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Abstract

Near-shore environments are important to oceanographers because of their relationship to

the biogeochemical and anthropogenic processes which occur on land and at sea. Two

approaches to researching these environments are undersea infrastructure connected to

shore (i.e., cabled observatories) and autonomous underwater vehicles (AUVs). Resident,

autonomous underwater vehicles (RAUVs) are a novel way to combine the strengths of

undersea infrastructure and AUVs to study the near-shore environment. RAUVs are AUVs

which permanently reside at underwater locations and perform multiple missions at a given

site of interest without needing physical human intervention. As AUVs, they can capture

information at the finer spatial and temporal scales not captured as well by undersea

infrastructure, but they can also use said infrastructure to recharge and exchange data

over multiple missions. RAUVs used in this manner need to connect to an underwater

docking station to charge and exchange data. New, wireless, inductive charging systems

show promise for RAUVs over their wired counterparts because wireless systems are less

susceptible to damage via seawater corrosion and permit successful RAUV docking after a

mission under less stringent positioning tolerances.

This research aims to assess the feasibility of RAUV operation in the rough, near-

shore environment at Kilo Nalu Observatory (KNO), a near-shore observatory off the

south coast of Honolulu, Hawai‘i. To that end, I present the design of a low-cost RAUV

meant to autonomously dock, charge, and exchange data using KNO’s existing undersea

infrastructure. The basis of the vehicle is the BlueROV2 Heavy, an affordable, underwater

robot sold by Blue Robotics. Here, I show the mechanical and electrical upgrades made
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to turn the BlueROV2 Heavy into an RAUV. I also present the work done to develop an

internal temperature monitoring system that ensures the RAUV’s batteries do not overheat

during charging. I characterize the response speed of our thermistors and verify that the

temperature monitoring system works with a simple experiment. Through the work here,

I develop an RAUV platform that we can use to test the wireless, inductive charging of

RAUV batteries by a docking station and the management of RAUV batteries underwater.

In doing so, we move towards creating a RAUV that can one day operate long-term in

KNO.

v



Table of Contents

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii

Chapter 1: Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 The Study of Near-Shore Environments . . . . . . . . . . . . . . . . . . . . 1

1.2 Resident Autonomous, Underwater Vehicles . . . . . . . . . . . . . . . . . . 4

1.3 The BlueROV2 Heavy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.4 Research Aims . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Chapter 2: Mechanical Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.1 Mechanical Upgrades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.1.1 Enlarged, Bottom Pressure Vessel . . . . . . . . . . . . . . . . . . . 13

2.1.2 T-Slotted Rail Frame . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.1.3 Upgraded Thrusters . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.1.3.1 Thruster Specifications and Configuration . . . . . . . . . . 15

2.1.3.2 Estimated Mission Length Scales . . . . . . . . . . . . . . . 17

2.1.4 Camera Dome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2 Preliminary Buoyancy Analysis . . . . . . . . . . . . . . . . . . . . . . . . . 22

Chapter 3: Electronic Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.1 Electronic Basis: BlueROV2 Heavy Electronics . . . . . . . . . . . . . . . . 27

vi



3.2 Electronic Modifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.2.1 Increased Battery Capacity . . . . . . . . . . . . . . . . . . . . . . . 28

3.2.2 Upgraded ESCs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.2.3 Inductive Charging . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.2.4 Upgraded Computing Power . . . . . . . . . . . . . . . . . . . . . . 32

3.2.5 Temperature Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.2.6 Gimbaled Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.2.7 Ethernet Communication . . . . . . . . . . . . . . . . . . . . . . . . 35

3.2.8 Electronics Arrangement in Bottom Pressure Vessel . . . . . . . . . 35

3.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Chapter 4: Temperature Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.1 Voltage Divider Circuitry . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2 Resistor Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.3 Thermistor Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.3.1 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.3.2 Experimental Procedure . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.3.3 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

Chapter 5: Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

5.1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

5.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5.2.1 Finalization of Electronics . . . . . . . . . . . . . . . . . . . . . . . . 55

5.2.2 Docking Station Development and Testing . . . . . . . . . . . . . . . 56

5.2.3 Autonomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.2.4 Tank Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.2.5 KNO Open Water Testing . . . . . . . . . . . . . . . . . . . . . . . . 59

Appendix A: Buoyancy Calculation Tables . . . . . . . . . . . . . . . . . . . . . . . 70

Appendix B: Python Script for Thermistor Data Logging . . . . . . . . . . . . . . . 73

vii



List of Tables

2.1 The bottom pressure vessel internal volume for the BlueROV2 Heavy and the

RAUV. The RAUV’s bottom pressure vessel has over six times the volume

of the BlueROV2 Heavy’s bottom pressure vessel. . . . . . . . . . . . . . . . 14

2.2 A comparison of the two BlueRobotics thrusters at maximum voltage. Thrust

and current values are for the thrusters at full throttle [47], [48]. . . . . . . 16

2.3 The mass parameters for the RAUV with its original and new domes

respectively. Here,“CoM” refers to the vehicle’s center of mass. Figure 2.7

describes the origin of the coordinate system. . . . . . . . . . . . . . . . . . 25

2.4 The buoyancy parameters for the RAUV with its original and new domes

respectively. Here, “CoB” refers to the vehicle’s center of buoyancy. Figure

2.7 describes the origin of the coordinate system. In the calculation for

displaced water mass, I assume a seawater density of 1.025 g cm�3. . . . . . 25

3.1 Specifications for the WiBotic transmitter and charger board pair we use on

our RAUV [23]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.1 Tlow and Thigh for the two thermistors tested in our experiment. . . . . . . 48

4.2 Time constants � for the average cooling and heating data for both

thermistors tested, along with their 95% confidence intervals. . . . . . . . . 49

viii



List of Figures

1.1 A CAD model of the original BlueROV2 Heavy. . . . . . . . . . . . . . . . . 9

2.1 A CAD model of our RAUV. . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.2 A CAD model of our RAUV’s bottom pressure vessel attached to the RAUV’s

bottom plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.3 A back view of the RAUV. The internal thrusters next to the bottom pressure

vessel of the RAUV provide thrust in the surge and sway directions. . . . . 17

2.4 A top-down view of the RAUV. The four thrusters seen on the left and right

sides of the AUV provide thrust in the heave direction. . . . . . . . . . . . . 18

