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Abstract -

Construction robotics has a significant potential to au-
tomate a wide range of construction tasks, but it requires
a structured pipeline that links high-level design represen-
tations to concrete robotic actions. Robotic bricklaying is
particularly well-suited to automation because it consists
of repetitive, predefined steps. However, it also introduces
process-planning challenges that must be resolved at the level
of individual components. Fabrication Information Model-
ing (FIM) has been introduced as an intermediate layer be-
tween design and fabrication for construction-scale additive
manufacturing. This study extends the Fabrication Infor-
mation Modeling framework to enable the transformation of
high-level architectural design data into detailed, machine-
interpretable specifications suitable for robotic bricklaying
operations. Specifically, it proposes an integrated FIM-based
data and process representation that supports the systematic
planning and execution of automated bricklaying tasks. The
framework’s utility is validated through detailed bricklaying
simulations and a successful real-world application within a
controlled laboratory environment.
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1 Introduction

Robotics in construction is increasingly adopted to au-
tomate repetitive, rule-based tasks in domains such as ma-
sonry, welding, and structural steelwork. Through their
inherent precision and reliability, robotic systems enhance
both occupational safety and operational productivity in
hazardous, labor-intensive construction environments [/1]].
Brick wall assembly, characterized by standardized oper-
ations, is a prime candidate for robotic automation [2.
However, achieving a fully automated workflow requires
addressing the inherent geometric complexities of ma-
sonry [3l] and establishing a digital system that bridges
building design with automated construction processes

(4].
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Building Information Modeling (BIM) serves as the
foundation, providing a semantically rich digital represen-
tation of the built asset [5,16]. Despite the advancements in
digital modeling, a significant gap persists between BIM-
based design data and robotic task execution. Robots
remain unable to autonomously interpret the high-level,
human-centric abstractions used to define BIM entities
into the precise sequences required for physical construc-
tion [7]. While BIM provides a robust geometric and
semantic foundation for Industry 4.0 integration, bridging
this gap requires a dedicated methodology that extends
BIM data into digital manufacturing workflows, trans-
forming static information into actionable robotic instruc-
tions [18]].

Fabrication Information Modeling (FIM) acts as a BIM-
based digital manufacturing framework that transforms
high-level design data into detailed, robot-interpretable
instructions. By establishing a cyber-physical link be-
tween digital models, processes, and the physical asset,
FIM enables integration across the design, fabrication,
and assembly phases [4].

This study proposes an FIM-based task-planning frame-
work for automated robotic brick wall assembly. The
framework enriches the BIM model by incorporating a
fabrication information model, which adds semantic fab-
rication attributes at the brick level and enables robotic
execution of the assembly plan. This process translates
high-level entities (e.g., wall definitions) into granular data
that supports masonry task planning and execution. The
proposed approach was integrated into a robotic simula-
tion framework and validated through real-world robotic
bricklaying.

The remainder of this paper is organized as follows:
Section 2 provides background on robotic bricklaying,
fabrication information modeling in various applications,
and FIM-based planning and execution, and FIM; Section
3 details the proposed methodology; Section 4 describes
the system implementation in simulation and laboratory
environments; Section 5 presents the results; and finally,
Section 6 concludes the paper.
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2 Background

Automation in construction has become a central re-
search focus, as digital technologies and robotic systems
are increasingly being investigated for their potential to
enhance productivity, safety, and efficiency on construc-
tion sites[7]. Within this broader research context, robotic
bricklaying remains a promising yet relatively understud-
ied area of construction automation. It provides a valuable
basis for investigating task and motion planning, execu-
tion strategies, and information requirements in automated
construction workflows.

