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FOREWORD

The Foreword of the “Operational Effectiveness of Unmanned Underwater
Systems” is provided as a video presentation by Drew Michel, Chairman of the Marine
Technology Society committee on Remotely Operated Vehicles. CLICK HERE



PREFACE

This publication has been produced to provide guidance and information to those who
use, plan to use, or are just interested in unmanned underwater systems and their
associated technology. It is based on the original MTS publication “Operational
Guidelines for Remotely Operated Vehicles,” which | had the pleasure of producing
during 1983-1984 with the late ROV expert R. Frank Busby and a cast of experts from,
at that time, this fledgling industry. But, unlike the original publication, this is not a
“guideline.” 1t is a discussion of the systems and what can be expected of them. In
essence, it will tell you what they are, what they can and cannot do, where they are
operating and how successful they are, what you should be aware of and what can be
expected in the future. It will provide you with an understanding of the “operational
effectiveness of unmanned underwater systems.”

In 1984, MTS published the original “ROV guidelines” to fill a void that existed on the
topic. Since then, several other publications have been produced—mostly in Europe,
and mostly addressing operations in that geographical region. They provide more
detailed points for operators, technicians, and the basic user. It is not our intent to
produce a similar publication, but provide them as references in the bibliography. Nor,
do we plan to reproduce our original guidelines, although some of the more pertinent
material has been updated and retained. This publication will do what they do not—
address what is necessary in general-a real international understanding of the
usefulness of these fantastic systems. And with that point in mind, we have produced
the first version of this publication as a CD ROM, with hypertext links from key words in
the basic text to material. The goal is to provide you with a truly interactive publication
that will provide the necessary information accurately and quickly. The following
paragraphs will discuss the organization of this publication and where important
information can be found.

Chapter 1 - What Are They? - will provide the obligatory introduction of the
industry to include a basic history lesson. It will then go into the next level of detail on
the classes of systems in the industry and what their basic ranges of applications are.
Examples are provided of all system classes.

Chapter 2 - What Can They Do? - addresses the general tasks that the
systems are doing in the commercial, military, academic and related communities.

Chapter 3 - What Can’'t They Do? - will provide something that is usually
lacking; that is a basic understanding of the relationships between the key operational
parameters of the systems and what they can be expected to accomplish. Such issues
as speed, range, navigation, search, work, stealth, etc. will be addressed. In plain
language, it will tell you how to cut through the sales pitch blarney and know what you
are really getting—or can get.



Chapter 4 - Where Are They Doing It? - is self explanatory. The technology
has expanded from it embryonic start in the Gulf of Mexico, through the Pacific coast
and the North Sea and is now used world wide, including the poles. The extent of this
usage will be covered in this chapter.

Chapter 5 - How Successful Are They? - will cut to the chase and address
their reliability, cost effectiveness, safety and potential to replace divers and
submersibles. A “no blarney” discussion of the real parameters of success.

Chapter 6 - What Should | Know About? - takes you from the system to the
subsystem level. The information you should have at your fingertips to understand the
subsystems AND the technology. And, with the hypertext links to examples and items
of interest, we’ll be able to follow the old adage—Show, don't tell.

Chapter 7 - Operational Considerations - continues the words to the wise
provided in Chapter 6 with information on platforms, mobilization, safety, training, legal
and environmental considerations.

Chapter 8 - What Will They Do In The Future? - lets us put on our wizard’s
hats and project where the technology and the systems will go in the future. Not just
another blue sky projection of solving the world’s problems, but a realistic look at what
will be available, and when, for you to plan your strategy of staying one up on the
competition.

Appendices—In addition, the Appendices are full of useful information. And, if it
isn’t in this publication, references on where you can find the information are provided.

The Marine Technology Society has provided an international forum for the exchange
of technical information on unmanned underwater systems for several decades. |
assumed the chairmanship of the MTS ROV Committee from Drew Michel in 1981, and
with the support of experts in the field, we began the ROV conference series in 1983.
As Chairman of the ROV conferences for ten years — 1983 through 1992 — | had the
privledge of working within an area of technology that is the most exciting on Earth,
and doing so with an outstanding group of international peers. In 1993, Drew Michel
took the ROV Committee reins once again and has co-chaired the Underwater
Intervention conference series since. For 16 years the conferences have provided an
international networking capability for experts from around the world, and it is to all of
you who have spent your careers advancing this exciting technological area that this
publication is dedicated. And, to those just entering the field, who will learn from our
past failures and successes and carry the baton in the future. Whether novice or
expert, our goal is to provide a publication that will ensure a full understanding of the
“Operational Effectiveness of Unmanned Underwater Systems.”

Robert L. Wernli
Editor and Co-Author
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CHAPTER 1. WHAT ARE THEY?

HISTORY
Introduction

Prior to discussing the life story of unmanned underwater systems, a few words
regarding terminology are warranted. You may ask "Why are the authors using the term
‘unmanned underwater systems’ for the title?" Good question—here’s the rationale.
When MTS first published the book "Operational Guidelines for Remotely Operated
Vehicles," there was nothing on the market at that time that addressed the problems of
using such systems; and, they were rather unique—far from the diverse spectrum of
systems now available. When the tether began to be eliminated, the term for
"untethered" vehicles began to appear, which eventually became autonomous, semi-
autonomous, etc. The definition of such systems actually became a small battleground
between several leaders in the industry—was an autonomous (or semi-autonomous)
system actually remotely operated, and thus an ROV? Frank Busby in his publications,
which set the standard in the industry, classified everything as an ROV. Under that
were several sub-classes that covered everything from bottom crawlers through
structurally reliant systems, and eventually to autonomous vehicles. After all, at that
time, nothing was truly autonomous (and essentially still is not), with man always
somewhere in the loop either communicating via an acoustic link, fiber optic cable, radio
control, or with preprogrammed routines. And, the semantic battle still continues
between the old guard with the ROV classification and many academics that insist their
systems are truly "autonomous."

Adding to the confusion, or should we say complexity of terminology, is Hydro Product’s
RCV line, the Benthos RPV-430, and the more recent term adopted by the US Navy—
Unmanned Undersea Vehicles—UUVs. Actually, it is a good term, however, it connotes
military applications, and although could cover the field, it isn’t universally accepted as
the all-inclusive acronym for such robotic systems.

Now, bring on the LCROVs-Low Cost ROVs (add a "V" and you get Very low cost).
These little guys were originally classified as being under $50K in total system cost and
were relatively portable (add the V and you drop the price to around $10K or less). This
miniaturization is a good example of the technology breakthroughs being made in the
industry. This term has been fairly well received around the industry, however, the
debate will likely expand regarding LCAUVs as the academic community advances the
field toward smaller and cheaper autonomous vehicles. And, in the extreme, are all the
systems discussed really vehicles? Thus, the question of which term to choose: ROV,
AUV, UUV, RCV, RPV, LCROV, VLCROV, LCAUV... And, they are not just “undersea”
vehicles, they are working the inland waters at an ever increasing pace. Thus, our
decision to go with a new, generic title for this publication—~-Unmanned Underwater
Systems—that encompasses all of the above.



We will, however, strive to adapt some conventions that have evolved over the past
decades: ROVs will primarily pertain to tethered systems, including expendable fiber
optic tethers; AUVs will deal with untethered systems, to include non-tethered
communication links such as acoustics; UUVs will remain with the US Navy and the
military; LCROVs will remain inexpensive vehicles as previously defined; the towed,
bottom crawlers and hybrids will be dealt with individually, in the clearest fashion
possible.

Now that we have set the stage for the discussion to follow, let us continue with the
history of unmanned underwater systems. ROVs will be dealt with first, followed by
AUVs, and then the remaining systems, which include bottom-crawlers/towed systems,
hybrids and towed mid-water vehicles. The towed mid-water vehicles, although ROVs
with limited capability, will be dealt with separately since their advancement is primarily
tied to the sensors they carry—and although they were probably here first, they’ll be
addressed last.

There are several ways to approach such a historical discussion, however, placing ROV
development into terms of human progression seems quite appropriate for two reasons:
the titles adequately reflect the phases of the industry, and everyone can identify with
the analogous problems of raising a child through the various stages of ones life, from
infancy to maturity—when they can finally become "autonomous" and leave home on
their own...or do they?

The Creation of an ROV Industry
Infancy (1953-1965)

The first question asked when you have to deal with a "new bouncing baby" is "who’s
the father." Strange, in the beginning, no one really cared—the child was ugly and
nothing but a problem: their bottles leaked, their hydraulics failed, sunlight damaged
them, they were too noisy and unreliable, were hard to control and needed constant
maintenance. Beginning to sound familiar? Well, we have to lay the blame on
someone, so here is our best shot.

Frank Busby felt the first ROV was probably built by Dimitri Rebikoff in 1953. Called the
POODLE, it was a modified version of Rebikoff's diver transport vehicle PEGASUS.
Used primarily for archeological research, POODLE'’s initial impact on the underwater
scene was minimal. The fault was not due to any inherent weakness or deficiencies in
the vehicle’s design or performance; it was an idea whose time had simply not yet
arrived. This was a time when the industry was enamored with man’s assault on the
oceans, and at that time, it required man to be there to do the job. The child remained
fatherless. Quite the gentleman, Rebikoff gives credit to the PUV (Programmed
Underwater Vehicle) Luppis-Whitehead Automobile torpedo developed in Fiume (then in
Austria) in 1864. This was followed by the first wire-controlled torpedo co-invented by
Sims/Edison in 1891. Figures of these early vehicles are shown on the following page.



The Sims-Edison Torpedo

The Whitehead PUV/Torpedo

Now, these systems were far ahead of their time, but do not quite fit the ROV category.
The late Dr. William "Bill" McLean, an avid ROV supporter, developed the Sidewinder
missile, but it is not considered the father of UAVs—Unmanned Aerial Vehicles—the
military’s flying equivalent to UUVs. So, for this publication, torpedoes will not be treated
as ROVs/AUVs any more than missiles are considered UAVS.

At about the same time Rebikoff was developing the POODLE, the US Navy was trying
to come up with a more efficient method for recovering lost ordnance from the sea floor.
With the development and use of underwater cameras, the method for finding the target
was to moor a vessel in the area and move or drag a tripod, which carried the camera
on a pan and tilt, along the sea floor. Needless to say, grappling was an inefficient and
painstaking way to recover a lost object—but it did work. A method of reducing this
inefficiency is attributed to J.R.R. (Bob) Harter, with the then Navy Bureau of Ships, who
contracted with VARE Industries, Roselle, New Jersey, to develop a maneuverable
underwater camera system—a Mobile Underwater Vehicle System. Several units were
built, with varying degrees of success, until a working unit—Serial No. six-was delivered



to the Naval Ordnance Test Station (NOTS) in Pasadena, California, in 1961. Called
the VARE vehicle (see figure below), or XN-3, it was equipped with a clamshell claw
and operated by the Navy laboratory. Unfortunately, the vehicle was unreliable and just

too much trouble, so it was stripped down to the bare frame by the laboratory and
redesigned.

Original VARE Vehicle



Following the metamorphosis, the Cable-Controlled Underwater Research Vehicle
(CURV), see figure below, was unveiled—the child had been adopted.

Artist’s Rendition of US Navy’s CURV |

Childhood (1966-1974)

The CURV had no sooner joined the cast when it took center stage during the US
Navy’s massive search and recovery effort to locate and retrieve a lost atomic bomb off
the coast of Palomares, Spain in 1966, from 2,850 feet (869 meters) of water. Working
beyond its maximum depth, and actually becoming entangled in the parachute shroud
lines attached to the bomb, it managed to recover the weapon and gain instant fame, as
shown in the figures on the following page.

CURV’s military parents were proud, and rewarded the child with an expanding family.
The funds began to slowly flow to support additional work within the Navy laboratory
and the technology began to be developed. Smaller vehicles were investigated for
shallow water: SNOOPY (see figure on next page), which was hydraulically operated
from the surface, followed by Electric SNOOPY. And, along with the other vehicles, the
CURV'’s ability continued to be advanced, and more units were built.



US Navy’s Hydraulic Snoopy Hydro Product’s Tortuga



On the commercial side in the US, Hydro Products was getting a jump on the field with
their Navy funded programs: TORTUGA (see figure, previous page) and ANTHRO. The
TORTUGA vehicles were developed to investigate deployment from a submarine, and
the systems ranged from small water jet controlled vehicles to units using propellers for
increased maneuvering. The TORTUGA was followed by the ANTHRO, which
investigated anthropomorphic controls, using "head coupled" video and audio feedback
to a unit mounted on the operator’s head. In addition, they were developing a small,
submersible launched vehicle called the Advanced Maneuverable Underwater Viewing
System (AMUVS) for the US Navy. Hydro Products would soon use this base to start
their RCV line of systems.