2.5 A CAD model of the top pressure vessel assembly. The assembly includes

the BlueROV2 Heavy’s original, top pressure vessel, a camera dome, a

custom aluminum mount that connects the pressure vessel and dome, and a

rectangular aluminum plate that holds the gimbal and camera. The mount

also provides a piston seal on the pressure vessel and dome. . . . . . . . . . 23

2.6 The gimbal, gimbal mount, and rectangular aluminum plate in the camera

arrangement. 20 cm ruler for scale. . . . . . . . . . . . . . . . . . . . . . . . 24

2.7 The coordinate system which I use to calculate the center of mass and

buoyancy positions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.1 The front and back of the electronics board in the top pressure vessel. The

left picture depicts the RAUV port side, and the right picture depicts the

RAUV starboard side. 20 cm ruler for scale. . . . . . . . . . . . . . . . . . . 28

ix



3.2 A single LiPo battery from Zeee. The RAUV uses four of these batteries. 20

cm ruler for scale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.3 A flowchart showing the power and data connections between the different

electronic components on the RAUV. The box colors indicate where a

component is found on the RAUV: blue for the bottom pressure vessel, green

for the top pressure vessel, and red for outside both pressure vessels. The

arrow colors represent the connection type: red for power, blue for data, and

black for both. The arrow heads indicate the direction of power and data flow. 30

3.4 The original and upgraded ESCs side-by-side. The RAUV uses the basic

ESC 500 on the right. Ruler for scale. . . . . . . . . . . . . . . . . . . . . . 31

3.5 The WiBotic transmitter (left) and onboard charger and receiver (right),

along with their corresponding antenna. Figure adapted from [23]. . . . . . 32

3.6 A bottom-up view of the RAUV. The six, dark gray circles arranged in a

hexagonal pattern (boxed in orange) are magnets that will attach to the

docking station. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.7 The RAUV’s ethernet switch. 20 cm ruler for scale. . . . . . . . . . . . . . 36

3.8 A CAD model of the electronics assembly for the bottom pressure vessel. . 37

3.9 Side and bottom views of the electronics board for the bottom pressure vessel

equipped with the Jetson Xavier NX, ethernet switch, and WiBotic receiver

coil. 20 cm ruler for scale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.1 The voltage divider circuit we use to measure battery temperature (at 25�C).

The voltmeter in the bottom right represents the ADC inputs on the ADC

board. The battery on the left represents the 5 V from the Jetson Xavier

NX powering the ADC board. . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2 A plot showing the voltage range covered by the ADC board given a resistor

resistance (RR). The maximum voltage range of 1.79 V occurs when RR =

8088 Ω. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

x



4.3 The experimental setup for testing the thermistor response to temperature

changes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.4 The voltage readings vs. time for the two thermistors testing during this

experiment. Each thermistor experienced three cooling cycles (decreasing

temperature) and three heating cycles (increasing temperature). . . . . . . 47

4.5 The average cooling (left) and heating (right) cycle data for Thermistor #1

during the experiment, along with their curves of best fit. The red dotted

lines show the standard deviation of the averaged temperature data points. 49

4.6 The average cooling (left) and heating (right) cycle data for Thermistor #2

during the experiment, along with their curves of best fit. The red dotted

lines show the standard deviation of the averaged temperature data points. 50

5.1 The assembled RAUV in its old dome configuration. . . . . . . . . . . . . . 54

xi



Chapter 1

Introduction

Parts of this chapter are adapted from my submission to the OCEANS 2024 Halifax

conference proceedings and expanded upon [30].

1.1 The Study of Near-Shore Environments

Near-shore environments lie around the borders between land and ocean, extending out

to distances on the order of half of a kilometer beyond the coastline to a water depth of

20 m [6], [26]. As such, they allow for unique phenomena that can only occur between

the shore and the ocean. For example, the nutrient influxes and hydrological conditions

in these environments support complex ecosystems throughout the year and contribute

14-30% of total oceanic primary production [21]. These complex ecosystems include coral

reefs, seagrass, and kelp beds [26]. From a scientific point of view, near-shore environments

are of interest because they are information-rich sites where scientists can investigate

the consequences of terrestrial phenomena on the marine environment and vice versa.

For instance, near-shore environments are greatly affected by water runoff, storm winds,

and seasonal tides [6]. Moreover, they are particularly vulnerable to the consequences

of industrial activity, tourism, and urban development [9]. These sites are of notable

importance to humans because of their proximity to where humans reside. They are the

places where ships go to deliver their goods and act as the first line of defense against

potentially dangerous storm waves [26].
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Scientists can take a number of approaches to study near-shore environments. For

one, the proximity of near-shore environments to land lends itself to the study of these

environments using undersea infrastructure powered from land. In particular, numerous

cabled observatories worldwide use fiber-optic and power cables to support oceanographic

sensor arrays that observe marine life year-round, even during times when weather

conditions render field measurements impossible [21]. The long-term nature of undersea

infrastructure enables researchers to collect long-term temporal data in the ocean wherever

the infrastructure is present. However, said infrastructure is fixed. It cannot capture data at

any spatial scales other than those permitted by its stationary sensor array. Furthermore,

scientists generally cannot rearrange an underwater sensor array fast enough to collect

data around any sudden, transient, and rare events that might occur in the near-shore

environment.

Mobile platforms, both manned and unmanned, are another approach that scientists

can take when studying near-shore environments. Manned platforms require in-person,

real-time human operation to perform the missions for which they are designed. These can,

for example, include research vessels which transport scientists out to sea or human-occupied

vehicles (HOVs), submersible vehicles that allow humans to enter the high pressure, low

temperature environments deep in the ocean and perform research in-person [38]. On the

other hand, unmanned platforms can function without the presence of an on-site human

operator. The degree of autonomy for unmanned sensor platforms depends on the missions

the platforms were designed to conduct. For example:

• Argo floats are drifters that autonomously submerge, collect oceanographic data,

resurface, and transmit their data to satellites [20]. They are shaped like buoys with

an antenna on top to glide up and down the water column as easily as possible.

