CyberGIS for Scalable Remote Sensing Data Fusion
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ABSTRACT

Satellite remote sensing data products are widely used in many
applications and science domains ranging from agriculture and
emergency management to Earth and environmental sciences. Re-
searchers have developed sophisticated and computationally inten-
sive models for processing and analyzing such data with varying
spatiotemporal resolutions from multiple sources. However, the
computational intensity and expertise in using advanced cyber-
infrastructure have held back the scalability and reproducibility
of such models. To tackle this challenge, this research employs
the CyberGIS-Compute middleware to achieve scalable and repro-
ducible remote sensing data fusion across multiple spatiotemporal
resolutions by harnessing advanced cyberinfrastructure. CyberGIS-
Compute is a cyberGIS middleware framework for conducting com-
putationally intensive geospatial analytics with advanced cyberin-
frastructure resources such as those provisioned by XSEDE. Our
case study achieved remote sensing data fusion at high spatial
and temporal resolutions based on integrating CyberGIS-Compute
with a cutting-edge deep learning model. This integrated approach
also demonstrates how to achieve computational reproducibility of
scalable remote sensing data fusion.
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1 INTRODUCTION

Satellite remote sensing data is widely used in many application
and science domains, and represents a major big data challenge in
terms of data integration. As of January 1, 2022, there are in total
4,852 satellites orbiting and sensing the Earth for various purposes
[5] . However, a specific satellite platform is often limited to hav-
ing either a high spatial resolution or a high temporal resolution,
but not both. The Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite, for example, views the entire Earth’s surface
every one to two days with a spatial resolution of approximately
250 meters [6]. On the other hand, the Landsat satellite provides 30-
meter spatial resolution with a lower temporal resolution of every
week or every two weeks [3]. To compensate for the gap, machine
learning models for integration and fusion of multiple sources of re-
mote sensing data have been extensively studied to generate remote
sensing data products with both high-spatial and high-temporal
resolutions (HSHT), enabling better representations and measure-
ments of the Earth [1]. Yet, as such models are often computation-
and data-intensive, significant computational challenges must be
resolved to enable scalable and reproducible modeling workflows
based on advanced cyberinfrastructure.

This research aims to achieve scalable and reproducible remote
sensing data fusion based on advanced cyberinfrastructure via
CyberGIS-Compute. We focus on addressing the limitation of either
high spatial (e.g., Landsat) or temporal (e.g., MODIS) resolution. To
obtain HSHT remote sensing images, remote sensing image fusion
models developed by Yang et al. [9] are used to integrate high-spatial
and low-temporal resolution (HSLT) images with low-spatial and
high-temporal resolution (LSHT) images. CyberGIS-Compute is a
cyberGIS (that is cyber-based geographic information science and
systems) middleware framework for conducting high-performance
and data-intensive geospatial analytics [4, 7, 8]. Supported by cy-
berinfrastructure resources such as Bridges-2 at the Pittsburgh
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