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Abstract
BIM-driven projects depend on structured as-built information with high availability, but the acquisition process
for visual data involves too much manual labour. Apart
from acquisition, the generation of data with laser scanners and other methods requires computationally intensive
registration processes. Unmanned Aerial Vehicles (UAVs)
have gained attention for all applications that involve remote sensing, but still require piloting personnel. UAVs
with newly developed reactive autonomy, guided by stereo
cameras in addition to standard GPS, enable both automated operation and, more importantly, the generation of
structured data that is aligned with the model. This work
proposes a toolchain for producing structured point clouds
of construction elements in progress.

Introduction
Building Information Modeling (BIM) and its temporal
variant 4D-BIM are the conceptual foundation of a standardised, model-based construction planning and management. Planning staﬀ can only make informed decisions on
the basis of rich as-built information. The collection of
information on the current state of construction projects is
a vital aspect of this paradigm (Bosché et al. 2014, Xiong
et al. 2013). The need for rich data and a high level of
availability correlates with the complexity of large building projects. Therefore, the costs for maintaining timely
and comprehensive as-built information increase in larger
construction projects. As a consequence, any decision
and judgement depends on a model that provides accurate,
timely and insightful information. Apart from quantitative and qualitative facts, such as delivery dates, delays,
volumes, and progress notifications from subcontractors,
visual data provides the highest degree of information to
a human operator. Not only should as-built information
be insightful to the human viewer, but more importantly,
oﬀer information for spatial analysis and automated comparision with as-planned model data. An ideal method for
comparing as-planned and as-built status is able to determine the state of distinct BIM objects and present it in
a meaningful way. An automated information generation
workflow is a premise for automated progress reports and
highlighting of issues per process. With the availability of
photogrammetry and terrestial laser scanners (TLS), point
clouds have become an invaluable data structure for measuring as-built status. Point cloud data is both the basis

for meaningful 3D visualisation and moreover an adequate
data structure for spatial analysis of BIM objects. However, TLS- and imaging-based approaches involve substantial manual labour, and therefore (multiple) daily updates
are not feasible without disturbing ongoing processes and
unreasonable amounts of man hours (Bosché et al. 2014).
Unmanned Aerial Vehicles (UAV), often referred to as
drones, have recently gained attention for their ability to
quickly gather information, predominantly photographs,
especially in locations hard to reach. UAV is a broad term
that applies over a wide range of aircraft, from winged
plane-like types with several metres wingspan to helicopters that fit in the palm of a hand. Multirotors, the kind
of UAV referred to in this work, are the preferred form
factor for applications that require stable flight behaviour,
vertical takeoﬀ and landing, ability to carry payloads, and
hovering in place for steady sensing. Research eﬀorts on
employing UAVs for monitoring (Eschmann et al. 2012),
quality control (Wang et al. 2015, Morgenthal & Hallermann 2014), and digital reconstruction (Wefelscheid et al.
2011) leverage these advantages. Apart from enabling better and quicker remote sensing, the real advantage of UAVbased sensing lies in the potential of autonomous operation. Autonomy denotes a breaking point at which an effort to gather as-built information is not anymore measured
per scanning operation, but instead is only necessary once
for an arbitrary number of subsequent operations. Therefore, the UAV-based approach has the potential to make
as-built measurements more eﬃcient, with the scan rate
possibly being increased from weekly to multiple times a
day. Few examples of UAVs for inspection purposes have
made practical use of autonomous capabilities in terms
of avoiding obstacles and automatic flight towards inspection targets. Recent developments in the Robot Operating
System (ROS) and the PX4 flight stack, however, reveal
robust autonomous functionality for UAVs. The software
for autonomous navigation used in this project has been
proven to work on real UAVs and encourages a development workflow with simulator tests prior to outdoor flight
tests. An open source ecosystem of robotics software is
the foundation for this research work, incorporating the
advantages of autonomous flight, state-of-the-art sensor
technology, and BIM-driven workflows as the data model
for detecting change in structural construction.
Prior to this work the authors investigated the feasibility of
using UAVs with pre-computed flight missions to capture
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photographs on construction sites. The UAV’s navigation
capabilities were limited by using only GPS for localisation
purposes.
Contribution
This research work proposes a toolchain for as-built
data generation, making use of autonomous UAVs. The
toolchain is a combination of existing robotics tools and
new ones, developed in the course of this project. In
combination, these tools enable a UAV to automatically
capture visual information of structural elements on the
level of BIM objects. This work is part of an ongoing research of employing UAVs for inspection and monitoring
purposes. The toolchain is under active development, as is
the underlying autopilot and robotics codebase. Following
this stage of development and simulator tests, this project
will reach an evaluation stage with practical case studies.
This work continues to employ the open source PX4 flight
stack which was used in prior work (Freimuth & König
2018), but replaces GPS navigation, which is unaware of
its environment, with reactive autonomy. Vision-based
environment sensing, implemented in ROS, is used for
safe navigation and path planning in an environment that
is partially known. The toolchain that constitutes the autonomous UAV and the automated as-built data generator
is a combination of modules, developed specifically for
path-planning on BIM and scanning construction objects,
based on a stack of open source robotic modules from the
ROS and PX4 software projects. The known environment
is derived from BIM, either as an as-planned model for
a specific date and time or as an as-built model from a
previous scan. The point cloud processing toolchain, implemented in the course of this research, produces point
clouds with colour information that are aligned with the
underlying BIM. Furthermore, by eliminating all points of
objects known from the previous state, the point clouds
produced by the proposed method represent only new or
modified objects. Eﬀectively, the toolchain substantially
reduces the amounts of data to store and provides a perobject view on the deviations between as-planned and asbuilt. The resulting object point clouds represent distinct
groups of points that belong to semantic objects, which is
beneficial to further processing methods from the scan-toBIM domain.