• Unmanned surface vehicles (USVs) are vehicles that operate autonomously at the sea

surface to perform various missions. These missions can include scientific research,

environmental monitoring, ocean resources surveying, or coastal surveillance [14].
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Though their exact design depends on their purpose, USVs are generally shaped like

ships to float at the surface, survive rough surface wave conditions, and hold scientific

equipment [14].

• Remotely operated vehicles (ROVs) are vehicles operated by a human via a tether to

perform various research operations underwater. ROVs have been used to support

deep sea mining operations and to map geological features along the seafloor,

among countless other missions not mentioned here [2], [15]. Because ROVs receive

instructions via a tether, they are inherently short-range vehicles designed with little

concern for their overall drag profile. Additionally, they generally have multiple on-

vehicle thrusters to grant their users full control authority over desired movements

underwater. ROVs can also host manipulator arms and a number of different sensors

depending on their purpose [39]. An ROV’s shape aims to make the best possible use

out of their manipulators, sensors, and control authority.

• Autonomous, underwater vehicles (AUVs) are unmanned and untethered vehicles that

can move underwater and perform missions without the need for real-time inputs from

a human operator. Traditional, torpedo-shaped AUVs like Seagliders are optimized

to glide through the water with low drag and high propulsive efficiency, gathering

information like temperature, conductivity, oxygen concentrations, chlorophyll

fluorescence, and vertical water velocities, among other parameters [5], [8]. Other

AUVs like the AUV Sentry from Woods Hole Oceanographic Institution function

with a high degree of control to hover in one place and perform tasks like surveying

and sampling at underwater sites of interest [13]. Like with ROVs, the latter types

of AUVs tend to have multiple different propellers or thrusters to maximize control

authority and are shaped in ways optimized for their specific sensors and purposes

[52].

Within the mobile platforms, AUVs with high degrees of control are desirable in the

study of near-shore environments. Torpedo-shaped AUVs can efficiently cover large swathes
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of the ocean, but such coverage is unnecessary in a near-shore environment with shallow

depths and limited area. It is preferable to use a vehicle with enough control authority to

hover around and collect data from any transient events that might occur. Additionally, with

a lesser degree of control, autonomous platforms like Argo floats or Seagliders are prone

to colliding with obstacles, especially in a near-shore environment where limited depths

give less room for platforms to work with. In contrast to undersea infrastructure, scientists

can send AUVs to gather data around sudden events of interest because they are quick

to deploy and autonomous. They are also smaller and cheaper in comparison to seafloor

infrastructure, making them a more accessible tool to use. However, AUVs require operators

to physically deploy them and a vessel from which those operators can launch and recover

the vehicles. Human presence and the need for a support vessel drive up operating costs

and stunt their deployment speed. By nature, undersea infrastructure has 24/7 access to

cables that stream power and data for underwater sensors, including power-hungry sensors

like acoustic baseline positioning systems or acoustic Doppler current profilers (ADCPs).

Undersea infrastructure and AUVs have complementary strengths and weaknesses, so it is

natural to ask whether there is any way to combine the two approaches to better study

near-shore environments and gain a fuller understanding of coastal dynamics.

1.2 Resident Autonomous, Underwater Vehicles

Resident autonomous, underwater vehicles (RAUVs) are one novel way to make use of

the flexibility, adaptability, and mobility of AUVs while taking advantage of the around-

the-clock power and data connections used by cabled infrastructure in the near-shore

environment. RAUVs are AUVs which permanently reside at underwater locations and

perform multiple missions at a given site of interest without needing physical human

intervention [22]. What makes RAUVs an appealing tool for oceanographic research is

how, given persistent access to data and power, RAUVs can function in environments

too inaccessible, inhospitable, dangerous, or expensive for humans to do in-person tasks
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over an extended period [16]. Like with regular AUVs, RAUVs are shaped in ways

optimized for maximum control authority and functionality in the environments they are

designed for. Some RAUVs, like the Saab Sabertooth, are meant for general purpose,

underwater inspection, maintenance, and repair (IMR) and are box-shaped and versatile

like their ROV counterparts [22], [46]. Others, like the modular, eel-shaped Eelume from

Kongsberg Maritime, have highly specialized morphologies for highly specialized tasks (in

this case, long-distance transit and narrow pipe maintenance) [22], [37]. Besides near-shore

environments, regions perfect for RAUVs include:

• Mid-ocean ridges, the volcanic sites where Earth’s mantle and the deep ocean interact

with unique consequences on surrounding, marine ecosystems [16].

• Polar regions, which freeze over during the winter but which also contain important

information regarding Earth’s biogeochemical and geophysical processes [16].

• Offshore oil and gas facilities, which require continuous infrastructure inspections to

ensure safe operation and to plan for future maintenance [12].

The manner by which RAUVs can receive persistent power and data vary based on where

they reside. For example, RAUVs could in theory draw their power from docking stations

powered by wave-energy in remote areas where no other options are available [19]. In such

cases, these wave-energy converter (WEC) docking stations would receive and transmit

data at the sea surface via satellite and exchange data with the RAUVs underwater [19].

However, we are interested in the potential of undersea infrastructure as a source of RAUV

power and data connections. The infrastructure which traditionally supports scientific

instruments underwater could also provide RAUVs a way to recharge themselves and upload

and download data before embarking on new missions [3], [22].

There are a number of obstacles that RAUVs must overcome in order to work in a near-

shore environment. For one, an RAUV needs some way of interfacing with the undersea

infrastructure. One novel method involves connecting a permanent, undersea RAUV

docking station to the undersea infrastructure, allowing an RAUV to use the infrastructure’s
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power and high-speed communication lines [16], [22]. In principle, the RAUV could navigate

to the docking station, fix itself in place, charge, and exchange data. Then, when the RAUV

has finished, the RAUV could release itself to depart on a new mission.

