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PREFACE

In the summer semester of 2024, we explored
the possibilities of digital building documen-
tation for the first time together with Master’s
students in Architecture at the Ohlendorff Villa
in Hamburg. At that time, our primary objective
was to investigate the wide range of available
methods for digital building surveying and to
identify the most suitable tools and workflows
for architectural practice.

Building upon these experiences, our work in
the summer semester of 2026 extended this
research by evaluating additional technolo-
gies with a particular focus on the generation
of three-dimensional building models. To faci-
litate reproducibility, the Appendix documents
each workflow presented in this publication in
a step-by-step manner, enabling readers to re-
produce the validated processes on their own.
Over the past two years, surveying technology
has evolved rapidly. Today, the integration of
point clouds into CAD software has become
considerably more accessible. Alongside point
clouds, a new three-dimensional image repre-
sentation—3D Gaussian Splats (3DGS)—has
emerged as a promising technology for digital
building documentation.

Using the Hufnerhaus in Hamburg as a case
study, we investigated and compared a varie-
ty of instruments and workflows for building
digitization based on both point clouds and
Gaussian Splats. In addition to smartphone ap-
plications, DSLR cameras, and 3D cameras, we
employed the Lixel K1 handheld scanner and a
DJI Matrice 4E drone. All participating student
groups successfully generated usable point
clouds with the selected technologies, while
some of the tools also produced 3D Gaussian
Splat models. Although we have not yet suc-
ceeded in integrating Gaussian Splats directly
into CAD software, we are confident that such
capabilities will become available in the near
future.



This project would not have been possible
without the generous support and trust of Mr.
Christian Kottmeier and the members of the
Jugendbauhiitte. We are equally indebted to
our esteemed colleague, Professor Thomas
Kersten, whose pioneering work introduced us
to these technologies and laid the foundation
for this research. On behalf of everyone invol-
ved, | would like to express my sincere gratitu-
de for their invaluable support.

My special thanks go to the students and con-
tributing authors of this publication. Motivated
solely by their professional curiosity and en-
thusiasm for learning, they participated in this
project without any guarantee of success and
dedicated themselves wholeheartedly to this
publication from its inception to its completion.

Hamburg, July 2026
Bernd Dahlgriin
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INTRODUCTION

Fig. 1.1.1: DJI Martice 4E

DESCRIPTION

This section examines the potential and appli-
cability of the DJI Matrice 4E drone (Fig 1.1.1)
as a tool for creating digital as-built models of
buildings and analyzes its benefits for architec-
tural planning and as-built surveys.

Using the Hufnerhaus as an example, the entire
workflow, from preparation through data col-
lection to the creation of a three-dimensional
building model, is documented and evaluated.
The DJI Matrice 4E is a professional Unman-
ned Aerial Vehicle (UAV) system specifical-
ly designed for geospatial applications such
as surveying, mapping, and inspection tasks,
particularly for the construction industry. By
combining high-resolution imaging, automated
flight planning, and software-assisted proces-
sing, the system enables the capture of precise
building data for the creation of digital as-built
models.’

With the help of the DJI Manifold 3 onboard
computer, the system can create a 3D model
of the building even from a short distance and,
based on this, generate a largely automated
survey of the building.?

As part of the project, the software solutions
Agisoft Metashape and WebODM were used
to process the captured image data and were
compared in terms of their suitability for crea-
ting usable building models.

The generated datasets were then imported
into Archicad and used as the basis for buil-
ding modeling.

In addition to the technical implementation, the
project evaluated the required workload, the
accessibility of the method, and the quality and

i cf. DJI. “DJI Matrice 4 Serie - Technische Daten”. Accessed
01.07.2026.
https://enterprise.dji.com/de/matrice-4-series/specs

2 cf. DJI. “Manifold 3 - Die Computing-Power Der Zukunft -
DJI Enterprise”. Accessed 01.07.2026.
https://enterprise.dji.com/de/manifold-3



usability of the generated data for architectural
surveys.

Based on the insights gained, we developed a
workflow tailored to the architect’s work (Fig.
1.1.2)

The entire process of drone-based surveying
can be divided into four sequential steps. The-
se include the building survey, the photogram-
metric reconstruction of the image data, the
processing of the resulting point clouds, and
the conversion into a BIM-compatible 3D mo-
del.

This structure forms the methodological fra-
mework of the study and serves as the basis
for evaluating the quality of the survey, data
processing, and architectural applicability in
the following chapters.
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Fig.1.1.2: Schematic diagram of procedure
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REQUIREMENTS

Hardware and Software

The DJI Matrice 4E is being used for the
digital survey of the Hunferhaus. It is par-
ticularly well-suited for this task, as it was
developed for professional surveying and
provides georeferenced image data for
photogrammetric analysis.* The drone
is complemented by the DJI Manifold 3
onboard computer, which enables close-
range and largely automated surveying
of the building.*

Sufficiently charged drone batteries are re-
quired for operation, as energy consump-
tion is high during the survey.

The DJI RC Plus 2 Enterprise remote cont-
rol is required to control the drone and ad-
just the imaging parameters.®

Additionally, a mobile device with an inter-
net connection acting as a hotspot is requi-
red to retrieve satellite data.

A high-performance computer is required
to process the image data, as the photo-
grammetric analysis of large volumes of
high-resolution images places correspon-
dingly high demands on computing power
and storage.

Two different photogrammetric software
approaches were used in the project: Agi-
soft Metashape (a 30-day trial version of
the commercial full version) and WebODM
Lightning, a cloud-based system operating
on a credit-point basis.®’

CloudCompare was used for further pro-

cessing of the point clouds and for gene-
rating orthographic views.

+ The final geometric data was integrated
into the BIM workflow using Archicad.

Legal Requirements

The operation of UAV systems within the Eu-
ropean Union is subject to Regulation (EU)
2019/947. Depending on the operational sce-
nario, at least a Category A1/A3 certificate of
competence is required, while additional quali-
fications (e.g., A2 or Specific Category) may be
necessary for more complex operations.®

In this project, all drone flights were conducted
by operators holding an A2 certificate, as this
qualification was required for the UAV used.
Due to its take-off weight of approximately
1,200 g,° the DJI Matrice 4E falls into a cate-
gory that requires A2 competency under the
applicable operational regulations. The A2 cer-
tification includes, among other things, know-
ledge of safe operating conditions, safe distan-
ces from bystanders, and the assessment of
risks during flight operations.

In addition, it must be verified prior to opera-
tion whether the survey area is located within
a geographically restricted airspace or is sub-
ject to other operational requirements. This
verification is necessary to ensure that drone
operations are conducted in compliance with
the law and in accordance with local safety re-
quirements.

On-Site Requirements
The survey area must be defined in such a way
that no unauthorized overflights of non-appro-

cf. DJI. "DJI Matrice 4 Serie - Technische Daten”. Accessed 01.07.2026. https://enterprise.dji.com/de/matrice-4-series/specs
cf. DJI. “Manifold 3 - Die Computing-Power Der Zukunft - DJI Enterprise”. Accessed 01.07.2026.

https://enterprise.dji.com/de/manifold-3

cf. DJI. "DJI Matrice 4 Serie - Das Zeitalter des intelligenten Fluges”. Accessed 26.06.2026.

https://enterprise.dji.com/de/matrice-4-series

cf. Agisoft Metashape. "Agisoft Metashape”. Accessed 26.06.2026. https://www.agisoft.com/

cf. OpenDroneMap. “WebODM Lightning: Drone Mapping Software”. Accessed 26.06.2026. https://webodm.net/

cf. Luftfahrt Bundesamt(LBA). ‘Dronen: Rechtliche Grundlagen”. Accessed 26.06.2026.
https://www.lba.de/DE/Drohnen/Allgemeine_Informationen/Rechtliche_Grundlagen/Legal_Basis_node.html

cf. DJI. "DJI Matrice 4 Serie - Technische Daten”. Accessed 01.07.2026. https://enterprise.dji.com/de/matrice-4-series/specs



No Type  Requirement Notes
1 Hardware DJI Matrice 4E UAV system for photogrammetric
Drone surveying and building
documentation
2 DJIRC Plus 2 Remote controller for flight
Enterprise planning, mission control and
Remote control monitoring
3 DJI Manifold 3 enables real-time edge computing
onboard computer
4 Mobile device Smartphone with hotspot function
to provide internet connectivity
5 PC/ Laptop Required for post-processing;
hardware requirements depend on
project size and software used
6 Software agisoft metashape Photogrammetric processing of
images into point clouds, meshes
and orthophotos
7 WebODM (Lightning) | beginner friendly Cloud-based
photogrammetry platform for image
processing
8 Cloud Compare post-processing of pointclouds
9 Archicad BIM software used for modelling
and evaluation of survey data
10 |Legal UAV pilot Appropriate certification required
qualification according to the operational
category and national regulations
11 Airspace clearance | Verification of restricted areas, no-
fly zones and local regulations
12 | Onsite Clear Survey Area No obstacles, people or restricted
overflight
13 Environment | Suitable Weather Low wind speeds, no precipitation
Conditions and sufficient visibility

Fig.1.1.3: Schematic diagram of requirements
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ved areas (e.g., neighbors’ properties) occur.
At the same time, potential interfering factors
such as trees, structural obstacles, or tempo-
rary objects must be taken into account in ad-
vance.

Photogrammetric methods require that the en-
vironment remain as stable as possible during
the survey, since image registration is based
on the recognition of unchanging visual fea-
tures.™

Lighting Conditions

The quality of the image data is significantly
influenced by the prevailing lighting conditions.
Uniform and diffuse lighting improves the sta-
bility of feature detection and the quality of the
generated images. Strong direct sunlight, on
the other hand, can lead to overexposure and
pronounced shadow areas, thereby impairing
data quality."

Image Overlap and Capture Geometry

A sufficient overlap of ca. 70% is required for
a stable photogrammetric reconstruction. This
is defined as a key parameter in flight planning
and determines the density of the imaging po-
sitions.

Complete geometric coverage results from
the combination of the imaging area, object
geometry, and flight parameters. A consistent
reconstruction requires that all relevant buil-
ding components be captured from multiple
perspectives. In our specific project, these set-
tings were configured by the drone operator
and by the drone’s automated system.

Level of Detail and Data Volume
The quality of the resulting 3D model depends

largely on the number and spatial distribution
of the captured images. A higher image den-
sity generally leads to a more precise geome-
tric reconstruction. However, it also increases
the computational effort required for data pro-
cessing and, as in our case, the challenge of
correctly matching images when dealing with
small, repetitive elements such as thatch.™

10 cf. Agisoft Metashape. “3D-Kartierung Mit Agisoft Metashape: Der Komplette Leitfaden Fiir Professionelle Photogrammetrie”. 19.07.2025.
https://www.agisoftmetashape.com/de/3d-kartierung-mit-agisoft-metashape-der-komplette-leitfaden-fuer-professionelle-photo-
grammetrie/?srsltid=AfmBOorQ74DfQVhMsPlvaOdsYZEmWwiG3ew?2yp0BKacnSv4ZuAl-2cWz#photo-capture

11 cf. ibid.
12 cf. ibid.
13 cf. ibid.






PREPARATION

PREPARATION

The preparation for drone-based building do-
cumentation encompassed both organizatio-
nal and legal aspects as well as the planning
of the actual on-site operation. The goal was
to create the conditions for safe and efficient
data collection. The actual execution of the
scanning process is described in Chapter 3.

Organizational Preparation

In the run-up to the project, we familiarized
ourselves with the DJI Matrice 4E UAV system
used, as well as the basic workflows involved
in photogrammetric building documentation.
This included, in particular, understanding the
interaction between the drone, the remote con-
trol, flight planning software, and the data pro-
cessing programs used later on.

A key part of the preparation involved clarifying
the legal framework. The operation of unman-
ned aircraft systems within the European Uni-
on is regulated by the EU Drone Regulation.™
For professional surveying applications, the
basic EU A1/A3 certificate of competence is
often insufficient, depending on the drone type
and operational scenario. For the use of the
DJI Matrice 4E in the context of building docu-
mentation, the EU Remote Pilot Certificate A2
was also required. This is because, in this case,
the DJI Matrice 4E, due to its mass of approxi-
mately 1,200 g'°, can pose a safety hazard to
people if operated incorrectly. This requires ad-
vanced training as well as an additional theore-
tical exam.®

Obtaining this qualification within the scope of
the course would not have been feasible due
to the additional time and financial costs invol-

ved. Therefore, drone operations were carried
out by appropriately qualified personnel from
the department. The required licenses were
held by the professor leading the course and
a research assistant. We were thus able to ob-
serve and document the scanning process but
were not permitted to operate the drone inde-
pendently.

Since we were not responsible for the operatio-
nal control, our focus was less on the detailed
operation of the remote control and more on
understanding the overall process. Prior to the
operation, we received instruction on how the
system works, the basic operating procedures,
and the steps involved in conducting an auto-
mated survey flight. In addition, it was neces-
sary to verify prior to the mission whether the
planned survey location was generally permit-
ted for drone flights. This includes, in particular,
aviation regulations such as no-fly zones, air-
port control zones, or other geographic areas
with operational restrictions.”” The building
under investigation was located on a private
property in a rural area outside such restricted
zones, so the flight could be conducted without
special authorization.

Preparation of the Site

In addition to the organizational requirements,
various technical and on-site conditions had to
be checked.

First, it was necessary to ensure that there
were enough fully charged batteries available
to carry out the data collection. Although the
DJI Matrice 4E has a comparatively long flight
time of up to 49 minutes under ideal conditi-
ons, the actual flight duration is sometimes
significantly reduced by wind, flight maneuvers,

14 cf. Luftfahrt Bundesamt(LBA). “Drohnen: Rechtliche Grundlagen”. Accessed 26.06.2026.
https://www.lba.de/DE/Drohnen/Allgemeine_Informationen/Rechtliche_Grundlagen/Legal_Basis_node.html

15 cf. DJI. "DJI Matrice 4 Serie - Technische Daten”. Accessed 01.07.2026. https://enterprise.dji.com/de/matrice-4-series/specs

16 cf. Luftfahrt Bundesamt(LBA). “Drohnen: Rechtliche Grundlagen”. Accessed 01.07.2026.

https://www.lba.de/DE/Drohnen/Allgemeine_Informationen/Rechtliche_Grundlagen/Legal_Basis_node.html

17 cf. ibid.
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safety margins, and the operation of sensors
and cameras.' Therefore, several fully char-
ged batteries were kept on hand to ensure the
scanning process could be carried out without
interruptions. Furthermore, an empty microSD
card with a storage capacity of approximately
128-256 GB had to be inserted prior to each
flight to ensure sufficient storage for image
data acquisition.

In addition, the survey area was inspected on-
site to determine the specific area where data
collection should take place. Particular care
was taken to avoid flying over or unintentional-
ly capturing neighboring properties whenever
possible. This served both to comply with data
protection requirements and to focus on the
actual subject of the survey.

In addition, we investigated whether obstacles
or temporary objects could affect the quality of
the image. In the area around the Hufnerhaus,
for example, there were individual scaffolding
components that could not be removed and
would therefore remain visible in the images.
Potential hazards such as antennas, masts,
trees, or other vertical obstacles were also
identified and taken into account. Taking these
elements into consideration later played an im-
portant role during the scanning process.
Another important aspect was ensuring the
clearest possible view of the building facades.
During the survey, no one was allowed to be
in the immediate survey area if possible, as
people can both obstruct the view of relevant
building parts and introduce unwanted image
details.

Finally, the weather conditions were assessed.
For photogrammetric surveys, slightly overcast
conditions are often considered particularly fa-
vorable, as diffuse lighting reduces harsh sha-
dows and strong brightness contrasts. At the
time of data collection, conditions were varia-
ble, with periods of sunshine and cloud cover.

Despite occasional direct sunlight, high-quality
images were captured, and no strong winds or
precipitation were expected, so the conditions
were assessed as generally suitable for begin-
ning the survey.

18 cf. DJI. “DJI Matrice 4 Serie - Technische Daten”. Accessed 01.07.2026. https://enterprise.dji.com/de/matrice-4-series/specs



SITE MEASUREMENT

Fig. 1. 3.1: Drone located on the takeoff point

SITE MEASUREMENT

For the survey of the Hufnerhaus, the university
provided us with the DJI Matrice 4E drone, in-
cluding the mounted DJI Manifold 3 onboard
computer. In addition to the drone itself, we
needed the corresponding replaceable batte-
ries with a charger, the DJI RC Plus 2 Enterprise
controller, and a mobile device with an internet
connection. Typically, a smartphone that provi-
des mobile data via a hotspot is sufficient for
this purpose.

Since we conducted the survey exclusively
with the DJI Matrice 4E, the following descrip-
tions refer solely to this system and the results
obtained with it.

Before beginning the survey, we received a
brief introduction to operating the drone and
the remote control pad. The basic settings had
already been configured in advance by staff
from the department who possess the requi-
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red drone license and expertise. In general,
conducting such a drone scan requires the
aforementioned qualifications as well as in-
depth knowledge of the device settings. Since
we were not permitted to perform the scan our-
selves but could only observe, the briefing was
relatively brief. However, the actual scanning
process proved to be easy to follow due to the
high degree of automation.

To perform the survey, the drone was unpa-
cked, equipped with fully charged batteries,
and positioned in an open area near the object
to be surveyed. The chosen location served as
both the takeoff and landing point.

Next, the remote control pad was turned on
and first paired with the drone. It was also con-
nected to a smartphone to provide a mobile
internet connection. This connection is nee-
ded to retrieve the necessary satellite data for
navigation and positioning. After successfully
connecting all devices and confirming satelli-
te reception, a new project was created. The
settings already defined during a previous test
flight were applied and confirmed. The scan-
ning process with the DJI Matrice 4E consists
of a total of three flights.

First Flight: Defining the Survey Area

The first flight is used to define the boundaries
of the area to be scanned. For this, the drone is
launched manually and controlled by the drone
operator. The drone's current position, inclu-
ding GPS data, is displayed on a map on the re-
mote control pad. To define the scanning area,
the drone is positioned sequentially at four cor-
ner points . The respective locations are saved
and form a rectangular frame that defines the
boundaries of the subsequent scan. Once this
process is complete, the drone returns to the
starting point.



Fluggeriit getrennt

Fig. 1.3.2: Remote control after flight 2

Second Flight: Creation of a Preliminary Model
During the second flight, the previously defined
settings are checked and confirmed. The flight
is launched manually, after which it proceeds
fully automatically. The drone flies around the
previously defined object at high speed in a low
distance and, with the help of its onboard com-
puter, creates an initial rough 3D model in the
form of a point cloud. This is particularly rele-
vant in urban building environments, as without
the DJI Manifold 3, the drone must operate at
greater distances—up to approximately 400
m—when creating a 3D model. This model ser-
ves as the basis for planning the actual scan
flight (Fig 1.3.2).

Third flight: Detailed scan of the building

The third flight involves a detailed survey of the
building. Based on the model generated during
the second flight, the software automatically
calculates an optimal flight path (Fig 1.3.3).

23
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Fig. 1.3.3: Remote control flight 3

Before takeoff, only a few object-specific para-
meters need to be set.

A key parameter is the distance between the
drone and the building. This influences both
the level of detail in the images and the qua-
lity of the subsequent image stitching during
post-processing. A minimum distance of ap-
proximately 3 m was generally maintained.
For the data acquisition in this project, a flight
distance of 5 m was chosen, which is very clo-
se but still resulted in reliable and successful
image acquisition. Since the Hufnerhaus has a
thatched roof with a very fine-grained structure,
care had to be taken not to select a distance
that was too short. The individual thatch stalks
exhibit numerous similar structures, which can
complicate the automatic alignment of images
in photogrammetry software. It was therefore
necessary to balance the need for the highest
possible level of detail with the need for relia-
ble post-processing of the image data.



In addition, the flight altitude was defined to
avoid potential collisions with obstacles such
as antennas, masts, or tree branches, which
we had identified during the preparation phase.
The Hufnerhaus has several narrow antennas
that might not be reliably detected by the dro-
ne's sensor systems. Therefore, the flight alti-
tude was set above these obstacles.

Once the settings were complete, the third
flight was launched. The drone followed the
calculated route fully automatically and cap-
tured the building from various perspectives.
Approximately 500 individual images were
taken of the Hufnerhaus. After the flight was
complete, the drone returned autonomously to
the starting point and concluded the scanning
process.

The actual data collection took about 15 mi-
nutes in total, with the third flight accounting
for the majority of the flight time. The captured
images are stored as JPG files, including geo-
referencing data, on the drone’s memory card.
The data can then be transferred to external
storage media or directly to a computer for fur-
ther processing.

From our perspective, conducting the scan pro-
ved to be straightforward and efficient. Despite
the high-precision settings for the survey—par-
ticularly the short imaging distance of about
five meters from the building—data collection
was completed in a comparatively short time.

24

Fig. 1.3.4: Drone near the antenna
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DATAPROCESSING

DATA EDITING

After transferring the captured image data to
the computer, photogrammetric postproces-
sing could begin. The goal was to generate a
three-dimensional model of the Hufnerhaus
from the approximately 1.300 georeferenced
individual images. To this end, two different
programs were tested: WebODM and WebODM
Lightning as cloud-based open-source soluti-
ons, and Agisoft Metashape as locally installa-
ble photogrammetry software. (Fig. 1.4.1)

WebODM Lightning

WebODM is open-source software for proces-
sing photogrammetric datasets. In addition to
local installation, WebODM Lightning offers a
cloud-based version in which computations
are performed on external servers. During this
study, we realized that even our relatively po-
werful computers were not sufficient to hand-
le the local open-source version and the large
volume of data, so we continued to use and
evaluate only the cloud-based version moving
forward. Using WebODM Lightning requires re-
gistration. New users receive a limited amount
of processing credits (150 credits), which is
sufficient for smaller projects.™

However, the available credits were not suffi-
cient for our dataset of approximately 1,300
images. To be able to test the software nonet-
heless, we reduced the number of images to
285. We were aware that the smaller dataset
would lead to a loss of information and redu-
ced model quality.

WebODM proved to be particularly user-friend-
ly for beginners. Preconfigured processing pro-
files are available for various use cases. For the
reconstruction of the Hufnerhaus, we selected
the “Buildings” profile, which is optimized for

capturing buildings. In addition, numerous pa-
rameters—such as point cloud density or mesh
resolution—can be customized.

The model took 40 minutes and 18 seconds
to compute. Once processing was complete,
a full 3D model was available that could be
viewed, cropped, and exported directly in the
browser (Fig. 1.4.2). There was also the option
to share the model directly with others via a link
and to grant editing access. Despite the redu-
ced number of images, the quality of the model
was surprisingly high. Weaknesses were parti-
cularly evident in the area of the thatched roof.
Since the images used were predominantly
taken from similar flight altitudes, information
from different viewing angles was missing in
this area.

The model was then exported both as a point
cloud in .las format and as a mesh in .obj for-
mat. The .las format cannot be imported direct-
ly into Archicad and therefore had to be further
processed first.2

Agisoft Metashape

Agisoft Metashape was used as the second
software tool. The program can be installed as
alocal application and tested free of charge for
30 days.?" Unlike WebODM, all calculations are
performed on the user's own computer.

The software is generally intended for advan-
ced users and offers a wide range of tools.
As a team, we had no prior experience with
the program but were able to get up to speed
quickly, which is why we consider it suitable
for beginners as well. While WebODM provi-
des beginner-friendly, project-specific presets,
reconstruction in Metashape is carried out
through individual processing steps. However,
the necessary settings are clearly structured
and easy to follow.

19 cf. OpenDroneMap. “WebODM Lightning: Drone Mapping Software”. Accessed 26.06.2026. https://webodm.net/

20 cf. ibid.

21 cf. Agisoft Metashape. "Agisoft Metashape”. Accessed 26.06.2026. https://www.agisoft.com/



WebODM

Agisoft

for beginners (pre-
sets/modes available)

Lightning Metashape
Acess Credits Commercial license
Abos
Trialversion 150 free credits (337 | 30-day trial version
images)
Usability ++ Easy to use, even | o Designed for professio-

nal work, but usable for
beginners

Required Proces-
sing Power

None, runs via cloud

High-performance PC
required depending on
project size

directly in the browser

Time required <1 hour approx. 6 hours
Point cloud result |+ ++

Mesh Result + ++

Sharing of the Possible; collaborati- | Not an option
Model ve work on the model

Archicad Compar-
tibility

Good as a mesh (.obj)

Point cloud must

be formatted using
CloudCompare (.ply to
.e57)

Good as a mesh (.obj)

Good as a point cloud
(.e57)

Fig. 1.4.1: Comparison of WebODM Lightning and Agisoft Metashape
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Fig. 1.4.3: 3D point cloud in Agisoft Metashape

28

Metric




Metashape supports the entire photogramme-
tric workflow, from image registration and the
generation of dense point clouds to the calcula-
tion of textured 3D meshes and georeferenced
orthophotos.?? For our dataset of approxima-
tely 1,300 images (Fig. 1.4.3), the processing
time on a computer with average performance
was around 12 hours. On more powerful sys-
tems, the computation time can be significant-
ly reduced.

As with WebODM, the generated point clouds
could be edited and cropped. A major advan-
tage was that point clouds could be exported
directly in ES7 format. This format can be im-
ported directly into Archicad to generate a 3D
model. Additionally, export as an OBJ mesh
was possible.

Data Processing with CloudCompare

The open-source software CloudCompare was
used to further process the PLY file exported
from WebODM. CloudCompare was originally
developed for comparing dense point clouds
and now offers numerous functions for visuali-
zing, editing, segmenting, and converting point
cloud and mesh data.?

The point cloud exported from WebODM was
first opened in CloudCompare and then expor-
ted to E57 format so that it could be used in
Archicad. In our case, no further processing of
the point cloud was performed.

In addition, we used CloudCompare to create
orthographic views of the four sides of the buil-
ding. These later served as the basis for mo-
deling the facades in Archicad. Creating these
views initially proved to be relatively complex.
However, after a short learning curve, we were
able to apply the workflow quickly and efficient-
ly.

In principle, orthographic views can also be

generated directly in Agisoft Metashape. The
software offers functions for creating ortho-
mosaics and orthographic projections based
on the reconstructed geometry.?* These are of
high quality. Nevertheless, we opted for Cloud-
Compare because its key advantage was the
ability to quickly and precisely trim the point
cloud before generating the views—a feature
that was very helpful for our project and will be
explained in more detail below. This made the
modeling process considerably easier. Any ad-
ditional images or adjustments needed could
be implemented quickly here.

Since the orthoimages were generated from
a point cloud, their maximum resolution was
limited. At high magnification, the individual
points become visible, making material edges
and fine details increasingly difficult to discern.
Nevertheless, the generated views proved to
be sufficiently precise for the subsequent mo-
deling of the facades. The orthoimages were
then exported as JPG files and integrated into
Archicad to scale.

BIM-MODEL

In the next step, the generated E57 point clouds
and the OBJ meshes were imported into Archi-
cad. Compared to the point clouds, the OBJ
meshes proved to be less suitable in terms of
accuracy and level of detail and were therefore
not used further (Fig. 1.4.4 vs. Fig. 1.4.5).

Due to their high geometric complexity, the
OBJ meshes could not be opened directly in
Archicad and used for the BIM workflow. Rhino
was therefore also used for the analysis, as the
software can process and edit even complex
mesh geometries. The OBJ meshes could be
displayed and edited without any problems in
Rhino.

22 Agisoft Metashape. Agisoft Metashape User Manual: Professional Edition, Version 2.3, n.d.
23 Cloud Compare. “CloudCompare: Introduction”. Accessed 25.06.2026. https://www.cloudcompare.org
24 Agisoft Metashape. Agisoft Metashape User Manual: Professional Edition, Version 2.3, n.d.



However, a direct comparison with the point
cloud revealed that the 3D meshes provided a
less clear representation of the actual building
geometry. Although the derived dimensions
generally showed good agreement with the
point cloud data, edges, transitions, and fine
geometric details appeared significantly more
blurred. The surface interpolation of the mesh
creates a closed surface, making individual de-
viations and irregularities less clearly discerni-
ble than in the point cloud.

