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PREFACE BY DREW MICHEL

Underwater Robotics: Science, Design & Fabrication is the text 
and reference book that underwater robotics educators have 
been waiting for. Best of all, it lives up to expectations, with an 
amazing collection of technical information, stories, and 
photos in one convenient place. 

The primary purpose of this book is to introduce newcomers 
to the very complex world of subsea technology, but it is also 
a fascinating look back at the development of subsea inventions 
for work and exploration. This text explains where we are 
today, explores possibilities for the future, and encourages 
individuals to consider careers in this field. Equally as 
important, the book provides readers with a sense of perspec-
tive—a look back at where we’ve traveled on this long subsea 
journey and the interesting characters who led the way. It 
starts with understanding the consequences of human 
exposure to pressure, moves through the courageous era of 
sitting in cramped submersibles, and arrives at today’s reality 
of telepresence in the undersea world. 

Underwater Robotics: Science, Design & Fabrication is an 
invaluable tool for young minds working on starter projects 
and provides the material to help them move to advanced 

options and continue to learn. It is also a reference book for 
those working in the industry and will be a valuable addition 
to the collections of those who have had long careers in the 
undersea arena. Picture a young student learning how to 
solder for the first time. Then see that student a year later, 
wiring the control system on his or her team’s entry in the 
MATE International ROV Competition. Then, fast-forward 
10 years to that same person, now an ROV supervisor, 
browsing through a well-worn copy of the book while sitting 
in the ROV control room of a major offshore energy project 
or scientific expedition. This book has the potential to inspire 
and enable those dreams. 

Finally, a word about those who made this book happen. 
There are people in this world who go to work every day to 
earn enough money to be able to live and do the things they 
enjoy. Then there are others whose work is their love. The 
educators I have had the good fortune to deal with in my 44 
years in this industry fit that latter category. The people at the 
MATE Center and many others who worked long and hard to 
make this book a reality certainly are part of that fraternity. 
They deserve high praise for their perseverance and 
dedication.

Life member and fellow in the Marine Technology Society (MTS), chair of the MTS ROV Committee since 1992, co-chair of the annual 
Underwater Intervention Conference, senior member of the Institute of Electrical and Electronic Engineers (IEEE). Drew Michel has 
worked for over four decades in the undersea industry. 

PREFACE BY DON WALSH, PhD

Underwater Robotics: Science, Design & Fabrication is most 
welcome in the world of ocean engineering. It is a well- 
organized survey of all major aspects of underwater 
engineering, and it leads students, educators, industry profes-
sionals, technology enthusiasts, and other interested readers 
through each subject area in an intelligent and engaging way. 

Ocean engineering is a relatively new field of study. It is also 
an interdisciplinary field, in which a basic knowledge of 
mathematics, earth sciences, physics, computer technology, 
business, and the engineering arts and sciences is required, 
even for entry-level and support staff. While there are many 
excellent academic programs throughout the world that train 
ocean engineers and offer degrees in oceanography, the area of 
technical education for professionals who support ocean 
engineering work is still in the early stages of development. 
Qualified professionals are in high demand, yet few compre-
hensive training programs or learning materials are available—
until now. 

This book fills a real need for a broad introduction to oceano-
graphic work. The stories, technical information, scientific 
knowledge, and projects provide an excellent “tour of the 
horizon” of this fascinating, wide-ranging interdisciplinary 
field. Some of the essential concepts and principles that apply 
to underwater technology can be daunting to those who are 
new to this work; the authors are to be congratulated for 
providing easy access to complicated material. 

Underwater Robotics: Science, Design & Fabrication is produced 
by the Marine Advanced Technology Education (MATE) 
Center at Monterey Peninsula College in California. Supported 
by the National Science Foundation since 1997, the MATE 
Center works with schools and colleges nationwide to raise 
awareness of ocean science, technology, and engineering 
fields. MATE also strives to provide education and profes-
sional development for individuals working in these fields, 
and to recruit and train new technical professionals. This 
book is a significant contribution to that mission.

