Research on the Development of Mathematical Morphology-Based Algorithms for Geoscience,
Remote Sensing and Geospatial Data Sciences
B. S. Daya Sagar

Topic 1: Mathematical Morphology in Geoscience, Remote Sensing and Geospatial Data Science: An Overview

Abstract: Data available at multiple spatial/spectral/temporal scales pose numerous challenges to the data
scientists. Of late researchers paid wide attention to handling such data acquired through various sensing
mechanisms to address intertwined topics—Ilike pattern retrieval, pattern analysis, quantitative reasoning, and
simulation and modeling—for better understanding spatiotemporal behaviors of several terrestrial phenomena
and processes [1]. Georges Matheron and Jean Serra of the Centre of Mathematical Morphology, Fontainebleau
founded Mathematical Morphology (MM) [2]-[5]. Since the birth of MM in the mid-1960s, its applications in a
wide-ranging disciplines have illustrated that intuitive researchers can find varied application-domains to extend
the applications of MM. Mathematical Morphology is one of the better choices to deal with the aforementioned
intertwined topics. Various original algorithms and techniques that are mainly based on mathematical
morphology have been developed and demonstrated. This lecture that presents an overview of mathematical
morphology and their applications in geosciences, remotely sensed satellite data and Digital Elevation Model
(DEM) processing and analysis, as well as geospatial data sciences, would be useful for those with research
interests in image processing and analysis, remote sensing and geosciences, geographical information sciences,
spatial statistics, and mathematical morphology, mapping of earth-like planetary surfaces, etc. The content of
this broad overview of the lecture will be offered in two parts. In the first part, basic morphological
transformations would be covered. An overview of the applications of those transformations, covered in the first
part, to understand the granulometries, morphological filtering, morphological interpolations and extrapolations
would be given with several case studies during the second part.

Topic 2: Processing and Analysis of Digital Elevation Models (DEMs) via Binary and Grayscale
Granulometries, Morphological Interpolations, and Morphological Distances

Abstract: Digital Elevation Models (DEMs) that are the main by-products of remotely sensed data acquired via
various sensing mechanisms offer rich clues to better understand the terrestrial phenomena and processes. This
lecture presents the basics of binary and grayscale mathematical morphology [2]-[5], and their involvement in
granulometries, morphological distances, and morphologic interpolations and extrapolations with applications in
geosciences, remote sensing, and geospatial data sciences. Classification, clustering, and visualization are
important phases of research for any researcher dealing with data relevant to geosciences, remote sensing, and
spatial data sciences. This lecture will be offered in three parts. In the first part all the fundamental
morphological transformations along with the application of binary and grayscale multivariate granulometries in
the classification of watersheds derived from DEMs would be covered. In the second part, the applications of
binary and grayscale morphologic interpolations in transforming non-contiguous data into contiguous maps,
generating sparse and low spatial resolution DEM data into dense and high spatial resolution DEMs, and
morphing of source DEM into target DEM. In the third part of this lecture ranks for pairs of spatial fields (e.g.,
DEMSs) via metric based on grayscale morphological distances to designate every possible pair of DEMs
available in a database consisting of a large number of DEMs would be covered.
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