Unfortunately for the development of ROVS, they still took second billing to the manned
submersibles, which offered the in situ operator the ability to perform work at a remote
site. Saturation diving and manned submersibles flourished as ROV development
continued slowly, and by 1974, just over 20 vehicles had been constructed. To this
point, government funding was the key, and 17 of the vehicles were totally funded by
various governments (US, France, England, Finland, Norway and USSR) to conduct
military tasks or perform scientific research.

France was in the technology run with their Navy developments including the ERIC and
Telenaute. ECA had their PAP minecountermeasure vehicles. Finland had the
PHOCAS and Norway the SNURRE. The UK was pulling the British Aircraft
Corporation (BAC) from the sky to the underwater world with the development of the
BAC-1, soon to be the CONSUB 01; the Admiralty Weapons Research Establishment
teamed with the Admiralty Underwater Weapons Establishment (AUWE) to produce the
SUB-2; and then AUWE continued with their CUTLET, CURV | style, vehicle for torpedo
recovery. The Soviet Union was not to be left out, and the Institute of Oceanology,
Moscow, produced the CRAB-4000 and MANTA vehicles. The only real academic
presence in tethered ROVs at that time was at the Heriot-Watt University, Edinburgh,
where the ANGUS line of vehicles (001, 002 and 003) was being developed.

But there were no real "events" for the new type of vehicles to wrestle the limelight away
from divers and manned submersibles, and slowly, the growth and capability of ROVs
trudged onward until the CURYV Ill system once again took center stage. In 1973, the
Navy’s CURV llI, which had become a "flyaway" system, was sent on an emergency
recovery mission from San Diego to a point offshore, near Cork, Ireland. Trapped on
the bottom in 1575 feet (480 meters) of water, the PISCES Ill manned submersible sat
with its two occupants slowly reaching the end of their air supply. The final recovery line
was attached to the vehicle with a "Rube Goldberg" toggle bolt made on-site using a
crescent wrench, two pieces of steel channel and some bungie cord. It worked, and the
recovery was successful as the two men emerged with, according to pilot Roger
Chapman, only seconds of air remaining. The spotlights hit the ROV, front-page
headlines were achieved, and the child’'s voice began to crack—adolescence had begun.



CURYV lll rescue of PISCES

Adolescence (1975-1982)

Adolescence is generally tied to a growth spurt, accented by bouts of unexplained or
irrational behavior. Although the span of this period for ROVs is debatable, and many
may say it is still continuing, it does however provide a milestone point. The
development curve turned upward in a nearly exponential fashion and by the end of
1982 over 500 vehicles had been developed.




Another important change taking place was the funding source. Whereas 85 percent of
the vehicles built from 1953-1974 were government funded and operated, 96 percent of
the 350 vehicles produced in the next eight years (not counting the PAP 104s discussed
below) were funded, constructed and/or bought by private industry.

Not included in the above statistics is the production of a specialized ROV called PAP-
104. The PAP-104s, manufactured by Societie Eca, Meudon, France, were flowing off
a high-speed production line-relatively speaking. The small mine neutralization vehicle,
which could inspect and identify explosive ordnance with its onboard CCTV, had the
capability of delivering an explosive charge to the site, which would then be detonated
from the surface. It was simple in design, carried on-board batteries for power, and
hugged the bottom using a drag weight. It was also relatively inexpensive and, thus,
became very popular. By the end of 1982, over 200 of the vehicles had been

constructed and delivered

- to various navies
IS / throughout the world.

But the times were
changing, and the military
dominated industry was
taking on a new look. The
challenge of retrieving
offshore oil and gas
efficiently, especially in the
North Sea, was becoming
a driving factor in the
growth of the ROV
industry.  The advance-
ments in the technology
necessary to reduce the
larger sizes of the vehicles
continued. Foremost was
the advancement of the
electronics industry, which
aided in the miniaturization
of the onboard systems,
and their  associated
increase in reliability.

ECA’s PAP-104




Such miniaturization was exemplified by Hydro Products’ "flying eyeball"-the RCV 125,
which hit the currents in 1975, a spin-off of their earlier TORTUGA, ANTHRO and
AMUVS technology. This was soon followed by the RCV 225, and eventually the RCV
150 (shown on the following page). Although the flying eyeballs entered the oil patch
gently, usually as a safety tool for divers, and were often seen bobbing off in the
distance without their tether, they were there none the less, and were being accepted—
slowly.

Drew Michel taking delivery of RCV 225s, serial
numbers 6, 8 and 9, from Chuck Strickland

One of the pioneers of the ROV industry was Drew Michel (see above photo), who
recognized that these still immature vehicles had a place offshore. While working with
Taylor Diving in the Gulf of Mexico, he demonstrated the potential of the small vehicles
and led their introduction into the oil industry. Although there was the periodic failure,
their successes overcame any reliability problems and they soon began the road to
acceptance. It did not take long, and Michel was filling the more international role of
unofficial “ambassador” between the US oil fields and the UK. The vehicles were
beginning an international role and the US developers were smiling.



But Hydro Products wasn't
the only manufacturer.
AMETEK, Straza Division,
also in San Diego,
developed the Deep Drone
for the US Navy and soon
turned that into their
SCORPIO line of vehicles.
Perry Offshore in Florida
picked up the US Navy’s
design of the NAVFAC
SNOOPY vehicle and
soon had a line of vehicles
called RECON on the
market. Figures are
shown on the next page.

Taylor Diving’s RCV 225 (above)

With the ability to procure standard ROVs from the now oil-dominated industry, or
contract for their services, the US Navy turned it eyes to deeper ventures, chasing the
magical 20,000-foot barrier. In addition, the success of the CURV Il provided the
impetus for the Navy to begin the development of the Mine Neutralization Vehicle
(MNV), an ROV designed to meet stringent military specifications. The MNV’s mission
was to attach cable cutters to a mine or drop a small bomblet nearby, to be detonated
later with an acoustic signal after the vehicle was safely recovered.

Worldwide, vehicles were being produced, and many new players began to emerge.
International Submarine Engineering (ISE) started in Canada (DART, TREC, and
TROV). In France, Comex Industries added the TOM-300, C.G, Doris produced the
OBSERVER and DL-1. Italy’'s Gay Underwater Instruments unveiled their spherical
FILIPPO. The Netherlands were in the picture with Skadoc Submersible Systems’
SMIT SUB and SOP. Norway added Myers Verksted’'s SPIDER, and Sweden added
SUTEC’s SEA OWL and Saab-Scandia’s SAAB-SUB.

The UK continued to be a world leader with Design Diving Systems’ SEA-VEYOR, Sub
Sea Offshore’s MMIM, Underwater Maintenance Co.'s SCAN, Underwater and Marine
Equipment Ltd.’s SEA SPY, AMPHORA, and SEA PUP, Sub Sea Surveys Ltd.'s IZE
and Winn Technology Ltd.’s UFO-300. But, all is not fun and games as several vehicles
disappeared from the market—-CONSUB 1 and 201, BOCTOPUS, SMARTIE, and
CETUS. RIP!



RCV 225 and 150 with diver

Perry RECON IV

SCORPIO

Deep Drone




Japan was entering the picture and soon Mitsui Ocean Development and Engineering
Co., Ltd., had the MURS-100, MURS-300 and ROV. Germany was also continuing with
the addition of Preussag Meerestechnik's FUGE, and VFW-Fokker GmbH’s PINGUIN
B3 and B6.

The big three in the US continued to expand their line of vehicles and Kraft Tank Co.
(EV-1), Rebikoff Underwater Products (SEA INSPECTOR), Remote Ocean Systems
(TELESUB-1000), Exxon Production Research Co. (TMV), and Harbor Branch
Foundation (CORD) also joined the party.

The growth spurt had been dramatic, and ROVs began to mature to the point where
they were accepted at the dinner table with the other adults—manned submersibles—and
their subsequent growth and dexterity in the field eventually dwarfed that of their proud,
if slightly overweight, predecessors.

"Immaturity” (1982-1989)

Why "immaturity" you ask? Well, even though one goes through adolescence, there still
continues a series of regressive states where a return to the irrational, unreliable
behavior-if not the fetal position—is experienced. Technology is being advanced.
System upgrades are being made. Deeper depths are being assaulted. The
competition is cutthroat. And as always, "stuff’ happens.” The systems are doing more,
for less cost and growing rapidly in number. The offshore industry is experiencing a
growth spurt in the early eighties and the first conference dedicated to ROVs is held in
San Diego in 1983. Ignoring—or possibly using—the confusion associated with rapid
industrial growth, the theme of the ROV ‘83 conference rang a rally bell heard ‘round the
world—it truly was "A Technology Whose Time Has Come!"

And come it had. In 1970 there was only one industrial manufacturer of ROVs, by 1984
there were 27, but the North American firms (Hydro Products, AMETEK (Straza
Division) and Perry Offshore in the US, and ISE in Canada) cornered the market,
accounting for 229 of the 340 industrial vehicles produced since 1975. The new kid on
the North American block, however, was ISE. Canadian entrepreneur (Jim McFarlane)
bought into the business with a series of low cost vehicles—-DART, TREC and TROV-
and International Submarine Engineering in Vancouver, British Columbia became a
competitor. Not initially known for their reliability, they never the less made a foothold
and provided whatever the user wanted, becoming a world leader in the production of
reliable industrial grade ROVs.

So, with such a strong North American technology base, what happened to its
dominance of the market in the early days of maturity? To put it simply, a driving factor
was the dollar versus the pound. The US Navy quit developing their own vehicles to
use on their test ranges because they could get them cheaper from industry. In the
same manner, the ROV technology base established in the US was transferred to the
North Sea arena to support the vehicles that were being developed in the US and then
shipped there to support the oil patch. By the mid eighties, the dollar and the pound



had neared parity, and it became more cost effective for the US manufacturers to
produce the vehicles in the United Kingdom than to produce them in the US and ship
them overseas. It also was a matter of survival, with companies such as Slingsby
Engineering, Sub Sea Offshore, and the OSEL Group beginning to corner the North
Sea market. It did not take long, and the once dominant North American ROV industry
was decimated. The only survivors were ISE, due to their diverse line of systems and
the can-do attitude of their owner, and Perry, which teamed with their European
competitors and essentially established a foothold in the North Sea.

Even with all the progress in ROV development and acceptance, this was still
considered a long period of "immaturity” by many. The offshore market was vicious,
and the weak were quickly devoured. The ROVs were trying to kick the divers out of
the water, but they were not succeeding. Saturation divers held their seabed and the
number of ROV operators began to take a downturn. Part of the problem was attributed
to the diving contractors, who were deeply entrenched, with high profits for their long,
tedious jobs. The new upstart ROVs, that in many cases could do the job quicker, and
cheaper, could have been a big problem if not controlled by the dive companies, which
was the case in most instances. Market forces were driving profit margins down and
this was subsequently forced on the ROV companies. With the collapse of oil prices in
1986, it became even more brutal. When fighting for financial survival, the last place
that critical funds were going to be placed was into R&D.

But, there was survival, and as the number of manufacturers of large ROV systems
began to shrink, the developers of the LCROVs began to emerge. The technological
advances had finally been made to miniaturize the vehicles to a point where they were
"easily" portable and available at a cost that academic institutions and civil
organizations could afford. The first to break through was the MiniRover, developed by
Chris Nicholson, soon followed by Deep Ocean Engineering’s Phantom vehicles. Other
variations began to appear around the world, however, DOE, and Benthos (which
picked up the MiniRover line), together cornered the lion’s share of the market. New
markets were opened in areas including civil engineering, dam and tunnel inspection,
police and security operations, fisheries, oceanography, nuclear plant inspection and
many others (see section on Inland Operations). The troublesome child was beginning
to make a name for himself; one that was not all that bad.

Maturity (1990+)

By the time the decade of the nineties arrived, the ROV industry, at the age of 37, had
reached maturity (remember—one ROV year is equal to only one-half of a human year).
It had leaped from the eighties, a testosterone filled body of energy ready to get the job
done. No work was too hard, too long, or too deep to be completed. The US Navy
reached the magic 20,000-foot (6,096-meter) barrier in 1990—-twice. The first time was
with the CURV Il vehicle that once again morphed into a deeper, 20,000-foot (6,096-
meter) plus configuration. Operated by Eastport International for the US Navy’s
Supervisor of Salvage, CURV lll reached a depth of 20,105 feet (6,128 meter). Less
than a week later, that record was broken by the Advanced Tethered Vehicle’s record



dive to 20,600 feet (6,279 meters). The ATV, developed by the Space and Naval
Warfare Systems Center, San Diego (SSC SD-a.k.a. NOSC, then NRaD), was then
transferred to the Submarine Development Squadron Five (formerly the Submarine
Development Group) Unmanned Vehicle Detachment in San Diego where it is now
operated by fleet personnel. Once again, the Navy had developed the technology, both
within their R&D centers and through cooperation with industry, and had closed the door
on another era in ROV development.

