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Introduction segmentation operations. Segmentation operations are used to identify and

extract objects or regions of interest from the point cloud data. In point cloud
data, segmentation is a challenging task due to the irregularity and sparsity of
Mathematical morphology is a branch of mathematics that deals with the  the data. Mathematical morphology provides a powerful tool for segmenting

analysis of geometric structures. It is used to process and analyse images  point cloud data based on the geometry and topology of the objects.
and signals, with applications in various fields such as computer vision,

pattern recognition, and image processing. In recent years, there has been One of the most popular segmentation operations used in point cloud
an increasing interest in applying mathematical morphology to point cloud data is the watershed segmentation. The watershed segmentation is based
data. Point cloud data is a set of 3D points in space, which can be obtained on the concept of basins and ridges. The point cloud data is considered as a
from various sources such as Lidar, photogrammetry, and structured light landscape, where the peaks represent the objects and the valleys represent the
scanning. In this article, we will discuss how mathematical morphology can background. The watershed segmentation is performed by first computing the
be directly applied to point cloud data. Mathematical morphology is based on gradient of the point cloud data, which represents the change in the intensity or
set theory and the concept of structuring elements. A structuring elementisa  height of the points. The gradient is then used to identify the basins and ridges
small subset of the image or signal that is used to probe the image or signal. in the point cloud data. The basins are the regions where the points are lower
The structuring element is moved over the image or signal, and its relationship  than their neighbours, while the ridges are the regions where the points are
with the neighbouring elements is analysed. The analysis of the relationship ~ higher than their neighbours. The watershed segmentation is then performed
between the structuring element and the image or signal elements is used to by flooding the basins from the lowest point to the highest point, until the ridges
extract information about the geometry and topology of the image or signal. are reached. The resulting image or signal is a set of regions or objects that are
separated by ridges. Another application of mathematical morphology in point

T cloud data is to perform shape analysis operations. Shape analysis operations
Desc" ptlon are used to analyse the geometry and topology of the objects in the point cloud

data. Shape analysis operations are useful for applications such as object
In pOint cloud data, the Structuring element is a 3D Shape that is used to recognition, registration’ and classification

analyze the relationships between the points. The structuring element can be ) ) o

a sphere, a cube, or any other 3D shape. The choice of the structuring element One of the most popular shape analysis operations used in point cloud
depends on the application and the characteristics of the point cloud data. data is the skeletonization operation. The skeletonization operation is used to
One of the most common applications of mathematical morphology in point extract the centerline or axis of the objects in the point cloud data. The centerline
cloud data is to perform filtering operations. Filtering operations are used to or axis is a one-dimensional representation of the object, which is useful for
remove noise and outliers from the point cloud data. In point cloud data, noise ~ shape comparison and analysis. The skeletonization operation is performed
and outliers are points that do not belong to the underlying surface or object. by first thinning the point cloud data using a structuring element. Thinning is
Noise and outliers can be caused by various factors such as measurement @ morphological operation that removes the boundary points of the objects

errors, occlusions, and reflections. Filtering operations are essential to obtain ~ in the point cloud data, while preserving the topology and connectivity of the
accurate and reliable point cloud data [1,2]. objects. The resulting image or signal is a set of curves or lines that represent

the centerline or axis of the objects. Another shape analysis operation used
in point cloud data is the convex hull operation. The convex hull operation is
used to compute the smallest convex polyhedron that contains all the points in
the point cloud data. The convex hull is useful for applications such as object
segmentation, surface reconstruction, and collision detection. The convex hull
operation is performed by first computing the Delaunay triangulation of the
point cloud data. The Delaunay triangulation is a triangulation of the points
that maximizes the minimum angle of the triangles. The convex hull is then
computed as the convex polyhedron that contains all the triangles in the
Delaunay triangulation [3-5].

A One of the most popular filtering operations used in point cloud data is
the morphological opening operation. The morphological opening operation is
used to remove small objects and noise from the point cloud data. The opening
operation is performed by first dilating the point cloud data using a structuring
element, and then eroding the result using the same structuring element. The
dilation operation expands the objects in the point cloud data, while the erosion
operation shrinks the objects. The resulting image or signal is the difference
between the original image or signal and the eroded image or signal. The
opening operation is useful for removing small objects and noise from the point
cloud data, while preserving the shape and size of the larger objects. Another
application of mathematical morphology in point cloud data is to perform

Conclusion
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University of Hong Kong, Tai Po, Hong Kong, E-mail: kevin1@eduhk.hk directly applied to point cloud data for various other tasks such as feature
extraction, registration, and texture analysis. Feature extraction is the process

of identifying and extracting distinctive features from the point cloud data.
Registration is the process of aligning multiple point cloud data sets to a
common reference frame. Texture analysis is the process of analyzing the
variation of intensity or color in the point cloud data. In conclusion, mathematical
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the geometry and topology of the objects. The choice of the structuring
element and the morphological operation depends on the application and
the characteristics of the point cloud data. The application of mathematical
morphology to point cloud data has significant implications for various fields
such as robotics, autonomous vehicles, and augmented reality.

References

1. Nandy, Samir Kumar. "Analytical solution of MHD stagnation-point flow and heat
transfer of casson fluid over a stretching sheet with partial slip." Int Sch Res Notices
(2013).

2. Prakash, D., N. Elango and I. Sadham Hussain. "Effect of heat generation on MHD
free convective flow of viscous fluid in a vertical channel in the presence of variable
properties." In AIP Conf Proc 2277 (2020) : 030016

Page 2 of 2

Bhattacharyya, Krishnendu. "MHD stagnation-point flow of casson fluid and heat
transfer over a stretching sheet with thermal radiation." J Thermodyn 2013 (2013).

Jha, Basant K., Ahmad K. Samaila and Abiodun O. Ajibade. "Transient free-
convective flow of reactive viscous fluid in a vertical channel." Int Commun Heat
Mass Transf 38 (2011): 633-637.

Sivaraj, R., B. Rushi Kumar and J. Prakash. "MHD mixed convective flow of
viscoelastic and viscous fluids in a vertical porous channel." AAM 7 (2012): 6.

How to cite this article: Kien, Kevin. “A Direct Application of Mathematical
Morphology to Data from Point Clouds.” J App/ Computat Math 12 (2023): 514.



https://downloads.hindawi.com/archive/2013/108264.pdf
https://downloads.hindawi.com/archive/2013/108264.pdf
https://aip.scitation.org/doi/abs/10.1063/5.0025228
https://aip.scitation.org/doi/abs/10.1063/5.0025228
https://aip.scitation.org/doi/abs/10.1063/5.0025228
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Bhattachary+krishnendu%2C+%282013%29.+MHD+stagnation-point+flow+of+Casson+fluid+and+heat+transfer+over+a+stretching+sheet+with+thermal+radiation%3B+journal+of+thermodynamics+Article+ID169674%2C+Ain+Shams+Engineering+Journal+4+%284%29%2C+933-938&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Bhattachary+krishnendu%2C+%282013%29.+MHD+stagnation-point+flow+of+Casson+fluid+and+heat+transfer+over+a+stretching+sheet+with+thermal+radiation%3B+journal+of+thermodynamics+Article+ID169674%2C+Ain+Shams+Engineering+Journal+4+%284%29%2C+933-938&btnG=
https://www.sciencedirect.com/science/article/pii/S0735193311000200
https://www.sciencedirect.com/science/article/pii/S0735193311000200
https://digitalcommons.pvamu.edu/aam/vol7/iss1/6/
https://digitalcommons.pvamu.edu/aam/vol7/iss1/6/

