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Abstract

This research explores employing edge computing-
enabled WSN in extreme environments for localized data processing,
aiming to minimize latency, bandwidth wusage, and energy
consumption. A case study evaluates edge computing's effectiveness in
various scenarios, uncovering challenges and limitations in its
implementation within extreme environments.

The research focuses on developing and assessing a
space-based hyperspectral image capture system. A Wireless Sensor
Network, utilizing Raspberry Pi 3 as sensor nodes and cluster head for
Al algorithm execution, was designed. Mathematical communication
modules handle the remaining aspects of the system's communication
model, ensuring efficient data transmission to Earth.

The energy consumed by the node is reduced through the
use of edge computing, with a reduction rate ranging from 30% to
50%, depending on the applied scenario. Bandwidth usage 1is
significantly reduced by up to 99%, while latency is decreased by 20%
to 30%. All results are compared to those obtained from using cloud
computing. Additionally, the overall energy consumption for all
scenarios 1s approximately halved, and bandwidth usage 1is
significantly decreased. For instance, with the Salinas dataset, data
transmission is decreased from 26 MB to 12 KB. Similarly, in the case
of the Indian Pines dataset, the reduction is from 5.7 MB to 12 KB.
This remarkable improvement is directly linked to the volume of data
captured at the edge.

In this study, a benchmark dataset named the Indian Pines

VI



and Salinas dataset was used. The results demonstrate that edge
computing can significantly enhance bandwidth usage, reduce latency,
and improve energy efficiency in WSN operating in remote and harsh
environments. Additionally, when Principal Component Analysis
(PCA) is applied to the datasets, it reveals that 25 bands in Salinas and
50 bands in Indian Pines out of 200 are sufficient to represent the
entire dataset while maintaining accuracy at an acceptable level.

Edge computing can significantly improve the
performance of WSN if the total time required for preprocessing
gathered data at the edge, plus the link delay to transmit resultant
information to the cloud, is less than the time required to send raw
data. Additionally, the energy consumed by a sensor node or cluster
head in edge computing should be lower than that in cloud computing,
and the bandwidth usage in edge computing should be lower than that
in cloud computing. A fusion of these factors can aid in making the
right decision on whether to use edge computing or not.

The main contribution is to overcome difficulties
associated with the application of WSN in extreme environments, such
as latency, excessive power consumption, energy consumed by the
node, and excessive bandwidth usage. Additionally, it involves
reducing the size of the image using PCA and processing a few bands,
either in cloud or edge computing.

The study is conducted for extreme environments, but it
can be extended to other convolutional environments with the

restriction of the cost and the complexity of the system.
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