. latitude, longitude) and/or a postal
address. Additional details like building number, room number, floor, staircase, or elevator can be useful for indoor
positioning. The BOT ontology establishes the primary location of a building using the "hasZeroPoint" property.
Typically, all indoor locations are specified relative to this zero point, which serves as the origin [0,0,0] within the
building's local coordinate system.

NGSI-LD use the GeoJSON format which in its current version, IETF RFC 7946 [i.51] from 2016, specifies a unique
WGS84 Coordinate Reference System (CRS), with no option to use another CRS. NGSI-LD specifies the geometry
properties to be GeoJSON objects, therefore based on a WGS84 CRS.

There are many different Coordinate Systems in use by the geospatial or BIM applications depending on the systems
defaults, the region of the world, local regulations and export parameters. The OGC standards and the BIM / IFC
standards specify how to define the reference system in which the dataset geolocalized 2D or 3D point coordinates
where generated and which will be used when reading these coordinates. The OGC standards also provides the
conversion rules and models to transform data from one CRS to another one. Repositories exists to define the CRS
unambiguously.

Nevertheless interviews with various parties and some random sample selection on the data.gouv.fr data set has shown
that in real world implementations the CRS are not always defined or some datasets are using a different CRS than the
one specified in the data catalog. This leads to errors and human intervention to redefine the CRS when importing or
aggregating data.
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Recommendations:
. The inclusion of a CRS property in the GeoProperty values.

e  Toemphasize in the NGSI-LD specification the fact that the unique and default CRS is WGS84 for the
GeoJSON geometries in NGSI-LD.

. To request a mandatory CRS property in the linked dataset from other domain models.

. The definition of a new 3DShape for indoor locations or CAD data based on the IFC mechanism of local
coordinates with a geolocalized Zero-point with a CRS.

8.3.2 Containment

A Building Breakdown Structure (BBS) is a hierarchical decomposition of a building into its constituent parts or
elements, organized in a way that reflects the physical and functional relationships among them. The BBS provides a
systematic framework for organizing and managing information about a building, and can be used to support a wide
range of activities, such as design, construction, operation, maintenance, and renovation.

The specific elements of a BBS will vary depending on the type and complexity of the building, but some common
elements that may be included are:

. Site: The external environment and context of the building, including the site, climate, and adjacent buildings
and infrastructure.

. Envelope: The exterior walls, roof, and foundation of the building, which provide protection from the elements
and help to maintain a comfortable indoor environment.

. Storeys: The vertical division of the building into levels or floors, which may be used for different purposes
and may have different structural and mechanical systems.

. Spaces: The interior volumes of the building, which may be subdivided into rooms or areas with specific
functions, such as living, working, or storage.

. Equipment: The movable or fixed items within the building that are used for specific purposes, such as
appliances, furniture, or machinery.

. Systems and components: The mechanical, electrical, and plumbing systems that provide services such as
heating, ventilation, air conditioning, lighting, and water supply, as well as the components that make up these
systems, such as pipes, ducts, and wiring.

. Structure and components: The load-bearing elements of the building, such as columns, beams, and walls, as
well as the materials and connections that make up these elements.

. Covering: The exterior finishes and cladding of the building, which may be made of materials such as brick,
stone, metal, or glass, and which serve both functional and aesthetic purposes.

The BBS can be used to represent a building at different levels of detail, depending on the needs of the user. For
example, a designer may use a high-level BBS to organize and coordinate the overall design of the building, while a
contractor may use a more detailed BBS to plan and manage the construction process. Similarly, a facility manager may
use a BBS to track and maintain the various systems and components of the building over its lifecycle.

The Set-Based L ocation describes location in terms of relationships between entities. It uses "IsContainedIn” like
relationships to assert containment, e.g. "TableA IsContainedin RoomA IsContainedIn BuildingA". Those relations are
appropriate for indoor locations like rooms, floors, buildings. For instance, BOT ontology defines a set of relationships
for containment description:

<Site> hasBuilding <Building>
<Building> hasStorey <Storey>
<Zone> hasSpace <Space>
<Zone> hasElement <Element>
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<Element> hasSubElement <Element>
Topology at city scale (SAREFACITY)

The city environment is composed by City Objects (s4city:CityObject), Administrative Areas
(s4city:ADministrativeArea) and Facilities (s4cityFacility). Those concepts are all subclasses of the Feature
(saref4city:Feature) and Spatial Object (geosp:SpatialObject). That means that those classes are connected to geometry
(geosp:Geometry) and location (geo:location). Note that the saref4city ontology depicted in Figure 7 is based on the
geoSPARQL ontology [i.40] hat implements basic location properties and topology relations such as functional
containers (geosp:sfContains), geometrical containers (geosp:sfWithin).

geosp:sfContains ¥
geosp:sfWithin geosp:SpatialObject } ...... geo:location - - - -

L)
|

[ aecsn-Feature |
| geosp:Feature |— geosp:hasGeometry —>| geosp:Geometry |

L geo:Point <
e
{ sd;ity:AdminisirativeArea ‘
|

Figure 7: SAREFACITY ontology with City Objects

Topology between Building and city (SAREF4BLDG)

The Saref4BIdg (SAREF for Buildings) ontology presented in Figure 8 is not explicitly aligned to Saref4city but
generally the Building class (saref4bldg:Building) can be considered as a subclass of the city object class
(s4city:CityObject). The building is decomposed in spaces (saref4bldg:BuildingSpace) and physical objects
(saref4bldg:PhysicalObject) by using topological relations (saref4bldg:hasSpace and saref4bldg:contains). The physical
object concept generalizes building components and equipment (saref4bldg:BuildingObject and saref:Device).

Figure 8: Overview of SAREF4BLDG ontology
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Topology at building scale (BOT)

BOT stands for Building Topology Ontology. It is aligned with saref4bldg ontology and brings more specialized
concepts and relations. As shown in Figure 9, Site, Building, Storey and Space are all subclasses of the zone concept of
BOT. An object of type bot:Zone can contain other zones. In this way the bot:Zone seems equivalent to the
saref4bldg:BuildginsSpace. Whereas bot:Space is used the represent a specific room in the building. Bot:Element is the
same concept as sarefdbldg:BuildingObject. Topological indoor relations are also aligned as bot:containsZone is
equivalent to saref4bldg:hasSpace and bot:containsElement is equivalent to saref4bldg:contains.

bot:-Space
bot-Space - »7=

bot-Storey
bot:Buiding

bot:Zone

bot:Site

Figure 9: BOT overview [i.28]

Topology at building / component scale (BOT)

BOT also includes relations between building components. Indeed walls are connected to each other to bound spaces.
Pipes are connected to each other to describe water distribution networks. Window, doors and wall are bounding a
space. While those relation are specialized in IFC they are all classified under the bot:Interface concept and the
bot:interfaceOf topological relation as depicted in Figure 10.

bot:Zone
bot:Zone
botinterface
bot:Interface

DOEEIRMENt -+ +-e e sper SRR, |

Figure 10: Objects involved in Interfaces [i.28]

Topology at building / component scale (IFC)
IFC add a supplementary level of detail concerning topology by introduction of more specific relations:
e  Relation between openings and wall (IfcRelFillsElement / IfcRelVVoidsElement).

. Relation between walls and space (IfcRelSpaceBoundary).
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. Connection between pipes (IfcRelConnectsPortToElement).
. Material layers (IfcRel AssociatesMaterial).
Alignments between IFC, BOT and SAREF

Figure 11 gives correspondences between ontologies at class level. For instance ifc:Space bot:Space and saref:Space
have the same meaning.

Definition IFC BOT SAREF

Object located in space with geometry SpatialObject
Object located in the city CityObject
Group of buildings IfcSite Zone CityObject
Structure with roof and walls IfcBuilding Building Building
Horinzontal slice of a building containg spaces IfcStorey  Zone Space

Group of spaces IfcZone Zone Space

Room in a bulding IfcSpace Space  Space
Opening in a wall or roof to let in light and air IfcWindow Element BuidingObject
Movable and provide access to a space IfcDoor Element BuidingObject
Cylindrical object that is used to convey fluids IfcPipe Element BuidingObject
Group of elements that provides a specific service IfcSystem  Element Device
Element that provides a specific function or service IfcDevice  Element Device

Device that measures properties IfcSensor  Element Sensor

Device that act on other physical objects IfcActuator Element Actuator

Figure 11: Mapping between IFC, BOT and SAREF

8.3.3  Graph-based location

The graph base location represents relative location between elements using a graph structure. In such a graph, nodes
represent locations (rooms, streets) and edges represent connections. For instance: "RoomA connectsTo RoomB",
""StreetA connectsTo CrossingAB connectsTo StreetB". This kind of location enables indoor navigation and city-scale
navigation through streets. The BOT ontology provides few graph-based location:

<Zone> adjacentZone <Zone>
<Zone> intersectsZone <Zone>
<Interface> interfaceOf <Zone>,<Element>

According to BOT an interface can describe any connection of two or more things.