Research Background
3D information of existing structures is highly anticipated.
The data is required for progress tracking (Son et al. 2015,
Bosché et al. 2015, 2014), structural health monitoring
(Klein et al. 2012, Jiang et al. 2008), quality assessment
(Chen & Luo 2014, Tang et al. 2011, Kim et al. 2015) and
as-built modeling (Tang et al. 2010). The importance of
eﬃcient measuring methods becomes evident, as each of

these applications depends on as-built data input and can
only be executed as often as new data can be generated.
Huber et al. (2011) describe the process of creating asbuilt data as time-consuming and error-prone and one of
the key barriers to the widespread use of as-built BIMs in
industry.
Taking photographs of objects for state documentation purposes is ubiquitous. However, taking images for structured analysis and as-built BIM purposes imposes special
requirements. There are two major approaches for acquiring the state of a construction project with photographs.
The first method takes images of objects and registers
them by estimating the camera pose, with which the image was taken. This camera pose is then applied to a
virtual camera inside the corresponding 3D model space,
or from a 4D model at investigation time. A comparison of the virtual image and the real one then exposes
diﬀerences between model and reality. By applying computer vision techniques, features in images or diﬀerences
between the as-built and the as-planned images may be
identified (Lukins & Trucco 2007, Golparvar-Fard et al.
2009, Ibrahim et al. 2009). Such techniques can produce
various results like qualitative statements about surface
properties (e.g. cracks in concrete slabs), detection of
BIM objects (e.g. image contains slab), and clash detection (e.g. pipes cannot be installed as planned; clash with
cable harness). The second method applies Structure from
Motion (SfM) to derive 3D geometry in the form of dense
point clouds. Dozens of images must be taken for each
object and the SfM process itself takes several hours, even
when using specialised commercial software and GPUacceleration. Golparvar-Fard Mani et al. (2015) present
a machine learning-based plane matching with Support
Vector Machines (SVM) that relies on SfM. Klein et al.
(2012) conducted a study on generating exterior and interior as-built models with photogrammetry methods. The
authors acknowledge limitations regarding measurements
of outer structures in upper stories, a limitation that applies
to all inspection methods carried out by surveyors.
Terrestial Laser Scanning (TLS) is an alternative method
for generating 3D geometry. TLS is generally more accurate than image-based reconstruction, mostly due to the
implicit error of the triangulation approach of SfM (Tang
et al. 2010, Wilkinson et al. 2016). However, conventional
TLS only provides 3D points without colour information. Other approaches combine TLS and camera systems,
which provide colour by mapping pixel values to points of
the laser scan. TLS devices need to be mounted stationary
for each scan, during which non-occluded surfaces will be
captured. As a consequence, partially occluded and freestanding objects require multiple scans. When dealing
with multiple scans of the same object, individual point
clouds must be joined in a registration process. Automatic
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registration can be achieved with heuristic approaches like
the Iterative Closest Point (ICP) algorithm or other approaches like the 4-Points Congruent Sets method (Hichri
et al. 2013, Theiler et al. 2014, Besl & McKay 1992).
Concluding the data acquisition methods, laser scanning
and image-based approaches (e.g. photogrammetry) have
greatly improved the measurement process over the manual method and mitigate the risk of modeling errors (Anil
et al. 2013). However, despite producing richer data with
improved accuracy, the sensors still require manual eﬀort
for each scanning task. Setup and operation of TLS- and
camera-based inspections are time-consuming and cause
interferences with other construction tasks (Tang et al.
2010). With data generated in an automated manner, the
number of scans could be increased from weekly to daily
intervals.
Regardless of the method, TLS or SfM, point cloud data
has no inherent alignment in the model space. In the
context of BIM-driven construction the sole collection of
unordered 3D information is not suﬃcient. Markerless
registration of as-built point cloud data with BIM mesh
data is a necessity for automated progress monitoring.
The aforementioned 4-Points Congruent Sets method was
adapted as 4-Plane Congruent Set algorithm with robust
results (Bueno et al. 2018).
After registration, a point cloud is still an unstructured
mass of data that resembles a whole scene. In order to
make semantic decisions, point clouds need segmentation,
preferably on a structural object level. Various segmentation approaches for structural objects have been investigated. A colour-based segmentation coupled with region
growing yielded good results, but depends on colour information and therefore also on suitable lighting conditions
(Zhan et al. 2009). Approaches based on shape detection (Ning et al. 2009) yield good results for detection of
surfaces, but fall short in the segmentation of semantic
objects with individual forms. The Point Cloud Library
(PCL) implements several methods for segmentation and
clustering (Rusu & Cousins 2011), including colour-based
and plane-based methods, which will be investigated in
upcoming research work.

