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Abstract -
This research delves into the utilization of laser profil-

ing technology within the realm of Three-Dimensional (3D)
printing in the construction industry. The primary emphasis
is on achieving a seamless integration of Fabrication Infor-
mation Modeling (FIM), Additive Manufacturing (AM), and
Digital Twinning (DT). The study involves the capture of pre-
cise measurements at various stages and storing them as Point
Cloud (PC) data. Moreover, the objective is to transform
operational planning and enhance real-time “as-built” data
generation by intricately mapping shape and height devia-
tions and storing the corresponding data in the FIM model.
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1 Introduction

In comparison to other industry sectors, the construc-
tion industry has traditionally faced challenges in improv-
ing productivity. However, recent advancements in key
technologies are poised to address this longstanding issue.
Building Information Modeling (BIM), Additive Manu-
facturing (AM), and Digital Twining have already made
their mark, offering transformative possibilities. In this
context, Fabrication Information Modeling (FIM) [1]] was
introduced as a bridge between digital design and auto-
mated manufacturing in order to further expand the level
of automation in the construction industry and thus con-
tribute to the fourth industrial revolution, commonly re-
ferred to as “Industry 4.0”. [2]

Each of these technologies plays a unique role in re-
shaping the construction landscape. BIM is a digital de-
sign methodology for creating and using digital building
models that are intended to represent the physical and
functional properties of a building as accurately as possi-
ble [3]. AM helps to automate manufacturing on-site and
off-site and enables the production of components with
complex geometry and improved material efficiency. As
an intermediary layer between BIM and AM, FIM man-
ages fabrication information, facilitating a seamless transi-
tion of 3D information into discrete two-dimensional (2D)
data for layer-by-layer manufacturing [1]. Digital Twining
(DT) ensures real-time synchronization between physical
objects and digital models [4].
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Industry 4.0 is characterized by increasing digitization,
smart manufacturing, and customization, driving the de-
velopment of the construction industry from planning to
construction, focusing on quality control through sensors
and thorough planning. As technology integration in-
creases, DT and AM methods are employed to update
digital models and automate construction processes. Both
technologies reduce the need for manual labor by automat-
ing repetitive or controllable tasks and thus enhance pro-
ductivity [2]. However, along with all the advantages
of AM methods, there are also limitations. One of the
problems with AM is the lower reliability compared to
traditional manufacturing methods, especially in terms of
deviations between the as-printed and as-designed state, if
the AM process is not adequately controlled by feedback
[S]. In this context, this study focuses on enabling digi-
tal twining methods for AM, aiming to provide real-time
monitoring for improved decision-making.

The data structure of FIM models was designed based
on the BIM exchange data format Industry Foundation
Classes (IFC) and can contain various model represen-
tations side by side. This means that a FIM model can
include both the as-designed data extracted from the BIM
model, fabrication information, and later sensor data (as-
printed data). Based on such a data foundation, with a
system for real-time data exchange [6], and with the sen-
sor integration proposed in this study, it is feasible that
FIM can be used for cyber-physical systems (CPS) [[7].

In the following, the technologies on which this work
is based and their current status are first described in sec-
tion Subsequently, the proposed methodology is de-
tailed in section E} Finally, information on this methodol-
ogy’s impact on the industry is provided in section[5]

2 Background

The study presented in this article examines how sensor
feedback can be integrated into FIM-based additive man-
ufacturing. To this end, an insight into the FIM method-
ology and the underlying data structure is first provided.
After this, the optical sensor system used in this work is
described.
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Figure 1. Visualization of the FIM-IFC data.
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Figure 2. Express-G diagram of the FIM data struc-
ture, after [[1].

2.1 Fabrication Information Modeling (FIM)

According to Slepicka et al. [1]], FIM is an intermediate
layer between digital design and automated manufactur-
ing. The FIM framework implemented by Slepicka et
al. [1] can be used to derive manufacturing information
from digital models, such as a BIM model, which can
be used directly in manufacturing. For this purpose, the
tool path for creating the object is generated from the ex-
tracted information of the digital model and enriched with
manufacturing data.

With the FIM Framework, components can be extracted
from a BIM model and automatically enriched with man-
ufacturing information using a pattern-based algorithm.
The 3D geometry data, if not already given as boundary

representation (B-Rep), is converted into a B-Rep model,
and the corresponding boundary surfaces are topologically
mapped. A pattern-based path planning algorithm is then
executed to generate a C2-continuous tool path using the
boundary surfaces and slicing planes. Additionally, to
avoid rapid tool acceleration, e.g., in tight curves, a veloc-
ity profile is generated depending on the curvature of the
path. [1]

The data generated with FIM, i.e., B-Rep, slicing planes,
path, and speed profile, are formatted in the BIM exchange
data format, the Industry Foundation Classes (IFC). The
different data is attached to the same component as
different representations (IfcShapeRepresentation).
The component to be printed (e.g., IfcWall) is rep-
resented as an assembly (IfcRelAggregates) of lay-
ers (IfcBuildingElementProxy), each of which is de-
scribed by its slicing surface (IfcSurface) and the cor-
responding tool path (IfcCompositeCurve) (see figs. |I|
and2) [1].

