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The data acquisition process has been both a key issue and a strong barrier in the success 
of Scan2BIM workflows, due to its complex (hard to implement) and costly nature. Today 
technologies such as mobile 3D LiDAR scanning, provides both easy to implement and 
cost-effective alternative for data acquisition. This study explores the transformation of 
point cloud data of a simple workspace in an historical school building acquired through 
mobile 3D LiDAR scanning into Building Information Modeling (BIM) workflows, with a 
particular focus on generation of object-based semantically rich digital models for 
architectural documentation and cultural heritage preservation. The study explores how 
data collected through mobile devices with 3D LiDAR capabilities can be transformed 
into parametric and semantically rich BIM elements (objects). In this context a 
comparative analysis of well-known point cloud processing tools was conducted, focusing 
on accuracy, data format compatibility and component generation capacity. The study 
situates its findings within the broader framework of HBIM, highlighting how mobile 
scanning technologies can enhance semantic modeling and support dynamic, data-rich 
representations of assets. The results emphasize that the mobile 3D LiDAR scanning is an 
accessible, cost-effective, and efficient data acquisition alternative in Scan2BIM 
workflows and the acquired 3D point cloud data can efficiently be converted into BIM 
objects using multiple software tools. 

Keywords: BIM, 3D Lidar, Point Cloud, Scan2BIM, Object-Based Modeling, 
Digitalization, Mobile Laser Scanning, Digital Twin, Cultural Heritage, HBIM.

INTRODUCTION 
Today, Digital Twin applications and Building 
Information Modeling (BIM) play a critical role in 
digitally documenting both construction industry 
and cultural heritage. In this context, point cloud 
data serves as a key interface and optimizing data 
captured via mobile devices comes to the fore. 
RGBD sensors and SLAM (Simultaneous 
Localization and Mapping) algorithms on mobile 
devices enhance environmental perception these 
devices and facilitate the integration of LIDAR 
technology into Digital Twin and HBIM processes. 

Study explores the integration of 3D LiDAR 
scan data captured using an iPad Pro with 
Scaniverse app into BIM workflows. The data was 
exported in LAS format, processed in PointCab 
and converted into parametric model elements in 
Revit. The study aims to assess the potential of 
mobile-based scanning for BIM integration and 
the interactions between different software tools.  

BACKGROUND RESEARCH 
In recent years, mobile LiDAR technologies have 
become widespread as a low-cost and portable 
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documentation tool. Cultural heritage 
documentation, in particular, benefits from the 
rapid data collection capabilities of mobile 
scanning devices (Akbaylar et al., 2024). 
Compared to traditional fixed laser scanners, 
mobile LiDAR systems offer significant 
advantages in terms of speed and ease of use. 
Handheld scanners, smartphone LiDAR’s and 
drone-assisted scanning have diversified this 
technology (Qu and Sun, 2015). 

In this process, RGBD sensors and SLAM 
algorithms increase the 3D mapping capabilities 
of mobile devices, enabling detailed 
documentation of cultural heritage. RGBD sensors 
provide color image (RGB) and depth data at the 
same time, allowing realistic spatial models to be 
created. SLAM algorithms track the location of the 
device, ensuring precise data alignment and point 
cloud creation (Kim et al., 2020). 

HBIM and IFC format integration facilitates 
the integration of scan data into digital modeling 
processes. While HBIM models enrich scanned 
surfaces with semantic information, the IFC 
format ensures the standardization of this data 
and compatibility between different software 
(Soilán et al.,2020; Zeng et al., 2024). 

This study evaluates the role of mobile LiDAR 
scanning in BIM integration by comparing the 
data processing capabilities of Recap, Cloud 
Compare, PointCab and Undet. It also examines 
the advantages offered by mobile scanning 
systems in terms of accuracy, speed and 
accessibility for cultural heritage documentation. 