2.1 Robotic bricklaying

Several studies have explored the integration of robotics
into bricklaying workflows at different levels of automa-
tion. Early methods demonstrated that human—robot col-
laboration, often facilitated through mobile or augmented
systems, can adapt to on-site conditions, thereby enhanc-
ing placement accuracy and reducing material waste [9].
Moving beyond collaborative scenarios, the automation
of cable-driven robotic systems has been studied using
BIM-driven simulation frameworks that optimize robot
kinematics, process physics, and site logistics, resulting in
collision-free and energy-aware trajectories [10]. Higher
levels of automation have been achieved in a robotic ma-
sonry context; while Zhou et al. [11] embedded vis-
coelastic mortar behavior into a force—position feedback
controller, enabling physics-informed adjustment of tra-
jectories, velocities, and bond thickness. Complementing
these, data-centric pipelines such as the IFC-to-Robot Op-
erating System (ROS) workflow [[7] have begun to translate
BIM/IFC wall models into brick-level Cartesian pick-and-
place tasks and validate them in a simulation environment.
Furthermore, [[12] presents a multi-robot coordination sys-
tem for bricklaying that optimizes robot placement, ma-
terial location, and task decomposition to reduce overall
construction time.

Taken together, existing studies remain project- or
platform-specific and only partly address full automation
of generating robot-interpretable task data from digital de-
sign entities. This leaves robotic brick-wall assembly and
construction in need of a framework that can systemat-
ically handle robotic process planning down to individ-
ual brick components, while resolving discrete process-
planning challenges, such as junction assembly scenar-
ios involving T- and L-junctions of connected brick walls
within a workspace and an arm robot’s reachability.

2.2 Fabrication Information Modeling

Fabrication Information Modelling (FIM) is a BIM-
centric digital fabrication methodology introduced to the
construction sector by [4} [8]. It is designed to structure
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Figure 1. [llustrates the layer-by-layer changing pri-
ority wall status between walls and its relevance on
the connection point brick placement adaptation [13]]

and automate the data flow between high-level BIM geom-
etry and robot-interpretable execution information. Un-
like BIM, which primarily describes design intent, con-
structable element properties, or abstract spatial represen-
tations, FIM explicitly models how a structure will be
fabricated and processed by deriving fine-grained fabrica-
tion data, toolpaths, material-deposition coordinates, se-
quencing, and machine-control parameters. A key step in
FIM’s geometry processing is component slicing, where
wall or fabrication elements are processed to ordered lay-
ers that expose intermediate contours for planning and
manipulation [4], enabling FIM to reference fabrication-
relevant geometry at multiple levels of granularity. The
framework further enables designers to interact with inter-
mediate fabrication representations such as slice contours
and path curves, forming a foundational stage for integrat-
ing feedback, optimisation, and robotic parameter control
functionalities [8]. While representing fabrication and
process information via slicing, the Industry Foundation
Classes (IFC) schema enables aggregation, allowing mul-
tiple geometric representations to co-exist simultaneously
[4]. Aggregation capability supports both automation,
real-time monitoring and recalibration mechanisms such
as RTDE (Real-Time Data Exchange)[14], which integrate
material behaviour, nozzle pressure, movement dynamics,
and environmental sensor feedback to enable closed-loop
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process control during extrusion-based Additive Manu-
facturing [[15]. The proposed framework addresses the
research gap by approaching the FIM framework from a
BIM-to-FIM perspective and extending FIM’s established
methodology and IFC-based information base for robotic
bricklaying [[15]].

Despite these advances, robotic brick wall assembly
still presents multi-scale challenges, particularly because
assembly plans often lack the detailed fabrication and ex-
ecution information required for robotic implementation,
especially at geometrically complex conditions such as
wall junctions.

2.3 FIM-based robotic execution

Recent work on construction robotics has increasingly
explored methods for linking BIM-based representations
with robotic task and motion planning. Initial system-
oriented studies demonstrated that IFC models can be
converted into robot-compatible planning environments,
enabling motion planning, localization, and simulation-
based task definitions [16]. Parallel graph-based ap-
proaches further showed that BIM’s semantic and geomet-
ric information can be structured in machine-queryable
formats to support robotic navigation and information
processing [17]. While these efforts contribute impor-
tant translation mechanisms, they primarily operate at
the project or system level, where the focus remains on
robot control, simulation environments, or data conversion
pipelines, rather than component-scale fabrication. To im-
prove component awareness, smart-component-oriented
workflows segment IFC building entities into metadata-
rich representations that carry individual states and robot-
communication interfaces, enabling automated IFC—-SDF
conversion and robotic simulation execution [18]]. Simi-
larly, RDF-based middle-layer models organize BIM enti-
ties into semantic knowledge graphs that support ontology-
based querying and planning of robotic tasks [19]. Al-
though these methods improve data standardization and
component-level communication, they do not yet provide
a fabrication-focused structure that models building el-
ements according to their manufacturing process to be
executed in a single manufacturing process.