The OBJ meshes therefore proved to be less
suitable for architectural as-built modeling.
While they can be used for general visualiza-
tion or spatial representation of the building,
they do not offer sufficient advantages over the
point cloud for the precise analysis of existing
geometries and the derivation of a BIM model.

Both E57 point clouds were successfully im-
ported into Archicad and used for modeling.
The point cloud generated from WebODM was
already of good quality despite the reduced
data set (Fig. 1.4.6). However, the point cloud
generated with Agisoft Metashape showed a
more consistent reconstruction overall, as well
as a more precise representation of edges,
component connections, and fine geometric
details (Fig. 1.4.7).

The 3D Point Cloud

The point cloud exported from Agisoft Metas-
hape had a very high point density. This allowed
components and design details to be precisely
captured and measured. At the same time, ho-
wever, a typical limitation of photogrammetri-
cally generated point clouds became apparent.
When zooming in significantly, the distribution
of individual measurement points

becomes visible. As a result, edges and tran-
sitions between components can no longer be
clearly identified as contiguous geometries,
since no actual surface is represented between
the individual points. This can limit the assess-
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Fig. 1.4.4: Textured mesh in Archicad

Fig. 1.4.5: 3D point cloud (Metashape) in Archicad
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Fig. 1.4.7: 3D point cloud from Agisoft Metashape in Archicad
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Fig. 1.4.8: Orthographic view from point cloud uncutted

during very detailed examination.

To model the facades as accurately as possi-
ble, the orthographic views described earlier
were therefore also used. The main advantage
of this method is that image edges remain cle-
arly recognizable even at high magnification
(Fig. 1.4.8).

The additional capability in CloudCompare to
create cropped orthophotos is particularly hel-
pful for masking the widely projecting thatched
eaves, making the actual upper edge of the ex-
terior walls more visible and allowing for more
accurate modeling (Fig. 1.4.9). However, this
requires that the drone has sufficiently captu-
red the relevant areas—including those below
the eaves—while flying at a low altitude.

Since photogrammetry captures only the outer
building envelope, wall thicknesses could not
be derived from the scan data. These had to be
determined through additional investigations
or existing documentation.
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Fig. 1.4.9: Orthografic view from point cloud cutted

The modeling of the exterior walls and timber-
frame structures was, on the whole, very preci-
se thanks to the creation of custom wall profi-
les in Archicad.(Fig 1.4.10) The reconstruction
of the thatched roof proved to be significantly
more labor-intensive. The irregular surface and
the organically shaped eave edge can only be
represented to a limited extent using traditio-
nal BIM tools. While the eave edge could be tra-
ced relatively easily using orthophotos, mode-
ling the roof curvature required a considerable
amount of manual work.

Assessment of Model Quality

The generated point cloud proved particularly
well-suited for as-built modeling and geometric
analysis of the building. The greatest strength
of the drone-based surveying method lies not
solely in the capture of individual measure-
ments, but in the ability to directly compare
the actual building geometry with the 3D mo-
del developed from it. Overlaying the modeled






building with the point cloud creates a visual
and geometric reference that allows deviations
between the idealized model geometry and the
actual structure to be systematically examined
(Fig. 1.4.10).

This comparison revealed several structural
features that would have required additional
effort to identify during a traditional as-built
survey. For example, it became apparent that
the exterior wall facing the street and the long
side of the building on the ground floor exhibit
a slight bulge. In addition, a bend in the course
of the long side starting from the area of the
door was detected, which was not initially cle-
arly recognizable in a model-based analysis.
Another example was the overhang of the base
area. This detail was not initially taken into ac-
count during the original survey and modeling,
but it could be clearly identified and subse-
quently evaluated through direct comparison
with the point cloud. The point cloud served
not only as the data basis for the modeling, but
also as a verification and analysis tool for che-
cking the actual building structure.

This ability to compare data is an advantage,
particularly for existing buildings with complex
structures, historic components, or handcraf-
ted constructions such as the Hunferhaus.
Deformations, deflections, wall deviations, or
irregularities within timber-frame structures
can be analyzed directly based on the deviati-
ons between the model and the captured geo-
metry. With traditional measurement methods,
such deviations could either only be detected
through a large number of individual measure-
ments or might remain undetected due to limi-
ted visibility.

The point cloud thus enables a more compre-
hensive analysis of the existing structure, as it
not only documents individual measurement
values but also preserves the spatial relation-
ships and actual geometry of the entire struc-
ture.
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Fig. 1.4.11: Qverlay of the point cloud and the BIM model front

Fig. 1.4.12: Qverlay of the point cloud and the BIM model back
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Fig. 1.4.13: Point cloud view in Archicad

Fig. 1.4.14: Orthophoto view in Archicad
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Fig. 1.4.15: 3D model view in Archicad
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Fig. 1.4.16: View of the 3D model and overlaid point cloud in Archicad
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EVALUATION

EVALUATION

Accessibility and Applicability of the Method
Conducting drone-based building documenta-
tion with the DJI Matrice 4E proved to be effi-
cient and practical overall. At the same time,
however, it became apparent that access to
this method is associated with certain organi-
zational and technical requirements. A major
challenge is acquiring the necessary qualifi-
cations to operate professional UAV systems.
In addition to legal requirements, the training
required to operate the drone is particularly ti-
me-consuming.

The acquisition costs also present a certain
barrier to entry. The DJI Matrice 4E is a pro-
fessional surveying drone and is priced signi-
ficantly higher than typical recreational drones.
However, in relation to the results achieved and
the capabilities of automated data collection,
the system appears to be economically viable,
especially for planning firms that regularly con-
duct as-built surveys.

Once these initial hurdles were overcome, prac-
tical application proved to be relatively straight-
forward. The system'’s high level of automati-
on, facilitated by the DJI Manifold 3 onboard
computer, significantly reduces the amount of
manual work required. In particular, automated
flight planning and data collection enable fast
and reproducible surveys even for more com-
plex buildings. A particular advantage is that
no significant distance from the building is re-
quired, making this method highly suitable for
use in urban areas.

Data processing required photogrammetric
software solutions. While commercial pro-
grams such as Agisoft Metashape come at a
cost, powerful open-source alternatives are
available in the form of WebODM and Cloud-
Compare. No exceptionally powerful compu-
ters were required for further use of the point
clouds in Archicad. Processing the E57 point
clouds and generating orthographic views
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could be carried out on the workstations used
in the project without any noticeable perfor-
mance issues.

Potential Applications in Architecture

From an architectural perspective, the UAV
system examined proved to be well-suited for
digital as-built documentation. Especially for
historic buildings with complex geometries,
photogrammetry enables a rapid and compa-
ratively complete documentation of the build-
ing's exterior envelope.

The actual on-site data collection took only ab-
out 15 minutes, accounting for a small portion
of the total processing time. The preparation
and post-processing phases also proved ma-
nageable after a brief training period. This re-
duces the time required compared to conven-
tional surveying methods.

A key advantage lies in the high information
density of the generated datasets. The point
clouds not only enable the determination of
dimensions but also the analysis of deforma-
tions, irregularities, and structural features. As
part of the project, for example, deviations in
the facade geometry were identified and repro-
duced in the digital model.

Furthermore, the generated data offers a high
degree of flexibility for further planning. The
point clouds can be used both as an accurate
reference for BIM models and to verify the ge-
nerated model—which is the greatest strength
of this highly detailed measurement method.
The ability to quickly check the 3D model for
deviations is highly beneficial and has already
demonstrated in our study how often deviati-
ons in the building’s geometry are overlooked
on-site; this method makes them visible and
allows their severity to be assessed. Additio-
nally, orthographic views, sections, or other do-
cumentation can be derived from them.
Limitations were particularly evident in areas
with highly structured or organic geometry.
The thatched roof of the Hufnerhaus posed



a challenge both for the photogrammetric re-
construction and for the subsequent modeling.
While the facades could be reproduced with
high accuracy, modeling the roof shape requi-
red significantly more manual effort.

Another disadvantage is that photogrammetry
captures only the building’s exterior envelope.
Information about wall structures, material lay-
ers, or internal constructions cannot be directly
derived from the captured data and must be
obtained through supplementary investigati-
ons.

Evaluation of Data Quality and Geometric Ac-
curacy

Geometric accuracy was evaluated by com-
paring the actual reference dimensions with
the point cloud and mesh data generated
from the photogrammetric reconstructions,
as well as with the modeled data (Fig. 1.5.1)

The reference dimensions largely correspond
to the 3D point cloud from Agisoft Metashape.
Since this point cloud was used as the basis
for modeling, the dimensions match those of
the model. The measured reference values lar-
gely corresponded to the model dimensions
(Fig 1.5.2). Reference dimension 1 at the door
was 1.93 m and showed a deviation of appro-
ximately 3 cm from the model dimension. This
deviation can be explained by the fact that the
comparative measurements were not taken at
exactly the same positions as in the reference
model. In contrast, reference measurement 2 of
1.30 m on the half-timbered structure showed
a deviation of only 0.7 cm and can therefore be
considered a very close match. This confirms
both the accuracy of the 3D point clouds as a
reliable basis for assessing the existing buil-
ding and the suitability of the generated point
cloud for creating a detailed as-built model.
The OBJ meshes were also checked for dimen-
sional accuracy. The dimensions of the OBJ
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Fig. 1.5.2: measurements BIM-Modell



mesh from Agisoft Metashape, as well as tho-
se from WebODM Lightning—which used a
smaller data set—both showed deviations of
less than 1 cm from the two reference measu-
rements. This demonstrates that the generated
meshes generally contain reliable geometric
information; however, in terms of model quality
and geometric accuracy, they fall short of the
point cloud generated by Agisoft Metashape.
Overall, it was found that drone-based photo-
grammetry is an efficient method for the digi-
tal documentation of historic buildings. The
generated data enabled both a precise geo-
metric analysis and the creation of a detailed
BIM model of the Hufnerhaus, with the 3D point
cloud generally facilitating a better workflow.

Conclusion

Overall, drone-based photogrammetry using
the DJI Matrice 4E proved to be a power-
ful method for digital as-built documen-
tation. Despite the organizational requi-
rements and the necessary training, the
method enables rapid data collection while
maintaining a high density of information.
For architectural applications—particularly
in the areas of as-built documentation, his-
toric preservation, and BIM modeling—this
method offers significant advantages over
conventional surveying methods. The com-
bination of short survey times, high automa-
tion, and the data's ease of further proces-
sing makes this method a promising tool for
future applications in the work of architects.
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Fig. 1.5.3: measurements OBJ mesh (WebODM)
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INTRODUCTION

Fig. 2.1.1: XGRIDS Lixel Kity K1 with RTK Modul
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DESCRIPTION

The following chapter documents the use of
the Lixel K1 handheld scanner for the digital
survey of the Hufnerhaus in Hamburg and the
associated workflow from data acquisition to
model generation. The project investigates the
complete workflow from point cloud acquisi-
tion to CAD-based modelling, with a particular
focus on accessibility, software limitations and
practical application within an academic con-
text.

The Lixel K1 is a handheld laser scanner that
combines LiDAR sensors, cameras and GNSS
positioning (Global Navigation Satellite Sys-
tem) to generate georeferenced point clouds
while moving through a building. According to
the manufacturer, the system can record data
at distances ranging from approximately 0.5
m to 40 m. One advantage of this workflow is
that the resulting point cloud is already scaled
and georeferenced, reducing the need for addi-
tional measurements afterwards. The scanner
uses GNSS positioning together with control
points to orient and register the survey data.’

The survey included both the interior and exte-
rior of the Hufnerhaus. A first scan was carried
out through the entire building in order to esta-
blish a common spatial reference using cont-
rol points. Additional scans were then made in
individual areas of the building to increase the
level of detail and improve the documentation
of spaces that were partially obstructed by fur-
niture, renovation materials and other objects.

The hardware used in this study represents a
different category of survey equipment compa-
red to smartphone-based LiDAR applications
or photogrammetric workflows, because of its
cost, therefore its accessibility. While the scan-
ner itself is comparatively easy to operate and
produces large amounts of accurate data wit-



hin a short time, it is also a professional device
associated with a proprietary software ecosys-
tem.

The scanner is designed to work together with
Lixel's own software environment. Survey data
is processed through applications such as
LixelStudio and Lixel CyberColor, which are
available through commercial licences. As stu-
dents, we did not have direct access to these
software packages and therefore could not ful-
ly use the intended workflow. Although the free
LixelGO mobile application is available for data
acquisition, much of the recorded information
remains connected to proprietary software so-
lutions after the survey.?3

This dependency became one of the central
questions of the project. The recorded data-
sets contain both openly accessible files and
proprietary formats that cannot easily be ac-
cessed outside the Lixel ecosystem. Some
data folders are protected and certain infor-
mation, including image datasets required for
image-based representations (Gaussian Splat-
ting), could not be directly extracted. As a re-
sult, the project shifted its focus from simply
producing a survey to testing how far the data
could be processed using accessible third-par-
ty software. Three possible post-processing
paths were initially considered:

* generation of Gaussian Splatting
* generation of mesh models
« use of point clouds for CAD-based modelling.

Due to data accessibility restrictions and
difficulties encountered during processing,
only the third workflow proved viable within
this study. For this reason, the project focused
not only on data acquisition but also on testing
how far the survey data could be processed
with accessible third-party software instead of
relying on the proprietary ecosystem.
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Fig. 2.1.3: LixelGo mobile application during scanning

1 cf. Laser Scanning Europe. "XGRIDS Lixel Kity K”. Accessed
01.07.2026. https://www.laserscanning-europe.com/de/pro
dukte/geraete/mobile-laserscanner/xgrids-lixel-kity-k1.

2 cf. XGrids. “LixelStudio”. Accessed 29.06.2026.
https://www.xgrids.com/intl/lixelstudio
3 cf. XGrids. “Lixel CyberColor". Accessed 29.06.2026.

https://www.xgrids.com/intl/lcc
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Fig. 2.1.4: Schematic diagram of procedure
4 cf. Laser Scanning Europe. “XGRIDS - LIXEL K1 RTK MODULE". Accessed 01.07.2026.

https://shop.laserscanning-europe.com/XGRIDS-Lixel-K1-RTK-module

5 cf. XGrids. “LixelGO". Accessed 29.06.2026. https:/xgrids.com/intl/support/download?page=LixelGO
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REQUIREMENTS

Hardware

The survey was conducted using a Lixel K1
handheld scanner equipped with an RTK (Re-
al-Time Kinematic) positioning module. The
RTK module uses satellite correction data to
georeference the scans with centimetre-level
accuracy, allowing the recorded point clouds
to be placed directly in real-world coordinates.
While the scanner is accurate without RTK, the
module is required when data must be referen-
ced to a global coordinate system or several
scans have to be assembled. In addition to
the scanner itself, rechargeable batteries were
required for continuous operation. During the
survey of the Hufnerhaus, more than one batte-
ry was used, making spare batteries essential
for uninterrupted work. The scanning process
alone took a total of 64 minutes.*

The scanner is operated through a mobile pho-
ne connected to the LixelGO application. Batte-
ry life therefore had to be considered not only
for the scanner but also for the mobile device.
During the survey, two phones were used to en-
sure continuous operation throughout the day.
A laptop or desktop computer was also requi-
red for transferring, storing and processing the
recorded data after the survey.

Software

The scanner is connected to the LixelGO mobi-
le application, which is available free of charge.
The application is used to create projects, re-
gister control points and monitor the scanning
process in real time.® (Fig. 2.2.1)

However, most processing options remain lin-
ked to proprietary software developed by the
manufacturer. Access to these applications
requires commercial licences and was not
available within the scope of this project. One
objective of the study was therefore to inves-
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tigate alternative workflows using accessible
third-party software. (Fig. 2.1.4)

Control Points

The survey relied on a system of control points
distributed around the building. These con-
sisted of numbered black-and-white markers
placed on stable surfaces both inside and out-
side the building (Fig. 2.3.1). Control points are
used to georeference, orient and register diffe-
rent scans. They also help maintain a consis-
tent scale across the project and make it pos-
sible to combine multiple surveys into a larger
dataset. As all scans started and ended on pre-
viously registered control points, they formed
the backbone of the acquisition workflow.

Survey Team

Although the scanner can technically be opera-
ted by a single person, the survey was carried
out by a team of three. One person operated
the scanner, a second monitored the mobile
application and the acquisition process, while
a third coordinated the route and documented
the workflow.

Site Conditions

Several environmental conditions can influen-
ce the quality of the survey. Physical obstructi-
ons such as furniture and renovation materials
can block parts of the building and create gaps
within the point cloud. For this reason, additio-
nal scans or overlapping survey paths may be
required in areas with many obstacles.

Reflections on window glass can also cause
inaccuracies by generating points behind the
reflective surface. Strong sunlight and deep
shadows can further affect data quality, parti-
cularly during exterior surveys. Although mo-
ving people can usually be removed during
later processing, minimising movement within
the survey area helps improve the overall con-
sistency of the recorded data.



PREPARATION

PREPARATION

Before the survey of the Hufnerhaus, a test
scan was carried out approximately one week
in advance using the same equipment and
software that would later be used on site. The
purpose of this preliminary exercise was not to
evaluate the quality of the final output but to
become familiar with the acquisition process
and the operation of the scanner.

The test scan was carried out on a waste bin at
the university and focused exclusively on data
acquisition rather than data processing. During
this process, the group learned how to assem-
ble the scanner, connect it to the LixelGO ap-
plication, register control points and start and
stop scans correctly (Fig. 2.2.4). Particular at-
tention was given to handling the device while
moving, maintaining the correct scanning ang-
le, understanding the interface of the mobile
appli-cation and monitoring the quality indica-
tors displayed during acquisition.

The test scan also helped familiarise the group
with practical aspects of the workflow, such as
changing batteries and monitoring the acqui-
sition process over longer periods of time. As
the scanner was new to all group members, the
exercise mainly served to understand the basic
logic of the system and gain confidence before
the actual survey.

Based on the specifications of the scanner and
the first test acquisition, several assumptions
were made before the survey. As the Lixel K1 is
a professional handheld scanner designed for
rapid data collection, we expected the workflow
to be relatively fast, easy to learn and capable
of producing accurate results without exten-
sive preparation. The large acquisition range
of the scanner also suggested that extensive
areas could be recorded through a normal wal-
king pace. We also expected the use of control
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Fig. 2.2.2: User interface of LixelGo application during a scan



points to simplify the registration of multiple
scans and reduce the need for additional mea-
surements afterwards.

No extensive preparation of the building itself
was carried out beforehand. Furniture, renova-
tion materials and other objects remained in
place and became part of the survey conditi-
ons encountered on site. The exact distribution
of control points, the division of the building
into scanning sections and the survey strate-
gy were developed directly on site according to
the conditions encountered during the
measurement process.

The assumptions made during preparation
were later evaluated against the actual survey
experience and the subsequent post-proces-
sing workflow.
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Fig. 2.2.4: Test scan carried out at University




SITE MEASUREMENT

SITE MEASUREMENT

During the survey, each member of the team
took on a specific role. One person operated
the scanner, while a second person monitored
the LixelGO interface attached to the device
and checked the status of the acquisition. This
allowed the operator to focus on the survey
path and avoid obstacles while carrying the
equipment. A third person coordinated the
route and documented the process. To reduce
the chance of appearing in the point cloud, the
team moved through the building in a line be-
hind the scanner operator. As the scanner had
to be carried continuously during the survey,
the role of operator was exchanged several
times throughout the process.

The survey was divided into several separate
scans. A first scan covered the entire building
and included all control points. This initial scan

acted as a general reference survey and esta-
blished the relationship between the different
control points distributed across the site (Fig.
233).

Additional scans focused on specific parts of
the building, including the entrance area, the
main room, the upper floors, the basement and
the exterior spaces. Rather than recording the
entire building in a single dataset, each room
or area was generally recorded as an indepen-
dent scan (Fig. 2.3.2). Previously registered
control points were reused between scans in
order to maintain a common reference system.

The acquisition process began by positioning
the scanner on a control point. The base of the
scanner contains a target hole that allows it to
be centred directly above the black and white
marker (Fig. 2.3.1).

Fig. 2.3.1: Registration of a control point
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Fig. 2.3.2: Plan of the Hufnerhaus with control points, inaccessible rooms and scanning route

Fig. 2.3.3: Areal view of the Hufnerhaus with control points and scanning route
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After starting the scan in the LixelGO appli-
cation, the scanner was lifted and carried
through the building at a normal walking pace.
Whenever another control point was reached,
the scanner was briefly positioned above the
marker and the point was registered within the
application using its assigned name or identi-
fication number (Fig. 2.3.2). Once the control
point had been recorded, scanning continued
immediately. To complete a scan, the operator
returned to the same control point where the
recording had started and stopped the acqui-
sition there.

During the survey, the team tried to avoid ab-
rupt turns, walking backwards or repeatedly
crossing the same path. Continuous move-
ment generally produced the most stable re-
sults. Each scan lasted approximately five
minutes, although larger areas occasionally
required slightly more time. The longest scan
took around 13 minutes and and the shortest
scan took 3 minutes. The survey itself was
completed relatively quickly, while most of the
morning on site was spent sharing the building
with other survey groups working in parallel.

In total, nine scans were carried out. Two ex-
terior scans were recorded at different heights
in order to improve the documentation of the
roof and upper parts of the fagade. Although
the scanner captured a considerable amount
of information from the roof area, complete co-
verage was difficult to achieve from ground le-
vel. For this reason, additional aerial documen-
tation was carried out by another survey team
using a drone (see Chapter 1).

Several factors influenced the acquisition pro-
cess. Furniture, renovation materials and tem-
porary objects occasionally obstructed parts
of the building and required additional atten-
tion during scanning (Figs. 2.3.5-2.3.6).
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Mainroom

Project date and time

2026-05-04/12:22

ID
B249A4975A-1777890178000

Duration

13 mins 22s

Control Points
0_Vorraum3
0_Centerleft

0_Centerback

0_Centrrright

0_Vorraum2

Fig. 2.3.4: List of registered control points in the main room scan



Reflecting surfaces such as windows were con-
sidered a potential source of inaccuracies, as
they can generate additional reflection points.
Exterior surveys were also affected by strong
sunlight and deep shadows. The scanner pro-
ved more tolerant to these conditions than ex-
pected. Notifications regarding tracking quality
or positioning appeared only occasionally and
generally did not interrupt the survey process.
Compared to the preliminary tests carried out
at the university, fewer warnings occurred du-
ring the actual survey.

Before the survey, the possibility of combining
the handheld scanner data with other survey
methods, such as drone photogrammetry, was
also considered. Some software platforms ap-
peared to support the integration of different
datasets within a single workflow. In practice,
however, the amount of data generated by the
scanner was already substantial and proces-

)

Fig. 2.3.5: Photo of obstacles in the Hufnerhaus

sing became increasingly demanding in terms
of time, hardware capacity and software work-
load, causing continous crashes. The largest
file had a size of 10,2GB and the smallest file
size was 1,7GB. For this reason, the combined
workflow was only tested briefly and was not
pursued further within the scope of this study.

One of the most noticeable characteristics of
the system was the speed of acquisition. Large
parts of the building could be recorded during
a normal walkthrough without requiring addi-
tional measurements. On average, each scan
took 7 minutes. At the same time, the scanner
produced very dense datasets, which later in-
fluenced the processing workflow. While the
acquisition itself remained relatively simple,
the amount of recorded data became an im-
portant factor during the subsequent stages of
the project.

Fig. 2.3.6: Photo of areas obstructed by building materials



DATA PROCESSING

DATA EDITING

After the survey, each scan was exported as a
separate project containing several files and
folders. Every project included a proprietary
.xbin file, a .las point cloud and a project folder
containing the control point information (.csv),
GNSS data (Global Navigation Satellite System,
used for georeferencing) and scanner poses.
Another folder containing log files was protec-
ted by a password that was not provided and
therefore could not be accessed. Although the
scanner also recorded image data, these files
were not accessible within the exported project.
At the beginning of the project, different post-
processing workflows were considered. The
intention was to test whether the survey could
be used not only for CAD modelling but also for
mesh generation and image-based representa-
tions such as Gaussian Splatting. Since some
software appeared to support the combination
of LiDAR, drone and photogrammetric surveys,
this possibility was also investigated. In practi-
ce, however, the amount of data generated by
a single survey and the limited accessibility of
the exported files made this workflow difficult
to pursue.

Software Selection

The first software tested was RealityScan 2.0,
mainly because it is freely available and sup-
ports different types of survey data. The initial
expectation was that the recorded point clouds
could be imported directly and processed into
a mesh model. RealityScan could not read the
exported files directly. After some research,
CloudCompare was used to convert the .las
files into the .e57 format, which RealityScan
could import.®

MESH GENERATION

After importing the converted point cloud into
RealityScan, different reconstruction steps
were tested in order to generate a mesh mo-
del. The workflow itself was relatively straight-
forward, and compared to the other software
used during the project, the interface was ea-
sier to understand.

Although a mesh could be generated, the re-
sults were not usable (Figs. 2.4.1 - 2.4.2).
Large artificial extensions appeared around
the building, mainly above the roof and below
the ground, where the point cloud contained
the least information. Different attempts were
made to clean the model by removing isolated
meshes and unwanted connections automati-
cally generated by the software, but these ex-
tensions remained. The generated texture also
appeared much lower in quality than expected
for a high-end scanner.

From our observations, the workflow seemed
to rely on information that was not available in
the exported project. Since the scanner images
were not accessible and the control point in-
formation could not be reused inside the soft-
ware, the reconstruction remained incomplete.
Another possible explanation is that Reality-
Scan generates a watertight mesh, meaning
that it automatically closes holes and creates
a continuous surface even where information
is missing. This approach appears to work
better when the software has access to more
complete datasets, for example by combining
LiDAR with drone or photogrammetric surveys.

For these reasons, the mesh workflow was not
developed further.

6 cf. RealityScan. “RealityScan”. Accessed 30.06.2026. https://www.realityscan.com
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Fig. 2.4.1: Mesh Generation from CloudCompare

Fig. 2.4.2: Mesh Generation from RealityScan




Fig. 2.4.3: Raw point cloud in CloudCompare

POINT CLOUD PROCESSING

The project then shifted to CloudCompare, fo-
cusing on preparing the point clouds for CAD
modelling. Each scan was imported separately
as a .las file. Unnecessary areas were removed
using the segmentation tool, after which the
different scans were roughly aligned manually.”

CloudCompare also offers a registration work-
flow based on corresponding reference points.
However, this method requires the coordinates
of the control points, which were not acces-
sible from the exported project. Instead, the
scans were positioned visually and then refi-
ned using CloudCompare's registration tool.
Although this required more manual work, the
results proved accurate enough for the follo-
wing modelling process.

Once aligned, the individual scans were mer-
ged into a single point cloud (Fig. 2.4.4). The
merged dataset contained few hundred million
points and quickly became difficult to handle
on a standard laptop. For this reason, the point
cloud was subsampled before export (Fig.
2.4.5). Reducing points improved performance
in CAD software while maintaining enough
geometric information for modelling.

For operations where visual detail was more
important (orthographic views of fagades, wall
details), we initially assumed that keeping as
many points as possible would produce better
results. In practice, however, the resolution of
the scan itself became the limiting factor. In
several areas, additional points simply overlap-
ped each other without noticeably improving
the quality of the exported images.

