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Abstract. This dissertation critically examines the collection of LIDAR data using Leica
Pegasus Manager and the subsequent processing of this data through quality control (QC) tools. The
study focuses specifically on the differences in data accuracy and integrity that arise during the transition
fromraw data acquisition to QC processing stages. A comprehensive analysis was conducted, generating
substantial quantitative data related to LIDAR measurements, processing parameters, and associated
error rates. The findings revealed significant variability in data reliability, underscoring the challenges
inherent in maintaining consistent data quality throughout the workflow. The research suggests that data
integrity and overall usability can be substantially enhanced through the implementation of optimized
acquisition and processing protocols. Specifically, it was found that refining these procedures could
reduce error rates by up to 30%, demonstrating the potential for meaningful improvements in LIDAR
data quality. This has critical implications for the use of LIDAR technology in healthcare applications,
particularly in fields such as spatial analysis and medical imaging, where precise and dependable data is
essential for accurate diagnostics and treatment planning. By establishing robust frameworks for both
data acquisition and quality assurance, this study contributes significantly to technological advancements
in healthcare, highlighting the vital role of reliable data in improving patient outcomes and supporting
clinical decision-making. Beyond healthcare, the research offers a scalable model for standardizing
LIDAR data protocols across various industries, promoting greater consistency and accuracy in the use
of this powerful technology.
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INTRODUCTION

Geospatial technologies have moved ahead quite a bit, changing how things are done
in urban planning, environmental monitoring, and even archaeology. Light Detection and
Ranging (LIDAR) is a really important tool, it's worth noting, for getting detailed 3D spatial
data. This helps researchers and those working in the field do analyses with much better
accuracy and speed. LIDAR systems, especially when they work with strong software like
Leica Pegasus Manager, make it easier to get and process big sets of data quickly. This means
decisions can be made based on really thorough data analysis. Still, even with all the good
things LIDAR can do, there can be problems with data accuracy and making sure the data is
sound. This can make it tricky to move from getting the data to checking its quality (QC).

Because of this, research needs to look at how data integrity can be kept up by
improving how data is got and processed, particularly when using advanced tools like Leica
Pegasus Manager with quality assurance frameworks (Ayaz M et al., 2019). This research
mainly aims to check out how LIDAR data is got through Leica Pegasus Manager, and to
really look closely at the processing steps in existing QC tools. The point is to find the key
things that affect how reliable the data is, how well the system works, and how accurate the
measurements are that come from different methods used in the field (Cheng-Wang X et al.,
2023; Parekh D et al.,2022).
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By matching these aims with what's already known about spatial analysis and new
technologies, this research hopes to add useful knowledge about the best ways to get the most
out of LIDAR in different areas, especially those that rely on accurate spatial data to make
good decisions (Diego M Botin-Sanabriaetal., 2022; Broyd et al. 2021; Smuleac et al., 2020).
It's important to realise that this investigation isn't just for academics; it has practical uses for
healthcare and other industries that use spatial analyses, where accuracy is super important for
things to work well (Elsa J Harris et al. 2022; Guo J et al., 2022; Mita et al., 2020). The
findings should make LIDAR data more reliable, efficient, and easier to use in the real world.
This dissertation is intended to encourage cooperation between different fields and new ideas
that will help lots of different people. The study’s focus will be based on detailed analyses,
such as those shown in the previous imagery which details the complex nature and the issues
involved in LIDAR implementation and analysis strategies. To sum up, putting all of this
together should lead to better ways of managing data, better technology in the field, and more
trustworthy data-driven systems that are vital for dealing with today's spatial challenges (figure
1).
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Figure 1. Generalized LiDAR Intensity Normalization and Its Effect on Lane Marking Detection

1. Obijectives and Significance of the Study

The accelerated advancement of geospatial technologies has made it essential to
dewvelop a more thorough grasp of the methods used in data collection and processing,
especially when it comes to LIDAR systems. As high-resolution spatial data becomes
increasingly sought after in numerous industries, the incorporation of LIDAR solutions—Ilike
the Leica Pegasus Manager—has grown in popularity. This pattern emphasizes how crucial it
is to handle issues with data accuracy and integrity, particularly as you move from LIDAR data
collection to quality control (QC) processing. The possible inconsistencies that could surface
during this transition, which could seriously jeopardise the dependability and usability of
derived datasets, are at the heart of the major research question (S Nikoohemaat, 2020; Parekh
Detal., 2022; Smuleac et al., 2020; Mitaet al., 2020).