Conventional, wired charging modules for these docking stations are undesirable

underwater. Wired connections introduce a risk of vehicle and docking station damage

from seawater [24]. Additionally, there is the issue of adequate RAUV positioning during

docking. To establish a wired connection with a docking station underwater, RAUVs

require positioning with respect to said docking station at an accuracy level akin to fully

actuated ROVs [22], [24], [28]. To make matters worse, the wave conditions in near-shore

environments are rougher than the wave conditions a typical AUV might face during a

mission farther out from land and deeper in the ocean. At shallower depths, water waves

begin interacting with the seafloor, resulting in larger wave amplitudes, smaller wavelengths,

and wave breaking that give rise to turbulent conditions [1], [7], [11]. The large flow

oscillations in shallow environments make navigation and positioning, an already tricky

task for underwater vehicles, even harder. Tapered port docking stations do exist that

can capture the torpedo-shaped AUVs in a trumpet-shaped dock and establish a wired

connection, but these underactuated vehicles run the risk of collision with obstacles in

shallow, near-shore environments [31]. Torpedo-shaped AUVs must also approach the funnel

with sufficient speed to guide themselves into the dock entrance, resulting in a high-energy

impact with the docking station by nature [24].

Wireless, inductive charging modules have emerged as a response to these problems

for RAUV docking stations [22]. These modules do not expose electronic components to

seawater and allow a greater degree of positioning tolerance during charging, alleviating

both of the major issues of wired charging systems. Wireless charging is well-developed for

devices like drones which operate in air, but mostly unexplored for underwater applications

[25]. Wireless power transfer can be categorized into two methods: radiative and non-

radiative. Of the two, non-radiative methods are desirable because of the heavy attenuation

of electromagnetic waves in seawater. Non-radiative methods can be further categorized into
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two types: capacitive and inductive. Of these two, inductive charging methods are preferred

for underwater charging because they are more efficient and use lower frequencies than their

capacitive counterparts [22], [28].

An RAUV also needs the extra payload capacity necessary to hold the components

needed for wireless charging and for dealing with wave conditions. Commercial, underwater

vehicle options do not currently come with inductive charging components since the

technology is still in development for underwater robotics [22], [28]. The vehicles also

do not come with enough extra room to install the necessary extra components without

large-scale changes to the vehicle. Moreover, without any connected tethers, RAUVs need

the battery capacity and extra computing power to run these extra components. More

battery capacity requires more batteries and larger batteries and more computing power

requires bigger on-board CPUs, both of which necessitate more room on the RAUV. The

extra payload capacity on an RAUV also increases the RAUV’s wetted area, strengthening

the forces coming from the rough wave conditions of the near-shore environment. An RAUV

therefore needs enough thruster power to counteract these wave forces and advanced enough

autonomy to stay on course despite these forces during a mission.

1.3 The BlueROV2 Heavy

Using an commercial, underwater vehicle as a vehicle basis is an excellent and affordable

way to jumpstart development on inductive charging capabilities and larger payloads for an

RAUV. There are a number of commercial ROV options available, including:

• Portable, modular underwater ROVs sold by Deep Trekker [51].

• Modular, underwater drones sold by Blueye Robotics [50].

• The BlueROV2 sold by Blue Robotics, and its upgraded form, the BlueROV2 Heavy

[35], [36].
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Of the available commercial vehicles, Blue Robotics’ BlueROV2 Heavy is an excellent

choice as a vehicle basis. The company Blue Robotics sells the BlueROV2, its flagship

ROV, and a configuration retrofit kit that allows users to upgrade the BlueROV2 into

the BlueROV2 Heavy. The BlueROV2 Heavy uses eight T200 thrusters (also sold by

Blue Robotics) to provide forces and torques in all six degrees of freedom. The vehicle

has four thrusters located on its left and right sides whose thrust vectors point in the

heave direction and four thrusters nestled inside the vehicle frame that thrust in the surge

and sway directions. The BlueROV2 Heavy also contains two cylindrical pressure vessels

oriented horizontally on the vehicle. The top pressure vessel contains the following electronic

components:

• A Raspberry Pi 4 Model B as the vehicle’s main computer.

• A navigator flight controller that orients the vehicle underwater, manages inputs

and outputs to the thrusters, and calculates thruster allocation, converting input

commands (i.e., surge at full strength or yaw at 10%) to individual thruster commands.

Functions as a cap for the Raspberry Pi.

• A low-light USB camera for looking underwater.

• A Fathom-X tether interface board for connecting with a laptop via a fiber optic cable.

• Six electronic speed controllers (ESCs) to run the vehicle thrusters.

• A power sense module connected to the navigator flight controller to monitor voltage

and current.

• A 128 GB SD card for data storage.

• A 5 V, 6 A power supply that converts the battery power into power that the

electronics can use.

8



The bottom pressure vessel simply contains the LiPo battery that powers the aforementioned

electronics in the top pressure vessel. Figure 1.1 shows a computer-aided design (CAD)

model of the original BlueROV2 Heavy.

Figure 1.1 A CAD model of the original BlueROV2 Heavy.

There are two important reasons why the BlueROV2 Heavy is an ideal choice as an

RAUV basis. First, by design, the BlueROV2 Heavy is already compatible with other

components sold by Blue Robotics, facilitating the mechanical and electrical upgrades

needed to build an RAUV. Second, unlike many other commercial options, the BlueROV2

Heavy runs on open-source software, facilitating the conversion of the vehicle from an ROV

to an AUV. Autopilot firmware for the original BlueROV2 Heavy has already been developed

by my research group, and using the BlueROV2 Heavy as a vehicle basis makes it possible

to make use of that firmware on a new vehicle with the proper modifications [32].

Additionally, there are a number of advantages that an RAUV built using the BlueROV2

Heavy has over other, pre-existing RAUVs. First, the price of a single, current, commercial

RAUV is orders of magnitude higher than the cost of price of a single vehicle like the

BlueROV2 Heavy. The cost of a regular BlueROV2 and its Heavy retrofit costs $5,450 at

the time of writing, whereas commercial RAUV systems like the Saab Sabertooth cost on the
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order of millions of dollars per vehicle [22], [35], [36], [44]. The lower cost of vehicles like the

BlueROV2 Heavy makes them much more accessible to scientists to use and modify as they

see fit. Second, scientists can adjust the upgrades made to vehicles like the BlueROV2 Heavy

to suit whatever purposes or environments they wish to investigate. The modular nature of

vehicles like the BlueROV2 Heavy, as well as the high accessibility of mechanical components

and electrical sensors, makes it relatively simple to add or change vehicle functionality with

the appropriate design modifications. Finally, regarding the near-shore environment, the

ease of modification when upgrading a vehicle into an RAUV makes it possible for scientists

to install thrusters powerful enough to handle the rough wave conditions in the near-shore

environment and still have precise enough control authority to dock. This statement is

especially true with the BlueROV2 Heavy, as Blue Robotics sells two different thruster

options for their vehicles [47], [48].