Digital Documentation of Cultural 
Heritage with Mobile LiDAR 
Mobile LiDAR technologies are increasingly used 
for digital documentation of cultural heritage. As 
a more portable and faster alternative to 
traditional laser scanning, they offer significant 
advantages, particularly for documenting 
excavation sites, archaeological remains and 
historic buildings. Recent studies have explored 
how accurately and efficiently mobile LiDAR 

compares to photogrammetry and fixed laser 
scanning methods. Table 1 summarizes selected 
applications, highlighting their performance, 
accuracy, and suitability for specific conditions. 

Study Device & Method Area Accuracy Key Outcome 

Dörtbudak 

and Akça 

(2024) 

iPhone 14 Pro + 

Photogrammetry 

Relief 

(arch.) 
~1.5 cm 

Photogrammetry 

like accuracy, 

faster workflow 

Llabani and 

Kopliku 

(2024) 

Handheld LiDAR + 

viDoc RTK 

Historic 

bridge 
~3 cm 

Fine details 

captured 

Zhang and 

Lan (2024) 

iPhone 15 Pro + 

Mini Drone 

Interior + 

exterior 

~4.9% rel. 

error 

Merged model 

from hybrid 

scanning 

While the long processing time and high 
hardware requirements of traditional methods 
may be a limitation in large-scale projects, mobile 
LiDAR systems can collect more frequent and 
comprehensive data and perform fast and 
effective 3D modeling in various areas.  

Mobile LiDAR and SLAM Technologies 
SLAM-based LiDAR systems on mobile devices 
offer flexibility in real-world conditions, though 
with limitations in absolute accuracy. Recent 
studies have explored advanced techniques such 
as GNSS-assisted alignment, loop closure, AI-
supported mapping, and multi-sensor fusion to 
mitigate drift and alignment errors (Treccani et al., 
2024; Jiang et al., 2023; Chen et al., 2025; Conti et 
al., 2024; Akbaylar et al., 2024). To illustrate these 
technological developments and challenges, 
Table 2 summarizes technical approaches in 
SLAM-based mobile scanning. 

Challenge Description Solution Examples 

Accuracy drift 
Positional errors in large 

areas 
GNSS aid, loop closure 

Sensor limits 
Shorter range & lower res. 

than TLS 

Fusion (e.g., BLK2GO), RGB-D 

upgrade 

Data quality 
Loss of texture/fine 

geometry 

AI-enhanced surfacing (Jiang et 

al., 2023) 

Field 

scalability 

Inconsistent multi-room or 

outdoor scans 

Sub-mapping, real-time 

stitching 

Table 1 
Selected Case 
Studies Using 
Mobile LiDAR for 
Cultural Heritage 
Documentation 

Table 2 
Mobile SLAM-
Based Scanning 
Systems: 
Limitations and 
Technological 
Advancements 
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HBIM AND IFC INTEGRATION 
Adaptation of traditional BIM processes for 
documenting historical structures has led to the 
HBIM (Historic Building Information Modeling) 
approach. HBIM makes restoration, damage 
detection and inventory management more 
systematic by analyzing point cloud data. The 
compatibility of these processes with IFC (Industry 
Foundation Classes) enables data sharing 
between different disciplines and Software 
(Andriasyan et al., 2020). 

Chelaru et al. (2024) developed an HBIM 
model that integrates point cloud, archive records 
and field data. A digital model was created by 
combining 3D scan data with damage status and 
historical documents, thus supporting experts in 
decision-making processes. However, it was 
stated that there is a lack of object library in HBIM 
modeling and that there are tools that need to be 
developed in semi-automatic modeling (scan-to-
BIM) processes from point cloud. 

The integration of HBIM with GIS enables the 
analysis of structures within a spatial context. 
Pepe et al. (2024) documented a historical city 
using drone photogrammetry, terrestrial laser 
scanning, and maps. A 3D model of a city section 
was created, and the IFC-based HBIM model was 
integrated into the ArcGIS Pro environment. The 
study showed that this model can be used for 
spatial analysis, metadata queries, and 
visualization, effectively combining building-scale 
details with the city-scale geographic context. As 
a result, the model was successfully applied in 
spatial analysis, visualization, and disaster 
management. 