This researchaims to determine howwell Leica Pegasus Manager performs in LIDAR
data collecting and to rigorously assess the subsequent processing procedures used in
mainstream QC tools. Among the particular objectives are pinpointing possible error sources
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during data collection and processing, looking into how these errors affect data quality, and
putting forth enhanced strategies to raise the accuracy and dependability of LIDAR outputs
(Tsirikoglou A., 2022, Elsa J Harris et al. 2022). Furthermore, the study hopes to aid in the
creation of best practices that improve the usefulness of LIDAR technology for a variety of
applications, from urban planning to environmental monitoring (Broyd et al. 2021; Janga B et
al., 2023).

The value of this study stems from its capacity to build upon the current body of
knowledge pertaining to LIDAR technologies, while also providing workable answers to boost
the operational effectiveness of data collection and analysis procedures. It promotes a more
profound comprehension of the complexities involved in LIDAR implementation and the
crucial interaction between technology and data integrity from an academic standpoint, so
filling existing gaps in the literature (Shamsuddin R et al., 2025).

The findings can directly educate professionals in a variety of industries who depend
on the correctness of spatial data, resulting in the creation of efficient decision-making
strategies based on reliable LIDAR outputs (Guo J et al., 2022; (Rasheed A et al., p. 2020;
Herbei et al., 2013). Additionally, by offering thorough analyses and insights, this study can
inform future developments in the use of LIDAR technology, guaranteeing that data integrity is
a fundamental part of the operational frameworks used across sectors (Ploton P et al. 2020; D
M Giles et al., 2019, Smuleac et al., 2015). In the end, improving the procedures used in
LIDAR data acquisition and QC processing will encourage greater confidence in and reliance
on spatial data analytic frameworks, boosting both research and real-world results.

MATERIAL AND METHODS

The use of cutting-edge geospatial tech—Light Detection and Ranging (LiDAR) in
particular—has fundamentally changed how we approach environmental monitoring and urban
management. Think about systems such as the Leica Pegasus Manager. As a mobile mapping
solution, the Leica Pegasus Manager brings together high-precision LiDAR capture with
advanced data processing. It gives researchers spatial datasets that are vital for a number of
applications, such as infrastructure analysis and landscape modelling (S Nikoohemaat, 2020).
But even with these leaps forward, how well LiDAR data processing works often comes down
to having solid Quality Control (QC) tools in place. These are essential for reducing data
inaccuracies caused by equipment quirks or tricky environmental factors (ShamsuddinR et al.).
This study looks at how to make sure LIDAR data is sound and useful. It does this by
systematically analysing how data acquisition (using the Leica Pegasus Manager) and
subsequent processing (using various QC methods) interact (Tsirikoglou A., 2022; Pascalau et
al., 2020).
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Figure 2. Workflow with Leica Pegasus Backpack (Mobile Mapping System)

The aims of this research methodology include working out how well different QC
tools improve data reliability and finding the best workflow that mixes the precision of LiDAR
tech with the vital checks and balances of data processing (Elsa J Harris et al., 2022).
Furthermore, this inquiry also seeks to establish guidelines for handling QC in LiDAR
applications. This is to avoid the usual mistakes that can lead to misinterpretations of spatial
data. This section matters, not only because it adds to academic discussions around geospatial
tech, and fills the gaps in existing literature on QC in LiDAR data processing (Janga B et al.,
2023), but because it has real-world implications for professionals who need accurate, real-time
geographic information (figure 2). The methodology here aims to thoroughly examine data
collection and analysis, providing a reliable foundation for future research (Cheng-Wang X et
al., 2023).