8.34 Geometry

Geometry data have to mains uses. The first use consists in performing calculation or inferring on spatial measurements
(distances, surfaces, volumes, relative angles, overlapping) from the building. The second use consists in displaying
geometry on a graphic interface either in 2D (floor plan, city planning) or 3D (3D web Ul, VR). Some standards
includes both aspect of geometry such as (cityGML and IFC), some are dedicated to rendering (GLTF, B3DM, webML,
DAE) and some others are flexible (BOT) and can include geometry at different level of details.

In the context of Building Information Modelling (BIM), LOD stands for Level of Development. It is a term used to
describe the extent to which the elements of a BIM model have been developed or defined.

Level of Development (LOD) [i.5] is a way of specifying the detail and accuracy of a BIM model at different stages of a
construction project. The LOD of a model can range from a conceptual level, where the model is used for initial
planning and design, to a detailed level, where the model is used for fabrication and construction.

There are typically five LODs in BIM as shown in Figure 12:

. LOD 100: Conceptual Model - This level of development is used for initial planning and design. The model
consists of basic geometric representations of building elements.

o LOD 200: Schematic Design Model - This level of development includes more detailed information about the
building elements, such as size, shape, orientation, and location.
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o LOD 300: Design Development Model - This level of development includes more detailed information about
the building elements, such as specifications, materials, and connections.

. LOD 350: Construction Documentation Model - This level of development includes more detailed information
about the building elements, such as fabrication and installation details.

. LOD 400: As-Built Model - This level of development includes all of the information from previous LODs,
along with any changes made during construction, to create a complete and accurate representation of the
building as it was constructed.

The LOD of a BIM model is important for ensuring that all stakeholders in a construction project have a clear
understanding of the level of detail and accuracy of the model at each stage of the project. This helps to ensure that
decisions are made based on accurate information, and that the model can be used effectively for its intended purpose.

i

.

LOD 100 LOD 200 LOD 300 LOD 350 LOD 400

Figure 12: Progression of design across the LODs with an example of Elevator

The choice of the LOD depends on the construction stage (conception, execution plan, etc.) and on use cases.
Furthermore, the LOD can be different for each component of the building. For instance, a building model dedicated to
accessibility needs an accurate dimensions of rooms and doors but doesn't need any geometry concerning the roof.

For many use cases based on floorplan (floor planning, city planning, city pathways) LOD 100 is sufficient.

In IFC, the geometry can either be implicit or explicit. IFC can embed multiple representations of the same object. The
implicit geometry consists of basic shapes (polygons, circles) and transformations (spatial extrusion, intersection,
addition, subtraction). The explicit geometry is called B-Rep (Boundary Representation). It is a method of representing
shapes using the limits. In other words, a solid object is represented as a set of connected surface elements, which
enclose a volume in Euclidean space. B-rep is used in the IFC data model to define the geometric shape of building
elements. The surfaces that make up the boundary can be planar or curved faces, and they together form a closed shell
that defines the volume of the object. This allows for complex geometries to be accurately represented and exchanged
between different software applications in the Architecture, Engineering, Construction, and Operations (AECO)
industry. The IFC model uses this representation to ensure that the geometric data is consistent, accurate, and can be
interpreted correctly by different systems, thus enabling interoperability.

In Linked Data standards based on ontologies such as SAREF and BOT the geometry can be described semantically
through objects and properties (area, volume, height, width, depth, orientation) or through geometric literals by using
the geoSPARQL ontology and the WKT notation [i.36] and [i.37]. The WKT notation allows to describe 2D polygons
in the horizontal plan. LOD 100 can be expressed by using a floor polygon and a height property. WKT also allows 3D
geometry description or 3D geometries by using the POLYHEDRAL form [i.34], [i.35] and [i.40]. When a high
accuracy is needed, it is common to link semantic data to serialized 3D resources by using dedicated 3D standards such
as GLTF or COLLADA. The File Ontology for Geometry formats (FOG) allows this kind of links to be expressed.
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The FOG ontology recognizes that a single universal format is insufficient, and that supporting a variety of serialization
options is necessary to enable the flexible exchange of building geometry data between diverse software systems and
applications. It provides different serialization formats for building geometry to enable interoperability between various
software tools and data sources. Some key reasons for supporting multiple serialization formats include:

. Different software tools may natively support or prefer certain geometry formats. Providing a mapping
between these formats allows data to be easily exchanged between tools.

. Certain formats are optimized for specific use cases, such as compact file sizes for web delivery, or high
precision for engineering applications. Supporting multiple formats enables the most appropriate one to be
chosen for each scenario.

e  Some formats provide additional metadata or semantic information alongside the geometry, which can be
useful for downstream processing or analysis of the building data.

. Older legacy formats may still be in use, so supporting them ensures compatibility with existing workflows
and data sources.

FOG provides geometry schema specific relations between things (e.g. building objects) and their geometry
descriptions as depicted in Figure 13. These geometry descriptions can be:

. Ontology based (e.g. using specific ontologies such as GEOM, OntoBREP, etc.).
. Literals containing embedded geometry of existing geometry formats (WKT, geoJSON).

. Literals containing a reference to an original external geometry file.

bot:hasSimple3DModel
bot:has3DModel

<OntoBREP
description>

geo:hasGeometry

ifcowl:representation_IfcProduc ;

strdf:hasGeometry
geo:asWKT

v

Figure 13: Relations between non-geometric objects and their geometry descriptions

<GEOM
description>

Examples of Serialization Formats:

. Industry Foundation Classes (IFC): Used widely in BIM for sharing detailed and complex building
information across various software platforms.

. DWG/DXF: Commonly used in CAD applications for detailed 2D and 3D design work.

. Scalable Vector Graphics (SVG): Suitable for web-based applications requiring lightweight 2D
representations.

e  OBJ/FBX: Often used in 3D modelling and animation software, supporting complex surface geometry.

. GL Transmission Format (GLTF): Optimized for transmitting 3D models over the web, balancing detail and
performance.
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By using FOG, a building object can have multiple representations depending on calculation, interoperability or
rendering needs. For a particular use case where 3D shapes or volumes need to be transferred between two separate
domains, it is possible to consider the use of point clouds represented as GeoJSON multipoints.

8.4 Time series

There is various types of high-frequency time series data and sensor data that can be collected and analysed in the
context of building management or smart buildings. Here is a brief explanation of each:

. Number of occupants: This data can be used to optimize space usage and energy consumption. It can be
collected using sensors or through access control systems.

. Availability of rooms: This information can help with space management and scheduling. It can be tracked
through booking systems or occupancy Sensors.

. Room temperature/humidity: These are important factors for comfort and health. They can be monitored using
temperature and humidity sensors.

. Air pollutants concentration: Monitoring air quality is crucial for health and well-being. Specialized sensors
can measure various pollutants.

. Lighting conditions: This data can help optimize energy usage and create a comfortable environment. Light
sensors can provide this information.

. Energy consumption at delivery points: This data can help identify patterns and opportunities for energy
savings. It can be collected using smart meters.

. Renewable energy production tracking: This data can help manage energy usage and reduce reliance on
non-renewable sources. It can be collected from renewable energy systems like solar panels or wind turbines.

. Security and access control: This data is crucial for maintaining safety and security. It can be collected through
access control systems, surveillance cameras, and alarm systems.

. Status of critical systems and equipment: Monitoring the status of systems like elevators or safety equipment
can help prevent breakdowns and maintain safety. This data can be collected directly from the equipment or
through connected sensors.

e  Scheduled maintenance activities: Tracking maintenance activities can help plan for disruptions and maintain
the building effectively. This data can be collected through maintenance management systems.

. Status update during emergency situations: This information is crucial for ensuring safety during emergencies.
It can be collected through various systems like fire alarms, emergency exits, and communication systems.

e Weather conditions: This data can affect many aspects of building management, from energy usage to safety.
It can be collected from weather stations or online weather services.

e  Occupants' behaviour: Understanding how occupants use the building can help optimize its management. This
data can be collected through surveys, sensors, or other tracking methods.

Each of these data points can provide valuable insights when analysed over time, helping to improve the efficiency,
safety, and comfort of buildings.

An NGSI-LD Entity (e.g. "TemperatureSensor™) can have Properties (e.g. "temperature™) that represent the current
value of each of the series. Entities can also have Relationships with other entities, which can be used to represent the
relationships between different time series and which can also evolve over time. For example, a "TemperatureSensor"
Entity could have a relationship with a "Room" Entity to indicate that the temperature sensor is currently located in that
room. Each of these so-called Attributes (Properties or Relationships) can further have metadata in the form of
sub-attributes that provide additional information about the Attribute. For example, by using the "observedAt"
sub-property, metadata such as the timestamp of each measurement can be recorded and later accessed.
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Time seriesdata arerepresented and managed in NGSI-L D using a dedicated Temporal API. The Temporal API
enhances the above model, thus increasing the expressive possibilities of Entities, allowing the storage of multiple
Attribute instances over time. These Attribute instances make it possible to capture and represent the alteration over
time of the content of the Entities. Such information can then be used to evaluate their trend/behaviour, supporting
external applications, for instance predictive algorithms.

The temporal evolution of an Attribute (for instance, its historical evolution or future predictions) is composed of the
sequence of instances of the referred Attribute during a period of time within its lifetime.