IFC facilitates data sharing by standardizing 
building component definitions. However, 
Chelaru et al. (2024) note that IFC lacks adequate 
representation of historical elements and cultural 
heritage-specific libraries. To address these 
limitations, extending IFC schemas with tools like 
bSDD and developing object recognition-
supported automatic modeling processes is 
recommended. 

Comparison of Point Cloud Processing 
Software 
Point cloud processing software plays a critical 
role in analyzing, filtering and converting scan 
data into different formats and integrating them 
into BIM, GIS and engineering processes. 
Software such as Autodesk ReCap Pro, 
CloudCompare, Trimble RealWorks, PointCab and 
Undet offer various features for different usage 
scenarios. The performance of point cloud 
processing tools is generally evaluated through 
operations such as alignment (registration), 
filtering, point cloud refinement, model extraction 
and format conversions. 

Antova and Peev (2024) compared ReCap Pro, 
CloudCompare and RealWorks software and 
showed that each has different advantages. While 
CloudCompare is free, it is preferred in scientific 
studies with its advanced analysis tools, while it is 
stated that ReCap Pro is widely used in the sector 
thanks to its user-friendly interface and Autodesk 
integration. Trimble RealWorks, on the other 
hand, stands out with its advanced alignment and 
data processing tools, especially for integrated 
work with Trimble laser scanners. 

Tools such as PointCab and Undet focus on 
point cloud data processes in architectural 
surveying, BIM modeling and restoration projects. 
While PointCab automates 2D plan, section and 
elevation drawings from laser scan data, Undet is 
a plug-in that integrates with platforms such as 
Revit, AutoCAD and SketchUp, allowing point 
cloud data to be managed within these softwares. 
User reports indicate that Undet makes it easier 
to work with large data by increasing the speed of 
point cloud display and indexing. It is stated that 
PointCab is strong in processing large-scale point 
clouds and creating orthophotos/sections, but is 
limited in areas such as detailed 3D mesh 
modeling. Comparisons made on different 
software show that point cloud data generally 
yields similar results in terms of geometric 
accuracy, but there are significant differences in 
workflow efficiency and user experience. While 
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CloudCompare offers advantages in academic 
research with its open-source structure, large-
scale scans and advanced analysis tools, ReCap 
Pro provides ease of commercial integration as 
the standard tool of the industry. Trimble 
RealWorks offers advanced tools for precise 
industrial measurements, especially on 
engineering and infrastructure projects. PointCab 
is known for its fast 2D surveying. Undet facilitates 
direct modeling with point clouds within Revit. 
These differences indicate that the software 
selection should be made according to the 
project type and intended use. 

Mobile LiDAR Scanning - Accuracy 
Analysis and Error Margins 
Mobile LiDAR Technologies are increasingly used 
in areas such as cultural heritage documentation, 
building scans, and terrain modeling. Offering 
advantages in terms of speed, portability, and 
operational efficiency, these systems have certain 
limitations in terms of accuracy and point density 
when compared to fixed (terrestrial) LiDAR 
systems. In 2024, Conti et al. compared the Leica 
RTC360 (fixed scanner) with the Leica BLK2GO 
(mobile SLAM-based scanner) on a historical 
structure; they revealed that both systems offered 
centimeter-level accuracy, but the mobile scanner 
provided lower point density and surface detail 
sensitivity. It was stated that the fixed scanner 
produced more detailed data on small carved 
motifs and complex surfaces, while the BLK2GO 
provided significant gains in terms of time and 
labor by scanning much faster with the advantage 
of mobility. 