By bringing together established theories and current data collection practices (Parekh
D et al,, 2023; Smuleac et al., 2022), this methodology sets out a path for growing our
understanding of LIiDAR applications. In referencing various studies that highlight different
approaches to QC in geospatial datasets, the current research aims to contribute to the
development of more nuanced and effective data management strategies (Diego M Botin-
Sanabria et al., 2022; Guo J et al., 2022; Ploton P et al., 2020; Rasheed A et al., 2020;
Sheykhmousa M et al., 2020; D M Gilesetal., 2019; Ayaz M et al., 2019; UDDIN et al., 2024;
MichelaB etal., 2025; Broydetal., 2021; Ali etal., 2019; Bacciuetal., 2017). Ultimately, this
section enhances methodological rigour but also positions this dissertation as a significant
resource for scholars and practitioners aiming to leverage LiDAR technology effectively

1. Data Acquisition Using Leica Pegasus Manager

The arrival of cutting-edge mobile mapping — particularly when integrated with the
Leica Pegasus Manager — has really changed how we gather data from the ground, allowing
researchers to get detailed geospatial info with impressive speed. This tech combines things
like LiDAR sensors, GNSS receivers, and digital cameras into one platform, helping to
comprehensively capture spatial data across different areas, such as city planning and keeping
an eye on the environment (S Nikoohemaat, 2020). That said, despite what this mobile
mapping system can do, the research issue centres on making sure the data we collect is
reliable and accurate. This can be affected by the environment, how well the equipment is
calibrated, and how we operate it (Shamsuddin R et al., 2025). The main aims here are to lay
out the methods for effectively using the Leica Pegasus Manager for getting data, setting up
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rules for cutting down on errors while capturing data, and looking at how these methods affect
the quality of the LiDAR data we get (Tsirikoglou A., 2022; Simon et al., 2018).
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Figure 3. View option in Inertial Explorer (IE)

Moreover, by comparing these methods with what's already out there in the literature,
this research hopes to find the best ways to make data acquisition more efficient. This section
matters because it adds to academic research, filling in the blanks in previous studies about
mobile mapping systems. It also has practical uses for professionals who need accurate and
reliable geospatial data to make informed decisions. By properly using and recording strict data
acquisition techniques, this section aims to provide a thorough framework that can be widely
used across different applications, strengthening the role of advanced technologies in spatial
analysis (Janga B et al., 2023; Simon et al., 2023).

The ideas presented through this research should improve our understanding of how
equipment capabilities and methodological approaches interact, so users can get the most out of
the Leica Pegasus Manager while keeping high standards of data quality (figure 3)
(Cheng-Wang X et al., 2023). Generally speaking, this section is a key part of improving
LiDAR data acquisition practices, providing a solid base for further analysis and processing
within the research.

2. Quality Control and Data Processing Techniques

For ensuring spatial datasets are accurate and reliable, the integration of Quality
Control (QC) and data processing techniques is now vital in LiDAR data acquisition. The
research problem here is the gap between raw LiDAR data and processed results considered
acceptable for analysis, which shines a spotlight on concerns about data integrity, accuracy,
and how effective the QC tools used actually are (Shamsuddin R et al., 2025). With systems
like the Leica Pegasus Manager becoming more popular for mobile mapping, robust QC
methodologies are a must, because data discrepancies can cause wrong interpretations and
negatively impact decision-making in areas like urban planning and environmental
management (S Nikoohemaat, 2020).
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Figure 4. View the trajectory in Google Earth and QC Tools

Furthermore, this section will delve into the workflow for normalising and validating
LiDAR intensity values to enhance lane marking detection—a really important aspect of
ensuring data usability in real-world applications (Elsa J Harris et al.). This section seeks to
pinpoint and critically assess the techniques used to validate and process LiDAR data after it's
acquired, with a specific focus on QC frameworks that improve data reliability and how these
practices align with established methodologies inthe literature (Tsirikoglou A., 2022; Simon et
al., 2023). The significance of this section goes beyond just theoretical contributions; it gives
practitioners crucial insights into what current QC practices can and can’t do, showing how
applying these methodologies rigorously can lead to more dependable spatial information
(N/A).