1.4 Research Aims

Ultimately, all the challenges of RAUV development make said development interesting

from a research perspective. There are multiple unanswered questions regarding inductive

charging for RAUVs in the rough, near-shore environment:

• How well can RAUVs charge energy-dense batteries within a small, sealed, and

submerged pressure housing?

• How well can an RAUV manage a multi-battery system underwater to ensure minimal

risk of combustion?

• How misaligned can an RAUV be with its inductive charger and still charge?

• How well can RAUVs achieve the position accuracy needed to mate with docking

hardware in the near-shore environment?

• How much power does an RAUV exhaust fighting near-shore wave conditions during

a mission?
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In this research project, I move towards answering the first two questions regarding

the charging and management of batteries underwater. The aim of this research is to

assess the feasibility of RAUV operation in the rough, near-shore environment of Kilo

Nalu Observatory, a near-shore observatory off of the south coast of Honolulu, Hawai‘i.

To that end, I present the design of a low-cost RAUV meant to autonomously dock,

charge, and exchange data using KNO’s undersea infrastructure and a wireless, inductive

charging system. This design work includes the new mechanical and electrical upgrades

made to the BlueROV2 Heavy, a commercial, underwater remotely operated vehicle (ROV)

sold by Blue Robotics. The mechanical upgrades include a new frame, increased payload

capacity, larger thrusters, and a new camera dome. The electrical upgrades include larger

battery capacity, an inductive charging module, a gimbaled camera system, a dual CPU

configuration, and an expanded sensor suite. I also discuss the work done to develop an

internal, temperature monitoring system to prevent our RAUV’s batteries from overheating

during charging. Finally, I use our temperature monitoring system to characterize the

response of the thermistors we will use to measure battery temperature during RAUV

operation. The work done here does not directly answer the research questions regarding

the charging and management of a underwater battery system by an RAUV, but provides

a vehicle platform which future researchers can build upon to answer these questions in

the future. Furthermore, the vehicle platform will enable future researchers to answer the

remaining research questions identified above, even though they are not a part of the current

project.

By making this vehicle, our lab group intends to advance the state of oceanographic

research in KNO. For example, the maneuverability, upgraded computing power, and

gimbaled camera of our vehicle would make it perfect for autonomous, video-based, non-

destructive investigation into KNO’s unique, near-shore ecosystem. Multiple researchers

have used ROVs to perform in-situ assessments of fish populations for their ability to

record video while navigating around seabed obstacles [18]. Our RAUV will possess the

same strengths, and the around-the-clock nature of RAUV operation would increase the
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quantity of data collected and allow missions to be triggered in real-time by some pre-

defined biological stimulus. Our RAUV’s computing power and gimbaled camera also make

it well-suited for benthic habitat mapping. Coastal, benthic environments have a large effect

on near-shore environmental dynamics, are home to unique, seafloor habitats such as coral

reefs, and have been investigated using ROV imagery in the past [10], [17]. Researching

said environments improves our understanding of near-shore processes and better informs

decisions regarding their conservation [10]. As an underwater vehicle with high control

authority, a camera feed, and the computing power to process said camera feed, our RAUV

would be a fantastic way to gather continuous data at KNO’s seafloor. To close, we believe

the modularity of our vehicle will permit the addition of a variety of oceanographic sensors

in the future, allowing our RAUV to eventually perform other scientific missions unforeseen

by us here.
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Chapter 2

Mechanical Considerations

Parts of this chapter are adapted from my submission to the OCEANS 2024 Halifax

conference proceedings and expanded upon [30].

The following chapter details the mechanical features transferred from the original

BlueROV2 Heavy onto the new RAUV and the mechanical upgrades done to prepare the

RAUV for use at KNO. For reference throughout this thesis, Figure 2.1 shows the CAD

model for the RAUV I design and assemble. For scale, the bright blue fairings on the

BlueROV2 Heavy in Figure 1.1 and on the RAUV in Figure 2.1 are the same. Said fairings

would fit in a bounding box of dimensions 42.52 cm by 9.79 cm by 7.65 cm.

2.1 Mechanical Upgrades

2.1.1 Enlarged, Bottom Pressure Vessel

The original BlueROV2 Heavy uses two pressure vessels, as seen in Figure 1.1. The top

pressure vessel holds several electronic components responsible for autonomy and data

collection, whereas the bottom pressure vessel holds the battery that powers the BlueROV2.

Our RAUV needs the size to support a larger battery capacity as well as inductive charging

components. Therefore, I replace the bottom pressure vessel with a larger pressure vessel

from the Blue Robotics 8” diameter series of watertight enclosures. To hold all the necessary

electronics, the pressure vessel going on the RAUV has an inner diameter of 20.32 cm (8”),
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Figure 2.1 A CAD model of our RAUV.

an outer diameter of 22.225 cm (8.75”), and a height of 22.225 cm (8.75”). The Blue

Robotics watertight enclosure is a good choice for the RAUV because it is easy to purchase,

already compatible with the BlueROV2 Heavy, and comes with all the necessary components

for assembly, including end caps with an adequate number of penetrator holes. Table 2.1

compares the bottom pressure vessel volumes of the BlueROV2 Heavy and our RAUV, and

Figure 2.2 shows the CAD model of the bottom pressure vessel.

Vehicle
Bottom Pressure

Vessel Volume (cm3)

BlueROV2 Heavy 1100

RAUV 7207

Table 2.1 The bottom pressure vessel internal volume for the BlueROV2 Heavy and the
RAUV. The RAUV’s bottom pressure vessel has over six times the volume of the BlueROV2
Heavy’s bottom pressure vessel.

2.1.2 T-Slotted Rail Frame

To connect the new pressure vessel with components from the original BlueROV2 Heavy, I

use a combination of commercial, T-slotted rails and waterjet-cut, aluminum plates. The

new pressure vessel is bolted to a 49.72 cm by 37.20 cm by 0.635 cm rectangular bottom
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Figure 2.2 A CAD model of our RAUV’s bottom pressure vessel attached to the RAUV’s
bottom plate.

plate. Eight 30.48 cm (12”) long T-slotted rails extend upwards from the bottom plate and

connect to two other aluminum plates. These two other plates attach to the BlueROV2

Heavy’s top pressure vessel and hold the BlueROV2 Heavy’s buoyancy foam and fairings

to make our RAUV more buoyant underwater. The T-slotted rails at the corners of the

RAUV also support the BlueROV2 Heavy’s original side walls.