Smartphone LiDAR sensors are also an 
important alternative among mobile LiDAR 
systems. Treccani et al. (2024) showed that the 
error margins of up to 10 cm in scanning with 
iPhone LiDAR can be reduced to 1–2 cm with 
appropriate scanning strategies and software 
algorithms. While sufficient accuracy is provided 
especially in documenting small and detailed 
objects, scale error and data loss are observed in 

larger areas. These problems are gradually 
reduced with the development of software such 
as ARKit and the use of artificial intelligence-
supported error correction algorithms. Similarly, 
Vacca (2023) showed that sufficient accuracy is 
provided within a few centimeters in scanning 
small architectural elements with iPhone 12/13 
Pro, but the range and resolution limits of the 
device require additional calibration in large-scale 
scanning. 

Mobile systems can be affected by user 
movement and may create slight deformations in 
complex environments. Fixed scanners, on the 
other hand, offer higher accuracy and point 
density by being fixed with a tripod. While fixed 
scanners are preferred for engineering 
measurements and detailed architectural 
documents, mobile systems provide advantages 
in terms of fast and accessible data collection. The 
operator can reach almost anywhere by walking 
or moving the device in hand. This flexibility 
provides great convenience in indoor scanning or 
archaeological sites (geo-matching.com). In 
addition, since mobile systems can provide real-
time data, it can be seen instantly whether there 
is a missing area during scanning. 

In the data processing processes of mobile 
systems, some hybrid approaches are adopted to 
increase accuracy with different correction and 
calibration methods. Mobile scanning can show 
high error rates, especially when the scale error 
(absolute position/accuracy) is not supported by 
methods such as fixed scanner + GPS/leveling. 
For example, measuring critical points with a fixed 
scanner and calibrating mobile scanning results is 
a common method to increase data accuracy. As 
of 2024, research shows that mobile LiDAR 
technologies are developing rapidly and offer a 
“sufficient” level of accuracy by closing the gap 
with fixed systems. Professionals can achieve both 
high accuracy and high speed by using a hybrid 
of both methods according to the requirements 
of the project (Conti et al., 2024). 
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MATERIALS AND METHODS 

Data Collection 
As a preliminary implementation, a real-world 
mobile LiDAR scanning was carried out at the 
within Mimar Sinan Fine Arts University using an 
iPad Pro with the Scaniverse application. The test 
area consisted of an indoor office space with 
furniture, partition walls, and reflective surfaces, 
providing a diverse set of geometric and material 
conditions. During the process, challenges such as 
scan drift in larger open zones and occlusion due 
to furniture were encountered. Despite these, the 
data was sufficiently dense for structural 
modeling. The project is currently in its early 
phase and will be extended into a more 
comprehensive study as part of a university-
supported Scientific Research Project (BAP), with 
formal protocols currently underway. 

In order to integrate mobile LiDAR scans into 
BIM workflows, point cloud data was collected in 
various environments and conditions. The effects 
of lighting and surface reflectivity on data quality 
were evaluated across different test setups. These 
factors were tested using various parameter 
adjustments within Recap (Figure 1). 

Specifically, mobile LiDAR systems were 
observed to offer lower accuracy than traditional 
ground-based laser scanners and the impact on 
precise modeling processes was examined. Recap 
Pro allowed for decimation and coordinate 
system assignment after scanning (Figure 2).  

The primary goal of the study was to enhance 
BIM compatibility through strategies to improve 
the quality of collected scans. One such strategy 
involved using precise EPSG codes to effectively 
georeference the point cloud data (Figure 3). 

The full scan covered an indoor volume of 
approximately 210 m³, generating a dataset with 
259K vertices and 359K mesh triangles. The 
captured surface area was around 40 m², with an 
average spatial density of 6,475 pts/m², suitable 
for detailed reconstruction of interior features. A 
60 m³ (3×4×5.3 m) was modeled in BIM to test 
object-based parametric reconstruction. This 
segment contained approximately 78K vertices 
and 108K triangles, providing adequate 
geometric detail for accurate parametric 
modeling in Revit. 