Concept
The objective of this paper is the development of a novel
method for measuring the as-built status with autonomous
UAVs. The integration of UAVs requires a technological
bridge between model information and controlling the autonomous aircraft. Control in this context means being
able to interface with the path planning unit of the UAV’s
flight control.

Choosing a suitable platform for UAV development
Common (commercial) UAV platforms allow for manual control and mission control, with missions being sequences of GPS waypoints. For the sake of usability these
platforms oﬀer mobile applications with limited functionality. The envisioned integration and automation however poses the requirement of full programmatic control
over the aircraft. Some commercial manufacturers oﬀer
optional development programs in the form of Software
Development Kits (SDK). Committing to a single manufacturer creates an unnecessary dependency towards the
company that maintains the SDK, but lifespan and support may be limited. This work is based on PX4, an open
source software and hardware platform for UAVs. It was
originally started as a research platform for vision-based
autonomy and became a robust UAV platform. PX4 gives
developers full control over the UAV and extensive compatibility with the Robot Operating System (ROS). The
PX4 firmware is under active development and testing
by researchers, industrial partners, and enthusiasts. An
active community of developers and testers provides feedback on proposed changes to the system and analysable
flight logs. This makes for a significant advantage in quality control over many other platforms. The sub project
PX4/Avoidance (2016) is another basis of this work, focused on reactive autonomy with path planning in known
and unknown environments.
The Robot Operating System (ROS)
ROS was started in 2007 at the Stanford Artificial Intelligence Laboratory and became part of the Open Source
Robotics Foundation (OSRF) in 2012. It is an open source
framework for the development of and execution on actual
robots. At the core of the ROS concept is a graph architecture, which considers all robot-related processes and entities as distinct nodes while messages passed among nodes
are considered edges. Apart from this architectural aspect, ROS is also a large collection of established robotics
modules that come from an international community. Abstraction of message types and networking communication
allows single modules of robotic systems to be executed
on diﬀerent computer systems. Furthermore, the modular
architecture makes nodes exchangeable under the premise
of conformity with the required message protocol. This
is an essential aspect for research purposes, as it allows
developers to change certain functionality of a robot with
little eﬀort. Iterative changes in code need testing and verification, but conducting outdoor experiments for every
test is impracticable. Malfunctioning code could destroy
hardware or even put humans in danger, when testing flying robots. Therefore, simulation driven development and
testing has become an indispensable requirement.
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Simulation in robotics
Simulation plays a major role in the development of robots,
especially with autonomous UAVs, where malfunction on
the device causes crashes, destroying hardware and possibly causing harm to bystanders and objects. Outdoor experiments with untested features significantly slow down
the development process and pose unwanted risks and
costs. For these reasons the robotics community established a development method that employs realistic simulations up to a point of validation where real world experiments can be conducted (Visser et al. 2011, Symington
et al. 2014, Olivares-Mendez et al. 2014). Gazebo was
created for exactly this purpose and is a popular simulator
with deep integration in ROS (Koenig & Howard 2004,
Meyer et al. 2012). The simulator can be configured to
use exchangeable phyiscs engines and a plugin system enables integration of new virtualised sensors. Within the
simulation, the flight controller receives virtual sensor data
including the UAV’s attitude, axis rotation rates and acceleration. Instead of controlling actual motors, the flight
controller feeds the simulation with actuator commands.
The real benefit here is that experiments carried out in the
simulation run the same code as the real UAV in outdoor
usage. When transitioning from simulator experiments
to outdoor execution, only the virtual sensors need to be
replaced by their real counterparts.
Simulating the UAV for automated as-built scans
In the scope of this work generation and processing of
point cloud data is also based on simulation data. A camera plugin in Gazebo provides the toolchain with images
from the perspective of the UAV’s stereo camera. The
simulation environments are defined in world files, which
describe the composition and properties of physical objects including the ground profile, building structures, and
robots.
Fig. 1 shows the simulated autonomous UAV navigating
around two examples of building models. The building
models represent the construction site at scan time. They
were created by converting an IFC file to a Collada 3D asset file. Collada is a modern and open 3D asset exchange
format which is maintained by the Khronos Group. The
conversion is achieved with the IfcBlender tool (Krijnen
2011). This converted model is necessary for the simulation scene to resemble what the real construction site
looks like. The definition of simulation scenes is straight
forward, however one additional step was found necessary
in the preparation of experiments. During the first trials
with the vision-based flight stabilisation, the UAV behaved
erratically when its cameras were oriented towards the
building. It was found that some of the converted building models had only few visible surface features, which
are needed for the stereo cameras to create a disparity