2.1.3 Upgraded Thrusters

2.1.3.1 Thruster Speci�cations and Con�guration

When compared to the BlueROV2 Heavy, the RAUV must support a larger payload.

Moreover, the RAUV will have to deal with the rougher wave conditions in the near-shore

environment around KNO while carrying that larger payload while maintaining enough

positioning accuracy to latch onto a docking platform. For these reasons, I upgrade the

thrusters used on our RAUV. The original BlueROV2 Heavy uses eight T200 thrusters

sold by Blue Robotics, whereas the RAUV will use eight T500 thrusters also sold by Blue

Robotics. Table 2.2 compares the thrusts and current draw of the two thruster types at their

maximum operating voltages. With improved thrust, the RAUV can better navigate the
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near-shore wave conditions at KNO. The larger forces are important in quickly oscillating

flow environments because of the added mass associated with fluid acceleration. These

added masses necessitate larger, compensating control forces, which the RAUV can generate

with the larger T500 thrusters.

Thruster
Type

Maximum
Voltage (V)

Forward
Thrust (N)

Reverse
Thrust (N)

Current (A)

T200 20 65.7 49.5 32.0

T500 24 158 103 43.5

Table 2.2 A comparison of the two BlueRobotics thrusters at maximum voltage. Thrust
and current values are for the thrusters at full throttle [47], [48].

The arrangement of thrusters on the RAUV resembles the arrangement on the

BlueROV2 Heavy. I mount four thrusters inside the RAUV’s T-slotted frame for surge

and sway propulsion and yaw torques. These four thrusters lie around the bottom pressure

vessel at each of the RAUV’s four corners, as shown in Figures 2.3. I attach each internal

thruster to an aluminum plate which itself attaches to one of two T-slotted rails on either

side of the RAUV. We can adjust the level of these aluminum rails on the RAUV to have

the thrust vectors pointing in the same plane as the center of mass of the RAUV. Doing so

ensures that the RAUV can generate surge and sway forces without generating unwanted

pitching or rolling torques in the process. By not generating unwanted pitching and rolling

torques in the first place, the RAUV does not have to generate any counteracting, control

torques during surge and sway propulsion. Less control torques simplifies the thruster

allocation problem and improves vehicle energy efficiency, since any extra thruster action

wastes the already limited energy of an RAUV.

I mount four additional thrusters on the outside of the RAUV, as shown in Figure 2.4.

These thrusters provide thrust in the heave direction to our RAUV. These thrusters are

mounted on the side walls of the original BlueROV2 Heavy, which are themselves mounted

on the RAUV’s T-slotted rail frame. The original thruster hole pattern on the side walls are

compatible with the T200 thrusters and not the T500 thrusters, so I drilled the necessary,

larger hole pattern onto the side walls so that the walls can hold the bigger thrusters. Using
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Figure 2.3 A back view of the RAUV. The internal thrusters next to the bottom pressure
vessel of the RAUV provide thrust in the surge and sway directions.

the original side walls enables us to attach other compatible BlueROV2 components to those

side walls, such as subsea lights sold by Blue Robotics.

The RAUV controls all eight T500 thrusters via upgraded ESCs which replace the

original basic ESCs for the T200 thrusters on the BlueROV2 Heavy. I discuss these ESCs

further in the next chapter.

2.1.3.2 Estimated Mission Length Scales

Using the forward thrust of the T500 thrusters shown in Table 2.2, we can make an initial

estimate of the distance the RAUV can travel away from its docking station in KNO. For

an underwater vehicle moving at equilibrium conditions, the thrust exerted by the vehicle

is equal and opposite to the drag forces acting on the vehicle. Mathematically, the following

equation expresses this statement [4]:

T (VT ; I) = qSCd(Re) (2.1)

In Eq. 2.1, the thrust T is a function of thruster voltage VT and current draw I. At

equilibrium, the thrust on the vehicle equals the drag force, which is a product of the
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Figure 2.4 A top-down view of the RAUV. The four thrusters seen on the left and right
sides of the AUV provide thrust in the heave direction.

dynamic pressure q, the wetted area S, and the coefficient of drag Cd, a function of the

Reynolds number Re. Dynamic pressure for a vehicle moving only in the surge direction is

given by the following equation [4]:

q =
1

2
�u2 (2.2)

Here, � is the density of the fluid surrounding the vehicle and u is the vehicle’s surge

speed. In underwater robotics, it is useful to group terms together to form a dimensional

hydrodynamic drag coefficient, in this case Xujuj for pure surge movement. Letting

Xujuj = 1
2�CdS, we have the following relation between vehicle thrust and surge speed

[4]:

T (VT ; I) = Xujuju
2 (2.3)
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It is then easy to rearrange Eq. 2.3 for the surge speed u:

u =

s
T (VT ; I)

Xujuj
(2.4)

If we know T and Xujuj for the RAUV, we can use Eq. 2.4 to calculate RAUV surge

speed. Let Tf denote the maximum forward thrust that the T500 thrusters can generate,

shown in Table 2.2. Our vehicle has four thrusters that provide thrust in the surge direction,

but which are pointed 45� off with respect to the surge axis. Therefore, in Eq. 2.4,

T = 4 �
p

2
2 � Tf = 2Tf

p
2.