Processing and Modeling 
The collected point cloud data was processed and 
modeled through various software tools to 
facilitate its integration into BIM environments. 
Initially, the data was parametrized using 
PointCab software and converted into BIM-
compatible formats. Various export formats such 
as RCP, RCS, and E57 were generated to serve 
different stages of the workflow (Figure 4). 

Figure 1 
Recap Pro clipping 
of data based on 
reflection intensity 
in scan settings 
(intensity clipping) 

Figure 2 
Recap Pro post-
scan decimation 
and coordinate 
system selection 
screen (UTM84-
35N) 

Figure 3 
Recap Pro 
selection of target 
coordinate system 
based on EPSG 
code: UTM-WGS 
1984 datum, EPSG 
32635 

Figure 4 
Selection of 
exportable file 
formats in Recap 
Pro (RCP, RCS, 
E57) 
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During this process, the goal was not only to 
transfer the data directly into the BIM 
environment but also to perform detailing and 
layering operations in a more systematic manner. 
The exported files were imported into Revit for 
further 3D modeling, though large-scale 
coordinates sometimes triggered graphical 
warnings (Figure 5- 6). 

To address this, PointCab was used to define 
2D sections and cut planes that guided the 
geometric structuring of the model (Figure 7). 
These sections enabled the generation of 
accurate 2D views and the parametric creation of 
structural components such as walls (Figures 8). 

Element properties like wall thickness could 
be adjusted using PointCab’s editing interface, 
which allowed for parameter-driven 
modifications (Figure 9-10). 

While Cloud Compare supported processing 
point cloud data in various formats, its direct BIM 
integration was limited. However, it proved 
effective for coordinate normalization, histogram 
analysis and surface modeling. Recap Pro, though 
offering ease in visualization, was more suitable 
for initial stages due to limited advanced 
processing and modeling features. A major 
challenge was harmonizing coordinate systems, 
addressed through manual adjustments in Recap 
Pro (Figure 11) and global normalization using 
CloudCompare (Figure 12). 

Figure 7 
Section extraction 
and drawing plane 
definition using 
PointCab 

Figure 5 
File type selection 
during import of 
RCP/RCS formats 
in Revit 

Figure 6 
System warning in 
Revit about 
potential graphical 
issues caused by 
large coordinates 

Figure 8 
2D top view 
generated from 
PointCab 

Figure 9 
Automatic wall 
creation by 
selecting two 
points (PointCab - 
Revit integration) 

Figure 10 
Wall thickness 
measurement and 
editing interface – 
dimension-based 
parametric 
definition 

Figure 11 
Manual coordinate 
system selection in 
Recap Pro 
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Notably, Undet software allowed for direct 
integration with Revit, enabling the management 
of point clouds in different layers and making the 
modeling process more organized. 

In the modeling process, it was found that 
point clouds required normalization which could 
be done using Python or via different formats 
(PLY, LAS, E57). It was also observed that point 
cloud data could be converted not only into raw 
point clusters but also into surface and relational 
formats compatible with BIM software such as IFC. 
The final result was a synchronized BIM 
environment combining point cloud data with 
architectural components (Figure 13-14). 

Comparison and Evaluation 
The comparative evaluation of point cloud 
processing software in this study is focused on 
mobile LiDAR scan data which poses challenges 
such as lower point density, variable accuracy and 
limited range. Thus, tool suitability for handling 
mobile-generated point clouds was a critical 
consideration. When comparing different 
software tools and workflows, it was found that 
each had its specific strengths and weaknesses. 
The evaluation was based on criteria such as 
format support, automation level, BIM 
integration, and usability, tested through a 
documentation workflow involving the import of 
mobile LiDAR data into Revit. 

As shown in Table 1, PointCab enabled 
sectioning and parametric modeling in Revit, 
CloudCompare offered flexible open-source tools 
for coordinate normalization and filtering. Recap 
served for basic visualization and format 
conversion and Undet provided efficient point 
cloud management with direct Revit integration. 