Overall, existing studies demonstrate multiple method-
ologies for establishing BIM—ROS bridges across different
scales of robotic construction task planning and execution.
However, current studies partly address the automation of
generating robot-interpretable task data from design enti-
ties. This leaves robotic brick-wall assembly in need of
a framework that can handle process planning at the in-
dividual brick component level, while resolving discrete
process-planning challenges of brick walls.

To address these challenges, we developed a FIM frame-
work that is structured as a pipeline that relies on the IFC

1310

data structure to manage and utilize fabrication data for
robotic brick wall assembly. Within this pipeline, planning
utilizes geometric and semantic fabrication information
derived from individual wall elements, aggregating them
into a structure-level FIM for the composite brick wall.
Fabrication information is represented using a Labeled
Property Graph (LPG) in the FIM Information Graph,
which is suitable for representing IFC data structures while
enabling efficient retrieval and updates of task data. The
planning loop maps back the fabrication task states and
geometric parameters, enabling component-level task val-
idation, adaptation, and feedback exchange with robotic
control. The framework is validated in a simulation envi-
ronment, followed by robotic execution in a real-world ex-
periment, confirming its applicability beyond digital plan-
ning.

3 Methodology

The workflow presented in this work builds on the
research of M. Slepicka and A. Borrmann [[15], which
addressed the transformation of high-level design infor-
mation into detailed, robot-interpretable data for additive
manufacturing. In this context, continuous material depo-
sition in additive manufacturing can be conceptualized as
an “infinite brick,” whereas the notion of a “finite brick”
represents its discretized counterpart, i.e., robotic brick-
laying. To support "finite brick™, the FIM data structure
is extended to represent individual bricks and their cor-
responding tasks for robotized assembly, as illustrated in
Fig.

Similar to 3D printing, a bricklaying fabrication model
can be defined by discretizing the component into indi-
vidual layers, where each layer is described by the brick
placement surface (slice) — usually a plane — and the path
along which the bricks are placed (toolpath). For “finite
brick”, the toolpath (IfcCurve) is additionally discretized
into a list of individual points (IfcPointOnCurve), each
representing the center of placement for a brick. For regu-
larly shaped bricks, slices are aligned with the top surface
of each brick, toolpaths follow their longitudinal center-
line, and the discretized points are positioned at the center
of their top surface. Thus, compared with additive man-
ufacturing, an additional discretization step is introduced
to provide discrete brick placement positions rather than a
continuous toolpath.

For data storage, the IFC schema supports multiple
IfcShapeRepresentations definitions per layer (cf. Sec-
tion 2.2). This approach enables the systematic organi-
zation of fabrication information into multiple levels of
detail, enhancing the model’s adaptability and supporting
efficient data retrieval. To fully describe the placement of
a cuboid (brick) in three-dimensional space, both position
and orientation are required. Rather than defining these
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Figure 2. FIM data structure for describing brick walls composed of multiple segments. In the data structure,
geometric (left), semantic (middle), and process information (right) are represented.

explicitly, they are captured parametrically through three
representations for each layer: the slicing surface (slice)
provides the normal orientation, the path provides the lat-
eral orientation, and the point list provides the coordinates.
At the same time, this parametric formulation establishes
clear rules for discretization from volume to slice, from
slice to path, and ultimately to the list of points. For each
point, a semantic entity that defines the individual bricks
is modeled using IfcBuildingElementProxy.

Overall, as defined in [15], a FIM model describes a
contiguous component and its corresponding process. For
brick walls, we define a contiguous component as the ag-
gregation of wall segments for which all bricks can be
placed without violating any placement condition (i.e.,
each brick must be fully supported). For example, a
T-junction of two wall segments built with interlocking
bricks at the joint can be regarded as a single contigu-
ous wall. That means, the BIM model is subdivided into
multiple FIM models, each representing one contiguous
component.