Now, we move to the hydrodynamic drag coefficient. Because of the previous work done

in our lab group to develop autonomy for the BlueROV2 Heavy, we have a value for Xujuj for

the BlueROV2 Heavy. Since Xujuj =
1
2�CdS and the fluid density remains the same for the

two vehicles, differences in values between Xujuj for the BlueROV2 Heavy and the RAUV

can only arise due to changes in vehicle geometry (i.e., changes in Cd) and changes in wetted

area (i.e., changes to S). For a rough estimate, we will assume that Cd is the same between

the two vehicles because both vehicles have a similar, box-shape. To estimate the increase

in wetted area on the RAUV compared to the BlueROV2 Heavy, we will use characteristic

length scales on each vehicle. Roughly speaking, the ratio between the RAUV wetted area

and the BlueROV2 Heavy wetted area is about equal to the ratio between the RAUV’s

characteristic length scale squared and the BlueROV2 Heavy’s characteristic length scale

squared. Expressed mathematically:

[Xujuj]RAUV � [Xujuj]BROV 2 �
SRAUV
SBROV 2

(2.5)

[Xujuj]RAUV � [Xujuj]BROV 2�
�
lRAUV
lBROV 2

�2

(2.6)

Here, the subscript RAUV corresponds to RAUV parameters and the subscript BROV 2

corresponds to the BlueROV2 Heavy. l refers to the characteristic length scale of each
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vehicle. The previous work in the lab group tells us that [Xujuj]BROV 2 = 31.01 N s2 m�2

[33]. For the characteristic length scales, we will set lRAUV = 30:48 cm and lBROV 2 = 25:39

cm. These values correspond to the heights measured in Solidworks of the RAUV’s T-slotted

rails and the original BlueROV2 Heavy side walls, respectively.

Combining the thrust value from Table 2.2 with our findings for T and Xujuj, we use

Eq. 2.4 and find that u = 3:16 m s�1. To convert the surge speed into a mission length

scale, we need a characteristic time scale for RAUV operation. We can estimate a time scale

by dividing the RAUV battery capacity by four times the maximum current draw of the

T500 thrusters, since there are four thrusters providing thrust in the surge direction. The

RAUV’s battery capacity is 40 Ah (as detailed in the next chapter). Dividing this capacity

by the four times the maximum current draw shown in Table 2.2 gives us a time of 828 s.

Now, we need to account for the fact that the RAUV needs to return to its docking

station to charge in the length scale calculation. We can do this by multiplying the surge

speed u by half of the timescale. Doing so gives us a mission length scale of 1.31 km.

Importantly, this is an initial estimate which may not hold true, especially during missions

where the RAUV will have to fight rough near-shore wave conditions. To improve this

estimate in the future, we would need to accurately evaluate Xujuj for the RAUV and the

actual battery life of the RAUV in water.

2.1.4 Camera Dome

For reasons that I will explain in the next chapter, we will replace the low-light camera from

the BlueROV2 Heavy with a camera attached to a gimbal that will extend outwards from

the RAUV’s top pressure vessel. To protect the camera while allowing room for the gimbal

to freely rotate over its full range about all axes, we will also replace the original BlueROV2

Heavy camera dome with a custom-made polycarbonate dome that will give the gimbaled

camera a nearly 360� view of the RAUV’s surroundings. Figure 2.5 shows the camera dome

arrangement on the RAUV. The spherical part of the dome has an outer thickness of 0.36

cm and supports an internal, 29.53 cm diameter spherical cavity for gimbal movement. The
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cylindrical part of the dome has an inner diameter of 14.29 cm, an outer thickness of 0.48

cm, and a height of 3.81 cm to allow us to insert the gimbal into the dome.

I selected the thickness of the dome to withstand the pressures at depth in KNO. In a

thin-walled, spherical pressure vessel, the internal hoop stress �H is given by the following

equation [49]:

�H =
pr

2t
(2.7)

We can use the thin-walled assumption since our dome thickness is well below one-fifth the

radius of the spherical cavity [49]. Here, �H is the hoop stress, p is the pressure of the

surrounding conditions, r is the radius of the sphere, and t is the wall thickness. If we

know the yield stress �Y of the sphere, we can rearrange Eq. 2.7 to solve for the minimum

thickness tmin for our sphere to survive a pressure p underwater:

tmin =
pr

2�Y
(2.8)

Here are the values I use to calculate tmin for the spherical portion of the dome using

Eq. 2.8:

• For p, I use the hydrostatic pressure at a seawater depth of d = 30 m. In other words,

p = �wgd = (1025 kg m�3)(9.81 m s�1)(30 m), where �w is seawater density and g is

gravitational acceleration. Our RAUV will operate in depths of about 10 m, so using

30 m gives us a conservative value for the minimum thickness.

• The dome’s inner cavity has a radius of 29.53 cm. Using the thin-walled assumption,

I set r = 0:14765 m, half the diameter.

• Between molded and extruded polycarbonate, extruded polycarbonate has the lowest,

minimum compressive yield stress of �Y = 18:0 MPa [43]. I select the lowest, minimum

yield strength for a conservative value of tmin.
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Under these conditions, the minimum thickness for the spherical portion of the dome to

survive underwater is tmin = 0.00124 m = 0.124 cm, far exceeded by said portion’s thickness

of 0.36 cm. We do not need to perform a similar analysis on the cylindrical part of the

dome because aluminum supports the cylindrical part from within.

The only concerns left regarding the dome are underwater collisions and the seam

connecting the spherical and cylindrical portions. We are less worried about the former,

since the dome’s extra thickness gives it resistance to any forces caused by collisions

underwater. Additionally, the autonomy firmware on the RAUV should prevent the RAUV

from colliding too heavily with any object. Regarding the latter, we plan to reinforce the

seam before ever putting the RAUV in the water so as to prevent the seam from coming

apart.

As for what goes inside the dome, we will use the Namaste three-axis gimbal sold by

Gohstand Designs for our RAUV. When fully extended, the Namaste gimbal is about 22.86

cm (9”) tall. Moreover, the moving components on the gimbal require a spherical space

with a diameter exceeding 17.88 cm (7”) to move freely. The gimbal mounts to a plastic

part provided by Gohstand Designs. I fasten the gimbal mount and gimbal to the AUV’s

top pressure vessel using a custom, aluminum adapter assembly as shown in Figures 2.5

and 2.6.

2.2 Preliminary Buoyancy Analysis

We would like for our RAUV to remain stable underwater during operation and for the

RAUV to be positively buoyant. Underwater stability means that the vehicle’s center

of mass lies directly below the vehicle’s center of buoyancy and ensures that the RAUV

stays upright when no thrusters are running. Positive buoyancy allows the RAUV to float

upwards to the surface in the case of malfunction, making the vehicle easier to recover.