Throughout the study, several challenges 
were encountered, including: 

• Accuracy Limitations: Mobile LiDAR scanners 
have lower accuracy compared to terrestrial 
laser scanners, impacting fine details. 

• Lighting and Environmental Conditions: 
Scanning performance varied based on 
ambient lighting and surface reflectivity. 

• Data Size Management: High-resolution 
scans generated large datasets, requiring 
efficient data handling strategies. 

Figure 13 
Simultaneous view 
of point cloud and 
modeled building 
components 
within the Revit 
environment 

Figure 14 
Multicategory 
schedule with 
family and type 
details extracted 
from the BIM 
model 

Table 3 
Software 
Comparison for 
Point Cloud 
Processing and 
BIM Integration 

Figure 12 
Global shift/scale 
operation in 
CloudCompare to 
normalize large 
coordinates 

Software Point Cloud Processing Format 
Support BIM Integration 

PointCab Advanced filtering and 
segmentation 

LAS, E57, 
PLY 

Revit Plugin with 
parametric conversion 

Recap Basic processing and 
visualization LAS, RCP Direct import into Revit 

Cloud 
Compare 

Open-source processing 
with customization 

PLY, E57, 
LAS 

Limited direct BIM 
integration 

Undet Focused on Revit 
integration LAS, RCP High compatibility with 

BIM workflows 
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A broader evaluation showed that point cloud 
data can effectively support digital twin and urban 
modeling workflows. CloudCompare proved 
valuable for GIS integration through coordinate 
normalization and color-based analysis, while 
raster exports enhanced mapping applications. 
These findings suggest that no single software 
meets all needs; instead, a hybrid approach 
combining commercial BIM tools with open-
source flexibility is most effective for mobile 
LiDAR-based Scan-to-BIM processes. 

RESULTS AND DISCUSSION 
In recent years, mobile LiDAR systems have seen 
growing use in the digital documentation of 
cultural heritage and construction monitoring. In 
particular, SLAM-based mobile mapping systems 
offer a cost-effective and efficient method of data 
acquisition, enabling high-precision 3D modeling 
with centimeter-level accuracy (Treccani et al., 
2024). In contexts such as archaeological sites, 
museums and historical structures, where access 
is often restricted, mobile scanning provides 
advantages for rapid on-site documentation. 

The primary advantages of mobile systems 
are speed and operational flexibility. While 
stationary laser scanners offer higher accuracy, 
mobile solutions are often more practical due to 
lower equipment costs and faster setup. However, 
the accuracy of mobile devices depends on sensor 
type and processing software. Drift errors, scale 
distortions and positioning challenges are 
especially significant in large-area scans. 
Therefore, GNSS-supported SLAM systems or 
external reference points are recommended 
(Vacca, 2023). 

Comparisons between mobile and stationary 
systems show that both technologies are 
complementary. For instance, portable scanners 
like the BLK2GO enable rapid data collection, 
while stationary systems such as the Leica RTC360 
are more suited for surfaces requiring high detail 
capture (Conti et al., 2024). In this context, hybrid 

usage models offer a balanced solution between 
accuracy and efficiency. 

HBIM and IFC-based data management 
support cultural heritage documentation while 
enabling integrated spatial analysis through GIS 
(Pepe et al., 2024). For example, an HBIM model 
of a historical site can be enriched with material, 
damage and restoration data and integrated into 
municipal GIS systems using IFC. This allows 
experts to assess building data with both spatial 
and technical detail, supporting risk evaluations. 
However, in cultural heritage projects, HBIM and 
IFC-based data management face challenges, as 
IFC formats provide only limited representation of 
historical architectural details (Chelaru et al., 
2024). Thus, expanding IFC schemas and 
developing object libraries for unique historical 
elements are recommended. 