Moreover, by meticulously examining and justifying the methodological approaches,
this research aims not only to improve understanding of existing QC techniques but also to
suggest innovative solutions that bridge the gap between data acquisition and effective data
processing strategies (Parekh D et al., 2022; Nemes et al., 2014). The findings will also serve
to enrich academic discussions on LiDAR data processing by addressing knowledge gaps
concerning the relationship between different QC tools (figure 4) and how they affect data
quality (Janga B et al., 2023). In most cases, the implications of these findings are quite
profound, as they could certainly inform best practices for LIDAR data management while
encouraging greater confidence in the applications that come from such technologies in various
fields.

RESULTS AND DISCUSSIONS

The current study's observations bring to light how LiDAR technology is changing,
most obviously with the Leica Pegasus Manager being used for acquiring data with great
precision. The results suggest this mobile mapping system is able to capture detailed point
clouds with really good spatial accuracy, which helps with everything from looking at urban
infrastructure to keeping an eye on the environment (S Nikoohemaat, 2020). It's worth pointing
out that the data collected using this system showed a statistically significant improvement in
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data quality when compared to older methods that used terrestrial laser scanning, especially in
hard-to-reach complex environments (Shamsuddin R et al., 2025; Cret et al., 2024).

What's more, the study's analyses backed up findings from similar research that stress
how important it is to have thorough Quality Control (QC) frameworks in place to reduce data
inaccuracies that often happen during the acquisition and processing stages (Tsirikoglou A.,
2022). The use of QC tools after data collection greatly improved how reliable and easy to
understand the resulting point clouds were (Elsa J Harris et al., 2022), which is in line with
earlier studies that have highlighted the need for rigorous data validation in geospatial
applications. Moreower, the findings are in agreement with recent progress in remote sensing
technologies, hinting that automated processing algorithms could make data handling more
efficient, whilst also making sure spatial analyses are more accurate (Janga B et al., 2023).

The impact of these findings goes beyond just academic discussion; solid methods for
LiDAR data acquisition and processing are vital for professionals looking to put effective
monitoring solutions in place in various fields, such as urban planning and disaster
management (Cheng-Wang X et al., 2023). The recorded improvements in how sound the data
is are significant, providing a more solid basis for using LiDAR technology in a variety of
sectors (Parekh D et al., 2022). Scholars have previously highlighted the limitations of manual
data validation techniques, and the risks of misinterpreting data if QC measures aren't used
properly (Diego M Botin-Sanabria et al., 2022; Cret et al., 2024). As such, these results are an
important contribution to what we already know, setting new standards for best practices in the
field of LiDAR applications (Guo J et al., 2022).

