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Establishing Swift, Sustainable and Scalable Edge Computing for Agile

Disaster Management
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ABSTRACT

This dissertation mainly focuses on solving the problems in agile disaster
management. To face the situation when the original network infrastructure
no longer works because of disaster damage or power outage, I come up with
the idea of introducing different emerging technologies in building a next-
generation disaster response system. There are three parts of my research.

In the first part of emergency networking, I design an information-centric
fog computing architecture to fast build a temporary emergency network while
the original ones can not be used. I focus on solving name-based routing for
disaster relief by applying the idea from six degrees of separation theory. I
first put forward a 2-tier information-centric fog network architecture under
the scenario of post-disaster. Then I model the relationships among ICN nodes
based on delivered files and propose a name-based routing strategy to enable
fast networking and emergency communication. I compare with DNRP under
the same experimental settings and prove that my strategy can achieve higher
work performance.

In the second part of efficiency optimization, I introduce the idea of edge



caching in prolong the lifetime of the rebuilt network. I focus on how to
improve the energy efficiency of edge caching using in-memory storage and
processing. Here I build a 3-tier heterogeneous network structure and propose
two edge caching methods using different TTL designs & cache replacement
policies. I use total energy consumption and backhaul rate as the two metrics
to test the performance of the in-memory caching method and compare it with
the conventional method based on disk storage. The simulation results show
that in-memory storage and processing can help save more energy in edge
caching and share a considerable workload in percentage.
In the third part of coverage expansion, I apply UAV technology and real-time
image recognition in user search and autonomous navigation. I focus on the
problem of designing a navigation strategy based on the airborne vision for
UAV disaster relief. After the survey of related works on UAV fly control in
disaster management, I find that in consideration of the current UAV
manufacturing technology and actual demand on unmanned search & rescue, a
lightweight solution is in urgent need. As a result, I design a lightweight
navigation strategy based on visual recognition using transfer learning. In the
simulation, I evaluate my solutions using 1/150 miniature models and test the
feasibility of the navigation strategy. The results show that my design on
visual recognition has the potential for a breakthrough in performance and the
idea of UAV lightweight navigation can realize real-time flight adjustment
based on feedback.
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