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This paper presents the current findings of the project JuBot that focuses on integrating
assistive humanoid robots in residential environments for seniors. This paper builds on an

earlier eCAADe publication and examines how Building Information Models (BIM) can
be utilised and enhanced to create a 3D framework that facilitates the simulation and
guidance of humanoid robots within buildings. In close collaboration with robotics
partners, key requirements and concepts for an IFC-based data structure and schema
were identified. While specific details may demand a high level of precision, the aim is to
maintain a lean, efficient model that serves as a reference framework for locating objects
and information complementing real-time data gathered by the robot on-site. Existing
gaps in the current IFC 4.3 schema are revealed, and suggestions for model
enhancements are made and demonstrated exemplarily for the object class of door panel,
lining and handles. Additionally, new property sets for housing equipment, including a
mobility index for furniture items, are introduced. Examining these use cases reveals
various potentials that will be evaluated further in subsequent stages of the project. The
proposed schema extensions aim to demonstrate that navigation-specific BIM data holds
value for the everyday use in assistive systems.
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INTRODUCTION

Over the past years, the range of Building
Information Modelling (BIM) applications has
steadily expanded. Among others, the research
focus in the field of robot navigation is gaining
momentum. (Kim and Peavy, 2022, p. 2; Correa, 2016;
Meschini et al., 2016).

The semantics contained in ‘as-built’ BIM-based
models provide an excellent foundation for the use
of humanoid robots and the further development of
navigation and simulation since “Autonomous
Robotic Systems (ARSs) in the Architecture,
Engineering, and Construction (AEC) industry often
rely on sensors to do a preliminary mapping of their
environment” (Gopee, Prieto and Soto, 2022, p. 1).

The authors see significant potential in accelerating
this process by combining BIM models with
dynamically captured sensor data.

The Open-BIM data format Industry Foundation
Classes (IFC) is ideally suited for cross-platform data
exchange, due to its standardisation and
interoperability. The following study, therefore,
investigates the extent to which the existing data
standard can represent necessary information and if
it requires further extension.

RELATED STUDIES

Numerous research projects have already developed
IFC schema extensions (Horn, et al., 2020; Sébke et
al.,, 2021; Yu et al.,, 2023).
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In the construction industry, researchers are also
working on the integration of robots (Meschini, et al.,
2016). The NCCR Digital Fabrication project at ETH
Zurich is dealing with the topic of robot-assisted
fabrication (NCCR Digital Fabrication, 2025).

In the context of building operations,
researchers optimise the interoperability of dynamic
doors and windows. An IFC-URDF (Universal Robot
Description Format) converter has been developed
to automatically transform door panels into movable
elements (Kim and Peavy, 2022). The authors have
identified that doors are underrepresented in the IFC
structure. URDFs offer a way to describe kinematic
joints for robots but are equally suitable for
describing non-motor-driven joints of an object for
interaction purposes. However, in this case, BIM
serves only as a geometric resource.

In the field of Facility Management (FM), the
topic of digital building twins and bidirectional data
exchange is becoming increasingly relevant
(Pauwels et al., 2023).

In the BALTO project of the Fraunhofer Italia
Innovation Engineering Centre in Bolzano, a digital
building twin was used to locate and disinfect door
handles during the COVID-19 pandemic by a robot
(Fraunhofer, 2021; Fraunhofer, 2020).

Since converting BIM into robot-compatible
data formats such as OBJ, STL, and URDF primarily
reflects the geometric representation of building
data, researchers have also looked into linked data
principles (Pauwels, et al., 2023; Gonzilez, et al.,
2020; Zhu, et al, 2024). The IfcOwl ontology, for
example, supports machine readability through URIs
and Semantic Triples.

PROJECT OUTLINE

The interdisciplinary project JuBot at the Karlsruhe
Institute of Technology (KIT) connects researchers
from various fields, including robotics, artificial
intelligence, human-machine interfaces, IT security,
engineering, sports science, as well as architecture
and technology assessment. The project aims to
further develop and integrate the humanoid
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assistant robot, ARMAR-7, for senior citizen housing
use.

Our sub-project at the Chair of Building Lifecycle
Management (in the field of architecture) deals with
the implementation and optimisation of BIM for the
application of robot navigation.