The temporal representation of an Attribute is provided by the NGSI-LD Temporal API as an array of JSON-LD
objects, each one representing an instance of the Attribute at a particular point in time, which is recorded using temporal
sub-properties of the instance (typically "observedAt™). NGSI-LD systems maintain an instanceld for each such
Attribute instance. Through the Temporal API it is possible to manipulate the single instances, as well as the whole time
series.

A specific Temporal Query Language adds the support to time queries and aggregate queries. It is for instance possible
to apply temporal filters (e.g. "return temperature between two dates") using a temporal property and it is also possible
to obtain the aggregated temporal representation of an Entity (e.g. "return the average temperature of the
TemperatureSensor™).

In the BIM context, Building or building element can either be sensors, features of interest or location. A sensor
(Building Element), located in the main room (Space as location) measures the humidity of the whole dwelling (Zone as
feature of interest). Describing time series by using those three kinds of relations allows then to calculate indicators
based on building feature familiar for used.

8.5 Additional data

Several other aspects related to building information and data frameworks are typically managed within the context of
construction and building management. Here is a refined breakdown:

. Services Provided: Specifies the services available within the building, such as utilities, maintenance, security,
and amenities.

o Building Usage: Defines the primary purpose for which the building is intended, such as residential,
commercial, industrial, or mixed-use.

. Environmental Footprint: Evaluates the building's impact on the environment, including energy efficiency,
sustainability practices, and carbon footprint.

. Quantities: Quantitative data about building components, materials, and resources used in construction and
maintenance.

. Materials: Detailed information on the materials used in construction, including specifications, suppliers, and
sustainability attributes.

. Building Insurances and Certifications: Documentation of insurance coverage and certifications (e.g. LEED
certification) that validate compliance with environmental standards.

. Building Digital Logbook: A digital repository for storing and managing information related to the building's
lifecycle, including maintenance records, upgrades, and inspections.

e  Parcel: Information about the land parcel on which the building is situated, including legal boundaries and
zoning details.

. Owner Information: Details about the current owner or owners of the building, including contact information
and ownership history.

. Costs: Financial data related to the construction, operation, and maintenance of the building, including initial
costs, ongoing expenses, and depreciation.
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8.6 Element classification

Element classifications in the context of building information management refer to standardized systems used to
categorize and organize building components and materials. Two commonly used classification systems are UniFormat
and MasterFormat. Both UniFormat and MasterFormat provide standardized frameworks for organizing building
information, which helps improve communication and coordination among stakeholders in the construction industry.

Lifecycle Management: They facilitate effective management of building components and materials throughout the
project lifecycle, from design and construction to operation and maintenance.

Integration: These classification systems are often integrated with Building Information Modelling (BIM) software and
other digital tools to enhance data interoperability and project efficiency.

UniFormat is developed by the National Institute of Building Sciences (NIBS), UniFormat organizes building
information based on functional elements or systems rather than construction trades. It is primarily used during the early
design stages to organize project information and facilitate cost estimating, analysis, and lifecycle costing. Categories in
UniFormat include elements like Substructure, Shell, Interiors, Services, Equipment, Furnishings, Special Construction,
and Building Site Work as shown in Figure 14.
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Level 1
Major Group Elements

Level 2
Group Elements

Level 3
Individual Elements

A SUBSTRUCTURE

AlO

Foundations

Al010 Standard Foundations
A1020 Special Foundations
A1030 Slab on Grade

A20

Basement Construction

A2010 Basement Excavation
A2020 Basement Walls

B SHELL

B10

Superstructure

B1010  Floor Construction
B1020 Roof Construction

B20

Exterior Enclosure

B2010  Exterior Walls
B2020 Exterior Windows
B2030 Exterior Doors

B30

Roofing

B3010 Roof Coverings
B3020 Roof Openings

C INTERIORS

clo

Interior Construction

C1010 Partitions
C1020 Interior Doors
C1030 Fittings

Stairs

C2010  Stair Construction
C2020 Stair Finishes

Interior Finishes

C3010 Wall Finishes
C3020 Floor Finishes
C3030 Ceiling Finishes

D SERVICES

Conveying

DI010 Elevators & Lifts
D1020 Escalators & Moving Walks
D1090 Other Conveying Systems

D20

Plumbing

D2010  Plumbing Fixtures

D2020 Domestic Water Distribution
D2030 Sanitary Waste

D2040 Rain Water Drainage

D2090 Other Plumbing Systems

D30

HVAC

D3010 Energy Supply

D3020 Heat Generating Systems
D3030 Cooling Generating Systems
D3040 Distribution Systems

D3050 Terminal & Package Units
D3060 Controls & Instrumentation
D3070 Systems Testing & Balancing
D3090 Other HVAC Systems &

Equipment

D40

Fire Protection

D4010  Sprinklers

D4020 Standpipes

D4030 Fire Protection Specialties
D4090  Other Fire Protection Systems

D50

Electrical

D3S010  Electrical Service &
Distribution

D5020 Lighting and Branch Wiring

D5030 Communications & Security

DS5090  Other Electrical Systems

E EQUIPMENT &
FURNISHINGS

E10

Equipment

E1010 Commercial Equipment
E1020 Institutional Equipment
E1030 Vehicular Equipment
E1090 Other Equipment

E20

Fumnishings

E2010 Fixed Furnishings
E2020 Movable Furnishings

F SPECIAL CONSTRUCTION
& DEMOLITION

F10

Special Construction

F1010 Special Structures

F1020 Integrated Construction

F1030 Special Construction Systems

F1040 Special Facilities

F1050 Special Controls and
Instrumentation

F20

Selective Building
Demolition

F2010 Building Elements Demolition
F2020 Hazardous Components
Ab

Figure 14: ASTM Uniformat Classification for Building Elements

Master Format is a standard for organizing specifications and other written information for commercial and
institutional building projects in the United States and Canada. It provides a standardized structure for organizing
project manuals, cost information, and other documents related to construction projects. MasterFormat organizes
information into Divisions (e.g. Division 03 - Concrete, Division 08 - Openings, Division 23 - Heating, Ventilating, and
Air Conditioning (HVAC), etc.) and further subdivides them into Sections (e.g. Section 03 30 00 - Cast-in-Place
Concrete, Section 08 11 13 - Hollow Metal Doors and Frames, Section 23 05 93 - Testing, Adjusting, and Balancing for

HVAC).

8.7 Overall model

By combining SAREF and BOT ontologies, it is possible to create a comprehensive model of a city and its buildings,
including their physical structure, systems, and geospatial context as depicted in Figure 15. The ontology defines a
structured hierarchy for city-scale objects, building-scale structures, and component-level details.
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Subclass Relationships are denoted with white arrows, indicating inheritance and specialization. Other Relationships
(black arrows) indicate functional associations, such as spatial containment (bot:containsZone) or adjacency
(bot:adjacentZone). This ontology is useful for modelling the relationships and spatial hierarchies of cities, buildings,
and components within an urban or architectural context, enabling a layered representation from a broad city
perspective down to individual building components and systems. This can support a wide range of applications, from
energy management and urban planning to transportation and emergency response. The following diagram represents an
ontology that organizes various entities and relationships across three different spatial scales: City Scale, Building
Scale, and Component Scale:

geosp:sfContains, geosp:siWithin

N

geolocation
geosp: SpatialObject - geo-Point
ﬂr geosp:hasGeometry JL
geospFeature - geosp:Geometry
sdcity:Facility

CITY
SCALE

sdcity-AdministrativeArea
L sdcity: City

sdcity:City Object

": ﬁ bot-containsZone, bot-adjacentZone

bot:Zone

1 bot: Site

bot: containsZone \_) bot-Building
bot:containsZone w| bot:Storey

botcontainsZone 3 bot:Space

BUILDING
SCALE

baot:containsElement ifc:IfcSy stem

botElement A
AN
bot:Interfacef
saref Device
botInterface

saref.3ensor

COMPONENT
SCALE

saref-Actuator

Figure 15: Multi-scale model interoperability based on BOT and SAREF

City scale entities (orange section):
. geosp: Spatial Object: Represents a general spatial object in the geographical space.

. geosp: Feature: A type of spatial object that can represent real-world features.
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. HAcity: Facility, sAcity: AdministrativeArea, and sAcity: City: Represent specific types of facilities,
administrative areas, and cities within the city scale.
. geo: Point and geosp: Geometry: These represent the geometric aspects of spatial objects.
City scale relationship (orange section):
. HAcity: CityObject is a subclass of geosp: Feature, indicating it inherits characteristics of a feature.
. HAcity: City, sAcity: AdministrativeArea, and sAcity: Facility are all types of sAcity: CityObject.

. geosp: Spatial Object is connected to geo: Point through the geo:location property, which likely defines its
location in space.

. geosp: Spatial Object is also connected to geosp: Geometry through the geosp: hasGeometry property, defining
its geometric structure.

Building scale entities (blue section):

. bot: Zone, bot: Ste, bot: Building, bot: Sorey, and bot: Space: These are hierarchical entities representing
physical and functional subdivisions within a building environment.

Building scale relationships (blue section):

. bot: Zone connects to other bot: Zone objects through the bot: containsZone and bot: adjacentZone properties,
indicating zones can contain or be adjacent to each other.

e  bot:Ste contains bot: Zone through the bot: containsZone property.

. bot: Building contains bot: Ste and can contain multiple bot: Storey levels through bot: containsZone.