For each FIM model, a new aggregated wall en-
tity is generated that groups all BIM elements belong-
ing to the same fabrication process (see Fig. top).
The adaptive planning algorithm identifies how indi-
vidual wall entities are connected via the relationship
IfcRelConnectsElements (see Ifc 4.3.2 Documenta-
tion [20, Section 5.4.3.48]). With this relationship, it is
possible to define the connection type of adjacent wall
segments. If the relationship is not present in the model,
the adjacent wall segments are regarded as separate com-
ponents.

In this study, the positional planning algorithm follows

an iterative approach. After extracting the relevant BIM
data, each wall segment is discretized into individual brick
positions, as described in the preceding sections. Brick
positions located near junctions are then modified to in-
terlock adjacent segments in an alternating pattern, as il-
lustrated in Fig. [} Once all brick positions are defined,
the bricklaying sequence is determined; here, a straight-
forward layer-by-layer strategy is adopted. More advanced
sequencing algorithms could be applied in future work to
optimize construction speed and minimize robot motion.

Aligned with the overall component breakdown struc-
ture (wall, wall segment, layer, and individual brick), the
process can be modeled in the same hierarchical way. Al-
though the semantic elements can implicitly suggest a task
sequence, FIM describes the manufacturing process ex-
plicitly using IfcTask. As illustrated in Fig. [2] (right),
each modeled brick is assigned an individual task repre-
senting its placement action. These tasks are organized
hierarchically, with brick-level tasks nested within layer
tasks, which in turn are nested within component-level
tasks and higher-level groupings. In addition, individ-
ual tasks are connected through sequencing relationships
(IfcRelSequence). These relationships can be planned
and modeled in a separate planning stage to explicitly de-
fine the placement order.

To enable FIM-based robotic bricklaying in ROS, the
individual placement tasks must be translated into exe-
cutable robot instructions. Since each task is linked to the
corresponding “Brick” IFC entity, the target pose can be
retrieved directly from the FIM model; combined with the
known source pose of the next brick, this allows a trajec-
tory to be generated using a standard motion planner. To
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support visualization and simulation within the ROS envi-
ronment, SDF files are additionally required to represent
the brick entities (cf. Section[2.3). In the FIM approach,
however, SDF models are not generated through a one-
to-one BIM-to-SDF conversion for every individual brick,
but rather once for each brick type occurring in the model.
For subsequent use, the corresponding SDF file can also
be linked directly within the FIM model by means of an
external reference (IfcExternalReference).

4 Implementation

This section presents a proof-of-concept implementa-
tion. In the implemented pipeline, BIM data is accessed
using the open-source library IfcOpenShell, geometric
modeling is performed with PythonOCC, and the resulting
fabrication information is stored in a Neo4j graph database
via Cypher queries. The implementation’s validity is sub-
sequently evaluated using a small-scale robotic setup com-
prising a UR10e robotic arm equipped with a Robotiq
2F-85 two-finger gripper, controlled via ROS2.

BIM-to-FIM pipeline initialization. As a starting point
for the iterative pipeline, a BIM model must be pro-
vided. Using IfcOpenShell, the model is first filtered for
brick walls. All brick walls that are connected via an
IfcRelConnects relation are then grouped and aggre-
gated. Then, for each aggregated wall, a separate FIM
model is created by setting up a Neo4j database and popu-
lating it with all relevant IFC data for that wall (cf. Fig.
“Aggregation” and "BIM data”). As a subsequent step,
the geometric information of all wall segments is derived
to enable slicing operations analogous to the 3D printing
methodology described in Section 2]

Segment-wise wall discretization. Using PythonOCC,
the volumetric model — typically represented as a BRep or
an extruded surface — is subdivided into horizontal slices,
referred to as “fabrication layers”, with a spacing defined
by the brick height. For each layer, a centerline is com-
puted as an alignment curve along which brick positions
can be planned. These alignment curves are then dis-
cretized into a set of points representing the positions of
individual bricks. The discretization is performed accord-
ing to the selected brick-laying pattern, for example, the
pattern shown in Fig. [I] in which every second layer is
shifted by half a brick length along the centerline to create
an interlocking arrangement. The spacing between adja-
cent brick positions is determined by the brick length plus
a 1 cm clearance space. In this study, the brick dimensions
were set to 12 x 4.8 x 3.6 cm. In addition, bricklaying was
simplified to dry stacking to focus on the pick-and-place
workflow, so no additional allowance for mortar applica-
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tion was required. In this planning stage, the discretization
is performed naively, placing only full bricks even when
they exceed segment boundaries, providing a straightfor-
ward discretization of all individual wall segments.