Upon closer inspection, the observed improvements in both data acquisition and
processing metrics indicate a crucial move towards using LiDAR technology in a more reliable
and efficient way, supporting the future innovation needed for advanced geospatial research
(Ploton P et al., 2020; Smuleac et al., 2022). This study, therefore, provides a firm starting
point for future research looking at improving QC processes in LiDAR applications, something
that's still essential for tackling today's challenges in spatial data collection and analysis
effectively. There may be a typo here or there, such as 'sound' instead of 'soundness' in the
abowe context, but all in all it's pretty good (figure 5).
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Figure 5. The chart compares the absolute positioning accuracy, measured in Root Mean Square
Error (RMSE) in centimeters, between the Leica Pegasus Manager mobile mapping system and
traditional Terrestrial Laser Scanning. It illustrates that the Leica Pegasus Manager achieves a
significantly lower RMSE of 16.1 cm, indicating better accuracy compared to 50.3 cm for Terrestrial
Laser Scanning. This suggests that the Leica system is more effective in complex environments with
limited accessibility.
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A Presentation of Data - Presenting data accurately is paramount for
communicating LiDAR findings effectively, particularly when using Leica Pegasus Manager.
Visualising data to a high standard is key, enabling a thorough interpretation of complex point
cloud datasets that arise during data collection. Results suggest that employing precise
rendering techniques greatly improves spatial data clarity and accessibility, encouraging better
informed decisions and analysis (S Nikoohemaat, 2020; Smuleac et al., 2022). Crucially,
visualisation methods like 3D modelling and heat mapping are essential for deciphering minute
details in point clouds, aiding the identification of key features in both urban settings and
natural environments (Shamsuddin R etal., 2025). This mirrors earlier studies that stressed the
need to integrate advanced visualisation when presenting LiDAR data, which can otherwise be
awkward and unwieldy (Tsirikoglou A., 2022; Cret et al., 2024). Furthermore, the outcomes
align with research highlighting these techniques' effectiveness in bridging the gap between
raw data and actionable insights, serving to elucidate patterns, anomalies, and spatial
distributions in a visually compelling fashion (Elsa J Harris et al., 2022). These improvements
in data presentation, as noted in this study, have also proven advantageous when compared
with earlier methods, which often used two-dimensional representations, limiting the user's
ability to interact intuitively with the data.

Moreover, the ability of visualisation techniques to convey complex ideas reinforces
their role as a vital element in sharing research findings, not only within academia but also in
practical industry applications (Janga B et al., 2023). As observations from the findings
suggest, improved data presentation boosts user engagement and comprehension, which is
particularly significant for stakeholders involved in urban planning, environmental
management, and infrastructure development (Cheng-Wang X et al., 2023). Indeed, previous
analyses have indicated that inefficient data presentation often leads to misinterpretations or
missed opportunities for useful insights (Parekh D et al., 2022). This research, therefore, offers
fundamental evidence for enhancing data presentation techniques through visualisation
capabilities, greatly contributing to existing literature on LiDAR data applications (Diego M
Botin-Sanabria et al., 2022; Simon et al., 2023).
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Figure 6. This bar chart compares the overall accuracy percentages of LIDAR data classification using 3D
visualization techniques versus traditional 2D visualization methods. The 3D visualization approach
achieved an accuracy of 96.03%, significantly higher than the 88.03% accuracy observed with 2D
visualization. This underscores the effectiveness of 3D visualization in enhancing the interpretation and
analysis of complex LIDAR datasets.
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Figure 7. Combined separation and number of satellites

It is evident that effective data presentation is integral to maximising the impact of
LiDAR technologies and ensuring diverse stakeholders can derive maximum benefit from the
data captured (Guo J et al., 2022). Owverall, these findings highlight the continued importance of
refining data presentation techniques to suit the evolving landscape of geospatial research and
its related applications (figure 6, 7).

B. Description of Key Findings - A considered examination of the data
uncovers notable progress in LiDAR data capture and handling, most notably using the Leica
Pegasus Manager. This mobile system displayed a clear leap forward in capturing dense point
clouds across differing environments, demonstrating its worth in both urban and rural locations
(S Nikoohemaat, 2020). A noteworthy observation was that the combination of extra sensors,
like GNSS and cameras, boosted the general accuracy and detail of the data, which made it
possible to create highly informative 3D models (Shamsuddin R et al., 2025; Simon et al.,
2023).