Enter Japan. What once had been a country with small ROVs that looked similar to US
manufactured systems, and organizations that were pursuing long range plans that
were ambitious to say the least, Japan stormed onto center stage with a series of
excellent vehicles topped by the Kaiko. The Kaiko not only took over the record for the
deepest dive, but also obliterated it, reaching the deepest point in the Mariana Trench—
35,791 feet (10,909 meters). A record that can be tied, but never exceeded.

Europe continued to surge ahead with their sophisticated developments and the North
Sea became a powerhouse of European built systems. With the end of the Cold Warr,
and the USSR, Russia began declassifying their vehicle programs and unveiled an
exceptional talent in getting the job done...anywhere. Likewise, the US Navy began to
unveil their secrets in an effort to increase the capability and protection of their
submarine fleet (see Military section).

But, it is a large international industry, so what about all the others? Well, we can sum it
up with the following: today, a quick estimate indicates there are over 100 vehicle
manufacturers, and over 100 operators using approximately 3000 vehicles of various
sizes and capabilities. Who they are, what they are doing, and how well they are doing
it is discussed throughout this publication. The rest is just ROV history.

Cutting the Apron Strings

The history of unmanned underwater systems may revolve around ROVs, however, the
goal of most developers, and especially the academic institutions, is to get rid of the
umbilical-assuming everything else can be kept constant, i.e. endurance, bandwidth,
reliability, etc. But it can’t, and therein lies the question of when it will be acceptable to
"cut the apron strings,” eliminating the umbilical and letting the mature vehicle go its
own way. When will they reach that level of maturity? Hopefully, this publication will
answer that question, but for now, let’s look into their past.

Rebikoff once again comes into play with one of the first experimental AUVs called the
"SEA SPOOK," with its prototype "Jonah" tested at a speed of 10 knots (18.5 km/hr) in
1960 in France. The next operational AUVs were the Self-Propelled Underwater
Research Vehicles (SPURVSs), developed by the Applied Physics Laboratory, University
of Washington, in Seattle. The torpedo sized AUVs were used by the university to
successfully conduct mid-water research. SPURV 1 began in 1963, followed by the
UARS in 1972 (the Unmanned Arctic Research Submersible is launched from and
operated under the ice pack) and then the SPURV 2 in 1973.



Others were beginning to investigate the technology in the mid to late seventies. The
Shirshov Institute of Oceanology, USSR, developed the SKAT, and Japan was delving
into the area at the Japan Society of Promotion Marine Industry with OSR-V, and a
research vehicle at the Japan Marine Science & Technology Center (JAMSTEC).

The US Navy continued with the EAVE West at SSC San Diego (formerly NOSC),
RUMIC at the Coastal Systems Station (formerly the Naval Coastal Systems Center)
and UFSS (Unmanned Free Swimming Submersible) at the Naval Research
Laboratory; and, the University of New Hampshire was funded to work on the EAVE
East (EAVE IlI).

France remained a leader in producing vehicles that achieved results, and continued
the tradition with the team of IFREMER and ECA developing the Epaulard, which began
in 1977 (see figure next page). Although there had been limited progress in the area of
AUVs prior to 1980, the eighties has to be considered the decade of the AUVs.
Epaulard became operational in 1981 and within the next five years had covered over
500 miles (805 kilometers) underwater with a payload capable of exceeding 200,000
photographs. The 19,685 foot (6,000 meter) capable vehicle, although battery operated
and following pre-programmed paths, was essentially tied to the bottom, taking a design
element from the PAP-104 vehicle—the bottom drag weight.

By 1984, there were 17 AUVs under development, but only the Epaulard and SPURV
systems could be considered operational. The developmental systems were rather
evenly split between commercial, academic and military organizations. The only
vehicles, besides those mentioned above, to achieve any notoriety were the ARCS by
ISE, AUSS by SSC San Diego, EAVE-East by the University of New Hampshire, and
SKAT by the Institute of Oceanology in Moscow.

The need for higher capacity energy sources for onboard power, more computing
power, lighter instruments with higher efficiency, better navigation, and all the related
technologies kept the AUV family from progressing more rapidly. The academic
community was picking up speed, yet the impetus for AUV development was still
coming from the military side of the house. Speculating on the future, Martin Marietta
Aero & Naval Systems developed the Mobile Undersea Systems Test (MUST)
Laboratory, in cooperation with Applied Remote Technology (ART) in San Diego. The
4.5-foot (1.37-meter) diameter, 30-foot (9.1-meter) long MUST vehicle became
operational in 1988. It was immediately followed by ART’s torpedo sized XP-21 vehicle,
adapting a lot of the software developed under the MUST contract.

Unfortunately for ART and Martin Marietta, the US military was concurrently planning its
own testbed AUVs under the sponsorship of DARPA, resulting in a $24M contract in
1988 with Charles Stark Draper Laboratory, Inc., Boston, MA. The Navy had its test
beds and the MUST and XP-21 would go without the financial prize they both sought.
(See Test Bed AUVs section later in this chapter for additional information and photos).



The French EPAULARD

The biggest surprise of the eighties (although not fully unveiled until the early nineties)
was the large program ongoing in the USSR. The MT ‘88 vehicle (also known as Sea
Lion) had been developed by the Institute of Marine Technology Problems (IMTP),
Vladivostok, Russia. The MT ‘88, along with its predecessor vehicles, although not as
sophisticated as some others being developed internationally, had been operational for
some time. And they were in the field working. The MT ‘88 had been used to survey
two sites where former Soviet submarines had sunk, the Komsomolets off Norway in
6,500 feet (1,981 meters) of water and the Yankee-class SSBN in the Atlantic in over
18,000 feet (5,486 meters) of water. The more simplistic vehicles were highly reliable
and operated with excellent results.



OCEAN VOYAGER

MIT’s ODYSSEY I1I1B WHOI'S ABE

In the decade of the nineties, the pace was picking up; not so much in the military, but
more so in the academic community. In the US, Woods Hole has ABE, Florida Atlantic
University has the Ocean Explorer and the Ocean Voyagers, and MIT has the Sea
Squirt and Odyssey. In Canada, ISE has added the Dolphin and Theseus vehicles.
The IMTP in Russia is enjoying privatization, developing the Tunnel Sea Lion for the US
and the CR-01A for China—they also unveil their Typhlonus vehicle.



Europe is busy. The UK'’s Institute of Oceanographic Sciences, Deacon Laboratory
(IOSDL)—-now the Southampton Oceanography Center—was developing the DOGGIE
and DOLPHIN vehicles, which have now merged into the Autosub; Marconi has their
torpedo sized Research AUV. France’'s Thompson Sintra is developing the Mini
Autonomous Underwater VEhicle (MAUVE) as part of the MArine Science and
Technology (MAST) program, a European consortium that also includes, Portugal, Italy,
Denmark, and Belgium. Denmark adds the Marius and Martin vehicles, also under the
MAST program. Japan moves onward with their Twin Burger, Aqua Explorer, Pteroa
150 and the closed cycle, diesel powered R-One Robot vehicles.

Autosub (above left) The University of Tokyo R-1 Robot
(above right and below)
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The assault on the oceans is beginning in earnest—the apron strings are about to be cut.
Just how soon they’ll be cut, and other discussions regarding the previous and most
recent systems and programs, will be presented in more detail throughout this
publication.

The Rest of the Family

To wrap up the history of unmanned underwater vehicles, we need to address the "rest
of the family." These include bottom crawling/towed vehicles, towed (mid-water)
vehicles, and hybrids such as structurally reliant systems, i.e. they need to attach to
something other than the bottom to perform their job.

Bottom Crawling/Towed Vehicles

The evolution of vehicles in this category began with the advent of the transatlantic
telegraph telephone cables. From the very beginning, fishermen and cables were
adversaries. On the evening of 28 August 1850, a submarine cable was laid across the
English Channel. By daylight of the following morning a fisherman hauled the cable out
of the water and, instead of simply dropping it back in, cut out a piece to show his
contemporaries ashore. In spite of international treaties for the protection of underwater
cables, fishermen continued, intentionally and unintentionally, to be the main cause of
cable failures. The solution, after many false starts, was to bury the cables where they
could not be fouled by trawling gear.

One of the early pioneers in cable burial was Mr. C. S. Lawton of the Western Union
Telegraph Company. He designed a surface ship towed cable plow in 1938 that was
used to bury some 43 nm (79.6 km) of cable to an average depth of seven inches (17.8
centimeters) off the coast of Ireland. Other companies, such as the Nippon Telegraph
and Telephone Corporation in Japan, and the Hamsdorf Corporation of Holland, also
developed vehicles for cable burial. They relied on jetting principles which, at the time,
were either limited to protected waters or to diver depth. Lawton’s towed plow seemed
to be the best approach to the cable burial problem.

The Bell Telephone Laboratories, beginning in the 1960’s, made significant advances in
cable burial. After experimenting with a variety of burial techniques, Bell Laboratories
finally settled on the plow principles and produced a series of cable burying plows,
designated SEA PLOW I, Il, lll and IV during the period 1966 through 1983. The first
commercial application was in 1967 with the burial of replacement sections of the
submarine cables TAT-3 and TAT-4 off the coast of New Jersey.

From the early sixties through the early eighties, a wide variety of bottom-crawling
vehicles were designed and over 73 were actually built and demonstrated. By far, the
major application was for cable and pipe trenching. Through 1975 cable trenching
dominated; then, in the mid-seventies, pipe-trenching vehicles began to dominate.



This trend was reflective of the surge in offshore oil and gas activity, particularly in the
North Sea. Since then, vehicles with both pipe and cable trenching capabilities have
begun to appear, particularly in Europe.

Until the 1970’s the US was dominant in building and utilizing bottom crawling vehicles.
However, after 1970 other countries became active in this field and, in several
instances, equaled or exceeded US production, especially those in the UK.

Today, companies such as AT&T Submarine Systems do not waste a minute in
applying bottom crawling vehicles such as the SCARAB to bury their expensive cables
(see Cable Burial section in Chapter 4). These world wide cable routes are buried do a
depth of approximately 3.28 feet (1 meter) out to a water depth of approximately 2,952
feet (900 meters). Loss of these communication cables, which are susceptible to
everything from shark bites to seismic activity, can cause the company losses on the
order of $1 million an hour.

Using state-of-the-art technology, companies such as Perry Tritech are combining
ROVs with cable burial systems to produce vehicles such as the Flexjet Il. This vehicle
combines a Triton Work System as the prime mover for the Flexjet Il (see figure below)
providing a highly versatile burial system. The unique aspect is that the Triton ROV can
be removed from the trencher system and be used as a stand-alone system.
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Unlike the tethered, free-swimming ROV’s, bottom-crawling vehicles were not built on
the speculation that a buyer would be found. These vehicles were generally built by the
company that also operated them; or they were built on order to the specifications of the
operating company. Also, in no instance are two vehicles identical. Where a series of
vehicles was constructed, each succeeding vehicle differed from its predecessor.
Another fundamental difference between bottom crawling and tethered, free-swimming
ROVs is that the former are almost always designed for a specific task; not for general
purpose (the exception being light work/inspection vehicles). Yet, another unique
feature of this vehicle class is that they are rarely advertised for use from a ship-of-
opportunity. In almost all instances, they require a dedicated ship or are designed to be
deployed from a specific ship or platform. Since bottom crawlers and towed plows are
usually massive and require extensive surface support and heavy-duty launch/retrieval
devices, they are greatly restricted to a platform that can provide adequate handling
facilities.

Hybrids

Hybrid vehicles could almost be placed in the other categories depending on how you
define them, however, it would be correct in saying that they are neither free-swimming,
nor towed along the sea floor. Essentially, they rely on something else to put them in
place, and allow them to remain there. Structurally reliant would be a good description,
if one assumes that the structure is reached with assistance. Such systems still obtain
their power and control from the surface, however, propulsion is obtained from wheels,
tracks or push-pull rams in contact with a structure. Some mid-water capability often
exists for the transit to/from the structure.

In existence since the early 1970’s, structurally reliant vehicles exhibit unique design
characteristics for the specialized tasks they perform. Most have TV, and all are
designed to perform a single task such as pipeline trenching, oil tank soundings, ship’s
hull cleaning and inspection, and subsea production system maintenance (SPS) and
inspection. One of the simplest tasks of structural reliance would be pipeline inspection,
where the vehicle lands on the pipeline, and instead of flying along above it, travels
down the pipeline on a wheeled undercarriage attached to the ROV.

