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ABSTRACT

The need for incorporating game engines into robotics tools becomes increasingly

crucial as their graphics continue to become more photorealistic. This thesis presents

a simulation framework, referred to as OpenUAV, that addresses cloud simulation

and photorealism challenges in academic and research goals. In this work, OpenUAV

is used to create a simulation of an autonomous underwater vehicle (AUV) closely

following a moving autonomous surface vehicle (ASV) in an underwater coral reef

environment. It incorporates the Unity3D game engine and the robotics software

Gazebo to take advantage of Unity3D’s perception and Gazebo’s physics simulation.

The software is developed as a containerized solution that is deployable on cloud and

on-premise systems.

This method of utilizing Gazebo’s physics and Unity3D perception is evaluated

for a team of marine vehicles (an AUV and an ASV) in a coral reef environment. A

coordinated navigation and localization module is presented that allows the AUV

to follow the path of the ASV. A fiducial marker underneath the ASV facilitates

pose estimation of the AUV, and the pose estimates are filtered using the known

dynamical system model of both vehicles for better localization. This thesis also

investigates different fiducial markers and their detection rates in this Unity3D

underwater environment. The limitations and capabilities of this Unity3D perception

and Gazebo physics approach are examined.
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Chapter 1

INTRODUCTION

1.1 Motivation

With warming waters, acidifying seas, destructive �shing, and anthropogenic

impact of agricultural and industrial practices, our coral reef ecosystems face grave

danger [Asner, Martin, and Mascaro 2017; Carlson, Foo, and Asner 2019]. To better

understand the health of reefs, vast spatial scales need to be mapped, frequently. Asner

and Martin, along with other scientists at the Arizona State University's (ASU) Center

for Global Discovery and Conservation Science (GDCS), are mapping reefs along the

Hawaii islands at unprecedented spatial and temporal scales using a low �ying airplane

(Dornier 228-202) called the Global Airborne Observatory (GAO). The airplane is

equipped with advanced sensors such as High Fidelity Visible-Shortwave Infrared

(VSWIR) Imaging Spectrometer, waveform Light Detection and Ranging (wLiDAR)

Scanner, High-resolution Visible-to-Near Infrared (VNIR) Imaging Spectrometer, and

High-resolution Digital Imaging Camera [Asner et al. 2020; GDCS 2020; Tullis 2019].

Figure 1 shows the GDCS's Global Airborne Observatory and the advanced sensors

inside the vehicle.

The critical challenge to coral reefs imaging is the di�culty for satellite and

airborne cameras to see through the seawater. The GDCS team solves this problem by

developing various correction models for atmospheric e�ects, water column attenuation,

and sun glint removal [Thompson et al. 2017; Asner et al. 2020; AllenCoralAtlas 2020].

To validate the mapping algorithms, they conduct �eld experiments that collect geo-
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