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: techniques such as color encoding, transparency adjustments, and point size
Introductlon modulation can be applied. Color encoding assigns different colors to edges
based on their significance, providing an intuitive way to differentiate between
major and minor edges. Transparency adjustments allow non-edge points to
fade into the background, reducing visual clutter and directing attention to
the highlighted edges. Point size modulation dynamically adjusts the size of
rendered points based on their edge classification, further enhancing visibility
and depth perception. Performance optimization is an important consideration
when implementing dual edge extraction in real-time applications. Processing
large point clouds can be computationally intensive, requiring efficient
algorithms for normal estimation, curvature analysis, and feature extraction.
Parallel processing techniques, such as GPU acceleration and multi-threading,
can significantly improve performance. Additionally, adaptive edge extraction
strategies can be employed to prioritize high-curvature regions while reducing
computations in flat areas, optimizing processing speed without sacrificing
edge quality. The effectiveness of the dual edge extraction method can be
evaluated through both qualitative and quantitative assessments. Qualitative
evaluations involve visual inspections of edge-enhanced point cloud
renderings, comparing them against traditional methods to assess clarity and
interpretability [2,3].

The visualization of 3D scanned point clouds is a crucial aspect of
many applications, including computer graphics, engineering, and cultural
heritage preservation. One of the key challenges in rendering point cloud
data is effectively highlighting the edges of objects within the scan, as edges
provide essential structural and geometric information. Traditional visualization
methods often struggle with clarity, especially in high-density point clouds,
leading to difficulties in perceiving object boundaries. To address this issue, a
dual 3D edge extraction approach can be employed to enhance edge visibility,
improving the overall clarity and interpretability of point cloud data. Edge
highlighting in point clouds is complex due to the unstructured nature of the
data. Unlike structured meshes, which consist of predefined connectivity, point
clouds are collections of discrete points without explicit connectivity information.
This lack of structure necessitates the development of specialized edge
detection and enhancement techniques. The dual 3D edge extraction method
involves identifying edges using two complementary approaches: geometric-
based edge detection and feature-based edge extraction. By combining these
methods, a more robust and visually appealing edge-enhancement technique
can be achieved.

Quantitative metrics, such as edge accuracy and completeness, can be

T computed by comparing detected edges with ground truth data obtained from
Descnptlon manually annotated scans or high-resolution mesh models. User studies can
_ ) _ ) also be conducted to gather feedback from professionals in fields such as

Geometric-based edge detection relies on analyzing the local curvature  grchitecture, engineering, and cultural heritage documentation to assess the
and surface normal variations in the point cloud. High curvature regions  practical benefits of enhanced edge visualization. Applications of this technique
typically correspond to sharp edges, corners, and transitions between different  gpan multiple domains. In industrial inspection, edge-enhanced visualization
surfaces. One common technique invplves estimating surfage norrpals for each helps engineers analyze manufactured components, identifying defects and
point and computing the angular difference between neighboring normals. jyconsistencies in production. In cultural heritage preservation, the method aids
When the difference exceeds a certain threshold, the point is classified as iy yocumenting and analyzing historical artifacts and architectural structures,
part of an edge. This method effectively captures geometric discontinuities, o\ ring that fine details are captured accurately. In robotics and autonomous
making it useful for identifying sharp object boundaries. Feature-based edge navigation, improved edge detection enhances scene understanding, allowing
extraction complements geometric techniques by leveraging additional point robots to navigate more effectively in complex environments. Additionally, in
cloud attributes §uch as intensjty vallues,.color variations, or depsity changes. medical imaging, enhanced edge visualization can be applied to point cloud
Many 3D scanning systems, including LIDAR and structured light scanners, representations of anatomical structures, improving diagnostic and surgical

cap.tli‘re |nlten§|:y |2f0rmat|o? alcf)tngsme spaha(li tcoordlrsat.ef. hS|gn|f|cant planning capabilities. Future developments in edge highlighting for point clouds
variations n intensity or color oiten correspond to materia) changes or could incorporate machine learning techniques to further refine edge detection

surface boundaries, which can serve as additional cues for edge detection. . : )
By integrating feature-based analysis, edge extraction can be refined to better and enhancement. Deep learing models trained on large datasets of point
Y Integrating ySIS, €08 cloud edges could learn to distinguish between significant and insignificant

highlight object contours and material transitions. Once edges are extracted :

using both methods, a fusion strategy is applied to combine the results into edges more effectively than handerafted methods [4,5].

a unified visualization. A weighting mechanism is introduced to balance the

contributions of geometric and feature-based edges, ensuring that the final  Conclusion

visualization emphasizes prominent edges while suppressing noise. This

fusion process enhances the perception of object boundaries, making it easier Additionally, integrating semantic segmentation could allow for context-

to interpret complex structures within the point cloud [1]. aware edge highlighting, differentiating between different types of edges
To improve the rendering of highlighted edges, specialized visualization ~ based on object categories and material properties. Improved data fusion

techniques, incorporating multispectral or hyperspectral imaging data, could
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