7 cf. CloudCompare. “3D point cloud and mesh processing software”. Accessed 30.06.2026. https://www.cloudcompare.org
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Fig. 2.4.6: Point cloud elevation of the east side in Archicad
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Fig. 2.4.7: Point cloud floorplan in Archicad
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Fig. 2.4.8: Point cloud perspective of the north-east side in Archicad

Fig. 2.4.9: Point cloud perspective of the main room in Archicad
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MODELLING

After cleaning, aligning and subsampling the
survey data, the merged point cloud was ex-
ported as an .e57 file and imported into Archi-
cad. The modelling was carried out directly in
the same file using a single merged point cloud
containing approximately 15 million points,
which proved manageable on a standard lap-
top after the subsampling process.®

The aim of this phase was not to produce a
highly detailed model of the entire building, but
to test how the point cloud could be used as
a geometric reference for architectural model-
ling and documentation. (Fig. 2.4.10)

Rather than following a fixed modelling sequen-
ce, the work focused on the overall structure of
the building. The point cloud was continuous-
ly inspected through plan views, sections and

Fig. 2.4.10: Cross-section model with point cloud blending
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three-dimensional views, switching between
them whenever necessary. This proved particu-
larly important because the building does not
consist only of regular orthogonal geometry.
Many walls show slight rotations and deviati-
ons not only in the plan but also in elevation.

One of the most interesting observations was
that a wall drawn as perfectly vertical in plan of-
ten appeared tilted when checked against the
point cloud in section or elevation (Fig. 2.4.11).
The survey therefore revealed geometric ir-
regularities that would have been difficult to
capture through conventional measurements
alone. Which is exactly what makes these met-
hods have more potential in a existing building
context.

Wall thicknesses could generally be read di-
rectly from the merged point cloud, as both
interior and exterior scans were available for




many parts of the building (Fig. 2.4.7). In sec-
tion views, the accumulation of points on both
faces of a wall made it possible to estimate
the wall thickness and the position of the inner
void. The process was not always straightfor-
ward, however, because furniture, renovation
materials and other temporary obstacles occa-
sionally obscured parts of the geometry.

Since the project focused primarily on the
workflow rather than on completing a full archi-
tectural model, not all elements of the building
were modelled in detail. Doors, windows and
roof geometry were used mainly as references
for testing the process and evaluating how the
point cloud could support further documenta-
tion.

A key advantage of this survey method was
that the point cloud was already scaled by the
scanner itself. No additional scaling was requi-
red during modelling. The imported cloud was
compared with existing plans, drawings provi-
ded at the beginning of the course and several
measurements taken on site, and the overlays
proved to be consistent and sufficiently accura-
te for architectural documentation.

After subsampling, the modelling workflow
became relatively smooth. The original unpro-
cessed point clouds were considerably heavier
and caused performance problems, while the
reduced dataset allowed navigation, measu-
rement and modelling to be carried out much
more comfortably.

Photographs and orthographic exports were
used mainly as visual references, especially for
checking proportions and details, since precise
measurements directly within the point cloud
were not always easy to read.

Fig. 2.4.11: Exterior wall that tilts inward

8 cf. Graphisoft. “Graphisoft Archicad”. Accessed 30.06.2026.
https://www.graphisoft.com/de-de/plans-and-products/archi
cad/



EVALUATION

Accessibility

One of the main goal of this project was to
understand how much of the Lixel K1 work-
flow could be reproduced without relying on
the proprietary software ecosystem. Although
the scanner itself is a professional surveying
device, the acquisition process proved to be
relatively easy to learn. After a short test ses-
sion, the workflow became intuitive and the
survey could be carried out with little previous
experience. The free LixelGO application was
sufficient to create projects, register control
points and monitor the acquisition in real time.

The situation changed after the survey. While
the recorded point cloud could be accessed
and processed with freely available software,
other workflows depended on data that were
not accessible outside the proprietary envi-
ronment. During the project, examples gene-
rated with the manufacturer's software sho-
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Fig. 2.5.1: Gaussian Splat of the mainroom created with LCC Studio

wed highly detailed textured models based on
Gaussian Splatting, demonstrating the quality
that can be achieved within the complete eco-
system (Figs. 2.5.1 - 2.5.4). However, these
results could not be reproduced with the files
available to us, as some of the required project
data remained inaccessible.

For this reason, the project did not compare
proprietary and open workflows as alternatives,
but investigated which parts of the workflow
could realistically be reproduced in an acade-
mic context. The CAD-based workflow proved
to be the most accessible solution, while mesh
generation and Gaussian Splatting could not
be completed with the available data.




Data Quality

The quality of the recorded point cloud proved
sufficient for architectural documentation and
CAD modelling. Since the scanner records me-
tric information directly, the dataset was alrea-
dy correctly scaled and did not require additio-
nal adjustments before modelling.

To verify the results, the point cloud was com-
pared with the drawings provided at the begin-
ning of the project and with measurements ta-
ken on site. The overlays showed a consistent
correspondence between the different surveys,
confirming that the recorded dimensions could
be used as a reliable reference throughout the
modelling process. (Figs. 2.5.2 - 2.5.3)

Beyond dimensional accuracy, one of the most
valuable aspects of the survey was its ability
to capture the irregular geometry of the exis-
ting building. Slight rotations, leaning walls and

Fig. 2.5.2: Hand measurement taken on site
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non-orthogonal conditions became immedia-
tely visible in the point cloud, both in plan and
in section. Rather than simplifying the building
into idealised geometry, the survey documen-
ted its actual condition and made these irregu-
larities available for interpretation during mo-
delling.

Some limitations nevertheless remained. Ref-
lections on glazed surfaces, temporary obstac-
les such as furniture and renovation materials,
and the limited visibility of the roof reduced the
completeness of the dataset in certain areas.
These limitations were mainly related to the
site conditions rather than to the accuracy of
the measurements themselves.

2+ Projektion

<J ‘Winkel (W)

< X-Koordinate

0,0000
0,00>
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Fig. 2.5.3: Measurement in the point cloud in Archicad



Workflow

Three different post-processing workflows
were investigated during the project. The first
aimed to generate a Gaussian Splatting model.
Although this type of output was successfully
demonstrated with the proprietary software, it
could not be reproduced with the accessible
project files because the required image data
were not available.

The second explored mesh generation using
RealityScan 2.0 and CloudCompare. While both
programs were able to generate a mesh from
the point cloud, the resulting models contained
large artefacts and incomplete geometry that
made them unsuitable for further architectural
work.

The third workflow used the point cloud directly
as the basis for CAD modelling. After cleaning,
aligning and subsampling the scans in Cloud-
Compare, the merged point cloud could be im-
ported into Archicad and used successfully as
a geometric reference for modelling. Among all
tested workflows, this proved to be the most
reliable, accessible and reproducible approach.

Use in Architecture

Within the scope of this project, the workflow
proved particularly suitable for documenting
existing buildings and producing architectural
drawings based on a measured point cloud.
Rather than replacing the modelling process,
the survey provided a reliable geometric refe-
rence that could be interpreted according to
the required level of detail.

For students and researchers, this approach of-
fers a practical way of working with professio-
nal survey data even when access to proprie-
tary software is limited. While some advanced
outputs remain linked to the manufacturer's
ecosystem, the point cloud itself can still sup-
port the production of plans, sections, elevati-
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ons and simplified three-dimensional models
using widely available software.

The workflow also highlights an advantage
over conventional manual surveying. Because
the building is recorded continuously, its geo-
metric irregularities are preserved together
with its dimensions. Existing deformations,
slight rotations and inclined surfaces therefore
become part of the documentation instead of
being simplified during the measurement pro-
cess.

Final Considerations

At the beginning of the project, we expected
learning how to use the scanner to be the main
challenge. In practice, the acquisition itself
proved to be the simplest part of the workflow.
After a short preparation, the survey became
fast, intuitive and produced a large amount of
usable data within a relatively short time.

Most of the work instead focused on unders-
tanding how the recorded data could be acces-
sed, converted and reused outside the proprie-
tary software ecosystem. The main challenge
was therefore not collecting the information,
but making effective use of it afterwards.

Although the complete workflow offered by the
proprietary software could not be reproduced,
the project demonstrated that the point cloud
can still be processed with accessible software
and successfully used for CAD modelling. For
the purposes of this study, this proved to be the
most reliable and practical workflow, showing
that a significant part of the surveying process
can remain accessible even outside the manu-
facturer's software environment.



Fig. 2.5.5: Point cloud of the northern facade of the Hufnerhaus in Archicad
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im PIL import Image
port py360convert as p360

s==== Einstellungen =====

2UT = "panos/" # Ordner mit 360°-Bildern ODEF
JTDIR = "output/"

JDE = "perspective” # "perspective” = 108 Einze

*erspective-Modus (fir Photogrammetrie)

V =74 # Grad, entspricht ~24 mm KB-Brennwei
JT_SIZE = 3000 # Pixel (quadratisch)

W_STEPS = 36 # 360°/36 = 10°-Schritte
"CH_LIST = [-30, 0, 30] # Grad

“ube-Modus
CE_W = 2048 # Kantenlange pro Warfelflache

f load_panos(path):

os.path.isfile(path):

turn [path]

its = ("*.jpg", "*.jpeg", "*.png", "*.tf", "*.tiff")
es=[]

rein exts:

es += glob.glob(os.path.join(path, e))

turn sorted(files)

f split_perspective(eimg, stem, outdir):

w_step = 360 / YAW_STEPS

=0

rvin PITCH_LIST:

r kin range(YAW_STEPS):

=k * yaw_step

2w = p360.e2p(eimg, fov_deg=(FOV, FOV), u_deg
it_hw=(OUT_SIZE, OUT_SIZE), mode="bilinear")
ime = f'{stem}_p{v:+03d}_y{int(u):03d}.jpg"
1age.fromarray(view).save(os.path.join(outdir, n
+=1

turnn

f split_cube(eimg, stem, outdir):

ces = p360.e2c(eimg, face_w=FACE_W, cube_for|
r face, arr in faces.items():
1age.fromarray(arr).save(os.path.join(outdir, f'{t
turn len(faces)
s==== Hauptlauf =====
makedirs(OUTDIR, exist_ok=True)
al=0

*fin load_panos(INPUT):

em = os.path path.

mg = np.array(image.open(f).conver
Ib = 0s.path.join(OUTDIR, stem) #| _ stan 1
i.makedirs(sub, exist_ok=True)

MODE == "cube™:

tal += split_cube(eimg, stem, sub)

se:

o)

tal += split_perspective(eimg, stem, sub)
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INTRODUCTION

Fig. 3.1.1: Ricoh Theta V 360° camera

Lukas Taube
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DESCRIPTION

The aim of this study was a simple, compact
workflow that can be easily integrated into an
architect’s working routine, in order to create a
digital inventory model, that is easy to follow,
built around the Ricoh Theta V, a 360° came-
ra'. The camera was already available to us
and did not have to be purchased. This work-
flow relies only on existing hardware, namely
the camera, a tripod and a computer, together
with freely available software. Programmes -
that we also tested during the workflow - that
are behind a paywall, or ruled out for other
reasons, were excluded and are listed in the
appendix for this chapter.

We documented one example room of the Huf-
nerhaus with panoramic photographs and re-
constructed a 3D point cloud from them. Using
the point cloud as a reference, we built a 3D
CAD model from the floor plan and overlapped
both, so we could derive 2D plans and sections
from it.

The procedure follows five steps, two of them
optional (see Fig. 3.4.1: Processdiagram),
and leads from the raw panoramic image to a
CAD model in ArchiCAD or Rhino. It builds and
showcases further discoveries on the chapter
,Photo — Theta 360°“ from the 2024 publica-
tion ,Accessible techniques for digital building
surveying“? and is best read alongside it.

] cf. RICOH THETA V, Ricoh Company, Ltd. Tokyo:
Ricoh, 2017. Accessed 23.06.2026.
https:/theta360.com/en/about/theta/v.html

2 cf. Bernd Dahlgriin and Till Rudolph, eds., Accessible
Techniques for Digital Building Surveying (Hamburg:
HafenCity Universitat Hamburg, 2024).
https:/repos.hcu-hamburg.de/handle/hcu/1083

3 cf. Blender. Blender Foundation.
https://www.blender.org/. Accessed 23.06.2026
4 cf. Cheng Sun, py360convert, GitHub repository. Accessed
23.06.2026. https:/github.com/sunset1995/py360convert
5 cf. Agisoft Metashape Professional. Agisoft LLC. Accessed

23.06.2026. https:/www.agisoft.com/



Type Requirement
1 Hardware Ricoh Theta V tripod, tripod with bubble level,
(360° camera) charging cable
2 iOS/ Android device | for bluetooth remote shutter release,
check battery charge
3 PC/ Laptop for further processing of the
photogrammetry, with capable NVIDIA
graphics card
4 Software Blender? with a Python script to split the
panoramas and create a tripod mask,
or a standalone py360convert* script
5 Agisoft Metashape® | photogrammetry; free educational
version
6 CloudCompare® For point-cloud cleanup; PointCab
origins’ tested for automated 2D
extraction
7 Rhino® or ArchiCAD® | For the CAD step (alternively
AutoCAD, Revit" or SolidWorks'?)
8 Onsite defined scale known distances for scale bars,
references, a static scene
even illumination
9 Scan scan in grid, overlap between adjacent positions

positions

sufficient overlap

Fig. 3.1.2: Requirements

6 cf. CloudCompare. open-source project Accessed 23.06.2026. https:/www.cloudcompare.org/

7 cf. PointCab Origin., PointCab GmbH. Accessed 23.06.2026. https://www.pointcab-software.com/

8 cf. Rhinoceros (Rhino). Robert McNeel & Associates. Accessed 23.06.2026. https://www.rhino3d.com/
9 cf. Archicad. Graphisoft SE. Accessed 23.06.2026. https://graphisoft.com/

10 cf. Autodesk. Inc., AutoCAD. Accessed 23.06.2026. https://www.autodesk.com/products/autocad

11 cf. Autodesk. Inc., Revit. Accessed 23.06.2026. https:/www.autodesk.com/products/revit

12 cf. SolidWorks. Dassault Systemes. Accessed 23.06.2026. https://www.solidworks.com/
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PREPARATION

Before the survey, the workflow and the tool
chain had to be defined. A first pipeline based
on Blender and Meshroom?', tested in a diffe-
rent room, failed (see appendix for this chap-
ter). We therefore switched to Agisoft Metas-
hape, which handles 360° imagery reliably.

For the site measurement, we carried out a test
with the camera both indoors and outdoors
and found that objects and walls are displayed
better indoors. We therefore decided to capture
the interior of the Hufnerhaus and planned the
camera positions, arranging them in a regular
grid across the width, depth and height of the
room, so that successive shots would overlap.
Good photographs depend above all on even,
diffuse lighting. All lights in the room should
be switched on, while bright window areas, ref-
lective surfaces and strong contrasts are best
avoided, because the software recognises
them poorly. Ideally, the camera sits at about
90° to strong light sources and to direct sun-
light. Overcast weather is an advantage here:
diffuse daylight casts few hard shadows on the
surfaces.

The panorama splitting is optional, since Me-
tashape can also process the panoramas
directly as spherical images. In our case, ho-
wever, splitting them into perspective images
gave better results in Agisoft. For this, a Python
script drove a virtual camera in Blender: it rot-
ated through a yaw of 0 to 360° and recorded
the pitch angles -30°, 0° and +30°, which pro-
duced several overlapping perspective images
per panorama. We later rebuilt the same step
as a standalone py360convert script that
works without Blender.

Panoramas carry no inherent scale. Known re-
ference distances were therefore prepared in
advance, so that scale bars could be set in Me-
tashape afterwards.

70

PREPARATIONS FOR A CLEAN CAPTURE

* a static scene, with no people or moving
objects in the frame

+ everyone out of the camera’s field of view
during each shot (the remote shutter re-
lease helps)

« sufficient overlap between adjacent posi-
tions, and moderate distances between
them

+ the tripod masked out, for which the Python
splitting can create a tripod mask

13 cf. Meshroom. AliceVision. Accessed 23.06.2026.
https://alicevision.org/



Fig. 3.2.1: floorplan Hufnerhaus, selected room for the survey in orange
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Fig. 3.2.2: planned camera positions vertical in three different hights Fig. 3.2.3: planned camera positions horizontal in the floorplan
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SITE MEASUREMENT

Originally, we had intended to capture the ent-
ire building, but since the capture took consi-
derably longer than expected, we ended up do-
cumenting only a single room. Mounted on the
tripod, the Theta V camera captured the room
on a regular grid: at each grid point we took
three panoramas at three heights, which gave
18 panoramas. Adjacent positions overlapped
and the scene stayed static. The lighting in the
room was relatively even, but was stronger co-
ming from the two outer walls with windows.
Afterwards, we walked through the room a se-
cond time, handheld and without the tripod, and
photographed the areas that the grid had not
covered well, for example the corners behind
stacks of wood, under the table between diffe-
rent kind of boxes and on the table, amongst
various craft supplies and other boxes. These

additional shots were meant to close gaps.
Known reference distances were also recor-
ded, in order to safeguard the later scaling in
Metashape.

The equipment is minimal: one camera and
one tripod. Each 360° shot records the full sur-
roundings of a position at once, which keeps
the on-site effort low.

The capture itself took longer than expected,
namely around two hours. Before each shot, the
tripod height had to be adjusted, and everyone
had to leave the room to not block the view.
With the room empty, the Bluetooth connection
between the smartphone app and the camera
was often weak, and the images were slow to
load. The handheld pass went faster (30 min.),
since no tripod had to be set up and the remote
shutter release could be used directly.

Ll - |

Fig. 3.3.1: floorplan Hufnerhaus overlay with Mesh, camera positions in the selected room for the survey
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Fig. 3.3.2: camera position 1 top Fig. 3.3.6: camera position 2 top

Fig. 3.3.5: camera position 3 top Fig. 3.3.9: camera position 4 top
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Fig. 3.3.10: camera position 3 middle

Fig. 3.3.11: camera position 3 bottom Fig. 3.3.15: camera position 4 bottom

Fig. 3.3.12: camera position 5 top Fig. 3.3.16: camera position 6 top

Fig. 3.3.13: camera position 5 middle Fig. 3.3.17: camera position 6 middle
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Fig. 3.3.18: camera position 5 bottom Fig. 3.3.22: camera position 6 bottom

‘cEnsBUR

Fig. 3.3.19: camera position random 1 Fig. 3.3.23: camera position random 4

Fig. 3.3.21: camera position random 3 Fig. 3.3.25: camera position random 6
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DATA PROCESSING

Split
Panorama
Images

building
survey

RICOH
THETA V

Blender
EXPORT
i Ap / Python
JPG

360° Script

Fig. 3.4.1: Process diagram

A detailed step-by-step guide with screenshots
is provided in the appendix for this chapter. The
following overview summarises the workflow
(see Fig. 3.4.1: Processdiagram):

+  Capture 360° panoramas on a grid (Ricoh
Theta V) >> JPG

+ (optional) Split the panoramas into per-
spective images (Python) >> JPG

*  Photogrammetry in Metashape: alignment,
dense point cloud, scale bars >> E57

*+ (optional) Point-cloud cleanup in Cloud-
Compare >> ES57

+  CAD model in Rhino or ArchiCAD: point-
cloud overlay and manual tracing >> DWG
/ native

DATA EDITING

First, we captured the room as described ab-
ove in the ‘Site Measurements’ chapter: we set
up the camera, established a bluetooth con-
nection and captured the room using overlap-
ping photos.

Generate a
point cloud
from images

agisoft
Metashape
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conversion to
virtual 3D
buildings /

components

Post-pro-
cessing point
clouds

Cloud
Compare

Archi-
(07:1))
/ Rhino

.E57
-PLY
XYZ

Second, the grid panoramas and the handheld
shots were split into perspective images, as
described in Preparation. This produced 200
overlapping images.

In Metashape, we loaded these 200 images,
aligned the cameras (Align Photos) and com-
puted the dense point cloud. Metashape pro-
duced reliable results, whereas the earlier Me-
shroom attempt had failed.

During scaling, non-uniform scale errors ap-
peared, indicating distortion. We corrected the
scale with scale bars in Metashape, based on
the known reference distances, rather than by
rescaling afterwards in CloudCompare.

The dense point cloud was exported from Me-
tashape as E57. Cleanup in CloudCompare is
optional, since the cloud can also be edited
directly in Rhino. We still preferred CloudCom-
pare: editing is more convenient there, and its
filters optimise the cloud more effectively. In
CloudCompare, the Segment tool removed un-
wanted areas, and the SOR and Noise filters re-
moved outliers; the export back to ES7 works
only if a single cloud is selected.



We also tried PointCab Origins to derive the 2D
floor plan automatically from the point cloud.
This did not work for our scan. PointCab re-
turned only isolated line fragments that never
closed into a coherent room outline. Correcting
them into usable geometry would have taken
more effort than drawing the plan by hand. We
therefore traced the edges manually, using the
TIFF as a background reference.

CAD MODEL

In Rhino, the cleaned point cloud served as a re-
ference beneath a 3D model that we built from
the floor plan. From this, 2D plans and sections
were derived with the Make2D command. The
main difficulty lay in aligning the point cloud. It
had to be rotated and positioned so that it mat-
ched the floor-plan model along all three axes,
and getting this orientation right took several
attempts. Rhino offers a broad set of tools for
this, which kept the alignment manageable.

The same model was also built in ArchiCAD, on
the basis of the same point cloud. Aligning the

A Untitied* — Agisoft Metashape Professional (21 days lef)
Ele Edt View Wordlow Model Photo Otho Iools Help

Workspace X Model Ortho
3
Workspace (1 chunks, 198 images)

Perspective 30°

£ Chunk 1(198 images, 163,169 tie points)
Images (161/198 aligned)
% Components (1)
0 Masks (33)
2% Tie Points (163,169 points)
Depth Maps (157, Ultra high quality, Mild filtering)
Point Cloud (13,014,186 points, Uttra high quality)

Property Value 163,169 te points
Workspace
Chunks 1

Datecrested  2026:06:05 23:38:52

Photos
Software version 23021854

RO010674_rx RO010674_ny ROD10674 ROD10674_px

W R W TEE W E

Fig. 3.4.2: Screenshot workspace Metashape, Pointcloud
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cloud proved to be more difficult here, becau-

se ArchiCAD provides fewer tools for handling

and orienting point clouds than Rhino. Positio-
ning the cloud correctly therefore took more ef-
fort, and the overall workflow was less flexible.

Working with the point cloud differs strongly

between the programmes:

* In Rhino the cloud is fully editable: points
can be selected, moved and reworked, dis-
tances can be taken between individual
points, and geometry can be traced directly
over the cloud using it as a snap reference.

* In ArchiCAD, the cloud is treated as a single
object. Individual points can therefore neit-
her be snapped to, measured nor moved,
and the cloud only acts as a visual referen-
ce for tracing.

One limitation applies regardless of the pro-
gramme: in a dense and slightly noisy cloud it
is hard to hit the exact intended point, so mea-
surements taken directly from the cloud carry
some uncertainty. For this reason, we took the
dimensions from the clean CAD model rather
than from the raw points.

Snap: Axis, 3D

2

ROD10674_pz 010675 e ROD1O675_ny = Roo10675 px

RO010675_pz

RO010675_py

TERE RN O ——— — — —] | VY] | — -



YERRRRRERERE -

MUY

e Render Window Help

Perspektive
1921

Perspective

Shaded Mesh

Planar Osnap SmartTrack Gumball (World)
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GAUSSIAN SPLATTING (PARALLEL PATH)

Alongside the photogrammetric pipeline, we
tested Gaussian splatting on the same image-
ry, which can also be found in the appendix. The
method was never intended to produce measu-
rable geometry; its strength is the photorealis-
tic render. In that render, the position of objects
and the location of cracks or damage can be
read clearly, which makes it useful as a visual
record of the room'’s condition. For a measured

survey, however, it is not suitable.

The tools came with practical limits. Nerfstu-
dio™ trained a splat but did not export a usable
mesh, Jawset Postshot's sat behind a paywall,
and SuperSplat'® allows viewing only.

Further development in review with the chapter
,Photo — Theta 360°“ from the 2024 publica-
tion ,Accessible techniques for digital building
surveying”“

14 cf. Nerfstudio. Nerfstudio Team. Accessed 23.06.2026. https://docs.nerf.studio/
15 cf. Postshot. Jawset. Accessed 23.06.2026. https://www.jawset.com/
16 cf. SuperSplat. PlayCanvas. Accessed 23.06.2026. https://superspl.at/
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Fig. 3.4.5: screenshot workspace SuperSplat, Gaussian Splat 3DGS




EVALUATION

PRECISION

The achievable accuracy depends on three fac-
tors: the overlap between positions, the image
quality, and correct scaling. Without scale bars,
the model stays dimensionless or non-uniform-
ly distorted; only with reference distances do
the measurements become usable for building
documentation. Fine detail is limited by the re-
solution of the Theta V, and reflective, dark or
low-texture surfaces reduce the point density.

The comparison of a door opening confirms
the overall dimensional accuracy of our work-
flow. Our point cloud measured 92 cm at this
location, against a reference value of 93 cm ta-
ken on site. This deviation of one centimeter,
roughly one percent, lies within the expected
tolerance for a photogrammetric survey at this
scale. Such minor discrepancies typically stem
from scale bar placement and mesh smoot-
hing rather than fundamental modeling errors.
The workflow therefore proves sufficiently ac-
curate for architectural documentation.

Fig. 3.5.1: reference measurement overlay pointcloud and 3D Model

FURTHER DEVELOPMENT IN REVIEW WITH
THE CHAPTER ,PHOTO - THETA 360°“
FROM THE 2024 PUBLICATION ,ACCESSI-
BLE TECHNIQUES FOR DIGITAL BUILDING
SURVEYING“

In 2024, the panoramas were loaded into Me-
tashape directly with the spherical camera
setting, and the resulting E57 point cloud was
imported into ArchiCAD. Because the cloud ar-
rived at the wrong scale and could not be sca-
led in ArchiCAD, the team had to draw the floor
plan first and rescale it afterwards by reference
dimensions. We developed the workflow fur-
ther in several respects:

+ Splitting instead of spherical loading: each
panorama is split into perspective images,
which gives more and better distributed in-
put for the alignment.

+ Capture at three heights, plus a handheld
pass to close gaps, rather than the two tri-
pod heights used in 2024.

+ Correct scale from the start: scale bars in
Metashape fix the scale before export, so
the drawing no longer has to be rescaled
afterwards.

* An added CloudCompare step cleans and
optimises the point cloud before the CAD
work.



WHAT WORKED WELL IN THE DATA PRO-

CESSING

* Metashape reconstructed a reliable point
cloud from the 200 split images.

+ Scale bars in Metashape removed the non-
uniform scale error.

+ The CloudCompare cleanup (Segment,
SOR and Noise filters) worked reliably.

+ Point-cloud overlay with manual modelling
in Rhino and ArchiCAD suited the irregular
historic geometry.

+ Both the hardware and the software were
available at no additional cost.

WHAT DID NOT WORK WELL IN THE DATA

PROCESSING

*  Meshroom failed; only Metashape produ-
ced a usable result.

+ PointCab did not derive the 2D floor plan
automatically, so the edges had to be tra-
ced by hand.

* Matterport'” exports only with a paid sub-
scription, so without one the captured data
cannot be taken into CAD.

+  Low-texture, reflective and dark surfaces,
together with overly large distances bet-
ween positions, caused gaps and noise.

+ Aligning the point cloud to the model was
tedious, and more so in ArchiCAD than in
Rhino.

* The capture was time-consuming, mainly
because of the tripod adjustment and an
unstable Bluetooth connection.
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OUTLOOK

Beyond the tools tested, the most productive
improvement lies in the capture itself: HDR
imaging, more standpoints, and scale bars set
directly in Metashape. For a purely visual re-
cord, Gaussian splatting remains a promising
option to develop further, even though it does
not replace a measured survey.

CONCLUSION

In retrospect, the workflow is cost-free, becau-
se it uses only existing hardware and free soft-
ware. At the same time, it is time-consuming
and reaches only moderate accuracy. We would
therefore not recommend buying a Ricoh Theta
V specifically for this purpose. Today's LiDAR-
capable smartphones achieve comparable,
and in part better, results with a usually simpler
workflow. However, the camera is a useful tool
for capturing existing spaces, allowing you to
then move around within a 360-degree image
and take in the whole space within a single
image.