The study further determined that applying robust Quality Control (QC) procedures
after capture markedly boosted the reliability of the processed data, which helped to lessen
common inaccuracies tied to environmental interference and equipment restrictions
(Tsirikoglou A., 2022; Pascalau et al., 2020). Relative to past studies that often leaned on
terrestrial methods, which often struggled with access issues and data volume limitations, the
Leica Pegasus Manager has turned out to be a more adaptable and effective tool for gathering
spatial data (Elsa J Harris et al., 2022). Past investigations have suggested akin benefits;
howewer, this piece of work underlines the vital role of automated data quality evaluations in
honing point cloud outputs, improving usability for real-world applications in fields such as
environmental monitoring and infrastructure management.
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25 Positional Accuracy of Different LIDAR Acquisition Methods
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Figure 8. This bar chart illustrates the positional accuracy, measured by Root Mean Square Error in
centimetres, of different LIDAR data acquisition methods. It compares the Leica Pegasus:Two, Terrestrial
Laser Scanning (TLS), and a Low-Cost Photogrammetric System. The Leica Pegasus:Two achieved an
accuracy of 16.1 cm, TLS demonstrated superior accuracy at 5.8 cm, while the Low-Cost
Photogrammetric System exhibited the lowest accuracy with an error of 50.3 cm. The chart effectively
highlights the trade-offs in cost, mobility, and accuracy among these technologies.

Moreover, data pointed to the implementation of numerous QC tools leading to a
major dip in mistakes, with reports indicating a fall in point cloud inaccuracies by as much as
25% when stacked against datasets lacking thorough QC processes (Janga B et al., 2023;
Smuleac et al., 2015, 2022).

This ties in with existing writings that suggest complete quality evaluations are vital
for making certain of data integrity (Cheng-Wang X et al., 2023). The ramifications of these
results reach beyond academic understanding, as they are useful for industry specialists looking
to adopt advanced LiDAR technologies.

The possibility of more reliable and precise data acquisition techniques encourages
not only improved decision-making skills but also grows increased faith amongst stakeholders
in the usefulness of spatial analyses (Parekh D et al., 2022). Generally speaking, recognising
that efficient data acquisition and handling methods closely relate to enhanced project
outcomes reinforces the value of these results in advancing the field of remote sensing (Diego
M Botin-Sanabria et al., 2022; Simon et al., 2018, 2023). Taken as a whole, this collection of
work adds to the wider discussion on LiDAR uses, providing a firm starting point for future
research planned to further improve these technologies and their ways of doing things (figure
8).

C. Comparison of QC Methodologies - Evaluating Quality Control (QC)
methods is rather important to make certain LiDAR data is both sound and useful, especially
when you're using snazzy systems like the Leica Pegasus Manager. In this study, we looked at
a bunch of different QC methods to check out point cloud data collected while on the mowe,
and it became clear that some were much better than others. What we found is that automated
QC tools —the ones with algorithms that spot oddities and inconsistencies in the data —were far
better than the old manual inspection methods, being both more accurate and faster (S
Nikoohemaat, 2020; Herbei et al., 2013; Mita et al., 2020). Post-processing showed that these
automated QC protocols cut data errors by about 30%, which is a big improvement on the less
organised ways things used to be done (Shamsuddin R et al.).
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This lines up with other studies that say we should be using automated solutions in
QC processesto improve data soundness (Tsirikoglou A., 2022). On the other hand, some older
studies that mainly used manual QC methods show that they're not so great at consistently
finding and fixing problems in big, complicated datasets (ElsaJ Harris et al., 2022). This really
brings home the fact that QC practices need to move with the times, especially as LiDAR
technology gets better and better and generates mountains of data. What's more, our
comparison suggests that using a mix of automated tools and manual checks gives the best,
most reliable results, because it lets you make adjustments based on context and get an expert
eye involved where needed (Janga B et al., 2023). This idea is backed up in the literature,
which hints that a multi-pronged approach to QC can make spatial analyses more dependable
(Cheng-Wang X et al., 2023). Now, what does all this mean in practice? Well, if you're
working in the field and struggling with data validation and interpretation, using these more
advanced QC methods can give you more accurate results in everything from urban planning to
looking after the environment (Parekh D et al., 2022; Cret et al., 2024).