. bot: Sorey contains individual bot: Space entities, each defining distinct areas within a floor.
Component scale entities (yellow section):

e  bot:Element, bot: Interface, ifc:1fcSystem, saref:Device, saref: Sensor, and saref: Actuator: Represent specific
components or systems within building spaces, such as devices and interfaces for various functional elements.

Component scale relationships (yellow section):
. bot: Interface is a subclass of bot: Element
e  bot:Space contains bot: Element via the bot: containsElement property.
. bot: Element connects to bot: Interface via the bot: I nterfaceOf relationship, indicating it has an interface.

. bot: Element is connected to ifc: IfcSystem, saref: Device, saref: Sensor, and saref: Actuator, showing that
elements can belong to systems or be represented as specific devices, sensors, or actuators.

The component scale is partially based on the SAREF ontology. The ETSI SmartM2M Technical Committee already
defined the SAREF suite of ontologies, with a definition of generic classes and its mapping toward the NGSI-LD
cross-domain ontology. The alignment from SAREF to NGSI-LD has been covered by Group Specification ETSI

GS CIM 006 [i.4].
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9 BIM / NGSI-LD Integration strategies

9.1 Introduction

Several strategies can be implemented to integrate the BIM (Building Information Modelling) context into NGSI-LD
(Next Generation Service Interface - Linked Data). These include: linking BIM entities to NGSI-LD entities using
Linked Data principles, simplifying BIM models to include only relevant information, and mapping entire BIM models
to the NGSI-LD context. Semantic enrichment, where semantic information is added to BIM models for better
interoperability, and the use of BIM-to-NGSI-LD converters can also aid in this process. These strategies aim to ensure
accurate data interpretation and efficient management in the NGSI-LD context. The main criteria to choose the best
strategy are the complexity data conversion, the effort needed to build and maintain schemas and the level of
interoperability (interoperability made by applications, service level interoperability, native data interoperability).

9.2 OPTION A - BIM as a Link: Linking the data

In this scenario, BIM data (using the IFC data model) and NGSI-LD data would be kept in their own separate systems or
"silos". NGSI-LD basic Entities can be connected to external data models, which do not need to be totally NGSI-LD-
friendly. As long as a thing can be identified by a URI, one can link it to NGSI-LD by using the Linked Data principles.
BIM data can be stored in a RDF store and exposed through a SPARQL Endpoint as specified API as defined by
Building Smart international [i.6]. A SPARQL Endpoint follow a standard specification provided by W3C® The
integration would happen through the use of Uniform Resource Identifiers (URIS) to link related data between the two
systems. For example, an Entity in the NGSI-LD system could have a Property that is a URI, which points to a related
entity in the BIM system. This approach allows each system to continue using its own data model, but still provides a
way to find related data in the other system. However, it requires a way to manage and maintain these URI links, and
the data in each system may still be quite different.

This approach involves creating links or references between Entities in NGSI-LD and entities in BIM. Instead of trying
to fully represent BIM data in NGSI-LD, this approach keeps the data in BIM and only links to it from NGSI-LD. For
example, an NGSI-LD entity for a building might have a property that is a URL pointing to the corresponding BIM
model. This approach allows each system to focus on what it does best but may require more complex querying to get
all the necessary data.

Wikidata is a public SPARQL endpoint giving access to Open Data as Linked Data resources. The following example
describes the Montparnasse railway station and links it to its RDF definition in wikidata:

{
"@ontext": [
"https://uri.etsi.org/ngsi-ld/vl/ ngsi-Ild-core-context.jsonld",
"https://exanpl e.org/context"
I,
"id": "urn:ngsi-ld:Entity:01",
"type": "Entity",

"nane": {
"type": "Property",
"val ue": "Montparnasse Paris Railway Station"

},
"isDefinedByURI ": {
"type": "Rel ationship",
"object": " http://ww. w kidata.org/entity/ Q31114"

}
}

The referenced URI can be solved by querying the web as illustrated in Figure 16 or a SPARQL endpoint (Figure 17).
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« c 23 wikidata.org/wiki/Q631114
|II |I ltem = Discussion
WIKIDATA Gare Montparnasse (Qs3i114)
Paris railway terminal & edit

Main page Gare de Paris-Montparnasse | Paris-Montparnasse
Community porial
Project chat = In more languages
Create a new ltem Configure
Recent changes Language Label Description Also known as
Random Hem
Query Service English Gare Montparnasse Paris railway terminal Gare de Paris-Montpamasse
Nearby Paris-Montpamasse
Help French Paris-Montparnasse gare ferroviaire francaise Paris Montparnasse
Donate Gare Montparnasse
Lexicographical data Gare de Paris-Montpamasse

Gare de Montparnasse
Create a new Lexeme

Recent changes German Paris Gare Montparnasse Bahnhof in Frankreich Gare Montparnasse
Random Lexeme ) .. . .. ) X .
Spanish Estacién de Paris-Montparnasse  estacion de tren en Francia Estacion de Paris-Montparnasse

Tools
P T All anterad lanouanas

Figure 16: Web query of the referenced URI

#Railway Station
#TEMPLATE={"template":"metro station of ?city”,"variables":{"?city":{"query":"SELECT DISTINCT ?citylLabel where {?city wdt:P31/wdt:P279*
#defaultview:Map{"hide":["?commlLabel™,"?coordl”, "?comm2","coord2","?layer”,"?str","2?1line™, "?rgb"],"layer":"?connectinglLinelLabel™}
SELECT ?comml ?commllabel ?coordl ?comm2 ?coord2 ?line ?connectinglLinel ?connectinglinellLabel ?layer ?rgb WHERE {
BIND{wd:Q8686 AS 2city)
scomml wdt:P31/wdt:P279* wd:Q928830 ;
wdt:P131%/wdt:P279% ?city;
wdt:P625 ?coordl ;
wdt:P81 ?connectinglLinel;
wdt:P197 Pcomm2 .
?connectinglLinel wdt:Pa65 ?rgb.
?comm2? wdt:P81 ?connectingline2;
wdt:P625 ?coord2 .
FILTER (?connectinglinel = ?connectingline2)

fcomml p:P625 [# ps:P625 [];
psv:P625 [ wikibase:geolLongitude ?coordilon; wikibase:geoLatitude ?coordilat; ] ] .
fcomm2 p:P625 [# ps:P625 [];

psv:P625 [ wikibase:geolongitude ?coord2lon; wikibase:geoLatitude ?coord2lat; ] ] .

BIND({CONCAT('LINESTRING (', STR{?coordllon), ' ', STR(?coordilat), ',", STR(?coord2lon), ' ', STR{?coord2lat), ')') AS ?str) .
BIND(STRDT(?str, geo:wktLiteral) AS ?line) .
BIND({?connectinglLinel AS ?layer)

SERVICE wikibase:1label { bd:serviceParam wikibase:language "[AUTO LANGUAGE],mul,en”. }

ORDER BY (?connectinglLinellLabel)
Figure 17: SPARQL query of the referenced URI
Pros:

e  This approach allows each system to focus on its strengths and maintain its own data model, reducing the need
for complex mapping or extension.

. It can provide a more flexible and scalable way to integrate the two systems, allowing for loose coupling and
easy evolution.

. It can support a wider range of use cases, as each system can provide its own functionality and services.
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Cons:

. It may require more complex querying and data integration to get a complete view of the data across both
systems.

o It may introduce performance issues if there are many links between the systems and the data needs to be
fetched in real-time.

o It may require additional effort to maintain the links and ensure that they remain valid as the data in each
system changes.

This approach involves creating links or references between objects in NGSI-LD and entities in BIM. Instead of trying
to fully represent BIM data in NGSI-LD, this approach keeps the data in BIM and only links to it from NGSI-LD. For
example, an NGSI-LD entity for a building might have a property that is a URL pointing to the corresponding BIM
model. This approach allows each system to focus on what it does best but may require more complex querying to get
all the necessary data.

In this scenario, data remains in existing BIM data repositories and NGSI-LD instances are referring the BIM data.
NGSI-LD basic Entities can be connected to external data models, which do not need to be totally NGSI-LD-friendly.
As long as a thing can be identified by a URI, one can link it to NGSI-LD: the Linked Data principle.

9.3 OPTION B - Mapping main BIM concepts through an
NGSI-LD domain model

In this scenario, the BIM data collected from the BIM system would be converted into the NGSI-LD data model, using
existing NGSI-LD cross-domain ontologies as shown in Figure 18. This would involve mapping each class to a
corresponding NGSI-LD entity, and converting the data accordingly. This approach would allow the BIM data to be
directly used and queried in the NGSI-LD system, without needing to maintain separate URI links. However, it may not
be possible to exactly map all IFC classes to NGSI-LD entities, due to differences in the data models. Some information
may be lost or changed in the conversion process.