17 cf. Matterport, Matterport, Inc.. Accessed 23.06.2026.
https://matterport.com/.
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Fig. 4.1.1: equipment Fujifilm

DESCRIPTION

This photogrammetry workflow utilizes high-
resolution images from DSLR (Digital Single-
Lens Reflex) or DSLM (Digital Single-Lens Mir-
rorless) cameras to generate 3D models.
Together with the free program “ActualityScan,’
it creates a transparent workflow that offers a
high degree of control, by making every para-
meter available to get the outcome you wish to
achieve.

Photogrammetry converts 2D photos into 3D
models (.xyz, .fbx and .obj).

To do this, the process compares overlapping
images of a building or object, identifies mat-
ching pixels, and calculates how the camera
must have moved and where the photographed
location is in 3D space. When performed cor-
rectly, this accessible method yields very pre-
cise results.

The goal of this project was to complete the
entire workflow from start to finish using only
free software, in order to keep the barrier to en-
try as low as possible without compromising
the quality and accuracy of the point cloud or
the model.

Laptop or PC—A Windows system is required
for our workflow. The recommended specifica-
tions for the other components are as follows:
CPU: 4 cores

RAM: 16GB

GPU: CUDA 6.1 with 1TGB VRAM



REQUIREMENTS

Hardware

Camera - High-resolution DSLR/DSLM came-
ras with large sensors are well-suited for this
workflow.

We used:

*+  Sony a7ii (24,7MP Fullframe)
+  Fujifilm XT5 (40,2MP APS-C)

The higher the resolution, the more detail can
be captured per image. Larger sensors also
have a higher dynamic range (the difference
between the brightest and darkest points in an
image) and require less light.

Lens-Awide-angle lens is best suited here. The
wider field of view, paired with a high-resolution
camera, is particularly advantageous because
it maintains a high level of detail. However, fis-
heye lenses (<16mm) should be avoided due to
their high distortion. The same applies to focal
lengths over 35mm, as the field of view beco-
mes too narrow and the depth of field (area of
sharpness) decreases significantly.

Of course, other types of cameras (e.g., smart-
phones, digital cameras, or drones) can also be
used instead of a DSLR. However, due to their
automatic image processing and exposure
settings there is less control over the outcome
using a phone. Exposure settings may vary bet-
ween individual images, consequently a lower
quality of the resulting coloured point cloud
can be expected.

Since we focused exclusively on DSLR came-
ras, alternative camera systems were not in-
vestigated in sufficient detail to provide speci-
fic recommendations.

Laptop or PC - A Windows system is required
for our workflow, to run RealityScan.' The re-
commended specifications for the other com-
ponents, based on information given on the
RealityScan website?, are as follows:

«  CPU: 4 cores
« RAM: 16GB
«  GPU: CUDA 6.1 with 1TGB VRAM

Software

RealityScan® - Free software from Epic Games
where all data processing takes place.

Darktable* - A free image editing program whe-
re you can adjust the exposure of the images.
This step is optional and only worthwhile if the
model is needed for renderings.

ArchiCAD (or other CAD software)® - Students
can use the free educational license and im-
port scans as point clouds or meshes.

12 cf. MatejKuro. "Hardware and Operating System Requirements”. Epic Games Community. Accessed 05.07.2026.
https://dev.epicgames.com/community/learning/knowledge-base/DB58/realityscan-hardware-and-operating-system-requirements
3 cf. RealityScan. Accessed 04.07.2026. https://www.realityscan.com/?lang=de

~

cf. Darktable. Accessed 04.07.2026. https://www.darktable.org/

5 cf. Graphisoft. ArchiCAD. Accessed 04.07.2026. https://www.graphisoft.com/de-de/plans-and-products/archicad/
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PREPARATION

Project Scope

It must be determined in advance where the
scan will take place - Indoors or outdoors.

If the scan is taken outdoors, the lighting con-
ditions are clearly dictated by the sun and the
sky - a cloudy day is ideal here.

The diffuse light from the clouds not only casts
softer shadows, which makes the model more
suitable for visual purposes, but also reduces
the dynamic range of the scene (the difference
between the brightest and darkest points in the
scene). New cameras now have a high dyna-
mic range, but in direct sunlight, there is always
arisk of data loss in underexposed and overex-
posed areas of the image.

Rainy days should also be avoided, as flat, wet
surfaces reflect light and can thus cause diffi-
culties when stitching the images together or
create artifacts.

When shooting indoors, windows provide the
light. In most cases, care should be taken to
ensure that the room is illuminated as evenly
as possible. Dark corners should therefore ide-
ally be illuminated with static light sources.

Next is the question of what is being scanned.

86

Object

Whether it's a small, movable object (cup, ta-
ble, etc.) or a large, static object (ornament,
fountain, building, etc.), it is at the center of the
imaginary scene.

Ideally, you can circle around it and capture it
from various heights.

Depending on the size, the camera distance
can be adjusted to increase the level of detail;
the focal length can also be slightly longer in
this case.

b s 4
v _ v
BENEY \ S
D VAN
g v 3

Fig. 4.2.2: camera position object



Room

Rooms must be photographed differently. The
walls can be used as a guide line here, but the
opposite side of the room is photographed.

In both cases, it makes sense to plan a wal-
king route in advance to follow as you survey
the location. This route should be cleared of
obstacles, and loose objects that could move
during the scanning process (e.g., doors, cur-
tains blowing in the wind, or tall grass) should
be secured or removed.

For all types of shots, however, it is especially
important to ensure overlap - that is, the images
must share content so they can be linked toge-
ther later in the software.

* An overlap of at least 20-30% should be
maintained.

+ It is important to move between the two
images.

A

Fig. 4.2.3: camera position room
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Camerasettings

It is important to get a few settings right.
For maximun controll, set the camera to Manu-
al mode.

Aperture - Lenses are sharpest in the f/8.0-11.0
range. If the room is particularly dark, you can
open the aperture a bit more - but be careful!
The depth of field will continue to decrease.

Shutter speed - To take sharp, blur-free photos
handheld, the shutter speed should be at least
twice the focal length

(16mm -->1/32; 50mm -> 1/100)

ISO - Keep it as low as possible! High 1SO va-
lues produce significant image noise, which re-
sults in grainy pictures and artifacts in the mo-
del. An ISO of 10.000 was used with the Sony
as a last resort in realy dark areas - it worked,
but only as a last resort.

For even exposure in rooms with uneven light-
ing, you can also use Aperture Priority mode.



SITE MEASUREMENT

Room

To test our method, we chose the workshop on
the west side of the Hufnerhaus.

The scanned area is approximately 40 m? and
presented several challenges (see Fig. 4.3.4).
Three columns flank the north wall of the
house, on which the roof and the recessed in-
termediate floor rest. Many boards and struts
run along them - numerous details that must be
properly captured and processed. Additionally
there are very fine details such as ladders and
tools. The room was lit by fluorescent lights as
well as through windows and slits, which crea-
ted strong contrasts. The room was scanned
exactly as it was found.

Fig. 4.3.4: floorplan scanned Area
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Planning

After familiarizing ourselves with the space, we
planned walking routes that covered the space
in a grid pattern (see Fig. 4.3.5).

We walked through the space as a whole in
wide, serpentine lines. We documented objects
and ornaments by photographing them from all
angles. We used two different heights from a
straight-on perspective: one while crouching
and one with outstretched arms.

When photographing rooms, the floor and cei-
ling should be considered separately. We mo-
ved in a “waltz rythm” - that is, a large step to
the side, photo from below, photo from above,
and so on. Accordingly, we proceeded in a grid-
like pattern to photograph the floor and cei-
ling. We noticed that the photography process
works a bit differently here: the more directly
we point the camera at the floor or ceiling, the
less floor is captured, and the more images




are needed. The more we tilted the camera,
the more was captured. It's important to find a
good balance here and always make sure that
your own feet aren’t included in the shot. Rea-
lityScan was able to handle the shown tilt (see
Fig. 4.3.6.-9.) well during postprocessing.

To test the pros and cons of different setups,
we captured the room using three different
combinations.

Fuji Sony Fuji Video
focallength 16mm 24mm 16mm
resolution 48MP 24MP 8MP

APSC FF APSC
pictures 251 351 723

Fig. 4.3.5: walk with the camera
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It's noticeable that the Fuji took about 30% fe-
wer photos than the Sony, which is due to its
shorter focal length. The number of images in
the video is so high because two images were
extracted for every second of video recorded.




Fig. 4.3.6: photos floor

Fig. 4.3.7: photos around column
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Fig. 4.3.8: photos column different heights

Fig. 4.3.9: photos ceiling
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DATA PROCESSING

Aligning,
gathering Orienting
pictures Scaling,

Meshing

Retracing or
rebuilding with
ArchiCAD’s built
in tools

*pg

Fig. 4.4.10: Schematic diagram of workflow

For postprocessing, we chose RealityScan be-
cause the program has already proven itself in
past projects. It is easily accessible, free, and
user-friendly.

In the program, an algorithm compares the
images and uses triangulation to estimate the
relative positions of the cameras in relation to
one another - a process called alignment. If the
model is skewed, it can be easily aligned in the
coordinate system (Set Ground Plane).

If the model’s dimensions do not match reality,
it can be scaled using two reference points and
a reference measurement (Define Distance)
(see Fig. 4.4.14).

In the next step, the program creates a high-re-
solution mesh (Normal Detail) (see Fig. 4.4.15),
which we can export as a dense point cloud.

Reality-
Scan 2.1
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ArchiCAD

All steps are explained in detail, with illustrati-
ons, in the step-by-step guide in the appendix.

The three data sets captured from the Hufner-
haus were processed in separate RealityScan
projects but with identical settings.

Fuji Sony Fuji Video
processed 236/251 335/351 538/723
images
polygon 280 mio 130 mio 110 mio
count

The resulting polygon model (mesh) clearly il-
lustrates the accuracy of the point cloud from
which it was created (see Fig. 4.4.15).

However, models of this size cannot be di-
splayed as a mesh, but only as a dense point
cloud, which makes it difficult to assess surfa-
ce quality outside of CAD.



To enable a comparison, we processed a small,
central part of the room and generated it with
equal precision settings. The process only took
a couple of minutes. This time may vary though,
regarding the specific hardware you have.

We did not have any crashes whilst working on
the models.

Our setup:

«  CPU: Intel i9
- RAM: 32GB RAM
«  GPU: NVDIA 4070ti mit 12GB RAM

This comparison made differences in the qua-
lity of contours and surfaces highly visible. The
model created from the video stands out sig-
nificantly here, as it has the most pronounced
artifacts and inaccuracies (see Fig. 4.4.12).

Fig. 4.4.11: mesh Sony camera
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Fig. 4.4.12: mesh Fuji camera - Video

Fig. 4.4.13: mesh Fuji camera



Some of these are certainly due to missing
image data, but even well-captured areas of
the model exhibit rough surfaces and jagged
edges.

The two photo-based models are closer in qua-
lity, but interesting differences are apparent:

The contour sharpness of both models is ne-
arly identical, but the surface quality differs
significantly. The Fuji model renders surfaces
that are actually smooth as rough (e.g. bucket,
beam), whereas the Sony model handled this
better, though it was not perfect either. Both
cameras were working with high 1ISO whilst
capturing the room. Larger sensors are capa-
ble to run higher ISO without too much noise
being present. The Fuji, even with lower ISO va-
lues, had significantly more noise and a drop
in sharpness, as seen in the raw pictures (see
Fig. 4.4.17).

Fig. 4.4.14: picture Sony camera

Fig. 4.4.15: zoom Picture Sony camera
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Fig. 4.4.16: picture Fuji camera

Fig. 4.4.17: zoom Picture Fuji camera




Fig. 4.4.18: measured Object

Selected constraint(s

Fig. 4.4.20: define distance reference points pointcloud
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Fig. 4.4.19: reference points in RealityScan



REALITYSCAN

For further postprocessing of our point cloud,
we used the images from the Sony camera. We
chose this option due to the better surface qua-
lity. We were able to scale the entire point cloud
using two reference points and a measured ob-
ject in the Hufnerhaus (see Fig. 4.4.18). Each
reference point has to be confirmed in three se-
perate images. It's the only way to ensure that
the correct measurement is used.

Through scaling we now have a true-to-scale
point cloud from which additional reference di-
mensions can now be derived (see Fig. 4.4.21).

A comparison of another reference dimension
and the one taken for scaling reveals no dis-
tortion within the point cloud (see Fig. 4.4.19).
This demonstrates the precision of this met-
hod.

Fig. 4.4.23: mesh RealityScan (before export as pointcloud)
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dx:0,03m
dy:0,10m

2,00m
dx:0,11m
d

Fig. 4.4.21: second reference
measurement seperate Project

Fig. 4.4.22: second reference
points RealityScan



ARCHICAD

Finally, as described in the process diagram
(see Fig 4.4.10), we imported our generated
point cloud into ArchiCAD. We chose to work
with ArchiCAD because it offers an intuitive
workflow and a smooth 3D navigation for hand-
ling point clouds.

Importing a point cloud into ArchiCAD is very
simple. ArchiCAD itself also is easy to learn,
and there is not much prior technical know-
ledge needed to become familiar with the pro-
gram. Compared to a mesh, the 3D view and
navigation, of the pointcloud, within the model
works flawlessly.

Here, it is now possible to generate sections
from the 3D model and use them as the basis
for 3D model construction.

Fig. 4.4.24: section pointcloud ArchiCAD

Fig. 4.4.25: pointcloud ArchiCAD
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EVALUATION

To assess the overall performance of the work-
flow, its prerequisites, applicability, and results
are discussed in the following section:

PREREQUISITES

Aside from access to a camera and a laptop,
this method poses no additional financial bar-
riers.

APPLICABILITY
The process is simple in that it involves only a
few steps and programs.

However, some of these steps are very time-
consuming and prone to errors.

To achieve high-quality results, particular at-
tention must be paid to the preparation and
scanning process, as errors here can render
the final result unusable. Common sources of
error and challenges include:

within preparation

+ poor lighting of the scene
* moving objects or people
+ eet or reflective surfaces

* heavy light contrasts

+ direct sunlight

whilst scanning

+ incorrect camera settings (underexposu-
re/overexposure, camera shake, shallow
depth of field)

+ insufficient overlap (the software cannot
stitch the images together)

+ too few images / blind spots (too few
images for parts of the room result in low
accuracy)

+ insufficient movement during the scan
(each image must be taken from a different
position)
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If these errors are avoided, the dataset will be
in the best possible condition for further pro-
cessing.

In RealityScan, we've described the workflow
in detail with the step-by-step guide (see Ap-
pendig). While it took us quite a bit of experi-
mentation to get the hang of the software, the
program’s interface is actually quite intuitive.
The tools and menus are also explained in gre-
at detail on the “Help” page within the file, and
there is a wide range of video tutorials availa-
ble online.

If you follow the instructions and guidelines ca-
refully, you'll end up with a truly accurate point
cloud or mesh.

A detailed review of the three scan attempts
and their resulting datasets shows:

Fuji Sony Fuji Video
processed 236/251 335/351 538/723
images
resolution 48MP 24MP 8MP
pictures 236/251 335/351 538/723
polycount 280 mio 130 mio 110 mio

As already described in the Data Processing
section, the video model stands out due to its
significant artifacts and blind spots. We su-
spect that recording a video might give a false
sense of security regarding the amount of foo-
tage captured, leading to a less precise route
and angle coverage.

However, even well-lit areas have noticeably
less detail than the other two models. This is
clearly related to the lower resolution. And in
addition to this, the camera doesn't change



it's settings during the video capture, so it isn't
possible to make slight adjustments to the ISO.
As previously described, the two photo models
are more comparable.

We were able to attribute the differences in
image quality here to the cameras’ low-light
performance - specifically, the image noise in
the captured photos.

Due to the dim lighting on site, both cameras
had to shoot at a high 1SO, which increases
noise. Added to this is the difference in sen-
sor size between the two cameras. Full-frame
sensors are more than twice as large as APS-C
sensors, making them clearly superior in low-
light conditions.

That's why the Sony camera was able to produ-
ce the higher-quality model despite being half
the size. In good lighting conditions, however,
we found that the Fuji, with its twice-as-high
resolution, was able to produce models with
greater accuracy.

Depending on the scenario, you should therefo-
re consider wheather quality, light sensitivity or
resolution is most important.
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INTRODUCTION

Emma Stiehle

Emma Gopfert

Fig. 5.1.1: Cross-fades between the 3D model and the point cloud from
Scaniverse Classic

Bén Kroger

Gloria Knopf
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DESCRIPTION

How can we achieve the best possible digital
building survey using resources available to
many people? This is the key question that mo-
tivated us to take a closer look at LiDAR tech-
nology — which is found in most mobile phones
- and to test out various apps. The only hard-
ware required for this type of digital building
survey is a smartphone with LIDAR capability,
a scanning app installed on it, and a laptop.
The apps used here access the LIiDAR scanner
built into newer Apple devices (iPhone Pro mo-
dels from the iPhone 12 Pro onwards and iPad
Pro models from 2020 onwards). LiDAR (Light
Detection and Ranging) measures distances
by emitting laser light pulses and detecting
their reflections. The device calculates precise
depth data of the surroundings from the tran-
sit times. These measurements can be used to
determine distances and capture spatial infor-
mation. This enables the creation of three-di-
mensional models of objects and buildings.’

A more detailed description can be found in
last year’s paper Accessible Techniques for Di-
gital Building Surveying 2.

To begin with, we tested a wide range of scan-
ner apps. However, only three applications
proved suitable for further processing into a
usable CAD model: Scaniverse Classic (versi-
on 5.2.5), Scaniverse New (version 5.2.5) and
Vectorworks Nomad. These apps can be used
to create pointclouds, meshes and Gaussian
splats. The applications that were ruled out in-
clude, amongst others, Polycam, RealityScan

1 cf. Bastian Pla® und Thomas Klauer. “Potenziale von
LiDAR-Smartphones und Machine Learning zur Bewer-
tung der altersgerechten Nutzbarkeit von Wohnraum’.

AVN 131 (2024): 31.

2 cf. Bernd Dahlgriin and Till Rudolph, with students.
“Accessible Techniques for Digital Building Surveying”.
student research project, HafenCity University Ham-
burg, 2024, HCU Repository.



and iTwin Capture, which were not considered
further due to limitations in scan quality or fea-
tures that required payment. The three apps
are briefly presented below (according to the
providers) — at the end of the chapter, they are
listed again in a comparative table and descri-
bed in terms of their actual use.

Scaniverse Classic is well suited to smal-
ler rooms and individual objects. Processing
takes place directly on the smartphone, so no
cloud connection is required. Gaussian splats,
meshes and pointclouds can be exported.?

Scaniverse New is designed for larger projects
such as entire buildings, large interior spaces
or outdoor areas. Processing takes place in
the cloud and also allows multiple scans to
be merged. The available output formats are
Gaussian Splats, meshes and VPS maps, alt-
hough VPS maps are not relevant to our use
case.

Vectorworks Nomad is particularly well suited
if the scan data is to be further processed

in Vectorworks at a later stage, as the scan file
can be easily opened and worked on in Vec-
torworks without the need for additional inter-
faces.If required, the data can also be conver-
ted into other formats after export.®

REQUIREMENTS

The hardware required for scanning is a smart-
phone or tablet with LiDAR functionality (iPhone
Pro models from the iPhone 12 Pro onwards,
and iPad Pro models from 2020 onwards).

A computer or laptop capable of running the

CAD and post-processing programmes used
is required for further processing of the scan
data. MacBooks of various generations were
used for this project. The software required
consists of scanning apps, which can be dow-
nloaded free of charge from the App Store.
For this project, Scaniverse Classic (version
5.2.5), Scaniverse New (version 5.2.5) and
Vectorworks Nomad were used. The CAD and
post-processing programmes Archicad, Vec-
torworks, Blender and Rhino were used to pro-
cess the scanned models.

3 cf. Niantic Spatial. “Niantic Spatial Scaniverse Frequently Asked Questions”. Accessed 22.06.2026.

https://www.nianticspatial.com/fag/scaniverse

4 cf. Niantic Spatial. “Niantic Spatial Scaniverse Frequently Asked Questions”. Accessed 22.06.2026.

https://www.nianticspatial.com/fag/scaniverse

5 cf. Vectorworks. “Mobiles Scannen in Vectorworks”. Accessed 22.07.2026.
https://www.vectorworks.de/news/mobiles-scannen-vectorworks
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PREPARATION

RESEARCH AND INSTALLATION

Before deciding which apps to use for the final
scan at the Hufnerhaus, we tested a number of
popular scanning apps. These included Scani-
verse Classic (version 5.2.5), Scaniverse New
(version 5.2.5), Vectorworks Nomad, Polycam,
RealityScan and iTwin Capture. For the test
scan, we chose a room at HafenCity Universi-
ty which is located inside the building, is arti-
ficially lit and therefore always has consistent
lighting conditions. Using a laser rangefinder,
we measured this room to obtain reference va-
lues for comparing the scans from the various
apps. This enabled us to assess the image qua-
lity and precision of the LiDAR scanning apps.

We have decided to use the Scaniverse Classic,
Scaniverse New and Vectorworks Nomad apps
for the scan of the Hufnerhaus, as these apps
offered the best combination of scan precision
and image quality for large spaces, as well as
the best post-processing capabilities for our
needs.

The apps can be downloaded from the Apple
App Store. To use the Scaniverse New and Vec-
torworks Nomad apps, you must either create
an account within the respective app or log in
with an existing account. In the Scaniverse app,
you can choose between Scaniverse Classic
and Scaniverse New; however, unlike Scaniver-
se New, no login is required to use Scaniverse
Classic.
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BEFORE THE SCAN

Based on the preliminary study carried out at
HafenCity University, several criteria were iden-
tified that are important for a successful scan-
ning process:

+ The camera on the device being used
should be cleaned before the scan begins
and kept free of dirt or fingerprints so as
not to affect the image quality.

+  The mobile device must have sufficient
battery charge to avoid interruptions during
the scanning process.

*  Furthermore, it is essential to prepare the
rooms to be scanned properly. This inclu-
des opening doors (or closing them if a
single room is to be scanned), removing
any obstructing objects, and ensuring that
no changes occur during the scanning pro-
cess. Highly reflective surfaces should be
covered, as these negatively affect image
quality and make it difficult for the scanner
app to recognise the surfaces.

The Hufnerhaus does not offer ideal conditions
for carrying out a scan. There were numerous
large pieces of furniture on site which could
not easily be moved for the scan. Furthermore,
doors and windows could not be opened, mea-
ning that reflections on glass surfaces could
not be avoided. In the following, we will exami-
ne the extent to which these conditions affec-
ted the quality of the scan results.



SITE MEASUREMENT

Fig. 5.3.1: floor plan Hufnerhaus scanned area

IN GENERAL

We began by carrying out an inspection of the
farmhouse, both inside and out. In consultation
with the groups who were testing other scan-
ning methods on site, the responsibilities for
the respective areas to be scanned were defi-
ned. We were assigned to scan the large main
room of the Hufnerhaus - this covers an area
of approximately 200 m? (see Fig. 5.3.1).

The scans started then simultaneously using
the respective smartphones and various apps
in different areas of the room. The scanning
process is generally intuitive across all apps,
as the areas already scanned are visually highl-
ighted within the apps’ camera mode. Never-
theless, several cross-app aspects were iden-
tified during the process that are important for
successful, high-quality data collection:
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The smartphone should be moved smoo-
thly and slowly; avoid jerky movements.

To ensure reliable data capture, care must
be taken to ensure uniform and adequate
lighting; situations involving strong back-
lighting should be avoided.

All areas should be scanned with sufficient
overlap. Critical features, such as corners,
recesses or technical installations, should
be scanned several times if necessary.
Differences in height, particularly steps or
landings, should be measured from as clo-
se a distance as possible to ensure accura-
te measurement.

Encounters with other people during the
scanning process can be avoided by deli-
berately moving out of their way or by chan-
ging the direction in which the device is
moving. This made it possible, in this par-
ticular case, for several people to carry out
scans at the same time.



o The maximum scanning distance specified
by the respective applications must be ta-
ken into account, as this has a significant
impact on the accuracy of data capture.

e A continuous scan without interruptions
usually produces better results; however,
not all applications support continuous
scanning without a pause.

SPECIAL FEATURES SCANIVERSE CLASSIC

The Scaniverse Classic version can be selec-
ted directly within the Scaniverse app. It is not
essential to create a user account to carry out
scans, so the scanning process can be started
straight away.

The app initially offers the option to capture
scans either as a mesh or as a splat. The mesh
function was used for the digital capture of the
Hufnerhaus. The main reason for this decision
was that Splats can currently only be proces-
sed to a limited extent in Archicad. Furthermo-
re, capturing Splats is more time-consuming
and, compared to meshes, fewer export for-
mats are available.

Navigation during and after the scan is relati-
vely intuitive, as the app provides recommen-
dations on the most suitable processing and
saving methods depending on the object being
captured. Once the scan is complete, the mo-
del is saved to the app’s library. From there,
various export formats are available, including
point clouds in .ply format and 3D mesh mo-
dels in .fbx and .obj formats. The desired ex-
port format can be selected at any time after-
wards within the library.
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SPECIAL FEATURES SCANIVERSE NEW

The new version of Scaniverse can be acces-
sed via the same ,Scaniverse” app. We decided
to test the cloud-generated creation of Gaus-
sian splats in particular with the new version
of Scaniverse, as this function is highlighted by
the provider as a key feature of the new ver-
sion. Furthermore, Scaniverse New promises
high-quality scanning even of large rooms and
environments.®

As we assumed that the scanning technology
used to create meshes and pointclouds is iden-
tical to that of the Scaniverse Classic version,
we decided not to rescan the Hufnerhaus for
these data types. When using the new version,
a number of specific conditions and restricti-
ons must be taken into account: The duration
of a single scan is limited to a minimum of 15
seconds and a maximum of 5 minutes. Once
this time limit is reached, the scan ends auto-
matically.

For this reason, the Hufnerhaus was scanned
in several consecutive partial scans. During the
scanning process, as with other applications,
areas that have already been scanned and tho-
se that have not yet been scanned are visually
highlighted.

Once the scan is complete, it can be viewed in
the app and the data must be uploaded to the
cloud in order to export the file. The duration
of this process depends largely on the length
and complexity of the scan and may therefo-
re take some time. In the case of the Hufner-
haus, the upload process took around an hour.
During this time, the application must not be
closed, as this could result in data loss. After
using the ,Generate Assets” function, the scan
can be previewed either as a ,Gaussian Splat”
or as a mesh (see detailed instructions in the
appendix). The scan of the large room in the
Hufnerhaus used up approximately 11,000
of the 20,000 free credits. A key point to note
when using the new version of Scaniverse is

6 cf. Niantic Spatial. “Scaniverse FAQ". Accessed 28.06.2026. https://www.nianticspatial.com/en/fag/scaniverse
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Fig.5.3.6: App usage site measurement Scaniverse New

Fig. 5.3.7: scanned object in app Scaniverse New



that it is not possible to export the generated
data directly via a smartphone.

Instead, you must log in to your Scaniverse ac-
count via a desktop PC. This restriction is not
explicitly mentioned within the mobile app be-
forehand. It is only in the web-based version
of Scaniverse that the available export opti-
ons become fully visible. The export can then
be carried out in various file formats. For the
mesh, these are .fbx and .glb; for the Splat, they
are a compressed .spz and an uncompressed

.ply.

SPECIAL FEATURES VECTORWORKS
NOMAD

,Vectorworks Nomad“ can be used with a Vec-
torworks account and a valid, activated Educa-
tion licence.

To create a pointcloud using the Vectorworks
Nomad app, select ,Punktwolke” from the app
menu and start the scanning process. There
is no time limit on the scanning process; ho-
wever, it is recommended that a larger room,
such as the main room of the Hufnerhaus, be
divided into several scans, as otherwise saving
the scan can take a very long time. However,
if the room is divided into several scans, it is
important to ensure that the scans overlap to
some extent, so that they can be more easily
assembled into a point cloud later on.