A BIM-based model contains the exact positions
of walls, doors, stairs, elevators and other structural
elements. It additionally it defines spaces, which
allows for the localisation of furniture and objects as
well as determining the opening directions of doors
from and to different rooms. This information can
enable robots to position themselves and plan
efficient navigation paths from their current
location. The topic of Navigation Costmaps has
already been addressed by our project partners in
robotics (Reister, Grotz and Asfour, 2022). The data
interface will continuously be updated through an
iterative process (see Figure 1). The project aims to
improve the mappability of building information to
enhance the representation of BIM Objects for robot
navigation and simulation.
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The future integration of IFC schema extensions
with the IFC-OWL ontology, as well as the
automation of URDF conversion, will offer
substantial benefits and will be a research focus in
subsequent stages. As conventional CAD software
does not allow for direct export, the following paper
is focusing on the IFC schema.

Problem Definition
As already identified in the study of Kim and Peavy
(2022) and the data exchange within the JuBot

Figure 1
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evaluation



Figure 2
Positioning of the
paper content
concerning the
application
scenario of robot
navigation

project, the current IFC standard does not provide a
sufficient representation of every object. As a result,
particular modelling demands either go unmet or
must be realised through disproportionately
complex workarounds. In the context of a feasibility
study (Warmbold, 2024), the operability of doors
proved to be a major challenge due to significant
structural issues in mapping the elements. Only by
splitting a door into individual objects could the
door be operated in the form of a URDF.

Currently, it is necessary to rely on auxiliary IFC
constructs such as proxy elements, custom property
sets (Psets) and quantity sets (Qsets), which results in
a substantial loss of semantic information (Theiler
and Smarsly, 2018, p. 55).

Objectives
Based on the problem statement, this paper
addresses the extension of the IFC 4.3 schema
(BuildingSmart International, 2024) in the context of
humanoid assistance robots in residential
environments. The extensions specifically refer to
the problems and possibilities identified in JuBot
and their application by ARMAR-7 (assistant robot).
The extension aims to be transferable to projects
with comparable conditions and use cases.

Figure 2 illustrates the integration of the IFC
schema extension into the broader context of our
application scenario.
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The following research questions are addressed:

e What level of development (geometric and
alphanumeric) does a BIM-based navigation
model require?

e Which  structures, information  objects,
properties, and resources within the IFC schema
must be extended for robotic integration?

e What level of granularity should dynamically
collected sensor data from the robot be retained
or modelled within the BIM framework?

Methodology

The following paper discusses the feasibility and
possibilities of a schema extension for IFC objects
with a high degree of interaction/manipulation in
buildings, focusing on:

e The operability of doors (transferable to
windows and cabinets).

e The level of information and usability of interior
items.

For illustrative clarity, doors were chosen as the
focused research object. Three different approaches
are examined through which the geometric and
alphanumeric information can be optimised to
maximise the usability of BIM models (those
regularly created by architectural offices) for robots.
The data collection via on-site capturing (e.g. based
on point clouds, briefly touched on in the chapter
‘Comparison’) has only a minor influence on the
schema extension. Despite the ability of assistant
robots to also map their environment, one of our
objectives for BIM is to examine the suitability of an
apartment for all intended tasks in a simulation
before an actual deployment.

The proposed schema extension can be
extended to windows and cabinet elements.

An information-based approach is discussed in
the chapter on interior equipment. The division into
four furnishing categories is used to determine the
necessary level of detail for alphanumeric and
geometric information needed.

The schema extensions consider the degree of
modelling effort and benefit ratio in practice, as well
as the distinction between robot-internal data
storage and BIM-based data management.
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SCHEMA EXTENSION FOR OPERATING
DOORS

In current BIM frameworks, doors are typically
represented as a single entity despite being
composed of multiple components with distinct
properties: door frames, leaves and door handles.
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While most CAD platforms allow these parts to
be managed independently and to modify the
door's opening angle geometrically (Graphisoft,
2025). They are nonetheless merged into a single
object upon export to IFC (ifc) unless specific
interventions are taken (e.g. splitting into element
proxies or a subsequent conversion via an IFC-to-
URDF translator (Kim and Peavy, 2022)).