This approach should be driven by use cases and limits to the only needed classes, relationship and properties. The BOT
ontology as a simplification of the IFC ontology that fits with most simple use case needs. It could be a good
intermediate stage between IFC and NGSI-LD conversion.
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core—-context.json",
oles/Building-context. jsonld
1
"id": "urn:ngsi-ld:Building:ba2d4fdS-£57f-4610-a589-2d52670d14£3",
" : "Building™,
!
VI :"Property",
"yalue":"Paris MontParnasse Railway"
}
"de
parnasse Railway Building, also known as Gare Montparnasse, is a major train station in Pa:
I
"ha {
: "Relationship",
"object": "™urn:ngsi-ld:Storey:ba2d4fd9-f57f-4610-a589-2d52670d14d8E"
}e
"he
5:EP! 94
e
"ha
11,
11,
11,
11
.
*h
assets.ion.cesium.com/us-east-1/40866/3/0003.b3dm"
}
}

Figure 18: Railway scenario converted to NGSI-LD data model

The approach taken to convert input RDF (BOT instances) data to NGSI-LD is the following:
. Map source input data to target data structure at the semantic (= RDF triple) level [i.7].

e  This can be done in a number of ways, the proposed approach is to describe a series of transformation rules
using SHACL rules: this way each rule can be precisely identified, described, maintained, shared, etc.
following linked data principles.

. Rules are executed using a SHACL processor mapping rules deal exclusively with the semantic mapping from
one model to another, they do not care about serialization. They could be reused in other
technical/implementation contexts.

. The approach is only applicable to input RDF data.
e  Then serialize the output RDF in JSON-LD (any RDF library can do that) [i.17].

e  Then use JSON-LD Framing (https://www.w3.0rg/TR/json-1d11-framing/) to specify how the output triples
should be serialized in a clean JSON-LD.

. Then, if needed, split the JSON-LD in multiple files.

. This approach is relatively simple and does not require significant changes to either system.

. It allows for interoperability between the two systems without duplicating data.
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o It can be implemented using standard mapping techniques and tools.

Cons:

e  The mapping may not be perfect, and some information may be lost or distorted in the translation between
systems.

. It may be difficult to maintain the mapping as the systems evolve and change over time.

. It may not be possible to map all concepts, especially if the two systems have fundamentally different data
models.

In this scenario, Building Context are described through NGSI-LD models: domain models / smart models / data spaces.

9.4 OPTION C - BIM Smart Model: Creating an NGSI-LD
domain model equivalent to IFC concepts

This approach involves creating an NGSI-LD domain specific model. The idea is to identify similar or equivalent
concepts in both systems and then create a mapping between them. This allows data to be translated or transformed
from one system to another, enabling interoperability. For example, a building in BIM might be mapped to a Building
entity in NGSI-LD. This approach is straightforward but may not capture all the nuances of each system.

This scenario consists in aligning NGSI-LD models with IFC model. Some data will be replicated from BIM to the
context broker.

In this approach, the NGSI-LD model is expanded to include concepts from BIM that may not already exist in it. This
could involve adding new entity types, properties, or relationships that are specific to BIM. For example, BIM concepts
like space, storey, or building element could be added to the NGSI-LD model. This approach allows for a richer
representation of BIM data in NGSI-LD but may require significant modifications to the NGSI-LD model.

In this scenario, a new NGSI-LD domain model would be defined that is specifically designed to fit with the IFC data
model. This would involve creating new NGSI-LD entities and relationships that correspond to the IFC classes and their
relationships. This approach would allow the BIM data to be directly used and queried in the NGSI-LD system, while
preserving more of the original IFC data structure. However, it would require significant effort to define this new
domain model and map the IFC data to it. It could also result in a more complex NGSI-LD system, due to the addition
of this new domain model.

Pros:

. This approach allows for a richer representation of BIM data in NGSI-LD, making it possible to use NGSI-LD
for a wider range of applications.

. It can improve the integration between the two systems, making it easier to query and analyse data across both
systems.

. It can help to standardize the representation of BIM data in NGSI-LD, making it easier for different
organizations to share and reuse data.

Cons:

e  Extending the NGSI-LD model may require significant effort and expertise, especially if the BIM concepts are
complex or numerous.

. It may introduce complexity and redundancy into the NGSI-LD model, making it more difficult to understand
and use.

. It may require changes to existing applications that use the NGSI-LD model, which could be costly and
time-consuming.
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10 Recommendations

10.1 Integrating BIM with NGSI-LD: Three options.

Option A defines an architecture with heterogeneous services (BIM services, GIS services, Context broker). This option
simplifies data modelling but forces the client application to interoperate with heterogeneous services. Option B and C
take advantage of a homogeneous NGSI-LD architecture but require synchronization mechanisms and data conversion.
All options require dereferencing system supported for Linked Data identifiers.

10.2 Identifying BIM elements

All options require non ambiguous identifier. ldentifiers have to be unique and if possible rely on official registers (such
as national building register). Smart object can be identified by their Smart objects or Internet of Things (10T) devices
are typically identified using Unique Identifiers (UIDs). These UIDs can include a serial number, a MAC address, or an
IP address. The most common standard for identifying 10T devices is the IPv6 protocol, which provides a vast address
space, allowing for a unique IP address to be assigned to every 10T device. For classical element GS1 serial number can
be used. Linked Data approach to format as URI to enable web protocol capability such as dereferencing.

In IFC models each elements are identified by a Globally Unique Identifier (GUID). The probability of two different
elements from two different models getting the same GUID is extremely low but not impossible. To avoid any identifier
collision with recommend building a Uniform Resource Identifier (URI) according to the following template.

Template: https://[domainname]/[building identifier]/[IFC local identifier]
EXAMPLE: https://www.theowner.com/ifc/518eb92d967be88bd05f4ff8e68b7b30/1fcWindow_4553

The GUID of the element can be stored as a dedicated attribute (ifc:GUID) of the element to keep the link with the
original data.

10.3  Converting data to NGSI-LD

Data conversion allows to initiate context for objects already serialized by using heterogeneous format. In option A data
remain in their original schema. In option B, only relevant information is converted. The conversion progress can be
automated through three steps:

. (Step 1) from original format to JSON-LD;
. (Step 2) from input schema to target schema;
. (Step 3) from JSON-LD to NGSI-LD.

Step 1 can be performed be using existing converter. Various mappings standards are available such as RML,
SPARQL-generate or Open Refine in order to implement Step 2. Step 2 also includes values transformations such as
Unit conversion, CRS conversion, aggregation, taxonomy mapping. Step 3 follows the JSON-LD framing specifications
to transform JSON structure to NGSI-LD specifications. Synchronization mechanism should be implemented to keep
NGSI-LD context updated according to the master data source.

10.4  Synchronizing data

The subscription mechanism in NGSI-LD is used to synchronize data over brokers by allowing clients to subscribe to
specific data changes in the context broker. This mechanism is based on the publish/subscribe pattern, where publishers
send messages to a topic without knowing who will receive them, and subscribers receive messages from a topic
without knowing who sent them.

In NGSI-LD, a client can create a subscription by sending a POST request to the context

broker's /ngsi-ld/v1/subscriptions endpoint with a JSON payload containing the subscription details. The subscription
includes information such as the entities to be monitored, the attributes to be observed, the notification format, and the
endpoint where notifications should be sent.
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Once a subscription is created, the context broker monitors the specified entities and attributes for changes. When a
change occurs, the context broker sends a notification to the subscriber's endpoint using the specified format. The
notification includes information about the changed entity, the attribute values, and any other relevant data.

Subscribers can also configure the subscription to filter notifications based on certain conditions. For example, they can
specify that they only want to receive notifications when a particular attribute value exceeds a certain threshold. This
allows subscribers to receive only the data that is relevant to them, reducing the amount of unnecessary data transfer
and processing.

Various BIM servers implements a subscription mechanism. BIM servers usually use web-based API for storing,
querying, and exchanging BIM data. They include subscription mechanisms that allows Context Broker to subscribe to
specific changes in the BIM data. This mechanism is based on the WebSocket protocol, which provides a bidirectional
communication channel between the client and the server. Clients can subscribe to specific events, such as changes to a
particular IFC object or attribute, and receive real-time notifications when those events occur. Partial data conversion
process can be used to convert data on the fly.

BIM servers that implement a subscription mechanism typically provide different kinds of notifications to inform
clients about changes to IFC data. The specific types of notifications may vary depending on the BIM server
implementation, but here are some common types of notifications that are typically provided:

. Object creation: This notification is sent when a new IFC object is created in the BIM model. It typically
includes information about the object, such as its type, attributes, and relationships to other objects.

e  Object modification: This notification is sent when an existing IFC object is modified in the BIM model. It
typically includes information about the changes made to the object, such as which attributes were modified or
which relationships were added or removed.

. Object deletion: This notification is sent when an IFC object is deleted from the BIM model. It typically
includes information about the object that was deleted, such as its type and unique identifier.

e  Attribute change: This notification is sent when a specific attribute of an IFC object is modified. It typically
includes information about the attribute that was changed, such as its name, old value, and new value.

e  Relationship change: This notification is sent when a relationship between two or more IFC objects is added or
removed. It typically includes information about the objects involved in the relationship and the type of
relationship that was changed.

e  Transactional notifications: Some BIM servers may provide transactional notifications that group multiple
changes together into a single notification. This can be useful for optimizing performance and reducing the
number of notifications that need to be sent.

Various GIS servers also implement subscription mechanism such as ArcGIS or Geoserver that implements the Web
Notification Standard (WNS).