Brick placement. In accordance with the discretization,
semantic entities are instantiated for each layer and for each
discretized point using the IfcBuildingElementProxy
class. The layer entities are designated as
IfcFabricationLayer, while the brick entities are la-
beled IfcBrick. For all instances, properties can be de-
fined to capture the most relevant characteristics, such
as identifiers or static parameters. The geometric repre-
sentations created in the previous steps are attached to
the semantic entities as illustrated in Fig. @ And, to
describe the individual bricks efficiently, type elements
(IfcBuiltElementType) are instantiated for each type
of brick including a representation map that defines the
brick geometry.

Rule-based adaptations of brick positions and shapes.
In a second iteration, all brick positions located near a
segment boundary are reexamined. Two cases are dis-
tinguished: either the brick is located near a junction,
indicated by an IfcRelConnects relationship, or it lies
close to the boundary (end) of the wall segment. If the
position is near the wall end, it is evaluated whether the
corresponding brick extends beyond the wall’s boundary
representation. When this occurs and an adjustment of the
brick length is required, the brick entity is reassigned to a
different type entity with suitable dimensions, creating a
new type entity if necessary. If the resulting brick length
falls below a predefined threshold, a minimum length is
enforced and the adjacent brick is shortened accordingly.
This adaptation is constrained by the requirement that the
modified arrangement must still satisfy the interlocking
brick pattern, thereby ensuring proper interlocking across
layers. For each updated brick, the position of the corre-
sponding center point is then recomputed parametrically
and updated in the model.

In the alternative case, where a brick location is close to
a junction, the brick is repositioned so as to interlock with
the adjacent wall segment (see Fig. |l bottom), while the
length of the neighboring brick within the same wall seg-
ment is adjusted accordingly. Simultaneously, the affected
bricks in the connected wall segment are modified to ac-
commodate the interlocking brick. As in the previous case,
shape-related changes are handled through the associated
type entities, whereas positional changes are reflected in
the point list. Across layers, this interlocking is alternated
between the involved wall segments. Within the connected
wall segment, bricks that overlap with the interlocking
brick are identified and trimmed as required. If a brick
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is split during this process, an additional discretization
point and a corresponding IfcBuildingElementProxy
are created. All resulting modifications are propagated
back to the model by updating center point positions and
brick dimensions accordingly.

Task planning. As an additional information layer built
on top of the brick positions, the bricklaying sequence
can be represented within FIM. To achieve this, each
“IfcBrick™ instance is associated with an IfcTask in-
stance that abstractly describes the corresponding brick
placement action (see Fig. ). Consecutive placement
actions are then linked using IfcRelSequence. In this
study, sequencing is performed in a straightforward, layer-
by-layer manner.

Each IfcTask instance represents the action of placing
a single brick, includes attributes describing the task’s
execution state, and is linked to an IfcTaskTime instance
that stores scheduling information. The task state can take
the values NOTSTARTED, STARTED, or COMPLETED.
The associated task time specifies the planned execution

time and enables tracking of the actual execution duration.

FIM-based Robot Execution. Once the BIM-to-FIM
pipeline is complete, the FIM model is ready for execu-
tion. Robot-interpretable commands are then generated
sequentially for each modeled task. Each task is linked
to an "IfcBrick” instance, from which the brick’s position
and orientation are retrieved via a simple Cypher query
and transformed into a robot target pose. By additionally
specifying a source position and orientation for the brick,
motion paths can be generated that guide the robot to the
pickup location (source pose) and from there to the drop
location (target pose). Finally, gripper actions are defined
to fully describe the pick-and-place action.