(a) Example of a building model with complex geometry.

(b) Example of a building with realistic textures. The additional
surface features greatly improve the vision-based depth sensing.

Figure 1: The simulated UAV autonomously navigates
around virtual BIM-derived building scenes.

map. The building models were augmented with realistic
surface textures (i.e. the brick surface wall in Fig. 1b)
which immediately restored the stable vision-based flight
behaviour.
Gazebo provides a plugin to access virtual camera streams
of the 3D scene. Simulated cameras are defined by various
properties such as resolution, field of view, frame rate,
distortion and noise. These parameters make the virtual
cameras configurable to resemble the properties of real
cameras. Furthermore they are linked with the simulated
UAV model, providing pictures from its point of view.
This allows working with synthetic visual sensors as input
for robot perception.
Instead of using the common mission flight modes of PX4,
a path planner node in ROS takes over control. The planner
node is responsible for navigating the UAV towards its navigation goal. Currently, there are two instances of planning
nodes available, local_planner and global_planner. The
local planner is able to navigate in a previously unknown
environment and find ways around obstacles that come
up during its course. The local planner makes decisions
based on the 3D Vector Field Histogram (3DVFH+). The
3DVFH+ is a computationally eﬃcient two-dimensional
array of potential motion directions that are either free or
blocked. The elements of the array are projected on a polar
sphere around the UAV and represent 3D motion vectors
in all directions. The cell’s values are updated in real-time
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Figure 3: A visualisation of the generation of the disparity map (right) from the stereoscopic camera images
(left). The color gradient in the disparity map represents
perceived depth.
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Figure 2: The component architecture of the proposed
toolchain. Nodes represent individual software modules,
arrows indicate data flow between the modules, with solid
arrows marking the flow of point cloud data.

by determining if a certain path is blocked or free in the
octomap (Vanneste et al. 2014). The global_planner additionally recognises a previously known enviroment and
maintains a global representation of the previously known
enviroment. Both variants of the planner continuously
exchange messages with the mavros node, which is the
communication interface between ROS and the PX4 instance that runs independently, for example on a real-time
microcontroller instead of the development machine.
Components of the toolchain
The software architecture of the toolchain is in accordance
with the modularised structure of ROS. It makes use of
existing structures from the PX4/avoidance project with
additional modules developed specifically for the purpose
of measuring the as-built status of construction sites and
BIM.
Fig. 2 provides an overview of the toolchain with an emphasis on the data flow between its modules. Each node in
the graph is a software component that handles a certain
task and will be presented individually in the following
subsections. The relations between nodes depict which