10.5 Rendering geometry

Context Broker is primarily designed for managing context information in 10T and smart city applications. While it can
handle various types of data, including 3D data, it is not specifically optimized for handling 3D rendering data.

The Context Broker is designed to store and retrieve context information, such as sensor data, geolocation data, and
other types of metadata. It provides a flexible data model based on the NGSI-LD standard, which allows for the
representation of complex data structures, including 3D data. However, Context Broker does not provide any built-in
3D rendering capabilities or optimizations for handling large 3D datasets.

In order to handle and render large 3D datasets, it is recommended to use a specialized 3D rendering software or
platforms that are optimized for this purpose. These tools typically provide advanced features for handling 3D data,
such as level-of-detail optimization, texture mapping, and real-time lighting and shading.
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The recommendation is to link the geometric representation (meshes) in a GLTF file to the corresponding BOT element
by using the File Ontology for Geometry (FOG) formats. The BOT ontology describes building topology, i.e. the spatial
structure and relations of a building, such as spaces, elements, and boundaries whereas the FOG ontology describes file
formats, including geometry formats like GLTF, and provides a way to link geometric representations to semantic
models. Here is an example on how to use BOT together with FOG:

fog: <https://w3id.org/fogi> .

<http://example.org/> .

ex:GLTFFile a fog:File ;
fog:fileName "building.gltf"
fog:hasGeometry ex:WalllGeometry

ex:WalllGeometry
fog:hasMesh "m

bot: represents ex:Walll .

Figure 19: Link between a building element and its 3D representation

When interacting with the 3D representation the viewer [i.8] should be able to identify the corresponding in order the
request the broker. For this reason the GLTF should store the element identifier attached to the corresponding mesh.

The Context Broker can still be used in conjunction with 3D rendering software or platforms to provide context
information and metadata about 3D models. For example, Context Broker could be used to store and retrieve
information about the location, orientation, and other attributes of 3D models, while a separate 3D rendering engine is
used to render the models in real-time.

Existing GIS systems lack support for 3D geometry, as they primarily rely on the ISO/OGC Simple Features

Access - Common Architecture (SFA-CA). While the GeoSpargl ontology is built upon simple features, it is not
applicable to all geometries. For instance, geojson and kml do not accommodate Triangulated Integrated Network (TIN)
or Triangle geometry. Although points in geometry may have a z-coordinate, and lines or planes may include a single
z-value (considered 2.5D geometry), this z-value is projected onto the Z=0 level during calculations.

7

e/

Figure 20: Adapting geometry accuracy to scale

To effectively utilize geometric data, understanding the units of measure is crucial. This can be achieved by linking a
Spatial Reference System (SRS) and concepts from the QUDT ontology to the geometry. To integrate GIS and BIM
representations, the suggestion is to use 2D geometry (LODZ) for large scales (territory, city), 2.5D geometry (LOD2)
for mid-range scales (district, neighbourhood), and 3D geometry (LOD3) for detailed building envelopes and indoor
elements.
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11 Conclusion

The integration of Building Information Modelling (BIM) with NGSI-LD models and APIs presents a promising
approach to enhance data sharing, collaboration, and innovation in the construction and management of buildings. By
adopting a multi-scale approach that considers semantic, geospatial, and temporal aspects, stakeholders can achieve
seamless data exchange and improved decision-making throughout the building lifecycle.

The present document provides a comprehensive framework and practical solutions for implementing this integration,
paving the way for future advancements in the field. Through the analysis of significant use cases, the present document
identifies mandatory data requirements and suggested data patterns to aid in building an NGSI-LD domain model.
Various integration scenarios have been evaluated, ranging from simple, loosely coupled modules to a fully integrated
BIM/NGSI-LD architecture. Each scenario offers unique advantages and drawbacks in terms of efficiency, complexity,
and maintenance cost.

As a first guide for further specification, the suggestion is to follow the median scenario, which offers a good
compromise between complexity and the level of automation. This scenario involves building a specific domain model
aligned with the Building Topology Ontology (BOT). Other data formats, such as CityGML and IFC, can be easily
converted on-the-fly into BOT [i.11], [i.12]. This scenario can then be enhanced with more complex synchronization
rules to keep NGSI-LD data up-to-date. The full lifecycle is use-case dependent and should be adapted accordingly.

The BOT/NGSI-LD domain is complementary to other domain models like SAREF, covering the whole building
monitoring aspect. To further advance BIM/NGSI-LD integration, the next steps should involve transposing the
previous recommendations into specifications regarding data, models, and data flow aspects. In particular, the further
specification should include a first version of the NGSI-LD domain model aligned with BOT.

It is crucial to ensure that identifiers are common between geospatial CIM and BIM to maintain consistency and
interoperability. Geospatial 2D and BIM should be considered as two representations of the same object, rather than two
distinct objects. This alignment will facilitate more accurate and coherent data management across different systems.

Future work should focus on developing detailed specifications that address data models, integration methods, and data
flow processes. This includes creating a robust NGSI-LD domain model aligned with BOT, ensuring seamless
conversion from other data formats, and establishing synchronization rules to maintain data accuracy and consistency.
Additionally, collaboration with industry stakeholders and standardization bodies will be essential to promote
widespread adoption and ensure the practical applicability of these specifications.
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Annex A:
Selection of relevant IFC (OWL) relations and properties

I dentification and description

gl obal I d_I f cRoot ,

descri ption,

| ongNane_| f cSpati al Struct ur eEl enent,
Manuf act urer,

Nane

obj ect Type_I f cbj ect,

predefi nedType

Generic propertiesand quantities

quantities_|fcEl emrent Quantity,
hasProperties_|fcPropertySet,
hasPropertySets_IfcTypebj ect,
nom nal Val ue_| f cPropertySi ngl eVal ue,
conver si onFact or _| f cConver si onBasedUni t,
definedUnit_IfcPropertyTabl eVal ue,
prefix_IfcSlUnit,
uni t _| fcDerivedUnitEl ement,
uni t Basi s_| f cAppl i edVal ue,
uni t Conponent _| f cMeasureWthUni t,
uni ts_IfcUnitAssi gnment,
uni t sl nCont ext _I f cProj ect,
uni t Type_| fcDerivedUnit,
uni t Type_| f cNanedUni t,
name_IlfcSlUnit,
user Defi nedType_I fcDeri vedUni t,
val ueConponent _| fcMeasureWt hUni t,
hasBool ean,
hasStri ng,
hasDoubl e,
hasl nt eger,
hasNext ,
i sFol | onedBy,
hasCont ent s
rel ati ngType_| f cRel Defi nesByType,
rel at edOoj ect s_|I f cRel Defi nes,

Materials

forLayerSet | fcMaterial Layer Set Usage,

| ayer Set Nane_| f cMat eri al Layer Set

| ayerSetDirection_|fcMaterial Layer Set Usage,

| ayer Thi ckness_| fcMateri al Layer,

material _|fcMaterial Layer,

mat eri al G assifications_|lfcMaterial dassificationRelationship,
mat eri al Layers_I| fcMateri al Layer Set ,

materials_|IfcMateri al Li st,

isVentilated_|fcMaterial Layer,

Geometry and location

trueNorth_I fcGeonetri cRepresent ati onCont ext,

vol umreVal ue_I f cQuanti t yVol une,

| engt hVal ue_| f cQuantityLengt h,

xDi m_| f cBoundi ngBox,

yDi m | f cBoundi ngBox,

zDi m_| f cBoundi ngBox,

el evati on_I fcBuil di ngStor ey,

_I fcSpace,

directionSense_| fcMateri al Layer Set Usage,

areaVal ue_| fcQuantityArea,

over al | Hei ght

overal | Wdt h

refLatitude_IfcSite,

ref Longi tude_IfcSite,

ref El evation_|lfcSite,

el evati onOf Ref Hei ght _I f cBui | di ng,

el evati onOf Terrai n_|I fcBui | di ng,
riserHeight _IfcStairFlight,
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siteAddress_|fcSite,

post al Code_| f cPost al Addr ess,
regi on_| f cPost al Addr ess,
town_|I f cPost al Addr ess,
country_|I f cPost al Addr ess,

addr essLi nes_| f cPost al Addr ess,
regi on_| f cPost al Addr ess,
town_|I f cPost al Addr ess,