The data structure just described, in particular the abil-
ity to access the individual surfaces of the component, has
several functions. As described above, the boundary and
layer surfaces are used for path planning. However, the
corresponding surfaces can also be used as an aid for sim-
ulation purposes [8]. Moreover, the subject of this study
is the possibility of using these surfaces as a reference for
“as-printed” measurements.

2.2 Geometric data acquisition

There are various optical sensor systems for 3D geom-
etry acquisition, e.g., active and passive stereo cameras,
terrestrial LIDAR, structured light sensors, and laser pro-
filers. This study focuses on laser profiling, a technology
in which a laser line is projected onto an object to be mea-
sured, which is captured using a camera via triangulation.
As in the study by Chen et al. [9], in which this technology
was used for quality assurance in an AM process, a laser
profiler is also attached to the robotic arm carrying out the
AM process in this study in order to be able to capture the
component geometry during the printing process.

The sensor works by projecting a laser line on the object
to be measured and capturing the reflection to create a 2D
profile, as illustrated in fig. 3] The object is scanned,
and a 2D version and its surroundings are obtained. It
is important to note that only the reflected data can be
captured; therefore, some parts of the measured object
may be occluded and not visible to the scanner. For this
reason, the scanning path and orientation are crucial for
the results.

This type of sensor is commonly used in production
lines, where the sensor is mounted stationary, and the ob-
jects to be measured are moved under the sensor on a
conveyor belt. In this way, individual line measurements
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Figure 3. Functional principle of the laser profiler
(left) and the corresponding measurement result
(right) [L1O].

Figure 4. Robot mounted laser profiler on a path at
a constant distance to the base surface.

can be combined to provide a surface measurement. How-
ever, as Chen et al. [9] show, a laser profiler can also be
mounted on a robot to carry out surface measurements.
A necessary prerequisite for accurate measurement is that
the robot guiding the sensor moves as uniformly as possi-
ble over the object to be measured, as stated by our laser
profiler documentation [10], see fig. 4]

If the distance between the sensor and the ground is
known, the sensor output can be calibrated so that the
height of the measured object can be returned in relation
to the ground. This allows a matrix with height values
to be created from several line profiles, i.e., a 2.5D rep-
resentation of the object. Within the laser line, there is

a resolution depending on the distance to the object, and
from one laser line to another laser line, there is a resolu-
tion depending on the speed of movement of the sensor (if
robot-mounted).

3 Method

As previously indicated, the hypothesis in this study is
that laser profiling can be integrated into the FIM method-
ology (cf. section[2.1]) for “as-printed” data feedback. The
idea is that the manufacturing information available in a
FIM model can be used to generate robot trajectories for
a scanning process with a laser profiler (cf. section [3.1).
The data captured along these trajectories needs to be post
processed by removing unwanted data (cf. section [3.2))
and transforming it into manageable packages (cf. sec-
tion , which can be fed back into the FIM model (cf.
section . In both cases, the boundary and layer sur-
faces stored in the FIM model are used for this purpose

(cf. figs.[[]and [2).

3.1 Scan planning

As already indicated in section the sensor must
be moved at a constant speed along a robot trajectory at a
constant distance from a reference plane so that a scanning
process with a laser profiler can deliver usable results (cf.
fig.[d). To create such a robot trajectory, the corresponding
surface geometry of the part to be measured can be taken
from the FIM model. If, for example, a printed layer is to
be checked, the corresponding layer surface can be used.
When measuring the overall geometry, on the other hand,
the individual surfaces of the B-Rep representation can be
used. Using the profile width of the sensor, the desired
surface can be divided into suitable segments from which
the central isocurve can be derived and shifted to a constant
distance from the surface using an offset. It is important
to note that the offset curves created in this way must be
extended beyond the corresponding area at both ends. A
robot needs some time to accelerate to a constant speed,
and the quality of the measurement with the laser profiler is
impaired during acceleration. The extended curves create
a buffer zone to compensate for this. Additionally, this
extended area for measurement enables the detection of
material outside the designed range (over-extrusion).

3.2 Data filtering

As previously described in section the paths for
the scanning process must be longer than the actual object
geometry. Furthermore, if a surface had to be recorded
in several segments, several data sets must be combined
into one. This means that a few measured lines have to be
removed, and lines have to be trimmed.