Figure 3

IFC 4.3 Schema
Extension
scenarios: IfcDoor



This is based on the fact that IfcDoor, unlike the
approach used for stairs, lacks an element
decomposition concept that would otherwise
enable the subdivision of individual door
components. For example, “In case of an IfcStair
being the aggregate of all parts of the stair the
aggregation is handled by the IfcRelAggregates
relationship, relating an IfcStair with the related
IfcStairFlight and  landings, IfcSlab  with
PredefinedType=LANDING. IfcRailing’s belonging to
the stair may also be included into the aggregation.”
(buildingSMART International Limited, 2024).

IfcDoor manages the semantics of the
components in  property sets such as
IfcDoorPanelProperties and
IfcDoorLiningProperties.

In order to facilitate the use of doors in the
context of humanoid robots, both the level of
alphanumeric and geometric representation must
be reconsidered. For this purpose, three distinct
approaches - differing in level of development and
implementation effort - are proposed.

Option A: Entities with Property Sets

Option A introduces an element decomposition
concept for doors. It adds the entities IfcPanel,
IfcLining, and IfcHandle (see Figure 3). IfcDoor is the
aggregate of IfcPanel and IfcLining, while IfcHandle
is, in turn, connected to IfcPanel (see the following
IFC snippet).

The geometric representation of entities enables
the integration of the clear width and height of the
door frame into the Navigation Costmap. While
determining navigation paths, the door panel can be
treated as a “non-space-limiting” physical object.

Should the robot’s arrival at the door trigger the

“open door” action, the Entity's geometric
information and Property Sets provide the
operational  characteristics needed (opening

direction, clearing width, door type, and handle
position). A key advantage of this approach lies in its
high degree of separation: Door handles and panels
become individual components with their own

Globally Unique Identifier (GUID) and its explicit
position in the IFC model.

IFC (STEP) snippet

(IfcLining, IfcPanel, IfcHandle Aggregation):

#100 = IfcDoor(,...);

#200 = IfcPanel(,...);

#300 = IfcLining(...);

#400 = IfcHandle(..., ‘Inside’);

#401 = IfcHandle(..., ‘Outside’);

#110 = IfcRelAggregates(..., RelatingObject := #100,
RelatedObjects := (#200, #300));

#210 = IfcRelAggregates(..., RelatingObject := #200),
RelatedObjects := (#400, #401));

Option B: IfcDiscreteAccessory and
Properties

This example introduces the door frame, leaf, and
handle as a subclass of IfcDiscreteAccessory (see
Figure 3). The PredefinedType attribute specifies
DOORPANEL, DOORLINING, and DOORHANDLE.
These elements are then linked to IfcDoor via the
following aggregation relationship.

IFC (STEP) snippet

(IfcDiscreteAccessory Aggregation):

#100 = IfcDoor(,...);

#201 = IfcDiscreteAccessory(,..., ‘DOORPANEL’);

#202 = IfcDiscreteAccessory(,..., ‘DOORLINING”);

#203 = IfcDiscreteAccessory(,..., ‘DOORHANDLE",

Inside);

#204 = IfcDiscreteAccessory(,..., ‘DOORHANDLE’,

‘Outside’);

#110 = IfcRelAggregates(..., RelatingObject := #100,
RelatedObjects := (#201, #202, #203, #204));

In addition, property sets are assigned to each
object to provide more detailed alphanumeric
information.

As with Option A, subdividing the model into
multiple objects allows for separate geometric
representations. When using this approach,
however, it is essential to ensure that there is no
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overrepresentation, as IfcDoor currently includes
both frame and door leaf.

When introducing IfcDiscreteAccessory, we see
the option for door handles and integrating hinges
but not for all sub-objects.

Option C: Property Sets

Option C only extends the existing Property Sets of
IfcDoor (see Figure 3).

This approach involves the least modelling effort
and can be implemented without significant schema
modifications. It defines information such as the
method of handle operation, the presence of a
locking mechanism, the handle’s position, the
assigned panel, and the door’s opening direction.

A considerable disadvantage is that no separate
geometry object is provided for handles or panels.
Although a coarse bounding box could be
implemented as a property, it remains purely an
alphanumeric specification.