Topology

I fcG oup,

| f cObj ect Definition,

| f cRel Assi gns,

| f cRel Assi gnsToGr oup,

| f cRel Associ at es,

| f cRel Associ at esMateri al ,

| f cRel Connect sEl enent s,

| f cRel Connect sPat hEl enent s,

| f cRel Connect sPorts,

| f cRel Connect sPort ToEl enent ,
| f cRel Cont ai nedl nSpati al Structure,
| f cRel Deconposes,

| f cRel Def i nesByProperti es,

| fcRel Fill sEl enent,

| f cRel SpaceBoundary,

| f cRel Voi dsEl enent ,

Selection of relevant | FC classes

| f cActuator,

I fcAi r Term nal

I fcAirTerm nal,

| fcAi r Ter m nal Box,

| f cAi r TOAI r Heat Recovery,

I fcAl arm

| fcApplication,

| f cAr eaMeasur e,

| f cBeam

| f cBoundi ngBox,

| f cBui | di ng,

| f cBui | di ngEl enent,

| f cBui | di ngEl enent Proxy,

| f cBui | di ngSt or ey,

| f cBui | di ngSyst em

| fcCabl eCarrierFitting,

| fcCabl eCarri er Segnent ,

| f cCabl eSegment ,

IfcChiller,

| fcCO assificationNotationSel ect,
| f cCoi |

| fcCol um,

| f cConpr essor,

| f cCondenser,

| f cConnecti on,

IfcController

| f cCool edBeam

| f cCool i ngTower ,

| fcCoveri ng,

IfcCurtai nval |,

| f cDanper ,

| fcDerivedUnit,

| fcDi screteAccessory,

| fcDi stributi onChanber El enent,
| fcDistributionControl El enent,
| fcDistributi onEl ement,

| fcDi stributionFl owEl enent,
IfcDistributionPort,

| fcDi stributionSystem

| f cDoor,

| fcDuctFitting,

| f cDuct Segrent ,

| fcDuct Si | encer,

| f cEl ectricAppliance,

| fcEl ectricDhistributionPoint,
| fcEl ectri cFl owSt or ageDevi ce,
| fcEl ectricGenerator,

| fcEl ectricHeater,
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| fcEl ectricMtor,

| fcEl ectricTineControl,
| f cEl enent Assenbl y,

| f cEl enent Conponent ,

| fcEl enent Quantity,

| f cEl enent Ty,

| f cEner gyConver si onDevi ce
| f cEner gyConver si onDevi ce,
| f cEvapor at i veCool er

| f cEvapor at or

| f cFan

| f cFast ener

IfcFilter

| f cFi reSuppressi onTer mi nal
| f cFi reSuppr essi onTer mi nal ,
| f cFl owControl | er

| fcFl owController,

I fcFlowFitting

I fcFl owFi tting,

| f cFl ow nst runent

| f cFl owivet er

| f cFl owivbvi ngDevi ce

| f cFl owSegnent

| f cFl owSegnent ,

| f cFl owSt or ageDevi ce

| f cFl owTer m nal

| f cFl owTer mi nal ,

| f cFI owTr eat nent Devi ce
| f cFooti ng

| f cFur ni shi ngEl enent

| f cFur ni shi ngEl enent ,

I fcFurniture

I fcFurniture,

| f cGasTer mi nal

| f cGeonetri cRepresent at i onCont ext ,
I fcG oup,

| f cHeat Exchanger

I fcHum difier

I fclnventory

I f cJunct i onBox

| fcLanmp

| fcLightFixture

| f cLoadG oup

I fchvaterial,

I fchvaterial _List,

| fcMaterial DefinitionRepresentation,
| fcMaterial Layer,

| fcMaterial Layer _Li st

| fcMaterial Layer Set,

| fcMateri al Layer Set Usage,
| fcMaterial Li st,

| fcMeasureWt huni t,

| f cMechani cal Fast ener

| f cMember

| f cMbt or Connecti on

| fcoj ect

| fcOoj ectDefinition,

| f cQccupant

| f cQpeni ngEl enent ,

I fcQutlet

| f cPhysi cal Quantity,
IfcPile

I fcPi pe,

| fcPipeFitting

| fcPi peFitting,

| f cPi peSegment

| f cPi peSegnent ,

| fcPl ane,

IfcPlate

I fcPl ate,

| f cPost al Addr ess,

| f cProcedure

| fcProject,

| f cProj ect Order

| fcProj ect OrderRecord

| fcProperty,

| f cPropertySi ngl eVal ue,
| fcProtectiveDevice
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| f cPunp

| fcQuantityLength,

| f cQuanti tyVol une,

I fcRailing

I fcRailing,

| f cRanmp

| f cRanpFl i ght

| f cRel Aggr egat es,

| f cRel Assi gns,

| f cRel Assi gnsToGr oup,

| f cRel Assi gnsToProduct,

| f cRel Assi gnsToResour ce,

| f cRel Associ at esCl assi fication,
| f cRel Associ at esMateri al ,
| f cRel Connect sEl enent s,

| f cRel Connect sPorts,

| f cRel Connect sPort ToEl erment ,
| f cRel Cont ai nedl nSpati al Structure,
| f cRel Deconposes,

| f cRel Defi nesBy

| f cRel Defi nesByProperties,
I fcRel Fill sEl enent,

| f cRel FI owCont rol El enent s,
| f cRel SpaceBoundary,

| f cRel Voi dsEl enent,

| f cRepresentati on,

| f cRoof

| f cRoof

| fcSanitaryTerm nal

| fcSani taryTerm nal,

I fcSection

| f cSensor

| f cSensor,

I fcServiceLife

| f cServi celLi f eFact or
IfcSite,

IfcSlUnit,

| f ¢Sl Uni t Nang,

I fcSlab

| fcSlab,

| f cSpace

| f cSpace,

| f cSpaceHeat er

| fcSpatial StructureEl ement
| fcStackTer mi nal

IfcStair

IfcStair,

IfcStairFlight
IfcStairFlight,

| fcStructural Surface

| f cSwi t chi ngDevi ce

| f cSwi t chi ngDevi ce,

| fcSystem

| f cSyst enfur ni t ur eEl enent
| f cTank

| f cTendon

| f cTher nal Load

| fcTi meSeri esDat a

| f cTi neSeri esSchedul e

| f cTransf or ner

| fcTransport El ement

| fcTransport El ement,

| f cTubeBundl e

I fcTypehj ect,

| f cTypeProduct,

I fcVval ve,

I fcVibrationlsolator,

I fcwall

I fcwall,

| f cwal | St andar dCase,

| f cWast eTer i nal

| f cW ndow,

| f cW ndowLi ni ngProperti es,
| f cW ndowSt yl e,

| f cWor kContr ol

| fcZone
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Annex B:

BIM / NGSI-LD alignment

BOT Concept NGSI-LD Representation
Building Entity: Building
Building.id @id

Building.name

name (Property)

Building.description

description (Property)

Building.location

location (GeoProperty)

Building.address

address (Property)

Building.floorCount

floorCount (Property)

Building.area

area (Property)

Building.constructionDate

constructionDate (Property)

Building.owner

owner (Relationship)

Building.manager

manager (Relationship)

Building.tenant

tenant (Relationship)

Building.containsElement

containsElement (Relationship)

Building.hasStorey

hasStorey (Relationship)

Building.hasSpace

hasSpace (Relationship)

Floor Entity: Floor

Floor.id @id

Floor.name name (Property)
Floor.description description (Property)
Floor.level level (Property)
Floor.area area (Property)
Floor.building building (Relationship)

Floor.containsElement

containsElement (Relationship)

Floor.hasSpace

hasSpace (Relationship)

Room Entity: Room

Room.id @id

Room.name name (Property)
Room.description description (Property)
Room.area area (Property)
Room.floor floor (Relationship)
Room.building building (Relationship)

Room.containsElement

containsElement (Relationship)

Room.hasSpace

hasSpace (Relationship)

Space Entity: Space
Space.id @id

Space.name name (Property)
Space.description description (Property)
Space.area area (Property)
Space.building building (Relationship)
Space.floor floor (Relationship)

Space.containsElement

containsElement (Relationship)

Space.hasSpace

hasSpace (Relationship)

Zone Entity: Zone

Zone.id @id

Zone.name name (Property)
Zone.description description (Property)
Zone.area area (Property)
Zone.building building (Relationship)
Zone.floor floor (Relationship)
Zone.room room (Relationship)

Zone.containsElement

containsElement (Relationship)

Zone.hasSpace

hasSpace (Relationship)
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Annex C:
Schemas

1st-level City Objects 2nd-level City Objects

4 ™\
BridgePart
s ™ : :
Bridge BridgeInstallation
Building BridgeConstructiveElement
CityFurniture \ Br%dge@uom‘
CityObjectGroup LBrldgeFurnltur'e )
GenericCityObject » 5
LandUse BuildingPart
OtherConstruction BuildingInstallation
PlantCover BuildingConstructiveElement
SolitaryVegetationObject BuildingFurniture
TINRelief BuildingStorey
TPansportatiunSquar‘e BuildingRoom
Railway BuildingUnit
Road ~ /
Tunnel 4 ( )
WaterBody \\\\\\ TunnelPart
Waterway TunnellInstallation
+Extension TunnelConstructiveElement
= ~ TunnelHollowSpace
TunnelFurniture
. >

Figure C.1: Kinds of City Objects in CityJSON
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Annex D:
BIM Standards

Table D.1: BOT description

andard name =10, B OP

Full name Building Topology Ontology

Version Public Draft

Status Published on W3C®

Documentation https://w3c-Ibd-cg.github.io/bot/

Ontology http://www.w3id.org/bot/bot.ttl

Formats Turtle
The Building Topology Ontology (BOT) is a minimal OWL DL [owl2-primer] ontology
for defining relationships between the sub-components of a building. It was
suggested as an extensible baseline for use along with more domain specific

Description ontologies following general W3C® principles of encouraging reuse and keeping the

schema no more complex than necessary.
Any bot:Zone or bot:Element can be assighed a 3D Model (including geometry,
material, etc.), using some existing data format for 3D models.