Software comparisons demonstrate that each 
tool has distinct strengths in the context of mobile 
LiDAR-based workflows. Autodesk ReCap offers 
the most intuitive interface and seamless 
compatibility with other Autodesk tools, making 
it ideal for quick visual inspections and alignment. 
However, its limited support for advanced feature 
extraction and IFC export constrains its utility in 
detailed heritage modeling. CloudCompare, in 
contrast, provides extensive mesh editing and 
segmentation tools, offering flexibility for 
geometric cleaning and analysis. Nevertheless, its 
manual workflow and lack of parametric export 
capabilities make it less suitable for direct BIM 
integration. PointCab proves highly efficient in 
transforming scan data into parametric objects, 
particularly with its orthophoto generation and 
2D slicing tools, which accelerate Revit-based 
modeling. However, it relies on structured scans 
(e.g., TLS-like inputs), which may affect the 
accuracy of mobile SLAM data imports. Undet for 
Revit offers direct plugin support within the BIM 
environment, simplifying the interpretation of 
scan data during modeling. However, it lacks 
comprehensive quality assessment tools, and its 
performance is hardware-dependent when 
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rendering dense point clouds. In the industrial 
and infrastructure domains, Trimble RealWorks is 
frequently preferred due to its precise analysis 
capabilities and automated processing modules, 
although it is less frequently used for mobile 
SLAM data. 

These findings suggest that PointCab 
provides the most direct path to BIM-oriented 
modeling from mobile scans, while 
CloudCompare is better suited for research-
driven, geometry-intensive editing. Combining 
ReCap with Undet or PointCab can accelerate 
modeling workflows, particularly for commercial 
projects. Software selection should be based on 
the desired balance between speed, accuracy and 
semantic depth for heritage documentation 
(Antova and Peev, 2024). 

In the future, AI-driven automation and 
cloud-based workflows are expected to enhance 
these processes through real-time semantic 
segmentation, feature extraction and integrated 
BIM-GIS data pipelines. 

CONCLUSION 
The analyses demonstrated that integrating 
mobile LiDAR data into BIM processes is feasible 
and with appropriate processing techniques, can 
yield efficient results. These results are particularly 
promising for cultural heritage documentation, 
construction monitoring and urban modeling. 
PointCab and Revit supported the digital 
documentations, while modeling point cloud data 
with Undet helped organize the modeling 
workflow. Furthermore, tools like Cloud Compare 
enabled the transformation of point clouds into a 
more meaningful data structure. Open-source 
tools like CloudCompare offer high flexibility and 
are particularly useful for custom analysis 
workflows, whereas commercial tools like 
PointCab and Recap provide user-friendly 
interfaces and semi-automated processing 
options. 

However, challenges such as harmonizing 
coordinate systems and normalizing point cloud 

data emerged as key issues to consider in the 
integration of such systems into BIM. Additionally, 
limitations of existing standards like IFC in 
representing historical architectural details 
indicate the need for expanding schema 
definitions or developing domain-specific object 
libraries for HBIM applications. 

In the future, the use of sensor fusion 
techniques to improve data accuracy and 
automation in BIM workflows is expected. 
Advancements in SLAM algorithms, combined 
with AI-supported error correction methods, are 
anticipated to significantly enhance the positional 
accuracy of mobile LiDAR systems. A hybrid use 
of mobile and terrestrial LiDAR systems may 
provide a balanced solution between precision 
and operational efficiency, especially in large-
scale or hard-to-access environments. This 
combination is likely to become a standard 
approach in fields such as cultural heritage 
documentation, civil engineering, and smart city 
planning, where speed and accessibility are as 
critical as accuracy. Moreover, AI-assisted point 
cloud processing and cloud-based workflows are 
likely to shape new standards in digital 
documentation and modeling. This will allow 
mobile LiDAR scans to be utilized effectively not 
only for visualization purposes but also for high-
accuracy modeling processes. 
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