The streamed robotic commands consist of Tool Center
Point (TCP) orientations, Cartesian movements, and grip-
per actions. The generated task sequences are recorded
in JSON or YAML and transmitted via TCP/IP to ROS2
as granular brick action commands for execution. By
streaming task data per brick instead of exporting a single
static command file, the robot controller remains contin-
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uously connected and synchronized with the component-
level database during execution.

As an extra layer of safety, the whole process can be
simulated first in a physics-based simulator, e.g., Gazebo,
to detect potential issues, such as collisions or reachability
problems. The simulation replicates the real robotic lab-
oratory setup. After the simulation, the developed FIM-
based fabrication can then be executed in real life using
the robotic arm system.

In this study, the experiment was constrained to the
reachable workspace of a single UR10e robot, with each
wall discretized into a 6x6 brick grid. A T-junction case
consisting of two connected walls was evaluated over 6 lay-
ers. T-junction handling resulted in 14 of 72 bricks being
replanned as shown in Figure[3] After the simulation was
executed without collisions, the process was successfully
executed in real life using a UR10e robot arm equipped
with a Robotiq 2-finger gripper 2F-85. The results of both
simulation and real execution are illustrated in Fig.[3]

5 Results

The developed pipeline is responsible for the complete
workflow, from geometric and semantic processing of
BIM wall entities to producing the composite structure’s
FIM for robotic execution. Therefore, in this section, the
end-to-end applicability of the developed FIM pipeline
is demonstrated in the following steps: i) Fabrication-
relevant geometric and semantic information processing
and mapping. ii) Deploying the adaptive planning loop.
iii) Simulation execution. iv) Real-life robotic execution.

6 Conclusion and Future Work

In this paper, a methodology for automating the robotic
brick wall assembly task is presented as a BIM-to-FIM
task and motion planning pipeline. The framework ex-
tends fabrication information modeling by enriching IFC-
based wall geometry and semantic relationships to gen-
erate robot-interpretable process data, while leveraging
this semantic information to enable rule-based adaptations
to process-planning complexities, such as wall junctions.
The previously introduced slicing approach is further ex-
tended to discrete Cartesian brick-placement tasks, and an
adaptive planning method is proposed to maintain con-
sistency. A streaming interface synchronizes the robot
controller with FIM, ensuring that execution reflects the
current fabrication state while preserving prior adapta-
tions. The proposed approach was validated in the same
simulation and real-life experiment with the UR10e setup,
demonstrating that the pipeline bridges the gap between
design and robotic execution in an integrated, automated
workflow. However, the current evaluation should be in-
terpreted as a proof of concept, as it was conducted in

a constrained setup involving a single robot workspace,
a 6%6 brick grid, and a six-layer T-junction configura-
tion. Accordingly, the present results primarily demon-
strate functional feasibility and workflow integration rather
than quantitative performance in terms of execution time,
planning efficiency, or geometric placement deviation.

The proposed approach demonstrates that brick-level
process adaptation and junction handling can be automated
directly by leveraging BIM semantics with an FIM-based
planning process, while presenting the framework as a
fabrication-centered, component-aware planning pipeline.

Opverall, this work demonstrates that Fabrication Infor-
mation Modeling can serve as a synchronized interme-
diate layer for robotic brick wall assembly, supporting
automated sequencing and geometry-based task adapta-
tion within a unified model. While highlighting FIM’s
task-agnostic and adaptable, the developed methodology
opens the door to more comprehensive scenarios, such as
multiple junctions and geometric complexities.

Future work will therefore extend the framework to
larger and more diverse wall assemblies, including open-
ings, corners, and multiple junction configurations, in or-
der to assess its scalability under more realistic construc-
tion conditions. Furthermore, it will be extended by inte-
grating process feedback mechanisms, such as sensor out-
put and camera data, to enable continuous, process-aware,
adaptive planning. In addition, future studies will incor-
porate quantitative evaluation metrics, including planning
time, execution time, task success rate, and deviation be-
tween planned and executed brick placement. The current
layer-by-layer sequencing strategy will also be extended to-
ward optimization-based sequencing methods to improve
process efficiency and reduce unnecessary robot motion.
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