Once the room has been scanned, tap ,Sichern“.
The scan is then processed in the Vectorworks
Nomad app and uploaded to the Vectorworks
Cloud. Depending on the size of the scan, this
may take a few minutes. Once uploaded, the
point cloud can be viewed in the Vectorworks
Nomad app.

The Vectorworks Nomad app saves point-
clouds in the .pts file format. The pointcloud
can then be used on a computer. The individual
scans are also stitched together on a compu-
ter.
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Fig. 5.3.8: app usage site measurement Vectorworks Nomad



DATA PROCESSING

SCANIVERSE CLASSIC

Models captured using Scaniverse Classic can
be exported in various file formats. Coloured
mesh models are available directly as .fbx or
.obj files. These can be opened in Archicad
either via the ,Interoperabilitat” — ,Dazuladen”
function in the Storey window, or via ,Biblio-
theken und Objekte” — ,0BJ oder FBX als GDL-
Objekt importieren” to integrate them into the
Archicad library and then place them in the pro-
ject.

It should be noted that the imported mesh mo-
dels are not georeferenced or inserted with
precise positioning; instead, they must be posi-
tioned manually by the user. This is particular-
ly important when merging multiple scans, as
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Fig. 5.4.1: Blending the pointcloud with the CAD model
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Fig. 5.4.2: Blending the pointcloud with the CAD model
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precise alignment of the individual models is
required. Merging multiple mesh models in Ar-
chicad is challenging due to the absence of, or
only partially defined, straight edges. However,
alignment can be facilitated by using common
reference points that are clearly identifiable in
the individual scans and enable the models to
be superimposed.

However, when creating a CAD model, meshes
should be regarded more as a supplementary
data source. Due to their irregular nature and
the fact that their edges are often not consist-
ently sharp or straight, they are therefore of limi-
ted use for direct superimposition onto a CAD
model. Nevertheless, geometric deviations can
already be identified in the mesh, which means
it can provide guidance for modelling and plau-
sibility checks.

Siamia SRR

Fig. 5.4.3: The pointcloud in Archicad
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Fig. 5.4.4: Blending the pointcloud with the CAD model



Another aspect concerns the volume of data.
Each mesh is exported as a single, contiguous
model, which can noticeably slow down perfor-
mance in the Archicad 3D window, particularly
with larger scans. On the positive side, howe-
ver, the processing time is short: for the scans
captured as part of this study, both the export
from Scaniverse Classic and the subsequent
import into Archicad took less than ten minu-
tes each.

The coloured pointclouds can be exported from
Scaniverse Classic in .ply format. As this file
format is not directly supported by Archicad,
conversion is required first. To do this, the .ply
file is exported to .txt format in CloudCompare
and then converted to the .xyz format suppor-
ted by Archicad by renaming the file extension
in Windows Explorer or Finder. The point cloud
can then be imported into Archicad without any
problems via ,Interoperabilitat” and ,Punktwol-
ken importieren”.

Compared to the mesh models, the point-
clouds from Scaniverse Classic have a signifi-
cantly smaller file size and do not noticeably
affect the operating speed in the 3D window.
Furthermore, they are particularly well suited
for overlaying onto a CAD model, as deforma-
tions and geometric deviations are clearly visi-
ble in the pointcloud. Particularly good visual
comparability is achieved when the CAD model
is displayed in white. We created the 3D model
based on the pointcloud file, both in the floor
plan window and on the 3D plane. In the top
view in the floor plan window, for example, the
edges of columns are clearly visible, as they
are excluded from the points and thus stand
out clearly.

A detailed, step-by-step guide to the pointcloud
process can be found in the appendix.

SCANIVERSE NEW

Once the splat has been exported from Sca-
niverse New, the scan is available as a .ply
file. This is opened in Blender for further pro-
cessing. As Blender cannot display Gaussian
splats in colour in render mode by default, a
suitable add-on must be installed. The 3DGS
Renderer from Kiri Engine was used for this
study.” The installation and use of the add-on
are explained in an online guide.®

Once installed, the PLY file can be imported into
Blender via drag-and-drop. The Gaussian splat
is displayed in colour via the Render menu.
Blender’s standard navigation and editing func-
tions are then available, allowing the model to
be cropped, reduced or optimised. However,
there are limitations when it comes to further
processing in CAD or BIM programmes. Gaus-
sian splats do not consist of traditional mesh
or BIM geometry, but rather of point or splat
data, and are therefore not natively supported
by programmes such as Archicad. Whilst it is
possible to export the splat as a mesh or point
cloud, the colour information is lost, particular-
ly when exporting as a point cloud. Furthermo-
re, as no significant advantages over the point
clouds generated using Scaniverse Classic
could be identified, the use of Scaniverse New
is not recommended for further processing in
CAD applications.

Detailed step-by-step instructions can be found
in the appendix.

7 cf. Kiri Engine. “3DGS Render by Kiri Engine”. Accessed 22.06.2026. https://www.kiriengine.app/3d-tools/3dgs-render
8 cf. 3DGS Render. “3DGS Render Addon for Blender 2.1 Update - Full Tutorial”. YouTube video, 29.11.2024.

https://www.youtube.com/watch?v=ubeD3Vp_7hU
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Fig. 5.4.5: Gaussian Splat in Blender

VEKTORWORKS NOMAD

The quickest way to use the pointcloud in a
CAD or BIM programme is to import the gene-
rated point cloud into Vectorworks. As Vector-
works Nomad and the CAD/BIM programme
are from the same manufacturer, the integrati-
on between the app and the programme is very
straightforward. The .pts file can be imported
and used in Vectorworks via ,Datei” — ,Import”
- ,Import Punktwolke“. Once imported, it is
easy, if necessary, to align the scans along the
X, y and z axes and assemble them by rotating
them.

However, as we all use the Archicad CAD pro-
gramme, our aim was to import and use the
pointcloud in Archicad. Archicad does not sup-
port the import of .pts pointclouds; it only im-
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ports pointclouds in the .xyz and .e57 file for-
mats.

To use the pointcloud in Archicad, we have
found the following method: The individual
scans can be imported into the ,Rhino" pro-
gramme as .pts files. In Rhino, the individual
pointclouds can be correctly aligned and mer-
ged into a single scan. The finished pointcloud
can now be exported from Rhino as a .ply file
and converted into a .txt file using the Cloud-
Compare programme. This .txt file can then be
renamed from ,filename .txt" to ,filename.xyz"
in Finder/Windows Explorer. Itis then possible
to import the pointcloud as an .xyz file into Ar-
chicad and use it.

Detailed step-by-step instructions can be found
in the appendix.



Fig. 5.4.10: pointcloud in Vectorworks

v

Fig. 5.4.8: pointcloud in Vectorworks
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EVALUATION

criteria

Scaniverse Classic

Scaniverse New

Vektorworks Nomad

scanning time

Hufnerhaus: 25 min

Hufnerhaus: 25 min.
max. scanning time:
5 min

Hufnerhaus: 30 min

kind of model

pointcloud, mesh,
gaussian splat

mesh, gaussian splat

pointcloud, mesh

export formats for .fbx, .obj, .ply, .glb, fbx, .ply .pts

further processing .usdz, .stl, .las

file size of the model | .ply:ca. 11,8 MB .ply: ca. 920 MB .pts: ca. 600 MB
.fbx: ca. 28,8 MB fbx: ca. 16 MB

.obj: ca. 19,3 MB

scan quality

mesh: not all elements
captured, overall okay
pointcloud: overall
good, but the points
are less dense

mesh: not all elements
captured, overall okay
3DGS: some mistakes,
overall okay-good

Overall, good, high
density

data processing time

10 min. - 15 min.

60 min.
(3 Scans, each 5 min)

15 min.
(5 Scans, each 3 min)

postprocessing time

10 min. - 15 min.

40 minutes

30 min. - 45min

usage as CAD file

mesh okay
pointclouds good

mesh okay
GS not usable

good

accuracy of measure-
ments

high accuracy with
small deviations of up
to half a centimeter.
(pointclouds refer to
the reference measu-
rement)

good accuracy in the
meshes with deviati-
ons of up to 5 centi-
meters

high accuracy with
small deviations of up
to half a centimeter.
(pointclouds refer to
the reference measu-
rement)

user-friendlyness/ app
guide during scan

Good, shows very
well where already
scanned and easy to
navigate

good, shows very well
where to scan and
where already scan-
ned

Good, but sometimes
long loading times

overall rating

00000

00000

00000

Fig. 5.5.1: comparison of the different scanner apps
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COMPARISON OF THE MEASUREMENTS

To evaluate the scan results, reference mea-
surements taken on site at the Hufnerhaus
were compared with the corresponding mea-
surements from the models generated from
the scans. The pointcloud models from the
Scaniverse Classic and Vectorworks Nomad
applications, as well as the mesh models from
Scaniverse (Classic and New), were used for
this purpose. Overall, the scan results from
the applications examined demonstrate a high
degree of dimensional accuracy. The referen-
ce measurements used were the width of the
doorway between the entrance hall and the
large room, and the height of the vestibule in
the large room of the Hufnerhaus. When eva-
luating the pointclouds, however, it must be
borne in mind that the measurement results
may vary depending on the chosen measure-
ment position. This is due in particular to the
differing point densities of the generated po-
intclouds. The pointcloud model from Vector-
works Nomad has a significantly higher point
density than that of Scaniverse Classic. This
allows measurement points to be placed more
precisely on the actual object edges. In the

i
Fig. 5.5.2: measurement vektorworks nomad

less dense pointcloud model from Scaniverse
Classic, even a slight offset to the left or right
when selecting a measurement point can lead
to measurable deviations. Point density is the-
refore a key factor influencing the accuracy of
measurements derived from pointclouds.

At the same time, the lower point density of
the Scaniverse Classic model offers the advan-
tage of greater clarity. Individual measurement
points can be identified and selected more ea-
sily, which can make it easier to navigate the
pointcloud, particularly during manual measu-
rements. There is therefore a trade-off between
a high point density, which enables more pre-
cise measurements, and a lower point density,
which improves usability and clarity.

The CAD model was created on the basis of the
pointcloud from Scaniverse Classic. When the
pointcloud from Vector Nomad was overlaid
onto the CAD model, deviations of up to 25 cm
were observed. Nevertheless, when superimpo-
sed on the CAD model, both pointcloud models
enable a reliable identification of the geometric
deformations of the Hufnerhaus. For example,
it becomes clear that the external wall is not
perfectly straight. Similarly, the unevenness of
the floor, which slopes down towards the rear

0000
0,007
0,000
1 YeKoordinate 0,000
1. Z-Koordinate 2,588

Fig. 5.5.3: measurement vektorworks nomad



Fig. 5.5.4: measurement scaniverse classic

of the room, is clearly visible.

These deformations can be traced in both po-
intcloud models and thus provide a valuable
basis for analysing the building stock.

+ Reference dimensions: door to the large
room: 1,46 m / height porch: 2,90 m

+  Vectorworks Nomad - Pointcloud: 1,461 m
/2,93 m

« Scaniverse Classic - Pointcloud: 1,459 m /
290m

* Scaniverse Classic - Mash: 1,454 m /
2,907 m

« Scaniverse New - Mesh:-/2,95m

RECOMMANDATION

In our view, of the apps we examined in detail,
the Scaniverse Classic app is the most suitable
for digital surveying via an app. This app comes
closest to meeting the objective set out at the
outset: to find a low-threshold and as simple as
possible way to scan a building in 3D. The scan-
ning process itself, the export and post-proces-
sing stages, and the final result impressed us
the most; scanning within the app is intuitive,
the export formats for scans from the app are
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Fig. 5.5.5: measurement scaniverse classic

compatible with Archicad’s required import for-
mat specifications, and the quality, particularly
that of the pointclouds, is impressive. The buil-
ding can be modelled most effectively using
the pointclouds from Scaniverse Classic.

We weren't impressed by Scaniverse New, as
it cannot export a usable pointcloud file and
the quality of the mesh file is no different from
that of the Scaniverse Classic app. At the same
time, compared to the Classic version, the app
has the disadvantage that a scan can last a
maximum of 5 minutes and that only a limited
number of scans can be exported. The advan-
tage of the Gaussian Splats does not help us
in our intended application, which is a CAD
programme. Although Vectorworks Nomad
ultimately produces a similar result in the po-
intcloud file, the process from scanning in the
app to generating the pointcloud in Archicad is
significantly more complex — furthermore, the-
re is no option for a mesh or Gaussian splat file
format.
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CONCLUSION
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Today, renovation and refurbishment projects
involving existing buildings are typically prece-
ded by a digital survey of the existing structure,
with the objective of generating a digital buil-
ding model at the outset of the project. Such
surveys are predominantly carried out using
terrestrial laser scanning, mobile mapping sys-
tems, and photogrammetric reconstruction.
These methods generally produce digital point
clouds with geometric accuracies ranging from
the millimetre to the centimetre scale.

In recent years, however, a new method of di-
gital building documentation—Gaussian Splat-
ting—has emerged, enabling an exceptionally
detailed visual representation of complex buil-
ding geometries. It is precisely this visual fide-
lity that distinguishes Gaussian Splatting from
geometrically highly accurate point clouds
obtained through laser scanning or photo-
grammetry. Gaussian Splatting is capable of
documenting visually significant but fine-sca-
le features that are essential for refurbishment
projects, such as crack patterns, material cha-
racteristics, and deterioration of the building
fabric.

Both point clouds and Gaussian Splatting
models can capture valuable information, in-
cluding deformations, settlements, and other
structural irregularities that cannot be adequa-
tely represented within conventional 3D CAD
models. To prevent the loss of this information,
the integration of these data formats into CAD-
based planning workflows is of critical import-
ance. Only by superimposing 3D CAD models
with point clouds or Gaussian Splatting data-
sets do these essential characteristics become
fully apparent within the digital model. Uneven
floors and walls, deformed building elements,
settlements, and similar conditions thus beco-
me directly visible to planners and conserva-
tion professionals.



For this reason, our work has focused not only
on the generation of these datasets but also
on their integration into CAD-based design pro-
cesses, which is described in detail in the Ap-
pendix.

All five methods investigated produced useful
and practically applicable results. However, the
documentation workflow based on the Ricoh
Theta V proved to be more time-consuming
and technically demanding than image acqui-
sition using a digital single-lens reflex (DSLR)
camera, without offering any significant advan-
tages. Surveying with a DSLR camera requires
careful preparation and a solid understanding
of photographic techniques. The quality of the
resulting model depends critically on selecting
the appropriate camera settings. When these
parameters are configured correctly, the met-
hod delivers remarkably accurate and virtually
error-free results.

The LiDAR-enabled smartphone applications
likewise generated surprisingly accurate data-
sets. Their principal limitations lie in the spatial
extent that can be captured and, in some ca-
ses, the manageable data volume. In contrast
to DSLR-based photogrammetry, however, they
require little specialist knowledge, as their ope-
ration is highly intuitive and readily accessible
to non-expert users.

The DJI Matrice 4E drone and the Lixel K1
handheld scanner are professional-grade inst-
ruments costing several thousand euros. When
operated correctly, following the procedures
described in the Appendix, they produce highly
accurate and practically valuable datasets for
documenting existing buildings. As the requi-
red level of geometric precision and visual de-
tail increases, however, so do the resulting data
volumes, necessitating high-performance gra-
phics processing units (GPUs) and powerful
computing hardware for efficient processing.
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These technologies therefore remain financial-
ly out of reach for many students and smaller
architectural practices, for whom DSLR-based
photogrammetry and LiDAR-enabled smart-
phone applications represent the most practi-
cal and cost-effective alternatives.
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PROCESSDIAGRAM

Processdiagram
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STEP-BY-STEP
MANUAL
Photogrammetry

- WebODM Light-
ning
Photogrammetry
- Agisoft
Metashape

Post-Processing
- Cloud Compare

BIM-Model
-Archicad
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PROCESSDIAGRAM

WebODM

Pointcloud from
images/mesh

The open-source processing was
terminated due to insufficient
RAM. On the MacBook Pro 2024
(M3 Pro chip, 16 GB RAM) used for
this test, the 1,271 images could
not be processed due to the high
memory requirements.

WebODM
Lightning (web
version)

MATRICE 4E

Pointcloud from

Drone
-mp4 jpeg
images/mesh
This open-source solution allows
uploading JPEG files without
downloading any software. After
signing up, 150 credits are
available in the created account
(285 images = 126 credits). deriEs e

Further use requires a paid
- subscription. Processing is
PhOtOShOp/nghtroom automated, with only a few
customization options.
raw Batch resizing and post- Jpeg
processing of image data
Process only as needed
agisoft
Metashape pts Jas laz g
.obj .pdf .e57
Drone flight to
capture the images
A high image overlap of 80% and
cloudy weather conditions without
direct sunlight provide optimal
conditions for the survey.
However, with a limited data set, Creating a pointcloud
details may be distorted or .

inaccurately represented, for from Images —

example in the area where the T
roof overlaps the gable. This can The software is subscription-

be attributed to the fact that the based, but it offers an EDU

flight was conducted at a single version and a 30-day free trial. It

altitude. To ensure greater is particularly suited to complex
accuracy and better capture of facades, as it provides more
precise results and a wider range
of customization options.

complex structures, flights at
multiple altitudes are necessary.

Fig. 1.6.1: Processdiagram
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(mesh data)
.obj

)
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CloudCompare

File Type Conversion

An open-source solution with a web-based
version, so there is no need to download the
program.

CloudCompare

Creating 2D Elevations

For buildings surrounded by many trees or
nearby buildings, the point cloud must be
trimmed before generating elevations for
tracing. This improves the accuracy of the

generated elevations by removing unwanted
objects and isolating the relevant building
structures. This step is necessary to avoid

distortion and ensure that the facade details

can be captured correctly.

.e57

Jpeg

el

)

Creating a GDL Object

As the building is
defined as a single
library/GDL object, it
is not possible to
make any
adjustments, and it is
difficult to locate on
the floor plan.

The interior view is generated from the
exterior scan.

Import Pointcloud/2D
Elevations

The model can be
used in CAD as
reference points for a
3D model. Depending
on the floor level
from which the point
cloud originates, it
can be viewed in the
floor plan.

The point cloud must be positioned by
rotating it along the X- and Y-axes. Since no
internal scan data is available, interior views
are generated from the exterior point cloud,
meaning that the interior views correspond to
the exterior geometry. The 2D view is
advantageous for creating and converting
elevations into profiles because points do not
shift when zooming, resulting in more
accurate drawings.
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A manually
constructed model is
built based on the
references of the
point cloud. The
point cloud is then
used to verify the
model and is overlaid
on it. In 3D, the full
point cloud is
displayed, while in
2D, sections and
elevations derived
from the point cloud
are used for
verification of the
constructed model.

Manually constructed
model (Profile
Manager for the walls
and sculpted Morph
for the roof) overlaid
with a GDL object
(3D) for verification.



STEP-BY-STEP MANUAL
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Start
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ject title. Confirm by clicking ,Create Project”

Upload Drone Photos
3. Click ,Select Images and GCP*, then select
all the drone images you want to use.

Make Presets

4. Select suitable presets under ,Options”, e.g.,
,Buildings”. If needed, you can click ,Edit" right
next to it to adjust deeper settings. Confirm
your settings with ,Review".
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Start Processing
5. Click ,Start Processing” to begin generating
the model.

Project Completed

6. After the project has finished processing, the
,LCompleted” bar will appear green. You now
have various options (bottom left). You can
download the model directly or view and edit
it beforehand. Clicking ,3D Model” takes you to
the viewing and editing mode of the model.

3D Model

7. Here you can inspect the mesh and the point
cloud and, if necessary, perform measure-
ments, cleanups, etc., beforehand.

Mode: Download

8. By clicking on ,Download®, you can choose
between different exports (Orthophoto, Point
cloud, Textured model/Mesh, and Data). After-
ward, you can select which format you want to
download. For the Point cloud (see image), you
can choose between .las, .laz, .ply, and .csv.




PHOTOGRAMMETRY Agisoft Metashape

Start: Create Project

1. Start the Agisoft Metashape software. Go to
,File“, then ,Save As..." and save the empty pro-
ject with an appropriate title.

Upload Drone Photos

2. Go to ,Workflow" at the top and click on ,Add
Photos...". Select all the drone photos you want
to use.

Align Photos

3. Go to ,Workflow" again, click ,Align Photos..."
and adjust the values. Example:

Accuracy: High

Generic preselection: Enabled

Reference preselection: Source

Key point limit: 40,000 Tie point limit: 10,000
Exclude stationary tie points: Enabled
Adaptive camera model fitting: Enabled

4. Confirm all entries with ,OK".
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Cropping

5. After the process is complete, a sparse point
cloud will be visible. Now, before the dense
point cloud is calculated, the cloud can be crop-
ped. To do this, click in the top menu on ,Mode”
-> ,Transform Region” -> ,Resize Region”.

Generate Point Cloud

6. Go to ,Workflow“ and click ,Build Point
Cloud...".

Example settings for a good PC:

Quality: Medium (From 1,500 photos onward,
setting it to ,High" on systems with less than
64 GB RAM will lead to a system crash).
Filtering mode: Moderate.

Calculate point colors: Enabled.

Click ,OK* to start.

Post-Processing:

7. Once the point cloud is generated, you can
access it on the left in the Workspace window
by double-clicking the newly generated ,Point
Cloud” entry. Now, ghost points can be remo-
ved. Use the Lasso tool in the top bar to encirc-
le any artifact points still floating in the air and
press Delete (Entf).

Export als Punktwolke

8. GGo to ,File" -> ,Export” -> ,Export Point
Cloud...". Select .e57 as the file type.

Export settings:

Source data: Point Cloud

Coordinate System: Local Coordinates (m)
Point attributes: Check the boxes for Color and
Normal
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POST-PROCESSING: CloudCompare
Change Format

Start:
1. Open the file to be formatted (e.g., .las, .ply)
under: File -> Open.

2. Confirm ,Aplly All*

3. Confirm ,Yes to All“

4. Highlight the point cloud in the DB-Tree on
the left side.




5. Save the point cloud via: File -> Save.

6. Choose the desired storage location and the
desired format (e.g., .e57 for importing into Ar-
chicad).
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POST-PROCESSING: CloudCompare
Orthographic Images

Start:
1.0pen the desired file from which the views
should be created under: File -> Open.

2. Confirm ,Apply All“.

Highlight Point Cloud
Highlight the point cloud in the DB-Tree on the
left side.

Crop Views

4. Click on the Cross Section icon (Slicing tool)
in the top toolbar. Use the window that opens
on the right and the graphical sliders on the dis-
play to crop the building so that distracting ele-
ments from the surroundings (e.g., trees, neig-
hboring buildings) no longer block the facades.
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Save the Crop

5. Once all sides are cropped to your satisfac-
tion, navigate to the Slices tab in the Cross-
Section window and select Export selection as
new entities. Close the Cross-Section window
by clicking the red ,X“ (Close icon).

Select the Cropped Point Cloud

6. Activate the newly created, cropped project
in the DB-Tree on the left side (check the box).
At the same time, uncheck the box for the origi-
nal, uncropped point cloud.

Set the View

7. Before exporting, it is mandatory to change
the projection mode: Click on the Set current
view mode icon in the left vertical bar and se-
lect Orthographic projection. Align the view on
the display exactly to the desired facade side
(e.g., using the predefined view buttons like
Front, Left, Top).

Export View

8. In the top menu bar, select: Display -> Render
to file.

Set the desired zoom factor in the render dia-
log. Note: Depending on the density of the
point cloud, different zoom levels are suitable
for achieving a sharp result (experimentation is
recommended here). Confirm with OK to save
the facade view as a .jpg or .png file.
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BIM-MODEL: Archicad
Import Point Cloud

Start: Create Project
1. Start Archicad and create a new empty pro-
ject under: File -> New

Import Point Cloud
2. Import the .e57 file via ,File” (Ablage) -> ,In-
teroperability” -> ,Import Point Clouds”.

Select Point Cloud
3. Select your point cloud file in the file explorer
and confirm by clicking ,Open®.

Confirm LCF File

4. A window will open asking where Archicad
should save the LCF files that it creates when
importing the point cloud. Choose your desired
storage location and confirm by clicking ,Crea-

"

te".




-
& « o .
=l el > @ sn
L e 8
sy
v [y ceschons.
100
O it e i
et e Do
Do
Unsorengugascnoss: 8 .
e D 8
-
& o
.
.
S R | @ousbienny utnorhons_pw & o) koo
88 [aeom et [ ERYP Plation st S
e
o =
o me
287"
258
2581
2581
2551
238
238 =
8 - ol 1
g g 3 », oOm
v S0 1 oo
[, - oo
& ol
& 298 1 o B
. 2BO 1 O
B O
B O ® x A.mwll
e \
&
Bz e e
5
o
5
A era 100 » 6 o0Amer. B Konskr.> Y 041> [ 00 B Keine (b b 00Reine. ? & @ sehaier. N
| GRAY
2 B VA7 XENISIEIF @BI@E0 - -9 B TaWCQRSE-O- AL MMI ¢ o
|
~@
a
.
{
a
a
®
&
€
=
~a
i
|
~8
.
o
o
&
o
&
-~
~'@
a
By
ve
.
c
u
«
€
e
v€
ot
‘
ve
B
E
.

o

141

Placing the Point Cloud

5. A new window opens in which you must se-
lect where the point cloud should be placed.
We choose:

Place Point Cloud Origin at Project Origin.
Home Story: Ground Floor (EG).

Create Own Layer

6. In order to organize the project and be able
to show/hide it, we create a dedicated layer.
Open the layer settings using Ctrl + L (Cmd +
L). Click ,New" to add a new layer and name it.
Example: ,Pointcloud”. Confirm with ,OK".

Move to New Layer

7. To place the point cloud on the new layer,
click on the point cloud in the floor plan orin 3D
mode. Then click on Layer at the top, select the
new layer, and confirm with ,Enter”.

Initial Setup Created
The point cloud is now fully placed and can ser-
ve as the base for BIM modeling.
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BIM MODEL: Archicad
Create Exterior Walls

Start: Create Elevations

1. Create an elevation for each exterior wall
that runs exactly parallel to the wall. Select the
Elevation tool on the left and draw the elevation
line. Confirm with ,Enter”.

Create Worksheets

2. A separate worksheet is created for each fa-
cade side. To do this, go to the Project Map in
the Navigator on the right side of the screen,
down to the ,Worksheets” folder. Right-click
it and select ,New Independent Worksheet...".
The new worksheet must then be named. Click
,Create”.

Import Orthographic Views

3. Because point cloud views blur when zoo-
ming in, we import the views into our respec-
tive worksheet as orthographic images (see
instructions: Create Orthographic Images in
CloudCompare). To do this, we choose: ,File”
-> External Data" -> ,Place External Drawing”.

Scale Orthographic View

4. To ensure the view can be used accurately to
scale as a drawing base, it must be scaled. To
do this, right-click on our worksheet in the Na-
vigator on the right and select: Show as Trace
Reference. We select the corresponding view
as the trace reference (point cloud). Now, we
scale the images using Ctrl + K/ Cmd + K so
that they exactly match the point cloud view.
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Drawing the Wall from 2D Fills

5. Trace the exterior wall precisely using the
Fill tool. Draw window openings or projections/
recesses depending on the desired Level of De-
tail (LOD).

Tip: Use a fill that already corresponds to the
later building material structure (e.g., masonry
or reinforced concrete).

Copy 2D Wall

6. Select the completely drawn wall fill (inclu-
ding all elements that belong to this wall secti-
on) and copy it to the clipboard (Ctrl + C / Cmd
+C).

Profile Manager
7. Open the Profile Manager via the path: Op-
tions -> Element Attributes -> Profile Manager.