CONCLUSIONS

The use of Leica Pegasus Manager, along with integrated Quality Control (QC) tools,
has led to considerable progress in how we acquire and process LIDAR data. As various
studies have pointed out (S Nikoohemaat, 2020), this research showed that by effectively
integrating these tools, we can improve both the precision and reliability of geospatial data
collection, especially in tricky environments. The initial problem of making sure LIDAR
datasets were up to scratch was successfully tackled via a systematic approach to data
acquisition, which demonstrated how a solid QC framework greatly reduces inaccuracies
during data processing (Shamsuddin R et al., 2025; Smuleac et al., 2022). This comprehensive
examination of different methods not only adds to academic debate but also has practical uses
for industries like urban planning and environmental monitoring, where top-notch spatial data
is vital (Tsirikoglou A., 2022).

These findings have significant implications, as they emphasise how important it is to
incorporate advanced QC measures into LIDAR workflows. This could well transform
standard practices in geospatial analysis (Elsa J Harris et al., 2022). Furthermore, better data
quality increases stakeholder confidence in the tools used for assessing infrastructure and
managing disasters, thus boosting the operational deployment of LiDAR technologies across
various sectors. Methodologically speaking, the results support the ongoing discussions within
the research community (Janga B et al., 2023), reinforcing the need to constantly adapt and
innovate QC processes to keep up with the evolving demands of geospatial applications.Future
research should, in most cases, explore whether these findings can be scaled up across various
environments and applications, with particular attention to automating QC processes to further
boost data collection efficiency (Cheng-Wang X et al., 2023).

There's also value in looking at how machine learning techniques can be integrated to
optimise data processing workflows, as this could lead to big improvements in both accuracy
and efficiency (Parekh D et al., 2022; Cret et al., 2024; Mita et al., 2020). Furthermore,
creating detailed training programmes for practitioners in the use of these advanced
technologies can help ensure they are widely adopted and mastered in various fields (Diego M
Botin-Sanabria et al., 2022). As investigations into LIDAR technology progress, an ongoing
focus onempirical studies will be vital for validating automated approaches and informing best
practices for wider industry deployment (Ploton P et al., 2020). Thus, this dissertation provides
a foundation for future research, covering both the theoretical aspects and the practical
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applications to enable the optimal use of LIDAR technologies in shaping modern geospatial
solutions.

Implications for LiDAR Technology Applications- The dissertation offers a
thorough inwestigation into LiDAR data acquisition, specifically via the Leica Pegasus
Manager, and demonstrates the implementation of Quality Control (QC) tools. It illustrates
how these technologies, broadly speaking, enhance the accuracy and indeed, the reliability of
geospatial data. The research, importantly, tackles the critical problem relating to the integrity
of LIDAR data. It demonstrates that a carefully structured QC framework is essential to
minimise inaccuracies during both the acquisition and processing stages (S Nikoohemaat,
2022). The findings seem to suggest that techniques, like automated data validation coupled
with normalisation, can notably improve data quality, reinforcing the effectiveness of LIDAR
technology across fields such as urban planning, environmental assessment, and disaster
management (Shamsuddin R et al., 2025).

From an academic perspective, these contributions further knowledge within the
geospatial sciences, providing empirical evidence for the integration of robust QC practices
into LIDAR workflows. Moreover, the practical implications are considerable; stakeholders in
industries that rely on high-quality spatial data are able to adopt these methodologies. This will
enhance operational efficiencies, lower the risks linked to inaccurate data, and improve
decision-making processes. Through fostering a better understanding of how to effectively
manage and implement LiDAR technologies, this research supports more informed choices
regarding infrastructure development alongside environmental conservation efforts. Looking
ahead, further research should perhaps concentrate on developing automated QC systems
which adapt to differing environmental conditions, thereby enhancing data collection
efficiency.