Some of the first hull inspection was performed by systems such as Underwater
Maintenance Company Ltd.’s SCAN. SCAN was a wheeled vehicle held against the
hull of very large crude oil carriers. Once it flew into position, it would decrease its
ballast by filling a tank with air and hold itself against the hull while it performed the
survey. Another ROV originally designed exclusively for hull cleaning was the SCAMP,
developed by Winn Technology Ltd., which was a triple brush system held in place with
an impeller while it moved along on wheels.



A good example of a hybrid system is the DAVID vehicles developed by HERION
Systemtechnik GmbH of Germany (see below). Built originally in 1985, these large
ROVs were designed to attach to large underwater structures using a gigantic rotatable
claw. Once in place, the diver was assisted in IMR and other work by using the tools
that the DAVID carried, its onboard hydraulic supply, ladder, crane and other support
features. Three were built, followed by a second generation in 1989 called MARS, with
similar features.

The surrounding photos (clockwise) show David,
David with a Diver, and David Operating Concepts

SEATEC B.V., The Netherlands, with the development of the Remote Operated
Hovering Platform (RHOP) in 1989, addressed working in extreme sea states. The
heavy-duty winch cable lowered system was capable of using manipulators and tools to
undertake inspection, debris clearance, or salvage operations.



A similar system was Deep Ocean Engineering’s BANDIT, a manipulator system
developed primarily to support drilling operations. Bandit could be lowered down guide
wires and securely held in place while it performed maintenance on the blow out
preventor and riser.

BANDIT Manipulator
System

With the requirement to go into deeper waters, the deployment of Remotely Operated
Maintenance Vehicles (ROMVSs) is required. Such a system, essentially a remotely
operated tool (ROT) that has the ability to move about within the structure, has been
incorporated into Saga Petroleum’s Snorre Subsea Production System.

When it came to developing hybrid systems to clean offshore structures in the mid-
eighties, it was hard to match the unique array of systems developed by Dawson
Industries Ltd., of Western Australia. The fact that they felt they were "a cut above the
rest" in this portion of the market was reflected in the names of their systems:
Broadsword, Cutlass, Dagger and Scimitar. These systems, although not really
vehicles, were large ROTs that could be integrated with an ROV for emplacement;
divers could move the smaller ones into place.
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Dawson’s Hybrid Systems

And the examples do not end. There is the TLP Riser Inspection Vehicle developed by
Tecnomare Industriale S.p.A, Italy, for outside inspection and removal of marine growth
from the Snorre TLP risers. They also developed the TLP Tether In-Service Internal
Inspection Vehicle for internal ultrasonic inspection of the TLP tether welds.
Tecnomare’s TM 253 is a seabed corer and bottom sampling device. Boskalis Offshore
BV, The Netherlands, uses the NAMROD for underwater excavation and material
sampling to locate diamond deposits. Mitsui Engineering & Shipbuilding Co. Ltd., of
Japan, built the RTV-KAM for internal inspection of power plant conduits with a special
array of color cameras.



Whether inspecting or cleaning, internal or external, or running around a subsea
production system on tracks while performing maintenance operations under direct or
supervisory control, the hybrid systems are there to meet the challenge. The only
limitation is one’s imagination—and the size of their pocketbook

Towed (Mid-Water) Vehicles

Towed systems are similar in many cases to tethered ROVs, however, in most cases
they are very heavy and receive their propulsion power from the surface platform, which
tows them through the water. Because of their high strength cables, some of them up
to 30,000 feet (9,144 meters) long, that provide the power and telemetry link to the
"fish," they were the first vehicles to reach deep water; however, they are limited in what
they can achieve. Their forward motion of from 1-8 knots (1.85-14.83 km/hr) is provided
by the ship, their vertical movement by the winch operator and lateral movement comes
from complex ship maneuvers, or in the case of some of the more recent vehicles, side
thrusters that afford a small amount of deviation from the basic ship’s track. The fact
that they do not have to meet stringent buoyancy requirements lends them to outfitting
with wide arrays of cameras, sonars, and other sensor suites.

Just which of the towed vehicles was the first is unclear, however, by 1978 there were
only 10 such systems accounted for, and only two of them were owned by private
industry, which again highlights the importance of the government in underwriting the
technology. The US Navy owned the Scripps Institution of Oceanography, Marine
Physical Lab DEEP TOW, NAVOCEANO’s TELEPROBE and Naval Research
Laboratory’s MIZAR. The US National Marine Fisheries Services owned RUFUS | and
Il (Remote Underwater Fishery Assessment Systems), and the University of Georgia
had S3 (S cubed) (Seafloor Surveillance System). In Nova Scotia, Canada, the Bedford
Institute of Oceanology developed the BATFISH and in the USSR, the Institute of
Oceanology, Moscow, developed the CRAB. The two commercial systems were owned
and operated by Hydro Products, with their internationally sold DSS-125, and Alcoa
Marine Corp., with their SEA PROBE, which was actually deployed by a drill string. Of
these systems, the DEEP TOW, DSS-125, MIZAR and SEA PROBE could operate to a
depth of 20,000 feet (6,096 meters).

Some additional systems, which seem to have been neglected in early documentation,
include the SHRIMP, developed by Reynolds International Inc., a towed search system
deployed from the M/V Privateer to depths of 2,000 feet (610 meters); the prototype was
completed in 1971. Also, two towed systems operated by the Association of Marine
Services, Seattle, WA, the NEDAR | and II, had operational depths of 10,000 and
25,000 feet (3,048 and 7,620 meters) respectively.

To be totally fair in addressing the historical perspective of towed search systems, those
that are not towed mid-water should not be ignored. France had developed three
versions of the Troika by 1973, a towed camera sled that is drug along the bottom and
takes photos at predetermined intervals. It was used successfully in 1969 to locate a
Caravelle lost in the Mediterranean Sea.



Germany also had a similar system, produced by IBAK Helmut Hunger, the Deepsea
Photo and TV Towing System, that used a drag weight to allow the sled to fly above the
sea floor, affording the camera system a better field of view. It was developed to search
for manganese nodule deposits in the Pacific Ocean, and was also a 20,000-foot
(6,096-meter) system.

The field expanded quickly, and by 1979, other US players included the Woods Hole
Oceanographic Institute with ANGUS, the Jet Propulsion Laboratory with their 20,000
foot (6,096 meter) capable DIGITOW, and Hydro Products, which added their fourth
DSS-125. West Germany gained two systems; Dornier System GmbH added the
19,685-foot (6,000-meter) GUSTAV and SEP systems, but GFK Karlsruhe lost their
21,325-foot (6,500-meter) MANKA 01 at sea. And, France was again a player with
CNEXO'’s 19,685-foot (6,000-meter) RAIE | and Il manganese nodule survey systems.

Deepwater Towed Abyssal System
Deployed from Soviet R/V Gelendzhik



By 1981, the Institute of Oceanology, USSR, added their SOUND vehicles, capable of
13,123 feet (4,000 meters). The US Navy was developing a 19,685 foot (6,000 meter)
capable Surface Towed Search System (STSS) under a contract with Westinghouse
Ocean Research Laboratory. And, the Towed Unmanned System (TUMS) was under
development for the Royal British Navy by Sperry Systems and Perry Offshore for
operations from the HMS CHALLENGER.

Since then, there have been more vehicles built, especially in the area of the lower cost,
smaller tow fish, which can deploy a side scan sonar from a small boat, giving the
operator an excellent underwater search capability. But, we’ll discuss these later in this
publication. And, as for the deep towed systems, many more have come on line. Many
of today’s towed systems, with a capability of 10,000 feet (3,048 meters) or greater, are
shown in the table on the following page.

To conclude this brief history, it is apparent that the rate of development of towed
systems has slowed-at least when compared to the work type vehicles—but their
application remains the same. The interesting aspect of these systems is that the
majority of the larger systems can reach 20,000 feet (6,096 meters). This capability
underscores the early interest of the commercial and academic community to survey
and exploit the seafloor, especially for manganese nodule fields, and the military’s
interest in prosecuting targets, with the desire to find and retrieve objects from almost
anywhere in the ocean.

How well have Unmanned Underwater Systems achieved their goals? What are the
true capabilities of such systems, and what will they be doing in the future? Read on,
the answers follow.



CURRENT TOWED VEHICLES WITH GREATER THAN 10,000-FOOT CAPABILITY

VEHICLE

SIS-3000
OKEAN

DEEP OCEAN SEARCH
SYSTEM

OCEAN EXPLORER 6000
DEEP TOW (FISH 4, 5, & 6)
DEEP TOW

ORION

TOSS #1 & #2

ARGO ||

DSL-120

FISH 103

ORANI

SAR

TOBI

MAK-1M (5 SYSTEMS)

URAN-1
NPA-6000

RELIEF 6000-100
RELIEF 4000

DEEPSCAN 60
MSSS

DEEP TOWED SEAFLOOR
MAPPER (SIS-7000)
SEAMARC

AMS-120 & 60

AMS-60

DESIGN DEPTH

32,810 FT*
26,248 FT
26,000 FT

25,000 FT
23,000 FT
21,325 FT
20,000 FT
20,000 FT

20,000 FT
20,000 FT
20,000 FT
20,000 FT
20,000 FT
20,000 FT
20,000 FT

20,000 FT
20,000 FT

20,000 FT
13,120 FT

20,000 FT
20,000 FT

20,000 FT

*DEPTH WITH LARGE DIAMETER CABLE

DEVELOPER/OPERATOR

DATASONICS, U.S.
NIPIOKEANBGEOFIZIKA INST., RUSSIA
OCEANEERING TECHNOLOGIES INC., U.S.

OCEANEERING TECHNOLOGIES INC., U.S.
SCRIPPS, MARINE PHYSICAL LAB., U.S.
JAMSTEC, JAPAN

OCEANEERING TECHNOLOGIES INC., U.S.

WOODS HOLE OCEANOGRAPHIC INST. (WHOI)
FOR STENNIS SPACE CTR., U.S.

WHOI, U.S.

ACOUSTIC MARINE SYSTEMS & WHOI, U.S.
INTERSHELF, RUSSIA

KRYLOV INST., RUSSIA
THOMSON/IFREMER, FRANCE
SOUTHAMPTON OCEANOGRAPHY CTR., U.K.

NIPIOKEANBGEOFIZIKA RESEARCH INST., RU
OPERATORS: CGGE INTERNATIONAL AND
ROMANIAN CTR OF MARINE GEOPHYSICS

KRYLOV INST., RUSSIA
ST. PETERSBURG MARINE ENG. BUREAU, RU

CENTER OF OCEAN
ENG. LTD, BULGARIA

ULTRA ELECTRONICS LTD., U.K.

INTERNATIONAL SUBMARINE TECHNOLOGIES,
LAMONT DOHERTY EARTH OBSERVATORY

DATASONICS FOR U.S. GEOLOGICAL SURVEY

INTERNATIONAL SUBMARINE TECHNOLOGIES/
WILLIAMSON & ASSOCIATES, U.S.

ACOUSTIC MARINE SYSTEMS/WILLIAMSON
& ASSOCIATES, U.S.

SIMRAD/CHINA OCEAN MINERAL RESOURCES
R&D ASSOCIATION, CHINA.




TODAY'S CLASSES OF SYSTEMS

Today's vehicles are manufactured by over 100 companies, operated by over 100
companies and represent nearly 300 different models from ROVs to AUVs and towed to
hybrid systems of all shapes and forms. The distribution of different vehicles in this
vast array of systems is presented in the following figure and will be discussed
throughout this section.

VEHICLE PERCENTAGE BY CATEGORY

AUV - 2%

TRACKED — 2% TOWED - 2%

WORK — 11% SPECIAL — 1%
0 INSPECTION — 37%

LOW COST - 22%

MILITARY — 23%

SOURCE: FACING THE DEEPWATER CHALLENGE BY DAVE LIDDLE
INTERNATIONAL OCEAN SYSTEMS DESIGN, NOV/DEC 1997

Tethered Remotely Operated Vehicles

As discussed in the previous section, most early ROVs were developed for military
applications either within the government laboratory system, through government
contracts with industry, or a combination of the two. This ultimately resulted in the
technology base necessary for commercial applications.



The first commercial ROV system, a Hydro Products RCV 225, was delivered to Stolt-
Nielsen Seaway Diving in 1974 for use in the North Sea. By the 1983 peak there had
been approximately 450 ROV systems built and sold worldwide (see figure on following
page). This number continued to rise exponentially and increased to nearly 900 by
1986. Of these, an estimated 575 were used commercially and 325 were used for
military purposes.

ROVs that operate in today’s offshore environment bear little resemblance to those that
first began supporting subsea work 15-20 years ago. In that short span of time, an
explosion of subsea technology has occurred, rendering older ROV equipment obsolete
as subsea remote intervention tasks expanded beyond those originally envisioned.