Comparison

Especially in the context of humanoid assistant
robots, it is important to assess the added value of a
decomposition concept: Does the robot require
object subdivision for simulation/action, or is a
property-based approach sufficient?

In our research project, the geometric
modification of doors for robot-based use has
proven to be essential. In particular, the geometric
separation of Panel and Lining.

During our work, we recognised that creating
‘as-built’ door handles requires excessive modelling
effort to become a scalable practice. One way to
overcome this challenge is to generate IFC objects
from point clouds (Nezerka and Zbirovsky, 2025).

Extension A

Entity:

Introduction of IfcLining, IfcPanel, IfcHandle

Discrete Accessory:
Predefined Type="DOORPANEL’, 'DOORLINING',
'DOORHANDLE'

However, since robots will continue to rely on their
sensor- and camera-based perception of the
environment due to safety, obstacle detection, and
precise manipulation tasks, we do not see any
additional value in this highly detailed object
representation despite the introduction of BIM.

In the current project stage, door handles are
therefore  represented as an  abstracted
BoundingBox. The geometry serves as a placeholder
which indicates the existence and location of the
handle on the door leaf.

Our final proposed schema extension is a hybrid
version of all three approaches presented above:

e The entities IfcLining and IfcPanel.

e HANDLE as a predefined type of
IfcDiscreteAccessory.

e Property sets for door type, handle type, locking
mechanism and opening direction.

The aggregation relationship is as follows:

IFC (STEP) snippet

(IfcDoor Aggregation):

#100 = IfcDoor(,...);

#200 = IfcPanel(,...);

#300 = IfcLining(...);

#401 = IfcDiscreteAccessory(,..., ‘DOORHANDLE",

Inside);

#402 = IfcDiscreteAccessory(,..., ‘DOORHANDLE",

‘Outside’);

#110 = IfcRelAggregates(..., RelatingObject := #100,
RelatedObjects := (#200, #300));

#210 = IfcRelAggregates(..., RelatingObject := #200,
RelatedObjects := (#401, #402));

Extension B Extension C

PropertySets

Schema effort High (Introduction of new entities)

Medium (general class reused)

Low (additional custom Psets)

effort High (explicit modeling)

High (explicit mo

Low (property-based extensi

Geometric representation clarity High (clear geometric separation of entities)

Medium (clear geometric separation but forces panel and
Lining in a wrong object category)

Low (no separate geometry)

ity for robotic i High (clear i clues)

High (clear ion clues)

Low (mostly descriptive attril

Clarity of the handle to panel % 2
High (IfcPanelis the aggregate of IfcHandle)

Low (No handle panel assignment. Aggregation would
require nesting of multiple DiscreteAccessorys)

Low (Only alphanumeric assignment
using Pset_F ifyer)

Aggregation depth

410 | eCAADe 43 - Volume 2 - Confluence

High (Nested aggregation from door to panel to handle) Medium (IfcDoor is the aggregate of IfcDiscreteAccessory) No aggregation introduced

Table 1
Extension
comparison
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EXTENSION FOR INTERIOR EQUIPMENT
Within interior equipment modelling, various object
categories influence the required level of detail:

A. Built-in objects (e.g. fitted cabinets and kitchen
installations)

B. Movable furniture with infrequent repositioning
(e.g. bed, sofa, washing machine)

C. Movable furniture with frequent repositioning
(e.g. chairs, side tables)

D. Regular items (e.g. remote control, glasses,
phone)

In the IFC schema, these subtypes are already
specified via IfcFurniture, IfcSanitaryTerminal, and
IfcElectricAppliance, among others.

Objects in Category A (built-in objects) benefit
from a high level of detail, as they typically consist of
custom-made items with unique configurations. In
this case, a more elaborate level of geometry can be
beneficial, subdividing a piece of furniture into
shelves, corpus, doors, drawers, and handles via
aggregation relationships.
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Depending on the robot’s level of interaction
with Category B furniture (movable with infrequent
repositioning), a higher level of information may be
appropriate since these items are more commonly
found on the market and, therefore, in people’s
homes.  Consequently, the property set
Pset_ManufacturerTypelnformation (an existing
Pset; see Figure5) is particularly suited for
associating the robot’s learned ability to operate
specific devices and pieces of furniture with an exact
product type.