Create New Profile

8. Click on the plus symbol (New) to create
a new profile and give it a unique name (e.g.,
,Exterior_Wall_North“). Define the use type by
activating the icon for the Wall tool in the Pro-
file Manager (deactivate icons for columns or
beams if necessary).
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Construct Profile

9. Paste the copied 2D wall into the editing
window of the Profile Manager. Move the fill
so that the desired reference edge of the wall
(e.g., the base/sockel) is placed exactly on the
origin crosshair (zero point) of the window. Af-
terward, click Save (Sichern) to save the wall
profile. If the wall has depth variations in 3D, a
separate profile must be created for each pla-
ne.

Wall in Floor Plan
10. Switch back to the floor plan and activate
the Wall tool.

Select Wall Profile

11. In the Wall Selection Settings (Info Box or
Settings Dialog), change the structure to Pro-
file (Complex). Select the previously created
wall profile from the dropdown menu.

Align Wall to Point Cloud

12. Place the wall in the floor plan along the
point cloud reference. The component will now
automatically be generated in 3D with the exact
geometry and height of the facade drawing.

Repeat this process for all other exterior walls
or profiled components required for an accu-
rate model of the building.
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BIM MODEL: Archicad
Modeling the Roof

Start: Create Roof Views

1. Open the worksheet of the corresponding
building side where the scaled facade view is
already located. Trace the visible roof contour
precisely using the Fill tool.

Insert Roof Fill into Floor Plan

2. Select the completed roof fill and copy it to
the clipboard (Ctrl + C / Cmd + C).

Switch to the floor plan and paste the fill at the
same position (Ctrl + V/ Cmd + V).
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- Create Morph
3. Select the Morph tool via the path: Design
(Planung) -> Morph. Convert the fill into a
Morph by holding down the Spacebar (Magic
Wand) and clicking on the roof fill. Afterward,
check the 3D window to ensure the Morph was
generated correctly.
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Rotate Morph

4. Select the Morph in the 3D window. Choose
the Rotate function from the pet palette menu
or the context menu. Rotate the Morph to the
estimated roof angle. Then align the roof sur-
face with the point cloud and adjust the angle
step-by-step until the roof surface matches the
measured roof points as closely as possible.
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Placement in the 3D Model

5. Position the rotated Morph onto the previ-
ously modeled exterior wall profiles. Drag the
upper roof edge or the ridge points of the Mor-
ph to the correct height.

Adjust Height

6. Align the ridge height based on the point
cloud and check the alignment at prominent
roof points. If necessary, use additional refe-
rence elements for height control. These can
be extended from clearly identifiable points of
the point cloud across the wall and roof areas
to serve as 3D guide lines.

Adjust Geometry

7. Afterward, adjust individual Morph points,
edges, or faces manually until the roof geo-
metry matches the point cloud as precisely as
possible.

Assign Roof Thickness

8. Select the finished roof Morph in 3D. Assign
a corresponding material thickness to the Mor-
ph. To do this, select a flat face of the Morph.
Use the Push/Pull (Ziehen/Driicken) function
from the pet palette to define the roof thick-
ness. Enter the desired value to adjust the ma-
terial thickness of the Morph.
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PROCESSDIAGRAM STEP-BY-STEP

Processdiagram 150 CloudCompare 152
Archicad 157
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PROCESSDIAGRAM

Jas CLOUDCOMPARE

HANDSCANNER CLIPPING AND CLEANING

LIXEL K1 Import each point cloud into CloudCompare and
remove unwanted surroundings, noise and
unnecessary areas using the segmentation tool.
Repeat the same clipping process for all scans so
that every dataset is consistently prepared before
alignment and merging.

SCANNING PROCESS ALIGNMENT

Manually translate and rotate the secondary point
clouds to approximately match the main reference
cloud. Once the datasets are roughly positioned,
use the fine registration tool to accurately align the
scans and maximize their overlap before merging.

Plan the scan route and place the

control points throughout the survey SUBSAMPLING
area. Position the Lixel K1 on the
starting control point, begin the scan
Reduce the density of the merged point cloud

and wait for initialization. Walk slowly

while keeping the scanner slightly through subsampling to improve performance and

file manageability while preserving the geometric

tilted, register each control point as it
is reached, cover the entire space information required for modeling. This removes
with overlapping paths, then return redundant or overlapping points and makes the
dataset suitable for use on a standard laptop.

to the starting point to complete and
save the scan.

Xxbin LIXELSTUDIO

POINT CLOUD PROCESSING

Import the scan project into LixelStudio to access
and process the recorded data. The software allows
users to manage projects, register scans, clean
point clouds, generate meshes and prepare the
datasets for visualization or export using the
proprietary Lixel workflow.

LCC STUDIO

GAUSSIAN SPLATTING GENERATION

Import the scan project into LCC Studio to generate
a photorealistic Gaussian Splat model. The software
combines point clouds, captured images and Al-
based reconstruction techniques to create highly
detailed 3D visualizations suitable for realistic
walkthroughs.

Fig. 2.App.1: Processdiagram with detailed descriptions
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ARCHICAD

Import the processed .e57point cloud viaFile —
Interoperability - Place Point Cloud. Verify the
position, orientation and scale of the dataset before
using it as the geometric reference for the modeling
process.

Create the architectural model manually by using
the imported point cloud as a geometric reference.
Continuously compare plans, sections and 3D views
to interpret the scan and approximate the building
geometry according to the required level of detail.

REALITYSCAN 2.0

Import the converted point cloud into RealityScan
and run the reconstruction workflow to generate a
textured watertight mesh. The software reconstructs
a continuous surface from the available point cloud
data, creating a model that can be visualized and
exported for further processing.
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The point cloud
can be overlayed
with the 3D CAD
model, allowing
visual comparison
to clearly identify
differences
between them.

Lack of quality on
the mesh




STEP-BY-STEP MANUAL

CloudCompare

Visit the Website www.cloudcompare.org there
you can find informations about the software.

Download CloudCompare

Under the “Download” tab, you'll find various
options. Select the option that matches your
computer’s operating system. Be sure to
download the latest stable version, not the
latest beta release, since the beta release
doesn't run smoothly.

Importing the .las file

Import the .las file located in the folder crea-
ted by the scanner into CloudCompare using
drag-and-drop.

Importing options

A window with import options opens. We
didn‘t change any of the default settings and
clicked “Apply” to confirm.
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Check the Import

The point cloud is now displayed on the left
side of the “DB Tree”; there, you can rename it
and see the number of points.

Segment the point cloud

First, select the file that you want to clip in
the DB Tree. Then open the “Segment” tool by
clicking the ‘Edit’ tab and then “Segment.”

Segment with a polyline

Draw a polyline in the desired view (plan,
elevation, or 3D) and adjust its dimensions,
including the length, depth, and height. Once
the shape is defined, close the polyline by
right-clicking. Then, choose whether to keep
the points inside or outside the selected area.
Finally, confirm the segmentation.

Seperate Layers
The two parts are now displayed as two sepa-
rate layers in the DB Tree. The layer containing
the surroundings can now be deleted to impro-
ve the workflow.
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Repeat Steps

If you want to merge different scans, repeat the
steps described above for the remaining point
clouds, and then follow the instructions start-
ing with the next step.

Rotating/ Translating

To rotate a layer, first select the layer to be rot-
ated in the DB Tree. In this case choose the
main point cloud. Then, open the ,Rotation/
Translation” command under the tab ,Edit".

Align the point cloud with the axis

Rotate the point cloud around z-axis only, in or-
der to keep the height information. Left click to
rotate. Now align the point cloud to the default
x and y-axis.

Align additional point clouds

For additional point clouds repeat the step be-
fore. Translate the point cloud along the X, Y,
and Z axes as required. Right-click to apply the
translation.
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Rough manual alignment

Align the point cloud with the main point cloud
and check the alignment from different views
to ensure an accurate match. Repeat the pro-
cess for each additional point cloud if multiple
point clouds need to be aligned.

Aligning the different point clouds

For the final alignment select the rouhly aligned
point clouds in the DB Tree. Then select the
tool ,finely register already (roughly) aligned
entities”. Set the main point cloud as ,referen-
ce” (yellow) and the secondary point cloud as
,to be aligned” (red). We set the ,final overlap”
to 90% and checked ,adjust scale”.

Alignment settings

You can configure additional settings in the
“Research” tab. We set the “random sampling
limit” to 50,000. Set the rotation to XYZ and
checked the translation Tx, Ty, Tz. We also
checked the box of “enable furthest points re-
moval”. If all the settings. Once all settings are
configured, you can confirm by clicking ,OK".

Aligned point clouds

A window titled “Registration Info” will appear.
It contains detailed information about the final
overlap.
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Merge point clouds

To merge the two point clouds, select both
clouds in the DB Tree, go to “Edit” and then
select “Merge”. Confirm the merge by clicking
»OK".

Rename merged point clouds

The merged point clouds now appear as a sin-
gle cloud in the DB Tree. To keep track of them,
you can rename the file.

Subsample point clouds

To simplify the following steps, the number of
points in the point cloud need to be reduced. To
do this, select the point cloud in the DB Tree, go
to ,Edit" and then to ,Subsample”.

Subsample settings

As the “method” we selected “Spatial” We set
the “min. space between points” to 0.01. This
distance must be increased if the number of
points is still too large. To confirm the action
click ,OK".
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Subsample result

A second point cloud will appear in the DB
Tree with the suffix “subsampled” Select it
and check the number of points. For a smooth
workflow in Archicad, we recommend no more
than 20 million points. If the number of points
is too high, select the original point cloud in the
DB Tree and repeat the previous step using a
larger distance between the points.
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Adjusting the visualisation colour
If the colour of the point cloud has changed in

g s Wan v b kb

(]
the last step, select the cloud in the DB Tree, :
go to “Colours” in the “Properties” menu, and *
change the setting from Scalar Field to RGB. X
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Saving the file R era
To save the file, go to the “File” tab and click T e 0
“Save,” or use the keyboard shortcut “Ctrl+S.” L]
Select a location on your computer, choose a
name for the file you want to save, and choose
“E57 cloud (*.€57)" as the file type. This file :
format can be imported directly into Archicad. M
®

¢

b

o
Create a new Archicad file Gt o
Open Archicad and start a new project. 2o

gl /Y Aidhicaa o —
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Import the Pointcloud

To import the processed point cloud into Ar-
chicad, go to ,File" > ,Interoperability” and then
select ,Import Point Cloud..."

Select the .e57 file
Select the pointcloud you want to import and
click ,open"”.

Confirm LCF File

A window will open where you can select whe-
re Archicad should save the LCF files (Library
Container File) it creates when importing the
point cloud. Select the desired location and
confirm by clicking “Create and Place.”

Placing the Pointcloud

A new window opens where you can select
where the pointcloud should be placed. Choo-
se ,Place pointcloud origin at project origin“
and ,Ground floor as the origin floor”. Confirm
by clicking ,OK".
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Check the Import

Select the ,3D/All view in Archicad and check
whether the import was successful and the
point cloud is visible.

Prepare the floor plan

In the ,0. OG" tab of the floor plan you can only
see the top view of the pointcloud. To correctly
display the floor plan for later processing, there
are a few steps you need to follow.

Override the floor plan display selection

Select the point cloud in the floor plan window.
Open the settings using the Ctrl+T command
and check the “Override floor plan display se-
lection” box. Set a height for the lower and
upper levels. We have set the height to 1-1.2
meters. Confirm the changes by clicking “OK.”

Groundwork finished

Now, all points outside this range are hidden in
the floor plan, making it easier to see the walls
and columns. This establishes the foundation
for further editing and the creation of a 3D mo-
del.
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PROCESSDIAGRAM

Processdiagram

162

STEP-BY-STEP
MANUAL
Cube Mapping

Metashape
CloudCompare
Rhino 3D
ArchiCAD

164
166
178
184
190
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360° Kamera

Set Up the App
& Prepare the Room

|

bluetooth
connection

1 -pg

Create Panorama
Images

We used the 360° camera to
capture the panoramic images of
the Hufnerhaus, controlled via a
smartphone app (Android/iOS)
with a resolution of 5,376 x 2,688
pixels. These images form the
basis for the entire
photogrammetry project.

Fig. 3.App.1: processdiagram complete

PROCESSDIAGRAM

Blender

Pyton Script

Split Panorama
Images

(Optionally) we split the 360°
panoramas into individual
perspective images with custom
overlap settings, either directly in
Blender or using a Python script
we wrote ourselves. In
Metashape, this sometimes led to
significantly better results than
the raw panoramas.

Matterport

We tested Matterport to see if it
could automatically generate a 3D
model or floor plan in the cloud.
The visualization was good, but it
requires a paid subscription
(paywall) and isn't suitable for our
CAD workflow.
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agisoft

Metashape

import images

+

fix camera
calibration

}

import tripod mask

}

align photos

build pointcloud /
mesh

l

set scale
(& straighten model)

Metashape was our primary
photogrammetry tool for
generating point clouds from the
images. Thanks to its native
support for the spherical camera
model, it delivered reliable
results and became the core of

our workflow.

Meshroom

Point cloud of
images

Meshroom was supposed to
generate point clouds from the
images, but it failed due to
unreliable detection of camera
positions in 360° shots. We
therefore decided not to use it.




Rhino/Archicad
esr
Xyz.

CloudCompare

Manually built model overlaid Model can be
with a point cloud or mesh edited in CAD.

Postprocessing

Using CloudCompare, we post-
processed the point clouds
(cleaning, slicing, scaling) and
exported them as e57/xyz files.
CloudCompare is more user-

friendly than Rhino/ACAD when it
comes to working with and Import as obj. > Set clipping Model can be

editing point clouds. plane -> Make2D edited in CAD.

direkt zu Rhino/Archicad

.obj
-e57 We built the actual CAD model in Rhino: either
-ply manually using the overlaid point cloud/mesh or by

importing a .obj file with a clipping plane and
Make2D. The result is a model that can be edited in
CAD.

PointCap

2D from a point cloud

PointCab was supposed to In Archicad, we actually built the CAD model and
automatically generate 2D lines then overlaid it with the .e57 point cloud.
and shapes from the point cloud Measurements can only be taken within the point
to create a floor plan. However, cloud; it is not possible to edit the point cloud in
the results were unsatisfactory, AutoCAD afterward.

so we discarded it.

SuperSplat

Gaussian Splat Postprocessing/Viewer
https://superspl.at/scene/3bfdb9e7

jawset Postshot

-colmap Training Gaussian Splat
Also intended for training a
Gaussian Splat, as a local GPU Served as a post-processing tool and viewer for Splat is only
alternative. Effectively restricted Gaussian splats. Problem: The splat is only visible in visible in the
by a paywall. the render and cannot be further processed. render!

fo
5 sog.
N e I’fStU d 10 Renderer as GS Viewer

Splatis only
It was used as a renderer or GS viewer. Here, too, the | visible in the

i Failed splatis only visible in the render, and aligning it render!
laluinEta e antpa proved difficult. Alignment is

\ t Ve difficult!

.obj

We used Nerfstudio to train a
Gaussian splat.

Splat/Render worked. The catch is: it remains render-
only. You can view it, but you can't extract any
measurable CAD geometry from it.
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STEP-BY-STEP MANUAL

2.1 CUBE MAPPING: 360° PANORAMA >
CUBE FACES (SCRIPT)

This is the one step that always needs a script:
turning the distorted 360° panoramas into
normal, undistorted images that Metashape
can use. It runs in a terminal - just copy the
command, no programming required.

Run it from a terminal inside the project folder.
Open PowerShell, then:

cd ,C:\Path\To\Project”

(Replace with wherever your project folder is.)

WHY CUBE MAPPING?

A 360° panorama is stored as one stretched
2:1 image (equirectangular). Metashape can't
reconstruct well from that distortion. So each
panorama is projected onto the six sides of a
cube, producing 6 normal photos witha 90° field
of view each - exactly what photogrammetry
expects.

.\out\cubefaces

33 panoramas found. Output -> ..

written: ...\out\kontaktbogen.png
74: faces written
: faces written

10715: faces written

Done. 1 e images (6 per panorama) in ..

SETUP (ONCE) - PYTHON AND PACKAGES
The script uses Python plus a few free libraries.
You install them once.

1. Install Python 3 (from python.org), ticking
“Add Python to PATH".

2. Install thelibraries: pip install py360convert
numpy pillow

RUN THE SCRIPT - EQUI2CUBE.PY

Reads every panorama from Fotos and writes 6
cube faces per panorama into out\cubefaces.
The - contact option also writes a single
overview image (a “contact sheet”) so you can
check the result at a glance.

RUNIT:
python scripts\equi2cube.py --contact

Result: 198 cube faces in out\cubefaces (6 per
panorama), plus the contact sheet:

.\out\cubefaces

Pinhole calibration for Stage 3: + = 672 px, cx = cy = @, face = 1344 px, no distortion.




USEFUL OPTIONS:
- drop-nadir — skip the floor face (the one
with the tripod) entirely.
— face N - force a face size in pixels
(default = panorama width + 4 = 1344 px).

WHAT THIS GIVES STAGE 3 (METASHAPE)
Because each cube face is an ideal pinhole
camera with a 90° field of view, its lens values
are known exactly. You enter them as a fixed
calibration in Metashape, which makes the
alignment more stable:

(See the Metashape guide, Step 3 “Fix the
camera calibration”.)

Value Setting Meaning
Focal length f=672px = face size + 2
Principal point cx =0,cy=0 exactly the image centre
Distortion none k1..k4=p1=p2=0
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2.2 METASHAPE PRO - COMPLETE GUI
WORKFLOW

Thisguidewalksyouthrough AgisoftMetashape
Pro from zero: load images -> settings -> point
cloud -> scale -> export. Every step lists the
exact menu path, what to set where, and why it
matters. No prior photogrammetry knowledge
required.

Version: tested with Metashape Pro 2.3. Input:
the cube faces from Step 2, located in out\cu-
befaces (198 images). Goal: a coloured, true-
to-scale point cloud + cameras.xml + a quality
report.

STEP 0 - ENABLE THE GPU (ONCE)
Photogrammetry is heavy maths. Letting
Metashape use your graphics card (GPU)
makes the whole process many times faster.

Ble Edit \View Worlow Model Photo Ortho Tools

‘AW A LR AR RPN @ Q -+ 38
Workspace 5 X Model | Ortho
BRMEELE OO X

"% Workspace (1 chunks)

eeeeeeeee

—

Tools -> Preferences... -> tab GPU.

2. Tick the checkbox next to your graphics
card.

3. Turn off “Use CPU when performing GPU
accelerated processing” if your GPU is
strong.

4. Click OK.

STEP 1 - CREATE AND SAVE A NEW PRO-

JECT

Saving immediately creates the project’s data

folder, so intermediate results are stored on

disk and nothing is lost if the program crashes

during a long calculation.

1. File->New.

2. File->Save As... -> save as meinprojekt.psx
in your project’s out\metashape folder.
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9 Chunk 1 Metashape Preferences

GPU devices:

Generdl  GPU Network Appearance  Navigation Advanced
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Chunk 1
Warning:
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Rotation angles  Yaw, Pitch, Roll

Use CPU when performing GPU accelerated processing

Hosky

Photos  Console  Jobs




STEP 2 - ADD THE IMAGES (ADD PHOTOS)
This loads the photos Metashape will recons-
truct from. The cube faces are normal, undis-
torted images — exactly what photogrammetry
needs.

1. Workflow -> Add Photos....

2. Browse to your out\cubefaces folder.

3. Select all images: click inside the folder,
then Ctrl + A ->Open. (There are 198 cube
faces.)

4. |If asked how to group the cameras, confirm
Single cameras / the default.

5. The photos appear on the left in the Work-
space under “Chunk -> Cameras”.

GOOD TO KNOW: Metashape sees that all
images share the same size (1344x1344) and
creates one “sensor”. We set that sensor’s ca-
mera values by hand next.

A4 testps— Agisoft Metashape Professional (21 days left)

pppppp

Property Value

Software version 23021854

167

STEP 3 - FIX THE CAMERA CALIBRATION

(IMPORTANT!)

The cube faces are mathematically perfect

pinhole cameras — we know their lens values

exactly. By fixing them, Metashape doesn't

have to guess, which makes the alignment

more stable and accurate.

1. Tools -> Camera Calibration....

2. On the left, select the sensor (named e.g.

“unknown”, 1344x1344).

Camera type: Frame.

4. Open the Initial tab and enter:

+ f=672 (focal length in pixels = image width
+2)

+ cx =0, cy = 0 (principal point exactly at
image centre)

+ kl1=k2=k3=k4=0,p1=p2=0 (no dis-
tortion)

5. Tick Fix calibration so these values are not
changed during alignment.
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21 days left)

Software version 23021854

odel Photo Ottho Tools Help
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» £ Chunk 1(198 images)
Camera Calbration =@ X
& Unknown General Intal Adicied Bands GNSSANSOffset GNSSBas
188 images, 13441344 pix
Type: Precalbrated =088
o 0
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kE(O oL Fixed Parameters X
ko P2 0 Parameters
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image - Resolution Comeramodel | Focallength  Dateitime [y Vi Vb1 L_
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Datecrested  2026:06:05 231531
. \|!~!

RO010676._ny RO010676_nz ROD10676._px ROD10676._py

ROD10676.mx

Photos  Console Jobs.

STEP 4 - IMPORT TRIPOD MASKS

The same tripod appears in every downward
(nadir) image. Without masking, Metashape
mistakes it for a shared feature and creates a
“ghost tripod” or misalignments. The masks
tell it to ignore that area. (Create the masks
beforehand with the helper script; they live in
out\masks.)
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RO010676_pz

RO010677_nz

ROOT0677_nx ROO10677_ny RODI0677_px RO0I0677_py RODI0677_pz

File -> Import -> Import Masks....

Settings:

Method: From File

Filename template: {filename}.png

Path: your out\masks folder

Apply to: All cameras

Click OK. Only the ~33 nadirimages receive
a mask (the others have no file — that is
intended).
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Fle Edt View Wordlow Model Photo Otho Tools Help
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ZRER

"% Workspace (1 chunks, 198 images)

» E8 Chunk 1 (198 images)
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STEP 5 — ALIGN THE PHOTOS (ALIGN PHO- 1. Workflow -> Align Photos....
TOS) 2. Settings:
This is where Metashape works out from whe- + Accuracy: High -> full image resolution,
re each photo was taken (the camera positi- sharp tie points.
ons), by finding the same points across many * Generic preselection: yes -> speeds up fin-
images. It produces a sparse cloud of “tie ding image pairs.
points”. + Reference preselection: no -> we have no

GPS data.

3. Expand Advanced:

+ Key point limit: 500000 -> empirically a cle-
arly better alignment than the default for
this kind of repetitive interior. It is an upper
limit; on a 6 GB GPU it is memory- and ti-
me-intensive. If you run out of memory, try
200000.

+  Tie point limit: 0 (unlimited -> more robust
geometry).

+  Apply masks to: Key points -> no points are
created in the masked (tripod) area.

+  Adaptive camera model fitting: no (the cali-
bration is fixed).
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shape Professional (21 days left)
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Click OK and wait. You then see a thin cloud of tie points plus the camera positions.
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CHECK: In the Workspace, the number behind “Cameras” shows how many were aligned (e.g. 161
of 198). If very few align, see “Troubleshooting” below.
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STEP 6 - BUILD THE POINT CLOUD (INCL.
DEPTH MAPS)

This turns the photos into the dense, coloured
3D point cloud. In Metashape 2.x the depth-
map settings live inside this dialog - there is
no separate “Build Depth Maps” menu item.

Note (Metashape 2.x): “Build Depth Maps” is
no longer a separate menu item; quality and
filtering are now part of Build Point Cloud, and
both are computed in one step.

A testpsx® — Agisoft Metashape Professional (21 days left)
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1. Workflow -> Build Point Cloud....

2. Settings:

* Quality: Ultra High -> this is the depth-map
quality, maximum density and detail. Low
on graphics memory (< 6 GB)? Use High —
nearly as good and much faster.

* Depth filtering: Mild -> keeps fine interior
edges (beams, window reveals); stronger
filtering would smooth them away.

+ Calculate point colors: yes -> a coloured
cloud.

+ Calculate point confidence: yes > lets you
later filter out low-quality points.
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Snap: Axis, 3D
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Click OK and wait (the most compute-heavy step). The finished dense cloud appears in the 3D view.
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STEP 6B — (OPTIONAL) BUILD A MESH 1. Workflow -> Build Mesh....
A mesh is a closed surface in addition to the 2. Settings:
point cloud (in Rhino you can overlay cloud J Source data: Depth maps -> uses the
+ mesh). Order: build the mesh first, then Ultra-High depth maps, finest surface.
straighten (6c¢), then export both - that keeps . Surface type: Arbitrary (3D) -> an inter-
cloud and mesh aligned to each other. ior, not 2.5D terrain.
. Face count: High -> a dense mesh.
. Interpolation: Enabled -> closes small
holes.
. Calculate vertex colors: yes -> a colou-
red mesh.

\d spiegelpsx* — Agisoft Metashape Professional (20 days left)
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EEE LIRS A SEONE SR @ @ |28 - i -[- @ - ‘Aa-R-=-PPrHE
Workspace 7 X Model Ortho

BnREL ®@0 X

"3 Workspace (1 chunks, 198 images)

+ [ Chunk 1(198 images, 4 markers, 163,169 tie points) [S]

Perspective 30° Snap: Axis, 3D

Buid Model X
~ General

Source data: Depth maps
Surface type: Arbitrary (30)
Quaty: Utra high -
Face count: Hgh
Save project after each step
* Bods
Spitin blocks.

Coordinate system: | Local Coorcinaes ()
Bocksze@m: 250

Grid ' k7

Reference @ X o
EEE B0 BEREBN % iopblocks utsde boundry preven..
Comerss ~ X(m) Ym) Z(m) Accuraayy ~ Advanced

N i I Interpolten: Enabled (defoul) z
ai— ’ Cr i = x>]

- Point dasses: Al Select... | -

Markers - X(m) ¥ (m) Z(m) Accurac) ¥

© poiti 264 gy oddh e 2,380,012 faces, 1,191,929 vertices: Clolste vertecoas

. 3 § i Use strict vokumetric masks

Q point2 2821 805 0520 0005 | Photos & X

Q point3 1110 0969 o718 s JO@@ X Zds D Y [es e

Q pointd 2634 BRI 1026 0005 Replace default model — &
Total Error I
— ;
Scale Bars - Dtance(m)  Accuracy(m)  Eror (m) /
¥/ U point3 point 4 420 o1 ROOI0674mx  RODIO674ny RO010674.n; ROD10674_px ROD10674_py ROD10674_pz ROOIWS =3 RO010675_ny RO010675_ R0010675.px ROD10675._py R010675.52
Vv 1 point1_point2 5605 0.001
Total Error

0.034
i ur
Control scale bars 0.024
Check scale bars.

,mmm&m

Click OK and wait. The mesh then appears in the 3D view.
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A spiegelpsx* — Agisoft Metashape Professional (20 days left

Fle Edt View Wordlow Model Photo Otho Tools Help
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Workspace X Model Ortho
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6B OPTION: BAKE A TEXTURE (WORKFLOW 1. Workflow -> Build Texture....
-> BUILD TEXTURE...) 2. Settings: Texture type Diffuse map - Source
A texture makes the mesh look photorealistic. data Images - Mapping mode Generic -
You only need it for presentation or rendering Blending mode Mosaic (best quality) -
— for a pure geometry comparison in Rhino it Texture size 4096 (or 8192 for more detail)
is not required (vertex colours are enough, and - Enable hole filling yes - Enable ghosting
the Gaussian splat is more photorealistic an- filter yes.
yway). 3. Click OK. When exporting OBJ you then

also get a .mtl file + a texture JPG - keep
all three files together when importing into
Rhino.
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STEP 7 — SET THE SCALE (REQUIRED FOR
REAL MEASUREMENTS)

Photogrammetry from photos has no real size.
You give it a real size with one known distan-
ce (e.g. a measured wall length). Without it
the cloud is correct in shape but not in metres.
Known distances from the floor plan: 5.605 m
(main reference), 4.20 m (check).