nodes exchange data with each other and therefore resemble dependencies. The top group Input includes nodes that
generate the required stream of stereo images. This stream
either comes from actual stereo cameras on the UAV (e.g.
Intel RealSense), or from virtual cameras that adapt the
real device by capturing images with comparable properties in the 3D simulation environment. This is the main
input for the group of ROS nodes that process the stereo
images for navigation and create the desired point clouds
that represent the as-built status.
The stereo_image_proc node (included in the standard
ROS distribution) is responsible for processing the stereo
image stream. In its initial stage it computes a disparity image, in which each pixel value represents the depth
of the same pixel in the rectified input image. Fig. 3
shows an example of the binocular camera image and the
resulting colour-coded disparity map with a gradient between blue (near) and red (far). With depth information
and color available, the node is further capable of producing a ROS typed sensor_msgs::PointCloud2 message.
sensor_msgs::PointCloud2 is the default type for all
further message passing of point cloud data and is compatible with the pcl::PointCloud2 from the PointCloud
Library, which oﬀers mature point cloud processing methods. The flow of the resulting point cloud data splits at
this point, as it is being used as input stream for both
the planner node (local or global) and the nodes in the
subgroup pointcloud_proc. Devices like Intel RealSense
can compute disparity maps on their own. The accuracy
and performance of these will be evaluated in upcoming
work, but an integrated solution is expected to make the
processing chain more CPU-friendly.
The subgroup pointcloud_proc encapsulates software
modules for real-time processing of point cloud streams.
The first notable node in this subgroup is pcl_filter, which
is a PCL-based passthrough filter for eliminating all points
outside a certain range in one dimension. In this case,
the passthrough filter is used to eliminate all points near
ground. Ground points are relevant to navigation applications, but since the objective of this toolchain is the mea-
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(a) Example building in Gazebo

(b) Corresponding octree for navigation and point cloud
processing

Figure 4: The simulated building scene and its corresponding octree, used on the UAV as a computationally
eﬃcient representation of navigation space.

surement of building structures, data of the ground is of no
further interest. Such filtering processes significantly increase the performance of all subsequent operations. PCL
implements further filtering routines. The statistical outlier removal is one notable filter in which point clouds can
be freed from outlier points that do not represent solid
structures. The next node in the processing flow is the
pc_subtractor node.
The point cloud subtractor
The pc_subtractor node is the second to last stage in the
pointcloud_proc subgroup and is responsible for reducing
and separating input point clouds into groups of points that
belong to objects of interest. During each flight, the UAV
captures extensive amounts of point cloud data. Subsequent point cloud messages are assembled at the end of
the toolchain with the intention to create complete views
on objects from all perspectives. Although the input rate
can be throttled to a value lower than that of the navigation
system, it should be fast enough to ensure that no objects
are overlooked while the UAV is moving. The information of single frames, accumulated intervals of frames or

even whole flight sequences is too large to make sense
to a human operator when simply displayed on a screen.
When considering a structured storage and processing of
the data, it is also advisable to have point cloud data that is
already clearly registered with individual objects in BIM.
Therefore the inspection system automatically reduces the
input data to solely represent new structures that weren’t
present during the last scan. The method requires acccurate as-planned data for the automatic identification of
new structures. This concept assumes that the data of
each inspection is added to the existing as-planned data
and therefore constitutes the as-planned model for the next
inspection. In technical terms, the information on existing
structures is extracted from BIM. In a 4D-BIM workflow
this means that each inspection is executed on the current
state of the model data and its result will be used to create the next iteration. Inside the pc_subtractor node the
existing structures are processed as octree representations.
The octree is generated directly from the mesh data of the
BIM with the open source programs binvox (Min 2004,
Nooruddin & Turk 2003) for voxelisation and binvox2bt
(Hornung et al. 2013) for creating an octree file from the
voxels.
Fig. 4 shows an example simulation with a building model
derived from IFC and its corresponding octree representation. The building’s octree is used as initial input to the
dynamic octomap, which is constantly updated in flight.
Preloading the octomap with the known occupied space
of the building model has a positive eﬀect on the UAV’s
capability of finding a shortest viable path, since all known
structures are automatically included in the path planning
of the local planner. The octree is an adequate data structure to eﬃciently represent the spatial extent of geometric
objects. The current environment is managed in Octomap
(Hornung et al. 2013), an octree-based environment representation for robot navigation. Alignment and scaling of
the input point clouds is a further requirement. The UAV
inspection concept of this work makes use the autopilot’s
self localising capability, a key feature of the autonomous
flight system. The point clouds that are used for obstacle detection and avoidance receive accurate transforms
(translation, scale) from the autopilot that constantly signals its current position in space to the mavros node.
Fig. 5a shows the initial status of data as it arrives in the
node. The existing structures are displayed as boxes with
thick solid outlines and the input data is illustrated by red
points. The boxes represent leafs of the octree, which is
an eﬃcient discretisation of the building geometry. Some
points are placed within a box of the octree, others are outside the octree. Since the octree is a discretised representation of the as-planned model, all points inside the octree
shall be discarded. The goal is to eﬃciently identify all
points, that lie outside the octree. The pc_subtractor node
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Figure 5: Illustration of the point cloud subtractor using
the octree to subtract points that are outside of known
structures.
makes use of the PCL data structure OctreePointCloud
and its function isVoxelOccupiedAtPoint to test each
input point within in the octree and keep a set of outlier
points, marked as blue points in Fig. 5b, Fig. 5c.
The result of this operation is a point cloud frame that represents only objects that are new or modified compared to
the previous model of as-built or as-planned status. Fig. 6a
shows an example of a point cloud before processing in
the subtraction node. In this case, the wall was part of the
known structure and the staircase is not yet known to the
as-built model. Fig. 6b shows the point cloud after processing. The points in the ground region were removed by
the passthrough filter and the subtractor node removed the
wall of the building. The expected result of this process is a
point cloud with an isolated representation of the staircase.
This isolated representation is easy to comprehend at a first
glance. Furthermore, the size of the point cloud in storage
is significantly smaller with similar benefits for subsequent
processing operations. Most importantly though, the point
cloud is semantic as it only represents one object. This
is an advantage for further operations like reconstruction
of meshes from point clouds. The pc_subtractor node is
followed by the pc_assembler node, used for combining
subsequent frames of point clouds.

