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. Introduction
Date of receive:

LiDAR (Light Detection and Ranging) technology has emerged as an essential tool in 3D

2024/12/25 remote sensing and spatial analysis, particularly in urban environments where accurate modeling

Date of last review: is crucial. This technology enables precise mapping of terrain and urban structures by capturing

T high-density point cloud data. However, despite its precision, LIDAR data is often affected by noise
introduced by environmental conditions, sensor inaccuracies, and surface properties. This noise

Date of accept: degrades the quality of the data, impacting its usability in various applications, including urban

2025/01/20 planning, forestry, and hazard assessment. Effective noise removal methods are therefore essential
for enhancing data reliability while preserving its structural integrity.

Date of online publication:

2025/01/20 Materials & Methods

—— This study introduces a hybrid approach for noise removal in LiDAR point cloud data by

Keywords: integrating a guided filter with the Density-Based Spatial Clustering of Applications with Noise

LiDAR point clouds (DBSCAN) algorithm. The guided filter is leveraged for its edge-preserving smoothing capabilities,

. which reduce elevation noise while maintaining critical features. Unlike traditional filters, which
Guided filter,

DBSCAN,

often compromise structural details, the guided filter ensures that essential features like building

edges and vegetation patterns are retained. ...  Page 62
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Parameters such as neighborhood radius and
smoothing strength are optimized to balance noise
reduction with detail preservation. Complementing
the guided filter, the DBSCAN algorithm is employed
to identify and remove outliers. DBSCAN operates by
analyzing the density of points within a specified radius
(epsilon) and identifying clusters based on the density
threshold. Points that do not belong to any cluster are
classified as noise and removed. This dual-method
approach ensures a comprehensive noise removal
process, targeting both widespread elevation noise and
sparse outliers that traditional filters might overlook.
To enhance the efficiency and adaptability of the hybrid
method, Bayesian optimization is utilized for parameter
tuning. This optimization technique systematically
searches for the optimal parameter values, reducing
the reliance on trial-and-error methods and ensuring
the approach is tailored to the specific characteristics
of the dataset. Key parameters optimized include the
neighborhood radius and epsilon for DBSCAN and the
smoothing parameters for the guided filter. The dataset
for this study comprises aerial LiIDAR scans collected
from the coastal region of Duck, North Carolina, USA.
The data includes high-resolution 3D point clouds with
attributes such as elevation and reflectance intensity.
Quantitative evaluations were conducted using statistical
metrics like variance and standard deviation, while
qualitative assessments involved visual inspections of
digital elevation models (DEMS), triangulated irregular
networks (TINs), and elevation profiles of flat surfaces.

Results & Discussion

Results indicate that the hybrid approach outperforms
traditional methods such as mean, median, and standalone
guided filtering. The guided filter effectively reduces
elevation noise on flat surfaces like rooftops and roads,
preserving critical structural features. Concurrently,
DBSCAN identifies and removes residual outliers in
low-density regions, which are often missed by other
methods. Statistical analyses demonstrate significant
reductions in variance and standard deviation, confirming
enhanced data homogeneity. Visual inspections further

validate these findings, showcasing smoother DEMs

and more coherent TINs with fewer artifacts. One of
the major advantages of this hybrid approach is its
computational efficiency. The integration of the guided
filter and DBSCAN ensures effective noise removal
without excessive processing time, making the method
scalable for large datasets. Additionally, the flexibility of
DBSCAN allows it to adapt to diverse datasets without
requiring prior assumptions about point distribution. This
adaptability, combined with the systematic parameter
tuning provided by Bayesian optimization, enhances
the method's robustness and applicability across various
contexts. Beyond noise removal, the proposed approach
has broader implications for LIiDAR data processing.
By preserving structural integrity and minimizing
point loss, the method supports high-accuracy spatial
analyses crucial for applications like urban development,
forest management, and disaster risk assessment. For
instance, in urban planning, accurate LiDAR data can
facilitate the creation of detailed 3D models, enabling
better infrastructure planning and monitoring. Similarly,
in forestry, the method can improve canopy height
estimation and biomass calculations by ensuring clean
and reliable data.

Conclusion

In conclusion, the hybrid approach combining the
guided filter and DBSCAN algorithm represents a robust,
efficient, and adaptable solution for noise removal in
LiDAR point cloud data. By addressing both elevation
noise and sparse outliers, the method improves data quality
while preserving essential features, making it suitable for
a wide range of applications. Its balance of computational
efficiency and data accuracy ensures its relevance in both
academic research and practical implementations. Future
advancements in parameter optimization and integration
with machine learning are likely to further enhance the
utility and scalability of this approach.
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