Modern ROVs employ the latest technology in robotics, fiber optics, acoustics, video
and computer technologies, and routinely exceed 90 percent operational availability.
Leading ROV operators have demonstrated less than one percent down time over
thousands of hours of operation with work class ROVs such as Perry Tritech’s Triton.™

The current subsea technology trend is to provide complete installation, support and
maintenance of subsea projects by ROV deployed tools. With advanced intervention
tasks requiring more complex, reliable and powerful tool systems, the requirements of
subsea intervention are changing. Present deep subsea work tasks require:

Powerful ROV systems with flexible control and hydraulic systems

High reliability - high quality components

Enhanced vision systems, cameras and laser imaging

More dexterous manipulators and manipulator control systems

More up-front planning and design efforts for project tasks
One significant worldwide trend in the oil and gas industry over the past few years has
been the move, due to greater water depths, from fixed production platforms to subsea
completion systems, tension leg platforms and floating production systems. Concurrent
with this trend is an increase in the use of inter-field pipeline systems, resulting in a

radical expansion of subsea intervention tasks, which boosts the use of totally diverless
intervention.
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The challenge of operating in deeper water is shaping the technologies needed for ROV
intervention today. New technologies are being introduced or crossbred from high tech
industries to provide more capabilities in the underwater market. New tools for subsea
work will be required, such as pipe repair tooling, automated inspection systems and
workover, maintenance and intervention tools.

ROVs can now deploy heavy work packages that perform reliably with high
performance results. In deepwater operations, i.e. greater than 9,843 feet (3,000
meters), ROVs will be the only method to support and repair these installations. The
ROV market is very strong-based on trends toward subsea completions, remote
(diverless) intervention, and deeper water for both oil/gas and telecommunication
support. The types of systems of the future are project oriented ROV systems
developed in conjunction with major advancements in deepwater. The trend is for ROV
suppliers and contractors to now be involved at the earliest stage of project
development with hardware suppliers, engineering contractors and the end user.

ROV suppliers now provide a modular base vehicle design with the ability to interface to
a variety of tooling configurations with relatively minor reconfiguration. The key
requirement is having control, hydraulic and structural capacity to accommodate a
variety of missions and tools. Designs must take into account operational requirements
based on market feedback as well as operating costs and regional safety and
certification requirements such as DNV, NVE, AODC and ABS structural guidelines.
The following sections will divide the vehicles into classes and discuss their specific
attributes.

Small Vehicles

The small vehicle class of ROV includes the majority of "low-cost" vehicles, most of
which are typically all electric and operate above 984 feet (300 meters) water depth.
These vehicles are used primarily for inspection and observation tasks.

There has been a recent surge in the development of small vehicles, due primarily to
the improvement in technology for electrically powered systems. These improvements
have resulted in an increase of capability, performance and depth not previously
achieved.

Low Cost ROVs

The class of ROV designated "low cost" is only low in cost if compared with its big
brothers, however, costs can range from just over $10,000 to over $100,000. The low-
end products have been classified for Marine Recreational Use, while the more
expensive systems have been used for inland water inspection projects and coastal
offshore inspection and observation tasks. Some of the earlier systems were simply
video camera housings with thrusters.



The Low Cost ROV (LCROV) first appeared on the market in 1981 with International
Submarine Engineering's RASCL, which cost about $45,000. In 1984 the infamous
MiniROVER, built by Deep Sea Systems International was introduced at a price of
$28,600. In 1985 Deep
Ocean Engineering offered
the Phantom at about
$30,000. By 1990, 35
versions of LCROVs could
be counted, being built by
27 different manufacturers
with over 500 systems
delivered. = These costs
were a far cry from the
$525,000 Scorpios being
used extensively at the
time. With the downturn of
the oil & gas industry in
1986, most eyes turned
seriously to the new
"professional” LCROVS.

Quest Low Cost ROV

Today's LCROVs are used widely for many tasks including science, search and rescue,
dam, waterway and port inspection, training, shipping and nuclear inspection (see
Chapter 2, Inland Operations).

Hydrovison's HyBall




“Wire-Guided” ROVs

This unique class of vehicle is used, normally, where the power source can be carried
onboard, i.e. batteries, fuel cells, etc. With onboard power, only a thin fiber optic tether
is required to pilot and control the ROV. This technology was born from wire-guided
torpedoes and expendable fiber optic microcable programs developed within the military
arena. Many AUVs use a fiber optic tether to perform testing or to down load
information, but it is usually not a permanent attachment

An example of a wire-guided vehicle is the Archerfish developed by GEC-Marconi,
which will be used as an expendable mine disposal system.
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GEC-Marconi’'s Archerfish

The Archerfish is deployed from a ship and carries a full length of fiber optic tether
aboard. This tether is payed out as the vehicle transits to its target. The vehicle is
guided to the target area by becoming a target itself on the ship's sonar. Then, using its
auto height or auto depth mode, it locates the specific target via its own sonar or video
system. A small warhead on the vehicle is detonated close to the mine eliminating the
threat.

These vehicles could be used for many applications, including scientific and
commercial, where limited duration and small size are considered positive features.



High Capability Electric ROVs

Although ROVs like the infamous Perry RECON vehicle have been around for some
time (over 50 produced), their technology limited them in both depth and performance.
A new class of ROV was born less than five years ago, which although small and
electric, is not necessarily low cost and can approach the $500,000 mark. These new

Perry Tritech's RECON (above)

Vehicles like the Perry Tritech
Voyager are very capable inspection
systems using the state-of-the-art in
fiber optic telemetry and control
systems. ROVs like the Deep Sea
Systems International MaxROVER
offer increased power and moderate
work capabilities to depths of 9,842
feet (3,000 meters) at a fraction of the
cost of electro-hydraulic systems.

Deep Sea Systems International's
MaxROVER (below)

vehicles feature the latest in technology
from Brushless DC motors (thrusters) to
PC-based control systems and fiber optic
telemetry systems. Electrically operated
vehicles can be made to go 20,000 feet
(6,096 meters) with much less power
required to operate them at depth. The
ability to do heavy work is still not possible
with the electric ROVs, primarily limited by
the needed electro-hydraulic design nature
of modern manipulator and work systems,
but they can still perform many tasks at a
much lower cost.

Perry Tritech's VOYAGER (above)

Electric vehicles have gained popularity
with the military and science markets due
primarily to their quiet operation. In
addition, the work requirements for military
and science are, in most cases, not as
complex when compared to ROVs used for
oil and gas operations.



Electric ROVs
Manufacturer
Perry Tritech Inc.

Deep Sea Systems Intl

Sub-Atlantic Limited

Benthos

Deep Ocean Engrg.

Hydrovision

Racal Technotransfer
Bofors/SUTEC

Seaeye Marine Ltd.

Mariscope

Comex Pro

Name
Voyager
Scout
Spirit

MaxRover Mkl
MaxRover Mk2
MaxRover Mk3

Apache
Cherokee
Comanche

EROV
MiniRover Mk2
Openframe
SeaRover

Firefly

Phantom 150
Phantom 300
Phantom DHD2
Phantom DS4
Phantom HD2
Phantom HD2+2
Phantom S4

Phantom Ultimate

Phantom XTL
Super Phantom 2

Hyball

Offshore Hyball
Super Nufo

Sea Pup

Sea Twin MKII
Seaeye 600 DT
Seaeye Panther
Seaeye Surveyor
Surveyor Plus
Seaeye Tiger

SPY

Super Achille

Size LXWxH-m
1.07x0.81x0.66
0.64x0.62x0.66
0.63x0.62x0.74

2.23x0.9x1.21
2.23x0.9x1.21
2.23x0.9x1.21

0.85x0.55x0.55
1.33x0.8x0.8
1.63x1.0x1.0

0.5x0.46x0.39
0.86x0.5x0.42
1.42x0.84x0.71
1.42x0.69x0.65

0.19x0.15x0.36
0.64x0.34x0.27
1.02x0.54x0.45
1.4x0.65x0.65

1.73x0.91x0.71
1.4x0.65x0.59

1.4x0.69x0.67

1.53x0.85x0.66
1.81x1.17x0.97
1.08x0.53x0.46
1.52x0.84x0.58

0.48x0.53x0.53

0.57x0.77x0.57

1.35x0.95x0.87

1.1x0.75x0.85

2.1x1.3x0.7

1.0x0.76x0.58

1.55x1.05x1.12

1.45x0.82x0.82

1.45x0.84x0.83

0.95x0.70x0.57

0.78x0.90x0.93

0.72x0.6x0.52

Depth-m
610-1500
250
610

1000
2000
3000

1000
1000
1500

46

305
304-915
304

46

14

100
600
610
300
300
304
610
150
305

300
300
1000
1000
500
300
1250
300
300
600

300

600-1000

Power-hp

7.5 KVA
n/a
n/a

n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

8.8 KVA
15 kw
n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Wt.-kg Payload-kg

182
115
95

635
750
750

140
240
460

24

34
226
80-91

5.4
14
34
86
95
73
96
98
363
45
68

42.5

60

494

350

340

65

310

180

190

130

50-55

100

15.5
15
15

80-90
80-90
80-90

25
50
150

2.3
3.6-5.4
45
7.0-10

3.6
3.6
11
14

14
45
5.9
10

5.0-6.0

2.0-10

n/a

n/a

10

90

45

45

30

n/a

5.0-10.0

Thru Frame
n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

Modern Electric ROVs




Medium Sized Vehicles

This medium size class of ROV refers to electro-hydraulic vehicles ranging from 20-100
horsepower typically, which can only carry moderate payloads and have limited
through-frame lift capability. These ROVs range in weight from 2,205-4,410 Ibs (1,000-
2,200 kg) with typical payload capacities in the 220-440 Ib (100-200 kg) range. They
usually carry a single manipulator but the larger of the class can carry two. Some have
the capability of through-frame lift of over 992 Ibs (450 kg).

These vehicles comprise the most widely used ROV class, which evolved from the early
"eye ball" systems that were used to observe divers working or to perform routine
inspections.  This class was developed to perform work, carrying one or two
manipulators, in high current conditions. The early ROVs developed, like the Scorpio
and Hydra vehicles, are still in operation around the world today. Typical tasks for this
class are drilling support, construction support, pipeline inspection and general "call out"
work.

Perry Tritech's (originally AMETEK's) Scorpio

Modern systems like the Perry Tritech Viper, Super Scorpio and Scorpio Cobra reflect
the latest technology applied to vehicles with the same horsepower as their
predecessors, but with much greater reliability and efficiency. Most of these systems
fall into the 3,281-foot (1,000-meter) depth capability range due to the fact that until
recently, the majority of drilling support work has occurred within this depth.



Vehicles like the Viper, weighing in at 2,205 Ibs (1,000 kg), replaced the RECON
providing a more powerful, high thrust, electro-hydraulic platform capable of working in
3-knot or greater currents.

Perry Tritech's VIPER

The larger ROVs such as the Scorpion and Cobra feature 75 hp. and a much-increased
work and payload capability while still working at the 3,280 foot (1,000 meter) mark.

Medium ROVs

Manufacturer Name Size LxWxH-m  Depth-m Power-hp Wt.-kg 'Payload-kg Thru Frame
Oceaneering AIS 2.14x1.2x1.38 1000 n/a 1500 500 n/a
Hydra 1.8x1.2x1.3 1000-2500 (20-40 862 91 n/a
Quantum 2.16x1.22x1.32 2516 75 1453 136 n/a
Magellan 160 2.5x1.5x1.5 1000 60 2041 91 n/a
SubSea Offshore Examiner 2.0x1.95x1.8 500-2000 |75 1700 100 9.8-tons
Pioneer 1.65x1.65x1.85 1525 75-120 1800 91 n/a
Eagle 2.0x1.95x1.8 500 75 1700 50
Hydrovision Rigworker Mk 1V 12.1x1.4x1.5 1000 50 1650 220 n/a
Perry Tritech Scorpio Cobra 2.54x1.5x1.45 1000-1500 |75 1850 204 1500 kg
Scorpion 2.03x1.4x1.14 600-1000 75 1367 114-204 454 kg
Viper 2.06x1.04x1.67 1000 25 1000 170 n/a
Super Scorpio 2.5x2.5x1.9 1000 62 2100 100 400 kg
Scorpio 2.6x1.829x1.626 1000 57 2200 181 n/a
Racal Techno Transfer|Seal 1.5x1.0x1.0 600 50 850 80 n/a
Sealion Mk 11 2.15x1.4x1.56 1000 100 1750 200 700 kg
Sealion Mk 11V 12.2x1.4x1.6 1000 100 1800 200 n/a
Slingsby Engineering Spartan 2.5x1.58x1.43 1000-2000 (75 to 1980 65-95 1000 kg
Trojan 2.2x1.6x1.6 1000 40 1800 91 2.1-tons
Harbor Branch Ocean.|Cord Il 1.52x1.02x1.02 1067 25 544 68 n/a
Seatec Underwater Double Dutch 1.9x1.7x1.7 300 16.5 450 200 n/a

Medium Class ROVs



Large Sized Vehicles

This class of vehicle can be broken down by depth capability and horsepower and
represents the class of ROVs being used for current deepwater operations to 8,202 feet
(2,500 meters) ranging from 100-250 horsepower and having through-frame lift
capabilities to 11,025 Ibs (5,000 kg), the distinguishing feature between medium and
large ROVs. The vehicles range in weight (without work packages) from about 4,410-
14,333 Ibs (2,000-6,500 kg).