Main concepts

Bot:Building, bot:Element, bot:Site, bot:Site, bot:Spaces, bot:Storey, bot:Zone

Maturity Commonly accepted as a reference ontology.
Committees Linked Building Data Community Group (LBD).

BOT is lightweight and simple and easy to integrate.
AT BOT is extensible.

BOT rely on the BEO [i.25] ontology for element taxonomy
Limitations BOT rely on the PROP [i.26] ontology for element properties

BOT rely on MEP ontology to classify mechanical, electrical and plumbing
elements.
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Table D.2: DiCon description

andard name DICO
Full name Digital Construction Ontologies (DiCon) [i.27]
Version 0.5
Status Ontology Specification Draft

Documentation

https://digitalconstruction.github.io/v/0.5/index.html

Contexts, Variables, Entities, Processes, Agents, Information, Materials,

Cnieler Occupancy, Lifecycle, Energy
Formats Turtle

The purpose of the Digital Construction Ontology Suite is to address the semantic
Description level of this challenge, by providing the essential concepts and properties of

construction and renovation projects, thus paving the way to the ultimate integration
of information from different decentralized sources over construction lifecycle.

Main concepts

e Contexts https://w3id.org/digitalconstruction/0.5/Contexts# dicc: Multi-contexts
data: planned/actual, as-designed/as-built, levels of detail

e Variables https://w3id.org/digitalconstruction/0.5/Variables# dicv: Objectified
properties for time varying values, constraints and value metadata

e Entities https://w3id.org/digitalconstruction/0.5/Entities# dice: Basic categories
with identifiers, classifications, breakdowns, and groupings

e  Processes https://w3id.org/digitalconstruction/0.5/Processes# dicp: Activities
and resources, resource assignments, and objects of activities

e Agents https://w3id.org/digitalconstruction/0.5/Agents# dica: Actors,
stakeholders, roles, legal persons, capabilities, capacities

e Information https://w3id.org/digitalconstruction/0.5/Information# dici:
Information content entities, information containers, designs, plans, events,
and issues

e Materials https://w3id.org/digitalconstruction/0.5/Materials# dicbm: Building
materials, material object structures, material properties and material batches

e Occupancy https://w3id.org/digitalconstruction/0.5/Occupancy# dicob:
Occupant behaviour, comfort, safety and health; indoor air quality and building
acoustics

e Lifecycle https://w3id.org/digitalconstruction/0.5/Lifecycle# dicl: Evolution of
information through LOD levels and over the construction lifecycle

e Energy https://w3id.org/digitalconstruction/0.5/Energy# dices: Energy efficiency
including energy systems

DiCon is relatively new compared to more established ontologies like SSN/SOSA or

Maturity SAREF. It is still in the process of gaining traction within the industry.
Advantages Interoperability, alignment with various BIM standards.
Limitations Complexity, lack of tools and solution integration.
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Table D.3: Interconnect description

erconne
TNO InterConnect Ontology series

Version

5.4

Status

Research project

Documentation

https://gitlab.inesctec.pt/groups/interconnect-public/-/wikis/home#interconnect-

ontology
Formats Turtle
The interconnect ontology is based on the ETSI SAREF or Smart Applications
Reference ontology with its distributions for energy and buildings. It extends this
Description ontology family with concepts specific to the cross-domain semantic interoperability:

extensions for representing the user information and profiles, device and sensor
information and profiles, forecast and flexibility information.

Main concepts

e ic-data http://ontology.tno.nl/interconnect/datapoint# Datapoint, TimeSeries,
Message, Utility Purpose

e ic-dev http://ontology.tno.nl/interconnect/device# Device, State, Function

e ic-flex http://ontology.tno.nl/interconnect/flexibility# Flex Offer, Flexibility
Source, Control Type, Power Envelope

e ic-fc http://ontology.tno.nl/interconnect/forecast# Forecast, Point Forecast,
Stochastic Forecast (Gaussian, Quantile, Trajectory), Gaussian Data Point

e ic-inc http://ontology.tno.nl/interconnect/incentivetable# Incentive Table,
Incentive Tiers, Scope and Type

e ic-pwim http://ontology.tno.nl/interconnect/powerlimit# Power Limit (Nominal,
Contractual and Failsafe)

e ic-tplg http://ontology.tno.nl/interconnect/topology# Topological Location, Grid
Segment, Market Segment, Regulation Zone, Electrical Phases

e ic-uom http://ontology.tno.nl/interconnect/units# Additional Units of Measure
(not considered yet in SAREF)

e ic-user http://ontology.tno.nl/interconnect/user# User, User Profile, Preference,
Priority, Interest, Activity, Time, Location

Maturity Research project.
Committees TNO.
Limitations Research work.
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Table D.4: SSN/SOSA description

Standard name SSN / SOSA

Semantic Sensor Network Ontology / Sensor, Observation, Sample and

ALY mETme Actuator (SSN/SOSA)

Version OGC 16-079 / W3C® Recommendation 19 October 2017

Status W3C® Recommendation

Documentation https://www.w3.org/TR/vocab-ssn/

Ontology https://github.com/w3c/sdw/blob/gh-pages/ssn/rdf/sosa.ttl

Formats RDF, TTL
The Semantic Sensor Network (SSN) ontology is an ontology for describing
sensors and their observations, the involved procedures, the studied features of
interest, the samples used to do so, and the observed properties, as well as
actuators. SSN follows a horizontal and vertical modularization architecture by
including a lightweight but self-contained core ontology called Sensor,

Description Observation, Sample, and Actuator (SOSA) for its elementary classes and

properties. With their different scope and different degrees of axiomatization,
SSN and SOSA are able to support a wide range of applications and use cases,
including satellite imagery, large-scale scientific monitoring, industrial and
household infrastructures, social sensing, citizen science, observation-driven
ontology engineering, and the Web of Things. Both ontologies are described
below, and examples of their usage are given.

Main concepts

SSN has already been broadly accepted as a de-facto standard for representing
sensor data on the Web and has been the inspiration for multiple ontologies
layered on top of SSN. With the standardization of the SSN and SOSA
ontologies through the OGC and the W3C® and the introduction of different
modules for different audiences, the ontology is likely to be used in even more
varied use cases, especially for use cases in the Internet-of-Things domain.
Committees W3C, OGC

Interoperability, comprehensive coverage, alignment with existing standards,

Maturity

CEREMEEEE wide adoption, and flexibility.
Limitations Complexity, performance, tooling, and data integration.
Table D.5: SAREF4BLDG
\ Standard name SAREF4BLDG
Full name SAREF extension for building [i.22]
Version V1.1.2
Status Published (2020-04-13)
Documentation https://saref.etsi.org/saref4bldg/v1.1.2/
Ontology https://saref.etsi.org/sarefdbldg/v1.1.2/saref4bldg.ttl
Formats JSON-LD, N3, N-Triples, RDF/XML, Turtle

SAREF4BLDG is an extension of the SAREF ontology that was created based on
the Industry Foundation Classes (IFC) standard for building information. It should
be noted that not the whole standard has been transformed since it exceeds the
scope of this extension, which is limited to devices and appliances within the
building domain.

SAREF4BLDG is meant to enable the (currently missing) interoperability among
various actors (architects, engineers, consultants, contractors, and product
Description component manufacturers, among others) and applications managing building
information involved in the different phases of the building life cycle (Planning and
Design, Construction, Commissioning, Operation,
Retrofitting/Refurbishment/Reconfiguration, and Demolition/Recycling). By using
SAREF4BLDG, smart appliances from manufacturers that support the IFC data
model will easily communicate with each other. Towards this aim, SAREF4ABLDG
should be used to annotate (or generate) neutral device descriptions to be shared
among various stakeholders.

Main Concepts Building, Building Device, Building Object, Building Space, Actuator.

g Promising and still maturing ontology. Benefits from the maturity of SAREF
Maturity

Ontology.

Committees ETSI
Advantages Comprehensive modelling and alignment with 10T ecosystems.
Limitations Quite complex to use. Limited availability of compatible tools and solutions.
Potential improvements Developing advanced tools, promoting broader adoption, optimizing performance.
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Table D.6: Smart data model description

Standard name Smart Data Model / Building
Full name Smart Data Model for models
Version 0.0.3
Status FIWARE community effort the share models
Documentation https://swagger.lab.fiware.org/?url=https://smart-data-
models.qgithub.io/dataModel.Building/Building/swagger.yaml
Ontology https://github.com/smart-data-models/dataModel.Building/tree/master
Formats YAML, NGSI-LD
Description This entity contains a harmonised description of a Building. This entity is associated with the

vertical segments of smart homes, smart cities, industry and related IoT applications. This
data model has been partially developed in cooperation with mobile operators and the GSMA,
compared to GSMA data model following changes are introduced the reference to
BuildingType is removed, since BuildingType compared to category attribute does not
introduce significant information. category attribute is required. openingHours is introduced
following schema.org data model to allow fine-grained on building opening times. GSMA
supported this as free text in the notes attribute (removed as well). refSubscriptionService is
not supported, since SubscriptionService model is not supported currently
https://github.com/smart-data-
models/SmartCities/tree/61f5ald45e04fe256defadd7123ccabd0c98de78
https://github.com/sj-doyle/NGSI-LD-Entities/blob/master/definitions/Building.md