Moreover, positive buoyancy means that the RAUV must generate downwards forces instead

of upwards forces to maintain its depth, stopping the thrusters from disturbing seafloor
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Figure 2.5 A CAD model of the top pressure vessel assembly. The assembly includes the
BlueROV2 Heavy’s original, top pressure vessel, a camera dome, a custom aluminum mount
that connects the pressure vessel and dome, and a rectangular aluminum plate that holds
the gimbal and camera. The mount also provides a piston seal on the pressure vessel and
dome.

sediment that could cloud visual docking cues underwater. To these ends, I analyze the

buoyancy of the RAUV in two configurations: an “old dome” configuration which uses the

original BlueROV2 Heavy camera dome and a “new dome” configuration which uses the

polycarbonate dome and gimbaled camera.

I estimate the buoyancy parameters for the RAUV using the following equations for the

center of mass (CoM, ~rCM ) and center of buoyancy (CoB, ~rCB) respectively [29]:

~rCM =

P
imi~riP
imi

(2.9)

~rCB =

P
i Vi~riP
i Vi

(2.10)

Here, i is an index for the parts on the RAUV, ~ri represents the position vector of the

centroid of part i, mi is the mass of part i, Vi is the volume of water displaced by part

i in the water. The CAD model of the RAUV exists in Solidworks, and I use Solidworks

functionalities to find ~ri and Vi for each part. Moreover, knowing the materials that parts

are made of allows me to locate the corresponding material densities to calculate part masses
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Figure 2.6 The gimbal, gimbal mount, and rectangular aluminum plate in the camera
arrangement. 20 cm ruler for scale.

and the center of mass position. Finally, for more complicated parts within the RAUV, I

either measure the mass in the lab, use the mass provided by the part’s vendor, or estimate

the part’s mass. By tabulating the mass, volume, and position information for each part, we

can use Equations 2.9 and 2.10 to calculate the total mass of the RAUV, the total volume

of the RAUV, and the centers of mass and buoyancy. Tables 2.3 and 2.4 show the results of

this calculation for both RAUV configurations, and Figure 2.7 shows the coordinate system

for the position vectors ~ri. Appendix A shows the full spreadsheet used to calculate the

buoyancy parameters. The origin of the system lies at the center of the bottom face of the

bottom aluminum plate. There are magnets on the bottom of the aluminum plate (further

explained in the next chapter); this origin point would be the keel point of the vehicle if

these magnets were removed. The positive x, y, and z-axes correspond to the positive surge,

sway, and heave directions respectively. If we need to in the future, we can add additional

weight or buoyancy to the RAUV as needed using the T-slotted rails or extra mounting

holes I added to the RAUV’s bottom plate for the purpose of future trimming. Moreover,
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as stated when discussing the thrusters, we can adjust the level of the internal thrusters as

needed on the RAUV to keep their thrust vectors and the RAUV’s center of mass in the

same plane.

Con�guration
Total

Mass (g)
CoM X-

Coordinate (cm)
CoM Y-

Coordinate (cm)
CoM Z-

Coordinate (cm)

Old Dome 28,262.56 0.22 0.00 16.79

New Dome 32,139.48 3.27 0.00 18.93

Table 2.3 The mass parameters for the RAUV with its original and new domes respectively.
Here,“CoM” refers to the vehicle’s center of mass. Figure 2.7 describes the origin of the
coordinate system.

Con�guration
Displaced Water

Mass (g)
CoB X-

Coordinate (cm)
CoB Y-

Coordinate (cm)
CoB Z-

Coordinate (cm)

Old Dome 15,391.96 0.53 0.00 25.58

New Dome 30,065.64 17.55 0.00 29.30

Table 2.4 The buoyancy parameters for the RAUV with its original and new domes
respectively. Here, “CoB” refers to the vehicle’s center of buoyancy. Figure 2.7 describes
the origin of the coordinate system. In the calculation for displaced water mass, I assume
a seawater density of 1.025 g cm�3.
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Figure 2.7 The coordinate system which I use to calculate the center of mass and buoyancy
positions.
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Chapter 3

Electronic Considerations

The \Upgraded ESCs," \Inductive Charging," and \Gimbaled Camera" subsections in

this chapter are adapted from my submission to the OCEANS 2024 Halifax conference

proceedings and expanded upon [30].

3.1 Electronic Basis: BlueROV2 Heavy Electronics

Much like with the RAUV’s mechanical body, I reuse some electronic components from the

Blue Robotics’ BlueROV2 Heavy to jump-start development on the RAUV. In particular, I

reuse the Raspberry Pi, navigator flight controller, Fathom-X tether interface board, voltage

regulator, power sense module, and SD card from the BlueROV2 Heavy’s top pressure vessel.

The Raspberry Pi and the navigator flight controller that works as a cap on the Pi gives the

RAUV the computing power to keep track of its position underwater and to send commands

to its eight thrusters based on the total force and torque commands coming over the tether

from the autopilot. The Fathom-X tether interface board allows us to attach the RAUV to

a fiber optic tether that allows us to run the RAUV as a remotely operated vehicle (ROV)

connected to a laptop to facilitate testing. The reuse of these components also allows us to

reuse the BlueROV2’s top pressure vessel and plastic electronics board. Figure 3.1 shows

the plastic electronics board with the Raspberry Pi, flight controller, and the Fathom-X

board.
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Figure 3.1 The front and back of the electronics board in the top pressure vessel. The left
picture depicts the RAUV port side, and the right picture depicts the RAUV starboard
side. 20 cm ruler for scale.

3.2 Electronic Modi�cations

The features I add to create our RAUV necessitate replacing electronics that were on the

RAUV or adding brand new electronics altogether. The following subsections highlight the

different electronic changes in the context of new, desired features on the RAUV.

3.2.1 Increased Battery Capacity

The BlueROV2 Heavy runs using one 14.8 V, 18 Ah LiPo battery [41]. However, our

RAUV requires more power for operation due to the increased number of electronics and

the increased power consumption of upgraded components when compared to the BlueROV2

Heavy. The T500 thrusters are the most power hungry of these components. To satisfy

these power requirements, I increase the battery capacity of the RAUV.

The larger size of the RAUV’s bottom pressure vessel allows us to use multiple LiPo

batteries wired in a series and parallel configuration to power the RAUV during operation.

However, the RAUV needs a combination of batteries that fit within the bottom pressure

vessel, provide sufficient power, and supply each of the RAUV’s electronic components with
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