Captain USN (ret), oceanographer, marine policy specialist, former dean and professor (University of Southern California), Honorary 
President of the Explorers Club, and member of U.S. National Academy of Engineering. In 1960, Don Walsh and Jacques Piccard piloted 
the U.S. Navy bathyscaph Trieste to the deepest point in the world’s oceans, a feat never repeated. 
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INTRODUCTION
There is a story behind every good book, and this one is no 
exception. Our story begins in 1999 with the MATE Center’s 
discovery of the book Build Your Own Underwater Robot and 
Other Wet Projects, co-authored by Harry Bohm and Vickie 
Jensen. It was perfect timing, as our marine workforce studies 
indicated that the skills needed to design, build, and operate 
underwater vehicles (and other “wet” technologies) were in 
high demand. We immediately contacted Harry about 
expanding the book into a series of modules for a new college-
level course on underwater robots at Monterey Peninsula 
College. Harry wrote those modules, keeping one step ahead 
of instructor Frank Barrows; both finished up amazed at the 
enthusiasm and learning going on in that classroom. In the 
summer of 2000, Harry delivered MATE’s first summer 
institute focused on ROVs. The teachers who participated 
were also hooked. We knew that we were on to something! 

Later that year, MATE asked Vickie and Harry to edit the 
modules into a full-scale textbook. As that book started to take 
shape, so did MATE’s very first ROV competition. MATE 
called upon Harry’s knowledge and expertise in the 
development of that program as well. From engineering the 
underwater props to creating the stories that put the mission 
tasks in context, Harry helped to build the competition from 
the ground up—just as he helped so many of the students to 
build their first ROVs.

As the competition gained momentum over the next few 
years, so did the textbook. In 2003, Dr. Steve Moore joined the 
writing team. His content expertise and classroom teaching 
experience were perfect complements to Harry’s ability to 
think outside of the box and turn everyday materials into 
incredible inventions and Vickie’s editorial prowess, organiza-
tional skills, and ability to channel creativity into words on a 
page. 

Building underwater robots often takes more time, more 
prototypes, more money, and more effort than ever envisioned 
at the start of the project. It turns out that the same is true for 
underwater robot textbooks! The process of this writing 

project has taken us on an incredible journey of underwater 
robotics education, one that saw the modules MATE commis-
sioned for our very first college course grow into this 769-page 
textbook. It also involved our summer faculty development 
institutes and MATE’s annual competition program that 
engages thousands of teachers and students from around the 
world. 

Underwater Robotics: Science, Design & Fabrication wouldn’t 
have been possible without Harry setting the vision and Steve 
and Vickie contributing their knowledge and expertise to 
carry it out. The MATE Center is forever grateful to these 
individuals and the contributions that they have made to our 
mission. 

And this is where our story ends—or, rather, begins with you 
and the book that you hold in your hands. We look forward to 
seeing how you write the next chapters.

—Jill Zande, MATE Associate Director  
and textbook project coordinator 
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HOW TO USE THIS BOOK
Underwater Robotics: Science, Design & Fabrication welcomes 
you to the exciting world of underwater vehicle technology! 
This book provides an engaging blend of real-life stories, 
up-to-date technical information, and pragmatic “how-to” 
advice. It also guides you through the process of designing, 
building, and diving your own small custom-made, remotely-
controlled underwater craft. You can use the SeaMATE ROV 
to carry out various underwater missions, from basic 
exploration to challenging search and recovery adventures.

The book is written primarily for high school and college 
students who want to have fun while developing marketable 
technical and teamwork skills. It is also a handy reference for 
educators, hobbyists, and others interested in marine 
technology, electronics, robotics, and similar topics. As an 
introductory book, this text assumes no prior experience with 
robotics or underwater vehicles; however, it does presume a 
working knowledge of high school algebra and geometry. 

This textbook is structured to be highly flexible. If you are new 
to underwater vehicle design and construction (as many 
readers will be), it’s probably best to read the chapters in order, 
since each builds to some extent on the previous chapters. On 
the other hand, if you already have experience with much of 
the material covered in this book, you may find it more useful 
to use this text as a reference and jump directly to the chapter 
you need at the moment. The choice is up to you. 