(a) Point cloud before subtraction

(b) Point cloud after subtraction of points

Figure 6: Visualisation of the subtraction operation on
point clouds. The points of the staircase remain, ground
and facade points are eliminated.

the pcd_export node, which receives point cloud messages
and writes artifact files in the common PCD file type.

The point cloud assembler node
Each point cloud frame, regardless of it being generated by
a TLS or a flying stereo camera, can only represent points
visible from the location of the sensor. For 3D mesh reconstruction purposes, point clouds of objects should be
complete. In order to create complete point clouds of
physical objects, point clouds must be created from multiple perspectives and then these frames must be aligned
and joined. The autonomously flying UAV continuously
captures point cloud frames while navigating around construction objects. The pc_assembler node collects a certain number of frames together with their respective transforms, an ROS description of pose, orientation, and scale
of objects. It takes care of joining those frames and outputs a single, accumulated point cloud. The last step is

Observations
The Gazebo simulation application loads meshes for arbitrary objects from Collada files. This also applies to
the geometric representation of the known building elements, which are derived from an Industry Foundation
Classes (IFC) file to Collada format. The model files are
converted with the IfcBlender plugin for Blender (Krijnen 2011). Initial tests on converted building models
yielded poor results due to the plain surfaces of the Collada exports. The material properties of IFC objects have
no realistic visual representations in the form of textures.
Visible surfaces are defined by colors that will also define the material descriptions of the Collada assets. The
resulting surfaces were found to have negative eﬀects on
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the depth perception in the stereo image proc node, which
relies on visual surface features to compute a meaningful
disparity map. As a result the simulated UAV would not
be able to navigate properly. The problem was solved by
adding photorealistic pattern textures of bricks and gravel
stone to facade elements. This is a limitation that only
applies to the simulation. Camera input from physical objects under natural lighting exposes more visual features
than a simulation.

Conclusions and Outlook
This work is a study on automating and improving the process of as-built data generation. The proposed toolchain
is capable of automatically guiding a UAV around building structures, eﬀectively enabling it to capture as-built
info on an object level. By automating the process of
data acquisition, the toolchain eﬀectively reduces repetitive manual labour which is needed for collecting visual
data of structural elements. The self-localising UAV significantly improves the process, as scanned point clouds
can inherit the UAV’s position information for each frame.
Therefore, no additional point cloud registration is needed.
Furthermore, the toolchain’s ability to eliminate all points
of known or unmodified objects greatly improves the value
of the as-built data. Despite being under active development, the open source autopilot software and the Robot
Operating System provide a solid foundation for practical
applications like the one presented here.
This is a work in progress. Following the simulation-based
tests, the toolchain will be evaluated on real hardware
and in practical case studies. The isolated groups of new
or modified objects will be used for automated progress
monitoring of processes in 4D-BIM.
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