With new requirements
to perform subsea tie-in
operations on deep-
water installations and
to carry very large
diverless intervention
systems, this class of
ROV has become very
large, powerful and
capable of carrying and
lifting large loads—thus
the term "heavy work
class vehicle" has been
adopted by the industry.
These vehicles may
stand over 8 ft (2.4 m)
tall when a tool package
has been installed
underneath the ROV. Perry Tritech's TRITON XL

New Generation ROVs

This class is represented by a whole new effort toward building work class ROVs for the
oil and gas industry, with capability to perform work tasks to 9,842 ft (3,000 m). These
vehicles are retaining the power and lift capabilities of the large systems, but are being
built into smaller frames while using more advanced technology aimed at keeping the
umbilical size to a minimum. What distinguishes these ROVs form the "ultra-deep"
systems is that, unlike the deep diving ROVs that carry only minimal power to minimize
umbilical size, this new class carries between 75-100 hp aboard. This is a work class of
vehicles that must have the power to perform heavy work at great depths.

Just as the ROV manufacturers were gearing up for the oil and gas industry’s move into
deepwater (1986) the price of oil dropped to a devastating $10 per barrel, thus delaying
the need for the technology. But now as exploration is being carried out in depths to
12,000 feet (3,658 meters) and production in depths of over 6,000 feet (1,829 meters),
the need for new and advanced technology has returned.



Large ROVs

Manufacturer Name

SubSea Offshore Hercules

Hydrovision Demon
Diablo

Slingsby Engineering MRV

Stolt Comex Seaway 'SCV-100

Racal Techno Transfer Sea Serpent
Seatec U/W Systems Seatec RCU 230
Perry Tritech Triton

Triton XL

Triton XL 250

Dolphin a.s Dolphin 2500

Mitsui Dolphin 3K

Size LXxXWxH-m
2.03x1.73x1.9

3.65x1.83x1.97
2.65x2.04x1.82

1.92x1.5x1.56

3.1x1.8x1.8

3.4x2.3x2.4

2.46x1.45x1.6

2.46x1.45x1.93

2.46x1.45x1.93

2.2x1.5x1.6

2.85x1.96x1.94

Depth-m
2000-3000

1000-3000
1000-3000

600-2000

1000

2500
1500
1000
2500
2500

2500

3300

Power-hp 'Wt.-kg Payload-kg Thru Frame

120 2200 150 n/a

100 2800 300 3-tons
100 2600 300 3-tons
75-200 to 2250 [to 273 5-tons
100 2900 200 5000 kg
160 2500 5000 kg
230 6500 500 n/a

100 2450 227 3000 kg
100 3500 500 3000 kg
250 3500 500 3000 kg
100 2500 n/a 6000 kg
54 3700 150 n/a

Large Class ROVs

There is a significant increase in difficulty when extending the operating depth from
8,202 ft (2,500 m) to 9,842 ft (3,000 m). The weight of an armored umbilical becomes
critical, having to support its own weight suspended from the surface. Some

manufacturers have gone to
"cageless" systems (no TMS) and
Kevlar umbilicals to deal with this
problem. Others have designed the
vehicle to use super strong steel
umbilicals, applying the latest cable
design technology.

Only a few of these vehicles have
been completed, specifically for oil
field applications, and include Perry
Tritech's Triton ST (figure on left),
Hitec's  Stealth, Stolt Comex
Seaway's SCV-3000, and
Oceaneering's Magnum. Other
manufacturers offer options to 9,842
feet (3,000 meters), however, none
have yet delivered a system.



New Generation ROVs

Manufacturer Name Size LxWxH-m Depth-m Power-hp Wt.-kg Payload-kg Thru Frame

Oceaneering Magnum 2.4x1.3x1.6 2200-3000 75 1568 160 n/a

Stolt Comex Seaway SCV-3000 2.5x1.5x1.7 3000 100 3900 200 5000 kg

Perry Tritech Triton ST

Hitec Subsea AS Stealth 3.0x1.7x1.7 3000 108 2800 200 2000 kg
HiROV 3500 2.5x1.6x1.6 3500 100 2700 200 2000 kg

New Generation ROVs

Ultra-Deep Vehicles

This class of vehicle is represented by those special-built ROVs with depth capabilities
of 13,123 feet (4,000 meters) and beyond. These vehicles tend to be lower in power to
keep umbilical sizes small and are used primarily for deep ocean research, search and
salvage missions. For such missions, ultra-deep ROVs do not require much power to
observe or attach a salvage line.

Monterey Bay Aquarium Research Institute's (MBARI) Tiburon



Many of the ultra-deep systems are designed for science. A scientist can observe life in
the very deep ocean for extended periods of time with the use of the ROV.

Subsea International's
Hammerhead

Mitsui's Kaiko

Other  ultra-deep-
water systems have
been developed by
the military  to
perform various
missions including
the salvage of
important assets
(see Chapter 2 for
Military ROVS).




Other commercial ROV systems have been developed for extremely deep work such as
deepwater pipeline repair and salvage operations (see Chapter 2).

Ultra-Deep ROVs

Manufacturer Name Size LXWxH-m Depth-m |Power-hp Wt.-kg Payload-kg Thru Frame
SubSea Hammerhead [2.99x2.54x2.18 5000 150 4536 907 n/a
International

Oceaneering Magellan 725 [2.4x1.5x1.4 7000 25 2041 544 n/a
Millennium 3.0x1.5x1.7 >3000 150 1932 341 n/a
Magellan 825 [3.2x1.4x2.0 8000 25 3000 n/a 500 kg
MBARI Tiburon 2.7x2.2x2.0 4000 20 3090 100 n/a
Ventana 2.54x1.48x1.68 4000 30 2338 170 n/a
ISE Hysub 5000 [2.54x1.48x1.68 |5000 30 1986 91 n/a
Ifremer ROV 6000 3.15x2.15x1.8 6000 20 3700 170 n/a
Victor 6000 3.1x2.1x2.8 6000 n/a 4200 600 n/a
Woods Hole Jason 2.2x1.1x1.2 6000 n/a 1200 50 n/a

Oceanographic Inst.
Mitsui Kaiko 3.1x2.0x2.3 11000 n/a 5600 150 n/a

Okeangeofizika RTM 6000 1.4x1.2x0.7 6000 n/a 400 7 n/a

Ultra-Deep ROVs

As shown in the previous sections, there is a wide range of ROVs available, from
shallow water to the ultra-deep systems. One of the most significant points, however, is
the number actively being used for different applications. While many are used for
academic applications, the offshore arena is by far the most active, with orders of
magnitude more vehicles working daily.



Untethered, Autonomous Underwater Vehicles

The brief history of Autonomous Undersea Vehicles (AUVsS) has been an interesting
one. Deemed by the international ocean community (other than the military) as too
high-tech and high-risk for development, it has turned its back on AUVs for many years.
AUVs were being developed to test subsystems—the building block approach. This
meant that the AUVs themselves were nowhere near capable of actual missions. They
were intended to test components of the AUVs that would ultimately be put into an AUV
of the future. But that has changed. Today, developers are designing and building
AUVs to perform specific tasks, not for the sole purpose of testing subsystems.

In the 1980s, the military community, believing that AUVs were of strategic importance
as stealth reconnaissance platforms, poured hundreds of millions of dollars into a few
programs to develop large, sophisticated AUVs. The first major military AUV program
was awarded to Draper Labs, which built at least two 44-inch (112-cm) diameter AUVs
to demonstrate various missions. It was stated that these vehicles cost over $9 million
each to develop. Only a few companies invested the money to develop their own AUVs
such as Lockheed Martin's/Perry Technologies' MUST Lab and Raytheon's (formerly
Applied Remote Technology) XP-21. The MUST Lab was developed at a cost of over
$4 million, while XP-21 cost about $1 million to develop.

Because of the potential of significant Navy funding in the future, a trend arose to
design 21-inch (53-cm) diameter AUVs that could fit in a Mk 48 equipped submarine.
This was a futile attempt and only recently has the US Navy funded a program to
develop a sub-launched AUV system. This program was awarded to Northrop (formerly
Westinghouse) in 1994. Known as the Near Term Mine Reconnaissance System
(NMRS), the vehicle is intended as a "stop gap" system that will later be replaced by the
Long Term Mine Reconnaissance System (LMRS), worth about $1.5 billion. To win the
NMRS contract, Westinghouse funded Applied Remote Technology to quickly build the
little talked about demonstration AUV (name unknown), which was successfully
launched and operated from the SSN 637-class nuclear submarine Hammerhead.

Scientists had been playing with laboratory versions of AUVs for years, primarily at the
subsystem level, never quite putting together a complete system. The ocean
community again accused the technology of being "a solution looking for a problem." In
some ways this was true as many of the vendors were looking to make money rather
than to find useful applications for AUVSs.

Internationally, AUVs were being built, and many reported to be successful such as the
AUVs launched by the former Soviet Union. The UK launched at least one AUV as well.
These AUVs were also funded by the military, however, the nature (and cost) of these
vehicles did not lend themselves to commercial applications. Meanwhile, in the
background, academic organizations such as MIT Sea Grant and Florida Atlantic
University began to develop low cost, small AUVs ignoring the doubts of the major
defense companies.



These new AUVs were not only small, thus easy to launch from small boats, but they
were also smart and capable systems. Their small size helped to speed their
development because many trial runs could be made at little cost and in easy to reach
coastal or inland waters. These 6- to 7-ft (1.8- to 2.1-m) long vehicles cost about
$50,000 to $100,000 to develop, orders of magnitude less than their bigger
predecessors.

In about 1994, the Office of Naval Research, which funds academic institutions almost
exclusively in this area, became very interested in these vehicles for purposes of
conducting ocean research of various types. This lower level of funding allowed the
academic institutions to pave the way for the commercial AUV. Even the big defense
contractors realized the potential for these small, low cost vehicles, as essentially
disposable minehunting vehicles and began to purchase pieces of the technology to
develop inexpensive versions of the vehicles they could call their own.

Since then, many organizations around the world have produced AUVs for a wide array
of missions. Not until the late 1990s has the oil and gas industry begun to look at AUVs
as a way to perform work at a much lower cost than ever before. The reason for the
new acceptance of AUVs is due to the way they have been proposed to operate—in a
semi-autonomous mode. One of the biggest objections to AUVs has been related to its
similarity with a torpedo when out of control. However, the thought of operating
remotely, without a tether, by an acoustic link has made the AUV a very practical
solution for many underwater tasks. In fact, it eliminates the one major drawback to
ROVs operating in deep water. Control by acoustic link is reliable, just slower.
Companies like Datasonics, who build acoustic links, have stated that high data rate
communications are just around the corner. This will become more important when
AUVs begin to perform tasks more complex than search or survey operations.

An AUV using bi-directional acoustic communications and data transmission was first
demonstrated by the US Navy's Advanced Unmanned Search System (AUSS) which
began development in about 1978. The AUSS turned out to be one of the most
successful AUVs of its time with 135 missions completed, the deepest to 12,000 feet
(3,658 meters). Funding was eliminated in FY 1992 due to restructuring of the Navy’s
UUV programs; AUSS operations were discontinued and the vehicle “mothballed.”

Today, AUVs such as Norway's Hugin are to be operated in nearly the same manner as
AUSS, i.e. via an acoustic link. Hugin represents the first system funded by an oll
company (Statoil) for operation in the oil fields.

Test Bed AUVs

In the early days of AUVs there was a perceived market for a platform from which future
technology could be tested and demonstrated. Thus the first AUVs were produced, as
intended, for only supervised operations in well-known areas. A few of these systems
are described below:



Ocean Voyager | & |l

Ocean Voyager | began as a joint effort between Florida Atlantic University (FAU) and
Lockheed Martin's Perry Technologies. Later, Harbor Branch Oceanographic Institution
joined in to complete the vehicle. Although the vehicle was about 98 percent complete,
its size and perceived operational cost caused it to be abandoned for Ocean Voyager Il
a smaller, less expensive AUV.

Harbor Branch Oceanographic Institution (HBOI) and
Florida Atlantic University's (FAU) Ocean Voyager |

Ocean Voyager Il was designed and built by students at FAU as a senior class project
in the Fall of 1992. The success of the vehicle allowed additional funding to be obtained
and the vehicle became fully operational. The Ocean Voyager II, when completed, was
delivered to the University of South Florida (USF) for integration of an optical sensor
package used to ground truth data from satellites in the shallow coastal environment.