How the Text is Organized
Underwater Robotics: Science, Design & Fabrication is not a 
conventional textbook, but then subsea technology is not a 
conventional academic discipline—it’s interdisciplinary! So 
this book covers physics, marine biology, oceanography, math, 
chemistry, construction, tool use, design strategies, trouble-
shooting, project planning, and teamwork—all subjects that 
will help you create more successful underwater vehicles. 

Chapters 1–2 provide an introductory overview of manned 
and unmanned underwater craft (from earliest times to 
modern day) and offer pragmatic strategies for designing 
underwater robots. 

Chapters 3–10 introduce the opportunities and challenges of 
working under water, then focus on specific technical solutions, 
ranging from structure and materials to power systems and 
payloads. Each of these chapters introduces relevant science 
and engineering concepts, as well as their pragmatic application 
to underwater robotics. There are ample visual and textual 
examples, from basic home-built robotic vehicles to complex 
commercial craft.

Chapter 11 is a different kind of technical chapter, one that 
moves beyond vehicle design and concentrates on the real 
world of subsea work and the logistics of preparing for and 
carrying out simple missions.

Chapter 12 provides you with an opportunity for guided 
hands-on learning, with detailed plans and instructions for 
assembling a “build-as-you-learn” ROV called SeaMATE. 
Readers can either construct this shallow-diving project in 
stages, coordinating it with their progress through each of the 
technical chapters, or they can tackle it independent of the 
other chapters. Chapter 12 also discusses options for upgrading 
SeaMATE or for building even more sophisticated ROVs or 
AUVs. 

Textual Aids and Information
•	 Each	of	the	chapters	begins	with	a	section	called	Stories 

from Real Life that highlights a real-world event related to 
the main focus of that chapter.

•	 All	chapters	also	include	an	outline,	a	list	of	learning	
outcomes, the main text of the chapter, and a summary.

•	 The	text	features	more	than	500	photographs	and	
illustrations. This wealth of color photographs helps 
readers connect with actual examples of subsea robotics. 
The straightforward illustrations are designed to expand 
and explain textual concepts.

•	 The	authentic	examples	in	this	text	help	bridge	the	gap	
between theory and the excitement of on-the-job 
experience. While many of these focus on North 
America, the authors stress the worldwide application of 
underwater technology and exploration. Teachers and 
students are encouraged to supplement this text with 
other, locally relevant examples.

•	 Most	measurements	are	given	in	metric	units,	such	as	
meters and newtons; however, imperial equivalents are 
usually provided to assist those readers who may be more 
familiar with imperial (English) units, such as feet and 
pounds. 

•	 The	glossary	contains	definitions	of	hundreds	of	key	
terms. These are emboldened when first presented or 
explained in the text.

•	 A	set	of	appendices	provides	helpful	tables	of	
information, useful facts, equations, and suggestions for 
sourcing parts, materials, and additional resources. 

•	 A	complete	index	helps	locate	page	references	to	relevant	
topics as well as types and properties of vehicles, plus 
names of people, institutions, and individual craft. 
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UPDATES AND ORDERS

Views Expressed
Any opinions, findings, conclusions, or recommendations 
expressed in this material are those of the authors and the 
Marine Advanced Technology Education (MATE) Center and 
do not necessarily reflect the views of the National Science 
Foundation or the Marine Technology Society’s ROV 
Committee. 

Safety Alert
Throughout the text, the authors have made a good-faith 
effort to alert readers to potential hazards and have stressed 
the importance of safety and common sense. However, it is 
not possible to anticipate and discuss every conceivable 
situation that might arise during the construction, testing, or 
operation of an underwater vehicle. Ultimately, it is up to each 
individual to make sure that he or she is aware of potential 
hazards and is operating within his or her safe limits. 

Therefore, the authors and the Marine Advanced Technology 
Education (MATE) Center can accept no liability for accidents 
or injuries incurred during or in association with the construc-
tion, testing, or operation of any of the projects suggested 
herein. In particular, note that this book does NOT provide 
instruction in the design, construction, testing, operation, or 
maintenance of submersibles that carry living passengers. 
Likewise it does not cover boating and water safety skills or 
the safe use of high voltage power sources.