1. Right-click the first wall corner of the 5.605
m line -> Add Marker -> “point 1”. Do the
same for the opposite corner -> “point 2”.

2. Select both markers with Ctrl -> right-click
-> Create Scale Bar.

A4 Untitied" — Agisoft Metashape Professional (21 days left)
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Open the Reference panel: menu View ->
Reference (this is not “Workspace”, and it is
often not open!) -> scroll all the way down
to the Scale Bars section.

In the scale bar (point 1_point 2) double-
click the Distance (m) cell -> type 5.605 ->
Enter, with the checkbox ticked.

Tick the scale bar’s checkbox and click Up-
date Transform -> in the Reference toolbar
->only now is the scale applied (check: that
scale bar’s Error (m) is then ~0).

Check: add a second scale bar across the
4.20 m line, enter 4.200 but leave its check-
box unticked (an independent check) ->
look at its Error (m) column (< ~0.04 m is
good)
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STEP 7B — STRAIGHTEN THE MODEL (IF Z 1. Activate the Rotate Object tool (toolbar

POINTS DOWN) group Move/Rotate/Scale Object, or Model
-> Transform Object -> Rotate Object).

Without georeferencing the model is often up- 2. Drag the gizmo ~180° around the horizon-

side down (the Z axis points down). This rot- tal axis until floor is at the bottom, roof at

ates the whole chunk (affects both cloud and the top.

mesh). 3. Check the axis tripod (bottom right) - Z

must point up.

A spiegel psx* — Agisoft Metashape Professional (20 days left) - a X
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Check scale bars

Change object orentation

It doesn't have to be perfectly exact: in Rhino, Orient3Pt aligns the cloud precisely to your existing
model anyway. The point here is just that the export is no longer upside down. Important: after rot-
ating, re-export the point cloud (below), otherwise the file keeps the old orientation.
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STEP 8 — EXPORT (POINT CLOUD + MESH)
This writes the results to files so other pro-
grams (CloudCompare, Rhino, Nerfstudio) can

8c — Cameras (for the optional splat) and re-
port
1. File->Export-> Export Cameras... -> format

use them.

8a — Point cloud

1.
2.

Metashape XML -> cameras.xml (needed
later for Nerfstudio — no COLMAP requi-
red).

File -> Export -> Generate Report... -> report.
pdf (alignment stats, camera positions, re-
projection error).

3. Save the project (Ctrl+S).

File -> Export -> Export Point Cloud.... 2,
File name pointcloud.ply, format PLY, tick
colours (and normals). (Re-export/overwri-
te after straightening!)

8b — Mesh (if built in 6b)

File -> Export -> Export Model....

File name mesh.obj, format OBJ (Rhino-
friendly), include vertex colours / texture.

1.
2,

v 4 po
v A po

Total Error

Control sc:

Check scale bars
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TROUBLESHOOTING

Problem

Cause

Fix

Very few cameras
aligned

too little overlap /
textureless walls

Accuracy High, remove blurry images,
shoot from more positions

»,Ghost tripod”“ in the
cloud

tripod treated as a
shread feature

use the nadir masks (Step 4); in Align
set ,Apply masks to: key points”

Calibration ,drifts”

Fix box not ticked

Step 3: tick ,Fix calibration”

Depth/cloud aborts
(out of memory)

GPU memory too
small at Ultra High

set Quality to ,High“, close other GPU
apps

Model ,too small/
large”

no scale set

Step 7: scale bar + Update Transform
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2.3 CLOUDCOMPARE -
WORKFLOW

COMPLETE GUI

Clean up the point cloud: remove outliers, even
out the density, optionally crop, and export.
Input: out\pointcloud.ply - Output: out\point-
cloud_clean.ply.

CloudCompare’s interface is in English. Versi-
on: current 2.13+.

]

J@ Fie et Tools Display

rERECE @

DB Tree
=

Add  Addall
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STEP 1 - OPEN THE CLOUD

1. File-> Open ->your out\pointcloud.ply.

2. If a “Global shift/scale” dialog appears
(for large coordinates): click Yes / accept
the suggested shift. For a PLY scalar-field
question, just click OK.

3. Thecloud appears on the leftin the DB Tree
and in the 3D view.

Nothing visible? Click the cloud in the DB Tree
-> in the Properties below set “Colors” to RGB;
if needed raise Point size to 2—-3.
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STEP 2 - REMOVE OUTLIERS (S.O.R. FIL-
TER)

Reconstruction leaves stray points floating in
space. This filter looks at each point’s neig-
hbours and removes the ones that sit much
further away than usual - i.e. noise.
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In the DB Tree click the cloud (select it - ot-
herwise the tools are greyed out).

Tools -> Clean -> S.O.R. filter (Statistical
Outlier Removal).

Values:

Number of points (mean distance estima-
tion): 6

Standard deviation multiplier (nSigma): 1.0
Click OK -> a new cloud ...clean appears in
the DB Tree.




STEP 3 — EVEN OUT THE DENSITY (SUB-
SAMPLE)

Some areas are far denser than others. Spa-
tial subsampling keeps at most one point per
small cube, giving a uniform density and a
much smaller file — easier to handle in Rhino.

[@ rile  Edt  Tools  Display
rERE B @

o DBTree
=
=

N —

Select the ...clean cloud.

Edit -> Subsample.

Method: Space (spatial). Min. space bet-
ween points: 0.01. Meaning: at most one
point per 1 cm cube. Important: this value
is in model units — only if the cloud was
scaled in Metashape does 0.01 equal a real
1T cm.

Click OK -> a new, thinned cloud.
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STEP 4 - (OPTIONAL) CROP / CUT AWAY 1. Select the cloud -> Edit -> Segment (or the

UNWANTED PARTS scissors icon in the toolbar).

The cloud still contains stray points outside 2. Draw a polygon around the area with clicks,

the room (e.g. seen through windows). Cutting close it with a right-click.

them away gives a clean, room-only cloud. 3. Segment In (keep) or Segment Out (remo-
ve) — toolbar buttons — then confirm (the
tick).

Ks il 0 AsA0A00 PR RRTTD

B- -0 B} i~ e

Segmentation [ON] (polygonal selection)
Left dick: add contour points / ALT + left clck: remove last / Right dick: close
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STEP 5 - (OPTIONAL) MERGE TWO CLOUDS
(ALIGN +ICP)

Only needed if you have more than one cloud
and want to combine them into one coordinate
system.

1. Select both -> Tools -> Registration -> Align
(point pairs picking) -> click = 3 matching
point pairs  ->Align.

2. Then refine: Tools -> Registration -> Fine re-
gistration (ICP).
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STEP 6 — EXPORT
Save the cleaned cloud so Rhino (and others)
can use it.

Select the final cloud in the DB Tree.

2. File -> Save -> file type PLY -> out\point-
cloud_clean.ply.

3. PLY options: Binary (smaller) or ASCII; OK.
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TROUBLESHOOTING

Problem

Fix

Cloud invisible / black

Properties > Colors RGB, raise Point size

Tools greyed out

select the cloud in the DB Tree first

Subsample too coarse / fine

value is in model units — adjust to your scale

Huge coordinates / lag

accept Global shift when opening
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2.4 RHINO - OVERLAY THE POINT CLOUD +
MESH WITH THE EXISTING MODEL

Fit the cleaned, true-to-scale point cloud and
the mesh into your existing Rhino model, over-
lay them, and check for deviations. Input: out\
pointcloud_clean.ply + out\mesh.obj + your
Rhino model.
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STEP 1 - OPEN THE EXISTING MODEL AND
CHECK UNITS

The cloud is in metres. If your model is in mil-
limetres, the cloud would import 1000x too
small/large — so the units must match.

1. Open your existing Rhino model.

2. Check the units: command Units (or Docu-
mentProperties [ Units).

« If the model is in millimetres, scale on im-
port (factor 1000) or change the document
unit.




STEP 2 — IMPORT THE POINT CLOUD AND
THE MESH

Loading both lets you compare them against
your CAD model and against each other. Since
both come from the same (straightened) Me-
tashape project, they line up automatically.

1. File -> Import... (or command _-Import) ->
out\pointcloud_clean.ply. -> a PointCloud
object. Keep vertex colours, OK.

2. File->Import... again -> out\mesh.obj -> the

mesh is added.

Put them on separate layers (e.g. “Point-

Cloud” / “Mesh”) so you can show/hide

each one. Because they share the same

straightened origin, they sit exactly on top
of each other.

w

Units trap: if Rhino asks for the unit on import,
choose metres. Otherwise use Scale (factor
1000 or 0.001) - treat both objects the same.
Upside down? If you didn’t straighten in Metas-
hape: select both together and Rotate 180° (or
Orient3Pt onto the existing model) — cloud +
mesh stay aligned.
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STEP 3 - MAKE IT VISIBLE/LEGIBLE
Point clouds default to tiny dots; a larger point
size makes the room readable.

1. Click the cloud  Properties [l under Point-
Cloud raise Point size to 2-3.

2. If black/invisible: set the display mode to
Shaded/Rendered and check the layer is
on.

STEP 4 - SHOW THE EXISTING MODEL AND
PLACE ROUGHLY

Get the scan and the CAD model into roughly
the same place before fine alignment.

1. Turn on the layer of your CAD model.

2. Rough align with Move and Rotate until
cloud and model roughly match.
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STEP 5 - ALIGN PRECISELY (ORIENT3PT)
Orient3Pt snaps the scan onto the model using
three matching point pairs — fast and accurate,
and it also corrects any leftover rotation (inclu-
ding an upside-down model).

1. Command Orient3Pt.

2. Click 3 reference points on the point cloud
(e.g. three clear room corners)...

3. ..then the 3 matching points on the existing
model. -> Rhino places the cloud exactly
onto the model.

4. Fine-tune with the Gumball (small moves/
rotations).

Snapping tip: to snap onto cloud points, enable
“Point” in the OSnap options.

STEP 6 - CHECK DEVIATIONS
This is the actual purpose — seeing where the
as-built scan differs from the CAD model.

1. Section or a ClippingPlane through both
cloud and model.

2. In the section, measure offsets between
cloud and model edges with Distance.

3. Big scale errors? Don't scale in Rhino — fix
the scale in Metashape (scale bar) and re-
export.
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Planar Osnap Smartlrack Gumball (World) @ Auto CPlane

STEP 7 — CREATE A CLIPPING DRAWING 1. Command ClippingPlane -> draw the plane

A clipping plane slices through the overlaid where you want the cut (horizontal for a
cloud + model; from that slice you can produce floor plan, vertical for a section). Everything
a clean 2D drawing (a section or a floor plan) to beyond it is hidden in that view.

document, dimension, or print. 2. Move/rotate the plane with the Gumball to

the exact cut height/position.

3. Inthe clipping plane’s Properties, set which
objects it clips if needed.

4. Generate the 2D drawing from the cut - e.g.
Make2D of the clipped view (or place it on
a layout) — then you can dimension and ex-
port it.
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Planar Osnap Smartfrack Gumball World) &

TROUBLESHOOTING
Problem
Cloud invisible Point size 2-3, layer on, display mode
Cloud tiny / huge units metres vs. millimetres — scale 1000 /
0.001
Can't snap to points enable OSnap ,Point"
Cloud + model don't fit Orient3Pt with well-spread, unambiguous
corners
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2.5 POINT CLOUD DIRECTLY TO ARCHICAD
9 (SKIPPING RHINO)

If your goal is to model the as-built directly in
Archicad (draw walls, slabs etc. over the scan),
you don't need Rhino at all. You bring the clea-
ned point cloud straight into Archicad and tra-
ce over it.

Input: the cleaned cloud from CloudCompare.
Important: Archicad does not read .ply. It reads
point clouds as .e57 or .xyz, so you first export
the cloud to E57.

STEP 1 - EXPORT THE CLOUD AS E57 (IN
CLOUDCOMPARE)

Archicad needs E57 (or XYZ); E57 is the cleaner
choice because it carries the units and colours
and needs no conversion on import.

1. In CloudCompare, select the cleaned cloud
in the DB Tree.

2. File-> Save -> choose file type E57 (.e57) ->
save as pointcloud_clean.e57.

3. Keep the cloud reasonably light (the Cloud-
Compare subsample already did this). Ar-
chicad’s limit is 4 GB per file, and fewer
points = smoother tracing.

@\ EE!!;’)°:

ZEsZER

W




STEP 2 - IMPORT THE CLOUD INTO ARCHI- 1. In Archicad: File -> Interoperability -> Import

CAD Point Cloud.

This brings the scan in as a point-cloud object 2. Pick your pointcloud_clean.e57.

you can place and see in plan and in 3D. + E57: no conversion dialog - it imports di-
rectly.

+  (If you used XYZ instead, a Format Conver-
sion dialog appears — assign the columns
for X, Y, Z and the RGB colours.)

3. Archicad converts it into a point-cloud ob-
ject; place it on the Floor Plan. It also shows
in the 3D window.
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N » P~ L [ [ aa i B = 5 8 = | 2 %
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he iz B8 0. Ground oo o/ x st
) Brojekt schiieBen  StrgsUmsch.sW. =y o 868 =
Sichem Stig+S 2B 1-tayouts
B sichern als... Strg+Umsch.+S Q 1 - Layouts' durchsuchen
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B0 Dazuladen... » {3 sheetindex
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£ a2 1. sty
Info » DXFDWG » & nonazison
B Plotter-Einstellung... Blement Eigenschaten > v B A02 Elevations
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DG Q[P 4 | kinevaten » [0 keineDsen s [@ 10 v |G
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STEP 3 - POSITION AND LEVEL THE CLOUD
The cloud comes in at the import origin; you
set it to the right place and height so it lines up
with your storeys.

Select the placed point-cloud object.

Set its elevation/level (so the floor of the
scan sits on your 0.00 storey) and rotation
in plan, using the standard move/rotate
tools (or the object’s settings/coordinates).
3. Check the units: the scan is in me-
tres; Archicad projects are usual-
ly in mm. If it comes in 1000x off, re-
check the E57 units or scale the object.

N —
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STEP 4 - TRACE / MODEL OVER THE SCAN
Now you build the actual Archicad model using
the cloud as a reference.

1. Work in section/elevation windows and on
the Floor Plan: the point cloud is visible the-
re, so you can snap and trace.

2. Draw Walls, Slabs, Roofs, Columns etc. di-
rectly onto the cloud outline.

3. Showr/hide the cloud via its layer to compa-
re your model against the scan at any time
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Auswahlrechteck definieren.
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TROUBLESHOOTING

Problem

Fix

Archicad won't open the file

it must be .e57 or .xyz, not .ply — export from
CloudCompare first

Cloud 1000 x too big / small

units mismatch (m vs. mm) — check the e57
units or scale the object

Very slow / heavy

subsample more in CloudCompare; keep well
under the 4 GB limit

Cloud not visible in a section

Make sure its layer is shown and the section
range cuts through it
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PROCESSDIAGRAM

Processdiagram
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STEP-BY-STEP

MANUAL
Setup 198
RealityScan 198

ArchiCAD 204




PROCESSDIAGRAM

DSLR

g

(Camera)

Use a wideangle Lens with
low Distortion closed
apature (F8-11, so the
depth of field stays intact),
fast shutter,
low ISO

Our processdiagram evolved continuously
throughout the project. It illustrates the work-
flow that we ultimately selected and success-
fully implemented. Through targeted research
and initial trials, we were able to avoid swit-
ching between different software solutions
and establish a functional and efficient work-
flow early on.

This allowed us to focus on the camera techno-
logy and the photographic capture process in
order to achieve the most precise results pos-
sible. At the same time, we were able to gain
valuable insights into image capture and derive
corresponding recommendations for practical
implementation .

raw Darktable

Batch-resize and
postprocessing of the
images (for visual
purpose)
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RealityScan

'

drag&drop/
"add Images"

}

Alignment
(Punktwolke)

triangulates the pictures
and estimates their
position in 3D space

"define distance"

scale the scene with two
reference points

}

Normal Detail i ArchiCAD
(PW/Mesh)
import via
creates a dense mesh with "intf;c;?netrcalgliji;x" >

an underlaying point cloud

l

Texture
.obj, .fbx Blender
(Mesh) ende
projects the image data Use for visual content

onto the mesh

Fig. 4.App.26: processdiagram - workflow during the semester
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STEP-BY-STEP MANUAL

STEP 1 - SETUP

A) SET UP THE CAMERA
Use a DSLR (Digital Single-Lens Reflex) camera
to take the photos.

Turn off automatic mode and set the camerato
the following settings:

16-35 mm (lens focal length)
16 mm = very wide-angle (shows a lot
of the scene, but there’s a risk of
distortion).
35 mm = less wide-angle, slightly
closer to the subject.
f/8.0-11.0 (aperture) > this ensures as
much of the image as possible is in focus
Disadvantage: Less light reaches the
sensor, so you need to pay attention to
the lighting conditions (see Step 1.B).
1/100 (shutter speed) --> to prevent came-
ra shake
Low ISO up too 10 000 (sensor’s light sen-
sitivity) —> for the best image quality with
minimal noise

B) LIGHTING CONDITIONS

To achieve the best final result, you need suffi-
cient light. Take photos of scans outdoors on
a cloudy day to avoid harsh shadows and, if
the room needs to be lit, use only static light
sources Whenever possible

C) TAKING PHOTOS
Now that everything is set up, start taking the
photos.

Take photos of:

* objects, rooms, and ornaments—all the way
around, from all sides
from 2-3 different heights
the floor and ceiling in a “grid pattern,” from
as high up as possible.

198

Note:
hold the camera as straight as possible to
avoid distortion
the images should always overlap so they
can be easily reused later

D) REFERENCE MEASUREMENT

Measure a prominent object in the room. We'll
use this as a reference measurement later. Be
precise and write down the measurement.

E) UPLOAD PHOTOS TO A COMPUTER
Upload your photos to a Windows computer for
the next steps

STEP 2 - REALITYSCAN

A) DOWNLOAD AND SET UP THE SOFTWARE
Before you can start creating a 3D model, you
must install RealityScan on your Windows
computer.

To do this, you'll need to download the Epic
Games Launcher. RealityScan is distributed via
the Epic Games Launcher:

open the Epic Games website (https://
store.epicgames.com/?lang=de)
download the Epic Games Launcher for
Windows

After the download is complete, open the ins-
tallation file and follow the instructions in the
installation wizard. Wait until the installation is
complete.

create an Epic Games account or log in
launch the Epic Games Launcher




P Install RealityScan (Depending on your internet

L] REALITYSCAN

— speed, the download may take a few minutes)

+ open the Epic Games Launcher

+ select the Store section from the left-hand
menu or use the search function

+ search for RealityScan and open the pro-
duct page

+ click Install or Add to Library

+ select the desired installation folder

+ start the installation

+ once the installation is complete, you can
launch RealityScan (Setup may take a little
longer the first time you run the program.)

+ create a New Project

+ after opening RealityScan, you can start a
new project right away. After opening Rea-
lityScan, you can start a new project right
away

The program looks like this:

+ Left: File contents such as inputs, models,
and textures (1Ds)

+ Right: The 3Ds pane for viewing and editing
models

+  Top: The toolbar

B) IMPORT AND ALIGNMENT

Now you can import images (.jpg) or videos
(.mp4) via drag-and-drop or by clicking the
“Add Images” button (top left) and begin the
reconstruction.

N
N
/' WORKFLOW  ALIGNMEN

&
g ]

Application [1] Inputs
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You can now link the images via the ALIGN-
RN MESH & COLOR MENT tab. Click the Align Images button

Constraints Registration Analyze

1Ds

Alignment settings
Optionally, the Image Downscale Factor can
help speed up the process:

Image downscale factor

uses full image quality for matching
halves the resolution
= further reduces the resolution

Bl Camera prior settings
Control point prior settings
Draft mode
t2 B Advanced

W N =
I

After alignment, you'll get a sparse point cloud
that gives you an idea of the model and shows
all the virtual camera positions.

In 1Ds, you'll see the created component and
how many of the images were successfully

Jefine Dist used.

Constraints Registration Analyze




SCENE 3D

Reconstruction Region

SCENE 1D SCENE 3D

Registration & Sparse Point Cloud

1Ds

AENT

reate Mesh Analyze

1Ds
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C) LEVEL AND DEFINE THE POINT CLOUD

If the point cloud is tilted in 3Ds, use TOOLS >
Set Ground Plane to align the model.

Under VIEW > Perspective, you can change the
projection type to make editing easier.

Once everything is correctly aligned, you can
deactivate the tool by clicking it again. At the
same time, you can define the Reconstruction
Region. Only the points within this region will
be further processed and refined.

In the MESH & COLOR tab, you can now gene-
rate the high-resolution mesh
--> Normal Detail




Reconstruction Settings
B Image depth map calculation
Preview model

E¥ LiDAR scans
B Mesh calculation

E¥ Pre
E§ Advanced

Optional

To do this, use Image Downscale via Recons-
truction Settings > Image depth map calcula-
tion. It works the same way here as it does for
alignment (see above)

1 = full resolution
2 = halved, etc.

This process takes the longest to complete.
You'll be rewarded with a high-resolution mesh.
Note: If the mesh exceeds a certain number
of points, it will be displayed as a dense point
cloud because it no longer fits into the graphics
card’s memory - so don't worry.

C) SCALING THE POINT CLOUD

We want a true-to-scale point cloud for later
import into ArchiCAD. To achieve this, you've
taken a reference measurement, which is now
important:

Use “Add Control Points” to add a point at each
end of the distance you measured in reality. In
the 2D window, you can check the point's po-
sition in the image and adjust it if necessary.
(using the cursor/arrows)




~
X
a
[+
x
[+
[+
[+]
[+
[+
[+
+ |

listance accuracy

Constraints

RealityScan will now suggest images in which
the two selected points are visible. You can add
them by clicking the green plus sign. At least
three images must be stored for each control
point for it to be usable.

Select TOOLS > Define Distance and click on
the two points you created.

In the settings (bottom left), you can see the
distance “calculated” by RealityScan.
Enter the actual length above this value.

To apply the scaling, the images must be trian-

gulated again using ALIGNMENT.
ALIGNMENT

Registration

203




;e;‘j]"asgt;”ggsgﬁﬁ:rgzlcuiaﬁon D) DETERMINING THE LEVEL OF DETAIL
B Preview model FOR THE POINT CLOUD
S ot aedl In the Normal Detail settings, you can control
ik Gt ‘ the model’s resolution by adjusting the mini-
mum distance between points. Reconstruction
Settings > Mesh calculation > Minimal distance

between two ... > We select 5 mm (0.005 m).

Bl LiDAR scans
B Mesh calculation

Minimal distance between two ... XSS

Bl Preview model

This time, set the Image Downscale to 1 to
achieve maximum resolution (see Step 2. B).

Create a Normal Detail again, this time at the
correct scale.

ruction Region Create Mesh

E) Specify the point cloud detail level
You can now export via WORKFLOW.
Select (misleadingly) “Dense Mesh” as the LOD

set and choose the ArchiCAD-compatible XYZ
... Point Cloud (.xyz) format

Export Your Creation

Select a desired export format. Filter | level

[ Show feasible options only

STEP 3 - ARCHICAD

A) INSTALL ARCHICAD
Note: If ArchiCAD is already installed on your
computer, you can skip this step.

Download the ArchiCAD Student Edition (Visit
Graphisoft's official education page. > Down-
load the free ArchiCAD Student Edition for your
operating system (Windows or macO0S).)
Follow the instructions on the website.

204




/" Ohne Titel - Archicad 29

Ablage  Bearbeiten Ansicht Planung  Dx

Optionen  Teamwork  Fenster Hilfe

@ Archicad Start

) Neu

= Offnen

[k Projekt schiieBen  Strg=Urmsch.+Ww
Sichern Strg+S
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B) LAUNCH ARCHICAD

Open ArchiCAD (after successful installation)
and, if necessary, log in with your Graphisoft
account.

Create a new project or open an existing pro-
ject file.

ArchiCAD is now ready for the next steps.

C) IMPORT POINTCLOUD

In ArchiCAD, you can add a point cloud using
the Interoperability feature.

Select File > Interoperability > Import Point
Cloud

Then select the previously saved .xyz file. Open
it.

It will take a moment to load, and then the colo-
red point cloud should appear in the ArchiCAD
workspace. It is now ready for the next steps.
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PROCESSDIAGRAM

Processdiagram 208
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STEP-BY-STEP
MANUAL
Scaniverse 210

Classic
Scaniverse New 218

Vectorworks 224
Nomad




PROCESSDIAGRA

M

Smartphone
LiDAR Scan

usable for Apple
iPhone 12 Pro/iPad Pro (2020)
or newer

Fig. 5.6.1: Detailed process involving the failure of the three apps
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Vectorworks

Nomad

scan room

Recommendation: To avoid
inaccuracies during post-
processing, it is advisable to
capture a room in a single scan
whenever possible, rather than
splitting it into multiple scans.

Scaniverse New

scan room

The app allows for a maximum
scan duration of 5 minutes,
meaning that scanning a large
room results in multiple scans.

The free plan includes a limited
number of credits, which can be
used, among other things, to
export the splats. We were
unable to perform a second
export because the credits had
been used up and payment
would have been required.

Scaniverse
Classic

scan room

Scans lasting over 5 minutes can be created
with the app. Scanning a room of
‘approximately 200 m? for our measurements
took about 25 minutes. (2111 MB)

The app s free to use. Models can be
exported in FBX, OBJ, GLB, USDZ, STL, PLY, or
LAS formats.

Cloudcompare |
prs
change file type

Cloud-
compare
P

align Point Cloud
‘Gumball - o
MeshLa
ply
change file type
-ply
fbx

g N
adjustments. Always click the same position when

Blender + 3DGS Kiri Engine

Add On

.ply Add-on installation and show splat

The splat becomes visible in the add-on's render
mode, where it can be edited and used for
visualization purposes.

.obj

.fbx or .obj

Cloud
Compare
.ply




Finder/Windows
Explorer

-

Finder/
Windows
Explorer

Finder/

Windows

Explorer

Archicad /
Rhino

Exporting the splat from Blender (as a ply file)
and importing it into a CAD program o use the
‘data for 2 3D model.

Import via Clipboard

Open fox or obj files one by one using Inter
“Merge " (make slight vertical adj
Always click the same position when placing them in
Archicad. Alternatively: Import the OB) or FBX file as 2 GDL
objectvia "Libraries and Objects" > "Import OB] or FBX as
GDL Object,” > place it on the workspace as a library object.

operability” >
if necessary).

Colored and well
usable mesh.

Imprecise textures
and surfaces.

The splat does not contain the classic
BIM geometry expected by CAD
programs; consequently, it cannot
simply be imported. One option s to
‘export the splat as a point cloud and
check whether itis "denser” than the
point cloud from Scaniverse Classic.
Unfortunately, the splar's color
information is lost in this process. We
‘assume the scanning technology is
identical and therefore recommend
against further se of the Splat n the
context of CAD programs.

Result: colored
meshes in
Archicad; textures

recise but




STEP-BY-STEP MANUAL

SCANIVERSE CLASSIC - ARCHICAD

Requirements:

A sufficiently charged smartphone or tablet

with a LiDAR scanner, and the Scaniverse app Py
installed. You will also need a PC with Archi- SCANIVERSE
cad installed and a valid licence, as well as the
Cloud Compare app installed for post-proces-
sing. (sssen) ®

Note: We have used Scaniverse version 5.2.5
for our scans.

Wahle deine Erfahrung

(% NEU)
Scans

Before the Scan:

360-Grad-Kameras System (VPS)
First, open the Scaniverse app and select the '
Classic version. You then have the option to osztegen
create a user account. However, this is not es- g Iy mumar
sential for carrying out the scans or for further = “J I R
processing. NP O

The Mesh option is chosen because it scans
relatively quickly compared to Splat and offers
a wide range of export options.

Kleines Objekt

most suitable mode. The three options list a -

number of examples to help you classify the
object to be scanned into one of the catego-
ries. For rooms, select the ,GrolRes Objekt/Fla-
che” category.

