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Abstract

Recent advances in rotorcraft design, multi-rotor vehicle control, miniaturiza-
tion of hardware, sensing, and battery technologies have enabled cheap, practi-
cal design of micro air vehicles (MAVs) for civilian and hobby applications. In
parallel, several applications are being envisioned that bring together networks
of MAVs to accomplish large tasks by coordinating with each other. Despite
these advancements, and new FAA rules governing their use, it is still very
challenging to experiment with multiple networked MAVs. To mitigate these
challenges, in this dissertation, we develop an open software/hardware plat-
form called the University at Buffalo’s Airborne Networking and Communica-
tions Testbed (UB-ANC). The UB-ANC ecosystem comprises three open-source
projects: UB-ANC Drone, UB-ANC Emulator, and UB-ANC Planner. Our goal
is to design, implement, and test MAV networking applications in simulation,
and provide seamless transition to deployment.

UB-ANC Drone provides a flexible drone platform for robotics and network
researchers to test and evaluate different mission planning algorithms and net-
working protocols on actual drones. UB-ANC Emulator provides a virtual envi-
ronment for researchers to evaluate different algorithms in software and seam-
lessly transfer them to actual hardware (UB-ANC Drone). Finally, using these

two platforms, we developed UB-ANC Planner, which is an energy-efficient
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coverage path planner that aims to minimize the maximum energy consump-
tion across drones as they search an arbitrary area with obstacles. In this disser-

tation, we describe all of these projects in detail.



Chapter

Introduction

1.1 Motivation

Micro air vehicles (MAVs') are entering our daily life for a variety of applica-
tions including surveillance, search-and-rescue [1], emergency first response,
package delivery, environmental monitoring, and precision agriculture. How-
ever, designing multi-drone networks and applications poses numerous inter-
disciplinary challenges because the underlying communications and network-
ing problems cannot be explored independently from aero-mechanical, sensing,

control, embedded systems, and robotics challenges [2, 3].

'We use the terms MAV, unmanned aerial vehicle (UAV), and drone interchangeably.



Chapter 2

UB-ANC Drone: A Flexible Airborne

Networking and Communications

Testbed

2.1 Introduction

Networked unmanned aerial vehicles (UAVs) have emerged as an important
technology for public safety, commercial, and military applications including
search and rescue, disaster relief, precision agriculture, environmental moni-
toring, and C3ISR (i.e., command and control, communications, intelligence,
surveillance and reconnaissance). However, designing, implementing, and test-
ing UAV networks poses numerous interdisciplinary challenges because the
underlying communications and networking problems cannot be explored in-
dependently of aero-mechanical, sensing, control, embedded systems, and
robotics challenges. Indeed, UAV networks are fundamentally cyber-physical

systems [? ].



Chapter 3

UB-ANC Emulator: An Emulation
Framework for Multi-Agent Drone

Networks

3.1 Introduction



Chapter I

UB-ANC Planner: Energy Efficient

Coverage Path Planning with

Multiple Drones

4.1 Introduction

As noted previously, networked unmanned aerial vehicles (UAVs) have
emerged as an important technology for public safety, commercial, and military
applications including search and rescue, disaster relief, precision agriculture,
environmental monitoring, and surveillance. Many of these applications re-
quire sophisticated mission planning algorithms to coordinate multiple drones
to cover an area efficiently. Such scenarios are complicated by the existence of
obstacles, such as buildings, requiring detailed planning for effective operation.
Although a lot of work has been done on mission planning, optimal mission
planning solutions depend heavily on the specific types of vehicles considered

(e.g., ground robots, indoor drones, or outdoor drones), their kinematics, and



the specific applications. Prior techniques have been optimized for shortest time
to completion or control efficiency. However, a major challenge in the realiza-

tion of such solutions is the limited energy on each drone.



Chapter 5

Conclusion

While there are many potential and emerging applications for multi-agent drone
networks, deployment and testing of such systems is extremely challenging be-
cause it requires experience in networking, software systems, robotics, mission
planning, and control among others. To mitigate these challenges, in this disser-
tation, we presented the University at Buffalo’s Airborne Networking and Com-
munications testbed (UB-ANC), which aims to facilitate the design of multi-
drone networks and applications. UB-ANC comprises three components: the
UB-ANC Drone, the UB-ANC Emulator, and the UB-ANC Planner. The UB-
ANC Drone is a flexible open drone platform that provides tools for researchers
to test and evaluate different mission planning algorithms and network proto-
cols on actual drones. The UB-ANC Emulator aims to make it easy and con-
venient to design, implement, test, and debug distributed multi-agent mission
planning algorithms in software to ensure correct system operation prior to ex-
perimentation in the field on actual UB-ANC drones. Finally, UB-ANC Plan-
ner is an energy-efficient coverage path planner, which aims to minimize the

maximum energy consumption among drones covering an arbitrary area with



obstacles. All projects are open source and available online at

https://github.com/jmodares.


https://github.com/jmodares
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