Endorsements
Today there are thousands of excellent parts and materials 
that are designed for or can be adapted to use in underwater 
robotics projects. The textbook has endeavored to give a 
representative sampling, however it is not possible to include 
mention of every product manufacturer or distributor. Note 
that where there is mention of a commercial product or 
citation of a trade name it does not constitute an official 
endorsement of that product by the authors or the Marine 
Advanced Technology Education (MATE) Center. Readers are 
always encouraged to conduct their own product research. 
Appendix V: How to Find Parts provides tips and suggestions 
for locating parts and materials suitable for a variety of 
underwater projects.  

DISCLAIMERS

Book Orders
To get pricing and shipping information and to order 
individual copies of the textbook online, contact Westcoast 
Words at the address below. You are also welcome to call them 
for information regarding bulk orders, educational or 
wholesale discounts, and shipping costs.

Westcoast Words
Email: info@westcoastwords.com 
Phone: 604-731-5565
www.westcoastwords.com 

Updates and Comments
In the interest of keeping future editions of this book as 
accurate and current as possible, please forward any comments, 
corrections, or updates to the MATE Center. 

Marine Advanced Technology Education (MATE) Center 
Monterey Peninsula College 
980 Fremont Street   
Monterey, CA 93940
Phone: 831-645-1393
Email: info@marinetech.org
www.marinetech.org 
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•	 Tritech;	Paul	Hudson

•	 VideoRay	LLC;	Brian	Luzzi

•	 Wikimedia	Commons	

•	 Wikipedia	Commons
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Institutions and Schools
•	 AUVSI	Foundation;	Daryl	Davidson,	Executive	Director

•	 California	Institute	of	Technology,	Jet	Propulsion	
Laboratory

•	 California	State	University	Monterey	Bay,	Seafloor	
Mapping Lab; Pat J. Iampietro, Dr. Rikk Kvitek

•	 Canadian	Scientific	Submersible	Facility,	Yvonne	Baier

•	 Carbonear	Collegiate

•	 Cornell	University	Autonomous	Underwater	Vehicle	
Team

•	 Deutsches	Bundasarchiv	(German	Federal	Archives)

•	 Flower	Mound	High	School

•	 Friends	of	the	Hunley;	Kellen	Correia,	and	cpgphoto.com

•	 Hawaii	Undersea	Research	Laboratory;	Bernard	Greeson,	
Terry Kerby, Rachel Orange

•	 Harbor	Branch	Oceanographic	Institution;	Geoff	
Oldfather, Jan Petri

•	 Institute	of	Nautical	Archaeology;	Dr.	James	P.	Delgado,	
Chastity Hedlund

•	 Japan	Agency	for	Marine-Earth	Science	and	Technology	
(JAMSTEC); Toshihiko Chiba, Yukako Kawaguchi, Eiichi 
Kikawa, Shozo Tashiro

•	 Long	Beach	City	College

•	 Marine	Advanced	Technology	Education	(MATE)	Center

•	 Marine	Institute,	Memorial	University	of	Newfoundland

•	 Marine	Technology	Society,	ROV	Committee

•	 Massachusetts	Institute	of	Technology	(MIT)	Project	
Orca (see MIT below)

•	 Massachusetts	Institute	of	Technology	(MIT)	Sea	Grant	
College Program; Nancy Adams, Dr. Chryssostomos 
Chryssostomidis, Franz Hover, John Leonard, Henrik 
Schmidt, Brandy Moran Wilbur

•	 Monterey	Bay	Aquarium	Research	Institute	(MBARI);	
Lisa Borok, David Fierstein, Kim Fulton-Bennett, Bill 
Kirkwood, Debbie Meyer, Todd Walsh 

•	 NASA

•	 National	Science	Foundation

•	 NOAA

•	 NOAA/AOML;	Rick	Lumpkin

•	 NOAA	Aquarius	Reef	Base;	Otto	Rutten

•	 NOAA	National	Ocean	Service,	Pacific	Islands	
Navigation; Lt Jeffrey Taylor

•	 Oceanexplorer	NOAA

•	 Rancho	Santa	Fe	School;	David	Warner

•	 San	Diego	iBotics	Student	Engineering	Society;	Paul	
Wisecaver

•	 Scripps	Institution	of	Oceanography,	Marine	Physical	
Laboratory; Dr. M. Dale Stokes 