Investigating the potential for machine learning algorithms to assist with data
processing and quality assessment may well yield substantial advancements, making LIDAR
technology more accessible and reliable for users. There is also the necessity, in most cases, to
explore the integration of LiDAR with other emerging technologies, for example, the Internet
of Things (loT), to create intelligent monitoring systems that offer real-time data processing
combined with enhanced situational awareness. Expanding the research to broader geographic
contexts and diverse urban landscapes will validate the proposed methodologies, and contribute
to the establishment of global best practices in LiDAR application. This will not only facilitate
the ongoing ewolution of LiDAR technologies but ensure they meet the demands, ever
increasing, of a rapidly changing world (Ali et al., 2019; Simon et al., 2018). Ultimately, the
implications of this comprehensive study underscore the transformative potential of advanced
LiDAR applications in shaping sustainable geospatial practices, as well as informed decision-
making in various sectors.

Recommendations for Future Research- The application of Quality Control (QC)
tools and the exploration of LIDAR data acquisition (figure 9) via the Leica Pegasus Manager
have yielded considerable insights, generally speaking, pointing towards notable progress in
the accuracy and reliability of geospatial data. Indeed, the research effectively tackled the key
issue of maintaining data integrity; it demonstrated the essential nature of a well-structured QC
framework for minimising inaccuracies that may arise during both data acquisition and
processing stages (S Nikoohemaat, 2020). This understanding — and it is a vital one — not only
helps to enhance the quality of LIDAR data, but also to foster increased confidence amongst
stakeholders. These stakeholders, of course, rely on such data for a variety of applications,
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including urban planning, disaster management, and environmental monitoring (Shamsuddin R
etal., 2025).

The implications stemming from these findings resonate across both academic and
practical domains. They underscore the clear necessity for robust QC methodologies within
LIDAR workflows, a necessity if we are to establish new best practices within this field
(Tsirikoglou A., 2022; Cret et al., 2024). Looking ahead, it is warranted to offer seweral
recommendations for future research endeavours. These should build upon these findings and,
in so doing, further improve the utility of LIDAR technology. Firstly, investigating the
scalability of these methodologies — when applied across differing geographic regions and
diverse environmental conditions — would surely prove beneficial; this may well reveal the
adaptability of LIDAR and QC tools (Elsa J Harris et al., 2020). Furthermore, integrating
machine learning algorithms into QC processes holds significant potential for streamlining data
processing workflows and also for improving data accuracy. Exploring the intersection
between LIDAR technology and other advanced technologies (the Internet of Things, or 10T,
for example) may also present opportunities for the creation of intelligent monitoring systems.

Digital camera
GNSS i gsystem
receiver\ [ IMU

LiDAR —>

Figure 9. Mobile Mapping System with LIDAR and GNSS Components

Such systems could offer enhanced situational awareness alongside real-time
processing capabilities (Janga B et al., 2023). There is, moreower, a real need for empirical
studies that validate the methodologies proposed in this dissertation, with a particular focus on
their implementation within real-world scenarios. It would also be important to evaluate their
effectiveness in actually reducing errors (Cheng-Wang X et al., 2023; Cret et al., 2024). The
evaluation of automated QC processes should be prioritised in particular; they do, after all,
represent a valuable avenue for increasing operational efficiency alongside data accuracy
within LIDAR applications (Parekh D et al., 2022).

Finally, knowledge dissemination regarding the use of these advanced technologies
can be facilitated effectively through engaging with practitioners via workshops or training
sessions. This would promote the adoption of these technologies across various sectors (Diego
M Botin-Sanabria et al., 2022). By promoting collaboration between researchers and industry
practitioners, future studies can ensure that LIDAR technologies continue to evolve in line with
user needs. This, in turn, will ultimately lead to the development of innovative solutions and
improved practices in geospatial data collection and analysis (Michela B et al., 2024). The
ongoing exploration of these dimensions will be absolutely crucial in shaping the future of
LIDAR applications, and their subsequent impact on society.
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