The vehicle has been operational since 1994 and has been used to test CHIRP side
scan and sub-bottom sonars, video cameras and long baseline (LBL) navigation
techniques. Ocean Voyager Il provided the foundation for the development of the
Ocean Explorer, FAU’s next generation AUV.



Florida Atlantic University's Ocean Voyager Il
EAVE Il

One of the earliest AUVs to be launched was EAVE lll, designed as a testbed vehicle
for testing control systems and algorithms. Operated by the Marine Systems Laboratory
of New Hampshire, the ROV look-alike vehicle was completed in 1987. It was capable
of diving to about 650 feet (198 meters).

MUST Lab

The Mobile Undersea Systems Test (MUST) Laboratory was developed by Martin
Marietta and operated by Perry Technologies. Credited with being the world's largest
AUV, its size and weight now work against itself for outside funding. MUST is 30-ft (9.1-
m) long and 54-in (137 cm) in diameter, weighing in at 19,500 Ib (8,843 kg). The
vehicle requires a support ship of about 190 ft (58 m) or greater for operations offshore.
Perry Technologies eliminated this expense by towing it offshore and operating from
smaller ships.

MUST's primary advantage is its 1,500 |b (680 kg), 53 cubic foot (1.5 cubic meter) dry
payload capability plus additional wet payload as well. This configuration was deemed
critical by the developers, since it was intended to carry advanced military electronics
that the Navy had designed for 19-inch (53-cm) racks aboard submarines or other
military craft.



Lockheed Martin's MUST Lab

Its operating depth is 2,000 ft (610 m) with a transit speed of up to 8 knots (14.8 km/hr).
The AUV was operated using lead acid batteries for the most part as no long missions
were ever afforded it. It is capable of an endurance of 8 hours at full power or 24 hours
at 5 knots (9.3 km/hr). MUST also adopted the AUSS design of a nose recovery buoy
that could be snagged with a boat hook and attached to a recovery line on the launch
and recovery system, which was similarly an AUSS ramp type system.

First put to sea in 1989,
MUST made over 100
dives and is still being
used by Lockheed Martin
to test advanced systems
such as the propulsion
unit for the Navy's
newest vehicle, the
Remote Minehunting
System (RMS). RMS is a
semi-autonomous, semi-

submerged vehicle
controlled at the surface
by an RF link.

MUST Lab during at-sea launch




XP-21

The first attempt at capturing what appeared to be a huge market within the military,
was with the XP-21. Designed and built by Applied Remote Technology (ART), the
vehicle was less than 22-ft (6.7-m) long and 21 in (53 cm) in diameter—the size of a Mk
48 torpedo.

XP-21 was a modular AUV in that sections could be added to increase its length from
the minimum 18 feet (5.49 meters) to a maximum of 35 feet (10.7 meters). It weighed
1800 Ib (816 kg) in air and could dive to 2,000 feet (610 meters). The XP-21 had 10
kwWh of power from lead acid batteries. It had an endurance of 5 hours with lead acid
batteries and a calculated endurance of 48 hours with the fuel cell.

Raytheon's XP-21

DARPA was interested in the concept of launching an AUV from a submarine for
reconnaissance and mine countermeasure missions. Officially the program evolved into
the Submarine Off-board Mine Search System (SOMSS). Contractors were promised
competition in a potentially well-funded program. However, budget cuts put the
program on indefinite hold, along with ending the Navy’s successful AUSS program.

This new funding environment in the Pentagon left AUV developers like ART with a
platform for hire, but without much funding to keep them going. When Raytheon bought
ART from General Dynamics, they needed the technology to win the Mk 30 Mod 2 ASW
Training Target—a 21-inch (53-cm) AUV. After they won the program, they shut down
ART and put XP-21 in the closet.

XP-21 was used by DARPA to test the Alupower aluminum/sea water fuel cell at a very
low funding level, while Loral and other giants got most of the funding for fuel cell



development. It was also
used as a test platform by
other vendors for several
years before the Raytheon
acquisition.

One of the XP-21's most
dramatic demonstrations
was the integration and use
of a laser line scan system
(see adjacent figure), a
state of the art sea floor
imaging system.

ARCS

XP-21 Receiving Laser Line Scan System

International Submarine Engineering began the development of their first AUV, ARCS,
in 1981 for the Canadian Hydrographic Service. ARCS is 21 ft (6.4 m) long and 27 in
(69 cm) in diameter. It has a displacement of 4,050 Ib (1,837 kg). Top speed is 5 knots

(9.2 km/hr) and its range is 20 nm (37 km) with a
lead acid battery and 125 nm (232 km) with its
10-kWh nickel cadmium battery. ARCS uses a
Datasonics acoustic telemetry link, vehicle
control is via a 68030 microprocessor and
navigation is by a Honeywell 726 MAPS inertial
navigation system and EDO 3050 Doppler
sonar. In 1996 a Seabird CTD was integrated
and demonstrated.

ARCS was to be used for hydrographic surveys
under the ice. The operational prototype was
completed in 1986 but there was no longer a
requirement for under ice operations. In 1988
the Canadian Navy acquired the vehicle for AUV
development activities.  Between 1989 and
1992, extensive hydrodynamic testing was
undertaken with ARCS as a beginning to the
development of the larger Theseus AUV. In
1994, a 70-kWh aluminum-oxygen fuel cell
developed by Fuel Cell Technologies was
demonstrated in the vehicle and a 36-hour
continuous run was documented.



Otter

Monterey Bay Aquarium Research Institute (MBARI) has developed an AUV called
OTTER (Oceanographic Technologies Testbed for Engineering Research). The vehicle
exists primarily as a development tool for optical systems to be used to image the sea
floor and to perform video mosaicking.

MBARI has developed an approach to enable the task of video mosaicking along
unconstrained vehicle paths. This technique reduces the image errors, which
propagate through the image chain, by using the theory of optimal estimation and
smoother-follower techniques to identify and remove them. To date this vehicle has
only been operated in a test tank environment.

MBARI's Otter

Twin Burger

The Twin Burger was developed in 1992 at the Institute of Industrial Science, University
of Tokyo and sponsored by the Toyota Motor Corporation. It was developed as a test
bed for software development and uses 14 Insmos transputers as an onboard multi-
processor system. A distributed Vehicle Management Architecture was developed to
generate a sequence of behaviors for commanded missions while handling the
hardware interface in real time. The vehicle, looking more like an ROV than an AUV
was designed for performing complex stationary tasks rather than cruising tasks.

Twin Burger is 5 ft (1.5 m) long, 2.8 ft (0.9 m) wide and 1.7 ft (0.5 m) high. It weighs
265 Ib (120 kg) in air and dives to about 164 ft (50 m). Propulsion is by five 40-Watt dc
motor driven thrusters. It carries two batteries (25 volt and 28 volt) that provide 10
amps each.



Institute of Industrial Science's Twin-Burger




Search & Survey
AUSS

The US Navy's Advanced Unmanned Search System (AUSS) is discussed first as it will
illustrate how AUVs are operated in the semi-autonomous mode.

Although AUSS' technology is becoming outdated, the basic configuration is the same
as modern AUVs. The technology itself has gotten less expensive, more powerful,
faster, lighter, smaller, etc., making the AUV more practical than ever before.

The primary advantage of AUSS over conventional towed search systems is its ability to
hover. Secondly, there is no umbilical to add drag, maneuverability and reliability
problems to the operation.

AUSS is a 17 ft (5.2 m) long, 31 inch (79 cm) diameter vehicle that weighs 2,800 Ib
(1,270 kg). The structure of AUSS is still considered to be state of the art consisting of
a cylindrical pressure hull constructed of graphite epoxy and fitted with titanium
hemispherical endbells. All external pressure housings are titanium. All of the
buoyancy required is provided by the pressure hull, even with the forward and aft
compartments flooded. The fairings are fabricated of Spectra 1000, which has a
specific gravity near that of water.

The vehicle has two 120-
VDC (0.75 hp at 1000
rom) main thrusters aft
and two (0.33 hp at 1200
rpom) vertical thrusters for
pitch and trim control. The
motor controller operates
at 40 kHz so as not to
interfere with the acoustic
link. Movable fins provide
vertical control at high
speeds. Power is
provided by 20-kWh silver-
zinc batteries, a source of
power used almost
exclusively by the Navy due to its high cost. Battery endurance is 10 hours at a
maximum speed of 5 knots (9.3 km/hr). A backup battery provides an additional one
hour of emergency processor operation if needed.

The objective of AUSS is to collect sonar and optical images of the ocean bottom to
depths of 20,000 ft (6,096 m). The images are sent to operators on the ship above and
are used to make tactical decisions and to supervise the vehicle's operation. An
acoustic link operating from 8 to 14 kHz transmits compressed search data at 1200,



2400 or 4800 bps to the surface as well as high level commands from the ship to the
vehicle. The vehicle must stay within a 90-degree cone below the support craft to
ensure low error rate communications.

A unique subsystem of AUSS is EARS, the External Acoustic Relay System, a 4 ft (1.2
m) long, shallow-towed submersible containing a transducer and acoustic link preamp.
By towing the device behind the surface ship at depths between 50 to 300 ft (15 to 91
m), the noise generated by the ship is decoupled from the acoustic link.

The vehicle navigates with help from a Doppler sonar and gyro-compass. The vehicle
can then be commanded to go to a specific location using Doppler coordinates or can
execute preprogrammed search patterns without assistance. Side scan sonar (100 kHz
nominal) is also utilized for rapid search of large areas coupled with a forward-looking
100 kHz sonar for closing in on targets discovered during the wide area search along
with an additional 267 kHz sonar for obstacle avoidance. An electronic still camera is
used to identify targets, both desired and false, by sending compressed images to the
surface via the acoustic link. A 35-mm camera is also onboard for taking high-
resolution images (see AUSS figures in Military section for examples).

The two highest level commands are the side scan search command and the optical
photomosaic. In both operations the operator defines a rectangular area of the bottom
and the vehicle autonomously proceeds in a square-wave pattern, while continuously
transmitting images.

During recovery the nose, connected to 80 ft (24 m) of polypropylene line, is ejected
and acts as a recovery buoy. Two ascent weights are made form 36-lb (16-kg) lead
forms attached to corrosive link assemblies. In an emergency, the weights can be
dropped either by a direct command, timer or finally (after 30 hours) via the corrosive
links.

Onboard processors are Intel 80386 vintage mounted in Multibus Il card racks. Vehicle
software is written in PL/M and runs on the RMK real-time operating system.

The control van is a 40-ft (12-m) ISO container and the launch and recovery system is a
ramp type device. Detailed information about AUSS can be obtained through NCCOSC
Technical Report 1528, November 1992.

Hugin

The Hugin program was originally funded by the military for minehunting, submarine
offboard sensors, anti-submarine warfare, reconnaissance, and probably for detecting
those mysterious intruders in the Norwegian Fjords you are always reading about. The
Norwegian Defence Research Establishment (FFI) teamed with Statoil originally to sell
the concept of an AUV that could be used for both military and commercial purposes at
very high cost savings to the industry. The military was apparently looking for a way to
get additional funding to complete the project.



They claim that Hugin, in its commercial role as a survey and inspection tool, will
replace ROVs for certain tasks such as deepwater seabed mapping and pipeline
inspection, and at a fraction of the cost of ROV systems. They also claim that the main
advantage of the AUV is that it can get a sonar closer to the seabed resulting in much
higher resolution data, while eliminating the umbilical greatly increases its survey speed
and maneuverability.

The system has came about
because of financing from Statoil's
research centre (which determined
what the specifications of the
vehicle were to be) and the
Norwegian Industrial and Regional
Development fund. The developers
consisted of FFI, Kongsberg Simrad
and the Norwegian Underwater
Technology Center AS (NUTEC).
NUTEC will operate and market the
Hugin.

The first series of sea trials were
completed in June 1998 and were
deemed successful. An operational
system is scheduled for delivery by
the end of 1998 and is probably
more of a demonstration unit than
anything, with a depth capability of
1,970 ft (600 m). The more
advanced systems, which contain a
sea water battery, advanced
navigation capabilities, a 6,561-ft
(2,000-m) depth capability, etc. is
only in the planning stage so far.
Called Hugin 2000, it is planned to
be available near the year 2000.

The Hugin's main sensor system is Kongsberg Simrad's advanced ES 3000 multibeam
echosounder for seabed surveys, which produces an array of 127 beams per ping
allowing a swath width of more than 656 ft (200 m) with a resolution of 10 mm.