•	 Scripps	Institution	of	Oceanography,	UC	San	Diego;	Rob	
Monroe

•	 SeaPerch	Project;	Susan	Giver	Nelsen

•	 SeaTech	4-H	Club;	Lee	McNeil,	Lee	Thieman

•	 Simon	Fraser	University,	Underwater	Research	Lab

•	 Society	of	Naval	Architects	and	Marine	Engineers	
(SNAME); Susan Evans

•	 SONIA	Team	(http://www.sonia.estmtl.ca);	Kevin	Larose

•	 Southampton	Oceanography	Centre,	U.K.

•	 U.S.	Geological	Survey,	Coastal	and	Marine	Geology	
Program; Patrick Barnard and Daniel M. Hanes

•	 United	States	Naval	Historical	Center;	Donald	M.	
McPherson, Kent Weekly

•	 University	of	Bath;	Nic	Delves-Broughton,	Vicky	Just,	Dr.	
William Megill

•	 University	of	California	San	Diego,	Argo	Program;	
Megan Scanderbeg

•	 University	of	Oslo,	National	History	Museum;	Hans	Arne	
Nakrem

•	 University	of	Washington,	Applied	Physics	Laboratory;	
Russ Light, Brian Rasmussen

•	 Vancouver	Maritime	Museum

•	 Woods	Hole	Oceanographic	Institution;	Andy	Bowen,	
Jayne Doucette, Erika Fitzpatrick, Dave Fratatoni, 
Christopher Griner, Dr. Susan Humphris, Tom 
Kleindinst, Glenn McDonald, Stephanie Murphy, Joanne 
Tromp

Other Individuals
(not listed above)

•	 James	Bellingham,	MBARI

•	 Michael	Broxton,	MIT

•	 Dick	Buist

•	 Dr.	Thomas	R.	Consi

•	 Scott	Coté,	Coté	Consulting

•	 Dr.	Susan	Crawford,	Naval	Undersea	Museum	
Foundation (Keyport, WA) 

•	 Gail	Drake,	Battlefield	High	School	and	Northern	
Virginia Community College

•	 Patrick	J.	Endris,	AlaskaPhotoGraphics.com

•	 Jonathan	Gero,	Harvard	University	graduate	student,	
now with Space Science and Engineering Center, U. of 
Wisconsin-Madison 

•	 Al	Harvey,	the	Slide	Farm

•	 Jay	Henson	

•	 Jeremy	Hertzberg,	Monterey	Peninsula	College

•	 Jim	Hutchinson,	Historical	Diving	Society	U.K.

•	 Jaochim	Jakobsen,	Rebikoff-Niggeler	Foundation

•	 Ian	MacDonald,	Texas	A&M

•	 Neil	McDaniel

•	 Dr.	Angela	Leimkuhler	Moran,United	States	Naval	
Academy 

•	 Scott	Olson,	Perry	Slingsby	Systems

•	 Dylan	Owens

•	 Michael	Paris

•	 Toby	Ratcliffe,	Naval	Surface	Warfare	Center,	Carderock	
Division 

•	 Donnie	Reid	
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•	 Christina	M.	Shaw,	U.S.	Navy	Journalist	2nd	Class

•	 Anne	Smrcina,	Stellwagen	Bank	National	Marine	
Sanctuary

•	 Robert	Spencer

•	 John	Andrew	Terschak

•	 Peter	Thain

•	 Dr.	L.T.	Wang,	Professor,	Dept	of	Mechanical	
Engineering, National Taiwan University of Science and 
Technology

•	 Dr.	Fred	Watson,	California	State	University	Monterey	
Bay 

•	 John	F.	Williams,	U.S.	Navy	Chief	Journalist

•	 Michael	Derek	Wood,	SubOceanic	Sciences	Canada	Ltd.

•	 Kyle	Worcester-Moore

•	 Jill	Zande