The information for interaction is not extracted
from the model geometry but from the robot'’s skill
set, while the navigation model only provides
geometric information about the position and
rotation of the respective furniture. This approach
supports the desired scalability and transferability of
operational skills across various environments by
defining recurring objects.

Category C (movable with frequent
repositioning) represents furniture with the lowest
persistence. However, this does not imply reduced
interaction requirements. For this reason, such items
are represented in the model with an abstracted
geometry (as placeholders). By implementing a
movableObjectindex (see Figure6), a robot can
determine whether objects that might form an
obstacle can be moved aside or returned to their
original location.

Frequently used personal items (Category D) do
not benefit from geometric representation in a
navigation model. Nonetheless, the model can assist
in allocating these items to a designated storage
spot in advance and later by tracking the last
observed location, facilitating searching and tidying.
The properties ContainsTemporaryltem and
StorageFor (see Figure 6) serve this purpose and are
assigned to objects in Categories A-C.

CONCLUSIONS

Before assistant robots can physically operate in
a building, the environment must be mapped
(virtual mental model). BIM can streamline this
process and promote interaction in a household
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setting. The more precisely the model reflects the
‘as-built’ environment, the better it can support
pathfinding, task execution, and obstacle avoidance
in advance.

In our research project, we concluded that BIM
models are well-suited for several reasons. First,
before purchasing a robot, BIM models can help
determine whether a living space is suitable for
robot operation and whether all desired tasks can
realistically be carried out, considering the floor plan
and furniture layout. Additionally, BIM models
enable efficient route planning. Lastly, they are
highly suitable for conversion into machine-
readable ontologies, such as IfcOwl, as these models
provide semantic information that assigns meaning
to objects within the environment.

Level Of Information Needed

The Level of Information Needed (LOIN)
(regulated in SN EN ISO 7817-1:2024) is not a direct
part of the IFC schema. However, it is important for
efficient data exchange in BIM practice, as LOIN
defines the delivery of information based on
requirements. A robot operating in construction
requires different modelling parameters than a
humanoid assistive robot in building operations.

Figure 5

IFC 4.3 Existing
Property Set:
Manufacturer Type

Figure 6

IFC 4.3 Property
Extension: Interior
Equipment



Construction-related details such as the materiality
and structure of walls, ceilings, or load-bearing
properties are not necessary for indoor navigation in
a residential context. In contrast, information about
door handles, light switches, and power sockets can
prove highly valuable.

Despite the advantage of a vast amount of
highly detailed information, it is important to note
that larger data volumes can increase computational
overhead for robotic applications. Simply providing
more data does not necessarily equate to greater
informational value or a higher-quality building
model.

When developing the LOIN within the JuBot
project, we found that the IFC schema had to be
extended in certain areas discussed above to meet
the information requirements and enhance the
practical efficiency of the BIM models.

For the Navigation Costmap, it is necessary to
split door elements to map cross-room navigation
paths.

The extension for interior equipment is intended
as a first approach to pre-organising household
structures within the BIM-based model and laying
the foundation for a potential FM connection to
store robot-generated data on newly detected
known objects, linking items to respective furniture
and rooms.

OUTLOOK

Integrating sensor data is a key aspect of robotic
guidance. By combining sensor data, such as LiDAR
(Light Detection and Ranging) and cameras, robots
can capture their environment in real-time and
compare the collected data with the BIM model. This
enables precise positioning and continuous
adaptation to obstacles or environmental changes.

Once the research transitions from simulation to
real-world application, it may also be beneficial to
incorporate  Ambient Assisted Living (AAL)
technologies. AAL would enable a robot to operate
lighting, heating, or sunshades digitally.

In the future, we see significant added value in
the additional integration of a FM-System to keep

data updated in real time and enhance
communication between humans and machines.

Any changes to the building structure or
temporary restrictions can thus be promptly defined
by a Facility Manager, allowing the robot to adapt
rapidly to new conditions, which is particularly
relevant in dynamic environments where room
usage may shift throughout the day or week.
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