@
To start the scan, you first need to select the oy, ot ) iteoroses o
{a}

GroBes Objekt/Flache
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Scan:

Tap the red record button to start the scan.
During the scan, the app provides tips or com-
ments. The red and white stripes indicate the
area that still needs to be scanned. Tap the red
record button again to finish the scan.

Processing in the App:

The scan is now in the library. In processing
mode, the scan is now being edited. Here, 100,
there are three options to choose from, one
of which is recommended directly by the app.
The ,Landschaft” processing mode is ideal for
rooms.

Once the processing mode has been selected,
the scan is processed by clicking on ,Entwurf
speichern” and saved to the app’s internal libra-
ry. It is also possible to save the raw scan data
so that further adjustments can be made.

All scans are listed in the library. Clicking on the
relevant scan opens it. In this window, you can
edit the scan, take measurements and export
it.
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WIRD INITIALISIERT

TN

Zum Starten das iPhone bewegen

) ENTFE..:5.0M

Verarbeitungsmodus auswihlen (®

© EMPFOHLEN

a

Entwurf speichern

Scan wird verarbeitet

rarbeitung nicht

SPLAT WIRD TRAINIERT

Abbrechen

00:00:02
7777t i
Erfasse die Szene aus verschiedenen

Blickwinkeln. Die Streifen verschwinden

dort, wo du bereits gescannt hast.

+)) ENTFE..:5.0M

Q O]

Verarbeitung abgeschlossen

Gliickwunsch! Dein Scan ist fertig.

Rohdaten speichern () @

Modus andern Speichern

BIBLIOTHEK

4. Mai 2026




Export:

By clicking on ,Teilen“ and then on ,Modell ex-
portieren®, the scan can be exported in various
file formats. For pointclouds, the scan must be
exported as a ,PLY" file. Simply click on the se-
lected file format to save or share the file.

Import in Cloud Compare:

In order to import the pointcloud into Archicad,
the file format must first be converted. The first
step is to load the scan’s .ply file into Cloud
Compare

Teilen

e Auf Sketchfab ve
Ladn

Modell exportieren als

inder Nachricht

entlichen
b hoct

Video erstellen
Erstel ferte MP4-Datei Ihres Scan

A

Scaniverse_PLY_LAS.zip
& Scaniverse_PLY/LAS

rive > [ Dok > B 01_ > B 01

Scaniverse_PLY/LAS Diele.las

« Hufnerhaus Diele.ply

Hufnerhaus groB.las
Hufnerhaus Kleine Rdume.las

- Hufnerhaus Kleine Réume.ply

Hufnerhaus groB.ply

®

Mehr

> @ MA> B2 5> 0> B Anc> i San > B Scaniverse_PLY/LAS > & Hufnerhaus groB.ply

Mmoo e B smvmens

1IBRLEaEs 0GB 8O0 O080+784° v WeBE 108 ME
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Export as .txt Datei:

The next step is to export the .txt file. You can
save the file as a .txt file using the ,Save file"
option.

The next step is to export the .txt file. You can
save the file as a .txt file using the ,Save file"
option.

During the saving process, you have the option
to adjust the precision of the coordinates. Ho-
wever, this function and these adjustments are
not necessary for the rest of the process.
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Renaiming the file from .txt to.xyz:

To obtain an Archicad-compatible file format,
the .txt file must then be manually renamed to
a .xyz file. In Finder or Windows Explorer, the
.txt file can be renamed by manually changing
the file extension to .xyz.

Once the file has been renamed, you must con-
firm the file change; selecting ,.xyz verwenden”
will now convert the file into an Archicad-com-
patible file.

Import the Pointcloud in Archicad:

The .xyz pointcloud file can now be imported
directly into Archicad via ,Ablage”, ,Interopera-
bilitat" and ,Punktwolke importieren“.

The pointclouds are not large files, which is
why they do not slow down or delay Archicad’s
performance.
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Modelling the 3D Model/Transition:

Once the pointcloud has been imported into
Archicad, work on the 3D model can begin. A
neutral 3D model can be created using the floor
plan or top view and the 3D pointcloud model.

o

In some cases, components such as columns
can be clearly identified in the top view, as the
points in the pointcloud clearly exclude this
area, thereby enabling relatively precise posi-
tioning and accurate reconstruction.

Overlaying the data with the pointcloud can
reveal the deformations and deviations in the
scanned existing building. For example, as
shown in Fig. 5.6.29, one can see the subsiding
ground, and in Fig. 5.6.24, the wall sloping in-
wards can be identified as a deviation from a
straight wall.
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building conversion of
survey formats

conversion of
formats

conversion to
virtual 3D
buildings /

components

.obj

fbx

Classic

Cloud

{
|
|
|
|
|
|

Scaniverse I
|
|
|
|
|
|
|

\
J

i i

| |

| |

Py ] Compare [
| |

| |

| |

S | L - - = — d

Fig.5.6.30: Schematic diagram of Scaniverse Classic procedure

Axt
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SCANIVERSE (NEW) - BLENDER

Requirements:

The smartphone must be capable of LiDAR
scanning. Download the Scaniverse app from
the App Store. Select the ,new" Scaniverse ver-
sion for Gaussians Splats. Create an account.
Note: We have used Scaniverse version 5.2.5
for our scans.

Scan:

Click on ,+ Add Site” to create a new scan.
The scan is limited to 5 minutes. If the room is
larger, you will need to carry out several scans.
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Scaniverse -
3D Scanner

Laden

PepitiaL
SCANIVERSE

Wahle deine Erfahrung

Kassisch

+ Einzel-Scan-Aufnahme
+ Verarbeitung und Speicherung auf dem Gerit

+ Kostenlos und ohne Konto

* NEU

Sites

Login to Scaniverse

Email Address

Enter your email address

Password

Forgat password
Login with email
or

G Log in with Google

Don't have an account? Sign up

Capture

Scan your location X

Scans are limited to 5 minutes.




Processing in the App:

Once the scan has been completed, it is initially
saved locally within the app. To be able to use it
further, it must be uploaded (click on the scan
and select ,Upload®). The scan will then appear
in green with the status ,passed”. You can now
carry out further scans.

To export the scan from your smartphone, you
first need to use the ,Generate Assets” func-
tion. When you click on this, select the option
,VPS map, mesh and Gaussians Splat”“. This
is the only option available if the scan was ta-
ken with a mobile phone. Next, select the scan,
click ,Generate” and then ,Confirm"“.

Important: You are allocated 20,000 free cre-
dits for asset generation. After this, you will
need to pay for any further exports! The ,Ge-
nerating new asset version“ process may take
some time!
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Export:

The next step is to export the Gaussian splat.
A key point to bear in mind when using the
Scaniverse New version is that it is not possi-
ble to export the generated data directly via a
smartphone. Instead, you must log in to your
Scaniverse account via a desktop PC. This res-
triction is not explicitly mentioned within the
mobile app beforehand; you must therefore
first log in to the desktop version. It is only in
the web-based version of Scaniverse that the
full range of export options becomes visible.
The data can be exported in various file for-
mats. For the mesh, these are FBX and GLB; for
the splat, they are a compressed SPZ and an
uncompressed PLY.

Blender and 3DGS Renderer by Kiri Engine:
Scaniverse New generates a PLY file. To dis-
play the splat correctly, it is opened in Blen-
der. However, Blender itself cannot display the
splat in colour in render mode. An add-on is re-
quired for this. In this case, the 3DGS renderer
was used. This can be downloaded from the
Kiri Engine website (https://www.kiriengine.
app/3d-tools/3dgs-render). The add-on can
be installed and used correctly by following
the instructions: https://www.youtube.com/
watch?v=ubeD3Vp_7hU
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Press the ,N“ key to open the panel, where you
can access the 3DGS Renderer. You can now

e R @ 5 o8

import the PLY file into Blender using drag and 18 305 Roner by IRt Engie
drop. | ® o

The Splat becomes visible in colour via the L —
+Render” tab, highlighted in blue. You can now : —

use the camera settings to navigate within the
model. Furthermore, the model can be crop-
ped, reduced and optimised using various tools ‘
(see the YouTube tutorial). f—

D! Update Scene

B About KIRI Engine
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Export in CAD and further steps:

A Splat does not contain traditional BIM/mesh
geometry, but rather point/Splat data. Gaussi-
an Splats are not BIM objects, surfaces or solid
bodies.

However, CAD programmes expect meshes,
morphs, GDL objects or BIM geometries. Gaus-
sian Splats are not natively supported.

If you wish to visualise a photorealistic environ-
ment in Archicad, you could re-export the Splat
as a mesh. If you only need the reference data,
you can export it as a pointcloud.

One option is to export the Splat as a point-
cloud and check whether it is ,denser” than
the pointcloud from Scaniverse Classic. Unfor-
tunately, the colour information of the Splat is
always lost at this stage. We assume that the
scanning technology is identical and therefore
recommend that you do not continue working
with Scaniverse New (in relation to CAD pro-
grammes) at this stage.
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Fig. 5.6.46: Schematic diagram of Scaniverse New procedure
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VECTORWORKS NOMAD - VECTORWORKS

Requirements:

A sufficiently charged smartphone or tablet
with a LiDAR scanner and the Vectorworks app
installed. You will also need a PC with the Vec-
torworks programme installed and a valid Ii-
cence, and you will need to set up Vectorworks
on the devices to be used for scanning and
post-processing.

Scan:

To carry out a point cloud scan, select ,Punkt-
wolke”. You can then start the scan by clicking
JPlay”.

The dots in the camera image show which
areas of the room have already been scanned.
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Saving the Pointcloud:

Clicking ,Sichern completes the scan.

You then select the folder in the Vectorworks
Cloud where you want to save the pointcloud.

Vectorworks Cloud:

The Vectorworks Cloud synchronises automa-
tically, so that the pointcloud can be further
processed on a smartphone or tablet, or on a
Mac or PC, once the scan is complete.

The pointcloud is displayed as a .pts file in the
Finder.

Import in Vectorworks:
The scan can be imported into Vectoworks via
,Datei-Import-Import Punktwolke".

Pointcloud in Vectorworks:
If the pointcloud is not displayed correctly after
import, you may need to rotate it using ,D".
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VECTORWORKS NOMAD - ARCHICAD

Requirements:

A sufficiently charged smartphone or tablet
with a LiDAR scanner and the Vectorworks app
installed. You will also need a PC with Rhino,
the Cloud Compare app and Archicad installed.

Scan:
To carry out a point cloud scan, select ,Punkt-
wolke”. You can then start the scan by clicking
JPlay”.

The dots in the camera image show which
areas of the room have already been scanned.
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Saving the Pointcloud:

Clicking ,Sichern“ completes the scan. You are
then prompted to select the folder in the Vec-
torworks Cloud or another trusted storage pro-
vider where the pointcloud is to be saved.

Cloud:

The scan is transferred to the Mac or PC via the
selected cloud solution, where it can then be
processed further.

Import in Rhino:

To merge several scans into one or to rotate
the scans, the .pts files must be imported into
Rhino.
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Rotate scan:
If necessary, the scans can be rotated in Rhino
using the ,Gumball” tool.

Export as .ply:

Once the scan has been aligned along the x, y
and z axes, the pointcloud must be exported
from Rhino as a .ply file.

Import in CloudCompare:

The .ply file must then be uploaded to Cloud-
Compare in order to convert it from .ply to .txt
format.

Export out of CloudCompare as .txt:
Use the ,Save current entity” option to export
the pointcloud as a .txt file.
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Renaming the file: B/ 6O - <o pros

<<<<<<<

The next step is to rename the .txt file in Fin-

R
Hutmermaus_RN_GESAMTSamm | | iiliries 20 it 3 itoahaie. GESAMT £t

,,,,,,

i - = Hufr )_GESAMT.pl -4.13277245 193 183 1¢ i Prozess > = Hufnerhaus_Rhino_GE
der/Windows Explorer from filename.txt to file e e e i e AP s
CEeeres e Hennd

name.xyz 20.39688301 ~12.9411;
. . -4.13841009 176 181 1t

20, 78 -12.9861

-3.14108372 157 155 1!

-20.19343948 -13.0282;

-3.14223623 151 146 1!
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-4.14433056 :
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- - anderen Programm gedffnet.

e
1> EMA> B2 > 801> B 01> B Prozess > & Hufnerhaus_Rhino_GES# ' (Cloud Drive > i D0/ [ 015 W 01>  MA> 2 > @ 01> &

Import in Archicad: e AL
The .xyz file can be imported into Archicad via ' :
+Ablage-Interoperabilitat-Punktwolken impor-
tieren”.

o @ wAAH WEEES - # - @I - -0 WY AGEoQADY-O- Ha

Pointcloud in Archicad:

The pointclouds generated by Vectorworks
Nomad are very dense, which makes it easy
to identify and recreate building elements and
spaces. When combined with a white CAD mo-
del, irregularities and deviations can be depic-
ted and identified very clearly.
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01 DRONE - DJI MATRICE 4E

Fig. 1.1.1: DJI Martice 4E (DJI Retail Store. “DJI Matrice 4T(EU) SP Plus | 421584." Accessed July 6, 2026.
https://www.djistore.de/drohnen/professional/dji-matrice-4-serie/dji-matrice-4t-eu-sp-plus/4251088421584)
Fig. 1.1.2: Schematic diagram of procedure (own graphic, 2026)

Fig. 1.1.3: Schematic diagram of requirements (own graphic, 2026)

Fig. 1.3.1: Drone located on the takeoff point (Liwe Bayer, 2026)
Fig. 1.3.2: Remote control after flight 2 (Studio D, 2026)

Fig. 1.3.3: Remote control flight 3 (Liwe Bayer, 2026)

Fig. 1.3.4: Drone near the antenna (Liwe Bayer, 2026)

Fig. 1.4.1: Comparison of WebODM Lightning and Agisoft Metashape (own graphic, 2026)

Fig. 1.4.2: 3D point cloud in WebODM Lightning (Screenshot of WebODM Lightning, accessed on 11.05.2026)
Fig. 1.4.3: 3D point cloud in Agisoft Metashape (Screenshot from Agisoft Metashape 2.3.1, 2026)

Fig. 1.4.4: Textured mesh in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.5: 3D point cloud (Metashape) in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.6: 3D point cloud from WebODM in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.7: 3D point cloud from Agisoft Metashape in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.8: Orthographic view from point cloud uncutted (Screenshot from CloudCompare, v2.14.beta, 2026)
Fig. 1.4.9: Orthografic view from point cloud cutted (Screenshot from CloudCompare, v2.14.beta, 2026)

Fig. 1.4.10: 3D model (Screenshot from Archicad 29, 2026)

Fig. 1.4.11: Qverlay of the point cloud and the BIM model front (Screenshot from Archicad 29, 2026)

Fig. 1.4.12: Qverlay of the point cloud and the BIM model back (Screenshot from Archicad 29, 2026)

Fig. 1.4.13: Point cloud view in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.14: Orthophoto view in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.15: 3D model view in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.4.16: View of the 3D model and overlaid point cloud in Archicad (Screenshot from Archicad 29, 2026)

Fig. 1.5.1: reference dimensions (Studio D, 2026)
Fig. 1.5.2: measurements BIM-Modell (Screenshot from Archicad 29, 2026)
Fig. 1.5.3: measurements 0BJ mesh (WebODM) (Screenshot from Rhino 7, 2026)

Appendix:
Fig. 1.6.1: Processdiagram (own graphic, 2026)
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02

Fig

LIXEL HANDSCANNER

. 2.1.1: XGRIDS Lixel Kity K1 with RTK Modul (GEOsat. “XGrids Lixel Kity K1, inkl. PointCab Origins Core". Ac-

cessed 06.07 2026. https://www.geosat.de/products/xgrids-kitty.)

Fig
Fig
Fig

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

. 2.1.2: Lixel K1 during scanning process (Verena Heckmann, 2026)
. 2.1.3: LixelGo mobile application during scanning (Verena Heckmann, 2026)
. 2.1.4: Schematic diagram of procedure (own graphic, 2026)

2.2.7: Interface of the LixelGo App (Screenshot from LixelGo App, 2.1.0, 2026)

2.2.2: User interface of LixelGo application during a scan (Screenshot from LixelGo App, 2.1.0, 2026)
2.2.3: Equipment case of the Handscanner (Giacomo Siciliano, 2026)

2.2.4: Test scan carried out at University (Verena Heckmann, 2026)

2.3.1: Registration of a control point (Till Rudolph, 2026)

2.3.2: Plan of the Hufnerhaus with control points, inaccessible rooms and scanning route (own graphic, 2026)
2.3.3: Areal view of the Hufnerhaus with control points and scanning route (own graphic, 2026)

2.3.4: List of registered control points in the main room scan (Screenshot from LixelGo App, 2.1.0, 2026)
2.3.5: Photo of obstacles in the Hufnerhaus (Giacomo Siciliano, 2026)

2.3.6: Photo of areas obstructed by building materials (Giacomo Siciliano, 2026)

2.4.7: Mesh Generation from CloudCompare (Screenshot from CloudCompare, 2.13.1, 2026)
2.4.2: Mesh Generation from RealityScan (Screenshot from RealityScan, 2.1.1, 2026)
2.4.3: Raw point cloud in CloudCompare (Screenshot from CloudCompare, 2.13.1, 2026)

Fig. 2.4.4: Merge process of two point clouds in CloudCompare (Screenshot from CloudCompare, 2.13.1, 2026)
Fig. 2.4.5: Subsampling the point clouds in CloudCompare (Screenshot from CloudCompare, 2.13.1, 2026)

Fig. 2.4.6: Point cloud elevation of the east side in Archicad (Screenshot from Archicad, 29.0.0, 2026)

Fig. 2.4.7: Point cloud floorplan in Archicad (Screenshot from Archicad, 29.0.0, 2026)

Fig. 2.4.8: Point cloud perspective of the north-east side in Archicad (Screenshot from Archicad, 29.0.0, 2026)
Fig. 2.4.9: Point cloud perspective of the main room in Archicad (Screenshot from Archicad, 29.0.0, 2026)

Fig. 2.4.10: Cross-section model with point cloud blending (Screenshot from Archicad, 29.0.0, 2026)

Fig. 2.4.11: Exterior wall that tilts inward (Screenshot from Archicad, 29.0.0, 2026)

Fig. 2.5.1: Gaussian Splat of the mainroom created with LCC Studio (Screenshot from LCC Studio, 1.12.1, 2026)
Fig. 2.5.2: Hand measurement taken on site (own graphic, 2026)

Fig. 2.5.3: Measurement in the point cloud in Archicad (Screenshot from Archicad, 29.0.0, 2026)

Fig. 2.5.4: Gaussian Splat of the Hufnerhaus created in LCC Studio (Screenshot from LCC Studio, 1.12.1, 2026)
Fig. 2.5.5: Point cloud of the northern facade of the Hufnerhaus in Archicad (Screenshot from Archicad, 29.0.0,
2026)

Appendix:

Fig. 2.6.1: Processdiagram (own graphic, 2026)
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03 360° KAMERA - RICOH THETA V 360°

Fig. 3.1.1: Ricoh Theta V 360° camera (Ricoh Company, Ltd. ,RICOH THETA V." Accessed 23.06.2026.https://the-
ta360.com/en/about/theta/v.html)
Fig. 3.1.2: Requirements (own graphic, 2026)

Fig. 3.2.1: floorplan Hufnerhaus, selected room for the survey in orange (Johann Gade, 2026, based on Positions-
plan Moorfleeter Deich 483, Dipl. Ing. J.C. Kottmeier Architekt BDA, 2019)

Fig. 3.2.2: planned camera positions vertical in three different hights (own graphic, 2026)

Fig. 3.2.3: planned camera positions horizontal in the floorplan (own graphic, 2026)

Fig. 3.3.1: floorplan Hufnerhaus overlay with Mesh, camera positions in the selected room for the survey (Screen-
shot of Rhinoceros version 8, accessed on 23.06.2026)

Fig. 3.3.2: camera position 1 top (own photograph, 2026)

Fig. 3.3.3: camera position 1 middle (own photograph, 2026)
Fig. 3.3.4: camera position 1 bottom (own photograph, 2026)
Fig. 3.3.5: camera position 3 top (own photograph, 2026)

Fig. 3.3.6: camera position 2 top (own photograph, 2026)

Fig. 3.3.7: camera position 2 middle (own photograph, 2026)
Fig. 3.3.8: camera position 2 bottom (own photograph, 2026)
Fig. 3.3.9: camera position 4 top (own photograph, 2026)

Fig. 3.3.10: camera position 3 middle (own photograph, 2026)
Fig. 3.3.11: camera position 3 bottom (own photograph, 2026)
Fig. 3.3.12: camera position 5 top (own photograph, 2026)

Fig. 3.3.13: camera position 5 middle (own photograph, 2026)
Fig. 3.3.14: camera position 4 middle (own photograph, 2026)
Fig. 3.3.15: camera position 4 bottom (own photograph, 2026)
Fig. 3.3.16: camera position 6 top (own photograph, 2026)

Fig. 3.3.17: camera position 6 middle (own photograph, 2026)
Fig. 3.3.18: camera position 5 bottom (own photograph, 2026)
Fig. 3.3.19: camera position random 1 (own photograph, 2026)
Fig. 3.3.20: camera position random 2 (own photograph, 2026)
Fig. 3.3.21: camera position random 3 (own photograph, 2026)
Fig. 3.3.22: camera position 6 bottom (own photograph, 2026)
Fig. 3.3.23: camera position random 4 (own photograph, 2026)
Fig. 3.3.24: camera position random 5 (own photograph, 2026)
Fig. 3.3.25: camera position random 6 (own photograph, 2026)

Fig. 3.4.1: Processdiagram (own graphic, 2026)

Fig. 3.4.2: Metashape, Pointcloud (Screenshot of Agisoft Metashape Professional version 2.3, accessed on
23.06.2026)

Fig. 3.4.3: Rhino, Pointcloud (Screenshot of Rhinoceros version 8, accessed on 23.06.2026)

Fig. 3.4.4: ArchiCAD, Pointcloud (Screenshot of Archicad version 29, accessed on 23.06.2026)

Fig. 3.4.5: SuperSplat, Gaussian Splat 3DGS (Screenshot of SuperSplat, accessed on 23.06.2026)

Fig. 3.5.1: reference measurement overlay pointcloud and 3D Model (Screenshot of Rhinoceros version 8, acces-
sed on 23.06.2026)

Appendix:
Fig. 3.6.1: processdiagram complete (own graphic, 2026)
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04 PHOTOGRAMMETRY

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

4.1.1: equipment Fujifilm (Fujifilm XT5 schwarz + XF 16-80/4,0R OIS WR, Fujifilm)

4.2.2: camera position object (own graphic, April 2026)
4.2.3: camera position room (own graphic, April 2026)

4.3.4: floorplan scanned Area (own graphic, April 2026)

4.3.5: walk with the camera (own graphic, April 2026)

4.3.6: photos floor (Juli Sottorf, Johann Gade, April 2026)

4.3.7: photos around column (Juli Sottorf, Johann Gade, April 2026)

4.3.8: photos column different heights (Juli Sottorf, Johann Gade, April 2026)
4.3.9: photos ceiling (Juli Sottorf, Johann Gade, April 2026)

4.4.10: schematic diagram of workflow (own graphic, 2026)

4.4.17: mesh Sony camera (own rendering from Blender 5.1, accessed in April 2026)

4.4.12: mesh Fuji camera - Video (own rendering from Blender 5.1, accessed in April 2026)

4.4.13: mesh Fuji camera (own rendering from Blender 5.1, April 2026)

4.4.14: picture Sony camera (Juli Sottorf, Johann Gade, April 2026)

4.4.15: zoom Picture Sony camera (Juli Sottorf, Johann Gade, April 2026)

4.4.16: picture Fuji camera (Juli Sottorf, Johann Gade, April 2026)

4.4.17: zoom Picture Fuji camera (Juli Sottorf, Johann Gade, April 2026)

4.4.18: measured Object (own photo Johann Gade, April 2026)

4.4.19: reference points in RealityScan (screenshot of Reality Scan 2.1.1, accessed in April 2026)

4.4.20: define distance reference points pointcloud (Screenshot of Reality Scan 2.1.1, accessed in April 2026)
4.4.217: 2nd ref. measurement seperate Project (Screenshot of Reality Scan 2.1.1, accessed in April 2026)
4.4.22: second reference points RealityScan (Screenshot of Reality Scan 2.1.1, accessed in April 2026)
4.4.23: mesh (before export as pointcloud) (Screenshot of Reality Scan 2.1.1, accessed in April 2026)
4.4.24: section pointcloud ArchiCAD (Screenshot of ArchiCAD 29, accessed in April 2026)

4.4.25: pointcloud ArchiCAD (Screenshot of ArchiCAD 29, accessed in April 2026)

Appendix:

Fig.

4.6.1: Processdiagram (own graphic, April 2026)
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05 LIDAR Apps

Fig. 5.1.1: Cross-fades between the 3D model and the point cloud from Scaniverse Classic (Screenshot of Archi-
cad version 29, accessed on 05.07.2026)

Fig. 5.1.2: Schematic diagram of Scaniverse Classic procedure (own graphic, 2026)

Fig. 5.1.3: Schematic diagram of Scaniverse New procedure (own graphic, 2026)

Fig. 5.1.4: Schematic diagram of Vectorworks Nomad procedure (own graphic, 2026)

Fig. 5.3.1: floor plan Hufnerhaus scanned area (based on Positionsplan Moorfleeter Deich 483, Dipl. Ing. J.C.
Kottmeier Architekt BDA, 2019)

Fig. 5.3.2 - 5.3.6: App usage site measurement Scaniverse Classic (Screenshot of Scaniverse - 3D Scanner App
version 5.2.5, accessed on 05.07.2026)

Fig. 5.3.7: Scanned object in app Scaniverse New (Screenshot of Scaniverse - 3D Scanner App version 5.2.5,
accessed on 05.07.2026)

Fig. 5.3.8: App usage site measurement Vectorworks Nomad (Screenshot of Vectorworks Nomad version 14.7,
accessed on 05.07.2026)

Fig. 5.4.1: Blending the pointcloud with the CAD-Model (Screenshot of Archicad version 29, accessed on
05.07.2026)

Fig. 5.4.2: Blending the pointcloud with the CAD-Model (Screenshot of Archicad version 29, accessed on
05.07.2026)

Fig. 5.4.3: Pointcloud in Archicad (Screenshot of Archicad version 29, accessed on 05.07.2026)

Fig. 5.4.4: Blending the pointcloud with the CAD-Model (Screenshot of Archicad version 29, accessed on
05.07.2026)

Fig. 5.4.5: Gaussian Splat in Blender (Screenshot of Blender version 5.2.0, accessed on 05.07.2026)

Fig. 5.4.6: Pointcloud in Archicad (Screenshot of Archicad version 29, accessed on 05.07.2026)

Fig. 5.4.7: Blending the pointcloud with the CAD-Model (Screenshot of Archicad version 29, accessed on
05.07.2026)

Fig. 5.4.8: Pointcloud in Vectorworks (Screenshot of Vectorworks version 2026, accessed on 05.07.2026)
Fig. 5.4.9: Blending the pointcloud with the CAD-Model (Screenshot of Archicad version 29, accessed on
05.07.2026)

Fig. 5.4.10: Pointcloud in Vectorworks (Screenshot of Vectorworks version 2026, accessed on 05.07.2026)

Fig. 5.5.1: Comparison of the different scanner apps (own graphic, 2026)

Fig. 5.5.2: MeasurementVectorworks Nomad (Screenshot of Vectorworks Nomad version 14.7, accessed on
05.07.2026)

Fig. 5.5.3: Measurement Vectorworks Nomad (Screenshot of Vectorworks Nomad version 14.7, accessed on
05.07.2026)

Fig. 5.5.4 - 5.5.5: Measurement Scaniverse Classic (Screenshot of Scaniverse - 3D Scanner App version 5.2.5.
accessed on 05.07.26)

Appendix:
Fig. 5.6.1: Processdiagram (own graphic, 2026)
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