The vehicle navigates relative to the surface ship via Kongsberg Simrad's super-short
baseline positioning system called HIPAP, enabling it to operate as far as 6,561 ft
(2,000 m) from the ship. Range accuracy is about 0.7 ft (0.2 m) and bearing accuracy is
about 0.2 degrees. Other sensors for navigation include two fluxgate compasses, a
Doppler speed log and a 6-degree of freedom motion reference unit.



Communications are via three acoustic links: one for command and control, one for data
and one for emergency transmissions. The command link can transmit control data
from the vessel at a rate of 50 bits/sec and is used to control the vehicle in real time
versus preprogramming it for subsea tasks. The data link can transmit the vehicle's
position and heading along with summary data from its mission at a rate of 2000
bits/sec. The complete data set is stored on a hard disk aboard the AUV and is capable
of storing 36 hours of sonar data.

The entire system including controls, storage and launch and recovery is contained
within a 40-ft (12-m) ISO container.

Martin

Maridan of Denmark completed the Martin AUV in 1995 and began sea trials in 1996.
The Martin is based on a previous prototype AUV called Marius (identical in shape and
size). This AUV was developed for oceanographic and commercial surveys (e.g.
pipeline, cable, pre-construction and bathymetric surveys) to 1,969 ft (600 m) of water.
The AUV utilizes a "flat fish" low drag hull design and is large enough to carry survey
equipment such as pipeline tracking sensors. Martin uses a CAN microcontroller-based
network for vehicle control. The navigation and image analysis computer is a VME MC
68040.

Martin is about 15 ft (4.6 m) long, 3.6 ft (1.1 m) wide (excluding its bow planes) and 2 ft
(0.6 m) high. Propulsion consists of two main thrusters (45 Ib of thrust each) and four
tunnel thrusters (three vertical and one transverse). It weighs about 2,200 Ib (998 kg) in
air. Power is provided by 5 kWh lead acid batteries resulting in a duration of 25 hours
and a maximum range of about 48 miles (77 km). Speed range is 2-5 knots (3.7-9.3
km/hr). The vehicle uses a RESON SeaBat sonar for obstacle avoidance, an EDO
Doppler Speed log, KVH gyro, Phillips autopilot and pressure gauge for navigation
sensors and also carries a video camera. Communications between the vehicle and the
surface ship are via a 50 kHz, 200 bps acoustic modem.

Maridan's Martin




Like most AUV systems, the vehicle can be operated in a tethered mode, semi-
autonomous mode or fully autonomous. Martin, however, uses an interesting
communications system concept in the fully autonomous mode consisting of a
deepwater acoustic modem that sits on the sea floor and is connected to the surface via
a cable and buoy. The buoy has a transmitter that sends back data to the operators by
line of sight or via satellite. This data is first down loaded by the AUV. Two-way
communications are also possible enabling the operators to download new mission
profiles or make changes in the mission
without bringing the AUV back aboard ship or
to shore. This scheme, and direct
communications via acoustic modems, will
probably be the preferred method for AUV
operation in the near future.

Scientific AUVs
Epaulard

The French Epaulard built by ECA was the
first acoustically controlled AUV to dive to
19,685 ft (6,000 m). The vehicle weighed
nearly 3 tons (3,048 kg) and was 13 ft (4 m)
long, 3.6 ft (1.1 m) wide and 6.6 ft (2 m) high.
Built in 1981, this AUV was well ahead of its
time. The vehicle is now retired and on
display at IFREMER.

SIRENE Shuttle

SIRENE, developed by
IFREMER, is designed to
land a benthic station with
high accuracy in depths to
13,123 ft (4,000 m). The
AUV is tele-supervised
through a bi-directional
acoustic link. It is an
8,820-Ib (4 metric ton) free
swimming shuttle
positioned via a hybrid
acoustic long baseline,
dead reckoning system
aboard the vehicle itself.




The vehicle was built using spare parts from the submersible CYANA. It is fitted with
two main propellers and a vertical propeller, powered by 120 volt, 185-amp-hr lead acid
batteries. Communications are performed through a new 10-12 kHz Chirp, 20 bits/sec,
acoustic, bi-directional tele-transmission and a classical UHF radio at 19,200 bits/sec.
The vehicle is also fitted with a Brooks altimeter, Depth Cell DC10R depth sensor,
Watson AHRS-C303 attitude reference unit, Thomson TSM5740 Doppler and GPS for
initialization.

UHF radio
Benthic station

TeTm transducer

SIRENE with
Benthic Lab

The heart of SIRENE's positioning system is an acoustic rangemeter that determines
the distance between the vehicle and acoustic transponders. The rangemeter, using
absolute references, allows driftless position update using up to 6 beacons. Most
systems use threshold detection, while the rangemeter detects up to 10 candidate
ranges over a range of about 19,685 ft (6,000 m) maximum. The selection of the best
candidate is accomplished by state-of-the-art data association techniques.

Odyssey lIb

In 1991, the first small, low cost AUV (Odyssey |) was developed at the MIT Sea Grant
College Program AUV Laboratory. It was tested in the waters off New England in 1992
and then deployed off Antarctica in early 1993. In 1994 the creation of the second-
generation vehicle Odyssey Il began, under the sponsorship of ONR. In 1995, as part
of the VENTS program, the Odyssey dove to depths of over 4,500 ft (1,372 m), fully
autonomous, over the Juan de Fuca Ridge. In 1995, four new vehicles were built, again
funded by ONR.

This new generation vehicle was named Odyssey llb. Odyssey Il was also upgraded to
a llb raising the total number to five. In 1996 two Odyssey llb vehicles made 67 dives
(with no failures) in the Haro Strait off Vancouver Island, studying the dynamics of
frontal mixing.



MIT's Odyssey (right)

The Odyssey lIb is about 8
ft (2.4 m) long, teardrop
shaped and weighs about
365 Ib (166 kg). It is rated
to a depth of 20,000 ft
(6,096 m). It is powered by
3.2 kWh silver-zinc batteries
and has an endurance of 12
hours at about 2.7 knots (5
km/hr). The Odyssey uses
a 68040 computer and
carries payloads including
CTD, ADCP, cameras and
side scan sonar. The
Odyssey lIb has a
component cost of less than
$75,000.

Ocean Explorer

Unlike its predecessor, Ocean Voyager |, Florida Atlantic University’s (FAU) next
generation Ocean Explorer is built in a modular fashion with a parallel mid-body that
allows the vehicle’s length and volume to change to meet different mission
requirements. This design is funded by ONR, NOAA and the State of Florida.

_wr

FAU’s Ocean Explorer

This AUV uses an extensive
intelligent distributed control system
called LonWorks via Echelon's
Neuron chip for communications
between numerous sensors and
actuators. All vehicle sensors are
connected on a single serial network.
Adding devices to the vehicle
consists of just plugging into the
network. Either a cable or wireless
Ethernet links the AUV to the surface
vessel. The basic vehicle is 7.5 ft (2.3
m) long, but by adding a parallel mid-
body of up to 3 ft (0.9 m) long,
increasing the vehicle length to 10.5 ft
(3.2 m), a payload volume of 7.5
cubic feet (0.2 cubic meter) can be
gained.



There is also payload space available in the nose section for smaller packages and
sensors. The batteries, Doppler speed log and control electronics are located in the aft
section and are not effected by changes in vehicle length.

Every inch of space has been maximized. The main pressure vessel is surrounded by
battery canisters in a radial fashion. Each canister is discharged individually insuring
that the Ni-Cad batteries' life is maximized.

Marconi AUV

In the UK, Marconi Underwater Systems in cooperation with Chelsea Instruments and
Moog Controls were funded by the Department of Trade and Industry as part of the
Wealth from the Oceans Initiative, to develop a research AUV. As far as we know, it
had no name except for Research Autonomous Underwater Vehicle. The vehicle
obviously grew out of Marconi's experience with torpedoes and was quite sophisticated.

GEC-Marconi
AUV

The AUV was about 21 ft (6.4 m) long with a diameter of 21 in (53 cm), but considering
the fins that protruded from the 21-in (53-cm) envelope, the diameter was increased to
over 35 in (89 cm). This was common in AUVs that might be launched from
submarines, but where this option was considered unlikely, designers went for better
control at low speeds by using larger fins.

The vehicle weighed just over 2,900 Ib (907 kg). The operators claimed an endurance
of 36 hours and a range of 186 miles (300 km) with a maximum speed of 5 knots (9.3
km/hr). Depth capability was 1,000 ft (305 m). The vehicle was fitted with a side scan
sonar and a Chelsea oceanographic instrumentation suite.

The vehicle was completed in 1992 and completed sea trials. In 1993 it was used for
scientific experiments under the edge of the Polar Ice Cap.



Autosub -1

Autosub-1 is the UK's newest
AUV, a result of a £5 million
Natural Environmental
Research  Council (NERC)
technology project that began in
1988 with the aim of developing
a national capability in AUVs for
ocean science. Autosub-1 is
the first of a projected range of
AUVs. The vehicle made its
first dive in 1996 and since then
has made over 70 successful
autonomous practice missions
and demonstrations. It is
operated out of the
Southampton Oceanography
Centre.

Autosub (right)

The vehicle is about 23 ft (7 m) long and 3 ft (0.9 m) in diameter and weighs about
3,100 Ib (1,406 kg) in air. Payload volume is over 35.3 cubic feet (1 cubic meter). Its
depth capability is reported to be over 6,500 feet (1,961 m).

Recently, additional systems have been added to Autosub including an altimeter, CTD,
acoustic Doppler current profiler, and fluorometer. This still leaves over 300 Ib (136 kg)
of payload capability in the vehicle for additional mission packages. Chelsea
Instruments will manufacture and market the AUV around the world.

ABE

The Autonomous Benthic Explorer (ABE), funded by the National Science Foundation at
the cost of about $1 million, does not resemble any conventional torpedo-shaped AUV
with its unique three-body shape. Unlike other AUVs optimized for speed and range,
ABE is optimized for maneuvering in tight places close to complex bottom topography.
The three-body shape allows reasonably efficient forward travel and high stability (with
the flotation in the upper two pods) in roll and pitch. ABE is designed to travel slowly—
about 1 kt (1.9 km/hr) to conserve power.

The vehicle only needs about 20 watts for control and navigation and a 200 watt peak
(optimized for 100 watts) for propulsion. The total energy capacity of the batteries is 1
kWh for lead acid, 2.2 kWh for alkaline or 10 kWh for lithium batteries. The AUV will be
used to study vent areas such as those on the Juan de Fuca Ridge.



ABE is also designed to operate from a "dock" near the sea floor where it can stay
submerged for weeks at a time. Ultimately, it is planned to leave ABE on station for
several months at a time to conduct science missions.

The vehicle is 10.2 ft (3.1 m) long (overall), 5.5 ft (1.7 m) wide and 5 ft (1.5 m) high.
ABE has a displacement of around 1,000 Ib (454 kg) and its buoyancy is provided by six
17-in (43-cm) glass spheres with a depth capability of 19,686 feet (6,000 m).
Propulsion is provided by two main thrusters aft of the two main buoyancy packs, and
two vertical and two lateral thrusters provide vertical or side movement.

Woods Hole Oceanographic Institution's (WHOI) ABE

The vehicle has a video system consisting of three CCD cameras, two monochrome
and one color. A strobe is used to grab a picture, each containing about 1/4 megabyte
of data before compression. A recycling time of two seconds is desired for all three
cameras, presenting a challenge for both data storage and transfer rate. ABE navigates
using a high frequency (300 kHz) transponding long-baseline acoustic navigation
system. A fluxgate compass provides heading but due to possible magnetic
disturbances in the area, is checked and corrected using information from the acoustic
positioning system.

The vehicle utilizes a distributed control system with nodes communicating serially.
Each node contains a low-power single chip microcomputer (68HC11) with some nodes
also containing transputers.



Cryrobot & Hydrobot

NASA and the Jet Propulsion Laboratory have developed two AUVs for the mission of
finding life in Antarctica's Lake Vostok. The Cryrobot AUV will melt its way through 2.5
miles (4 km) of ice and then release the second AUV Hydrobot. The Hydrobot will then
explore the lake searching for life. Scientists are considering sending the two AUVSs to
Jupiter's moon Europa.

Military AUVs

DARPA AUVs
The Defense Advanced Research Projects Agency (DARPA), responsible for high-risk,
high-technology programs, funded Draper Labs to design and build advanced AUVs

that could be used to demonstrate to the Navy specific military missions such as Mine
Reconnaissance and Search.

US Defense Advanced Research Projects Agency's (DARPA) AUVs



Each vehicle is just over 35 ft (10.7 m) long and 3.7 ft (1.1 m) in diameter. Ultilizing
silver-zinc batteries, the vehicles are capable of an endurance of 24 hours at 10 knots
(18.5 km/hr). Maximum depth capability is 1,500 ft (457 m). The vehicles have
recently been transferred to the Naval Oceanographic Command in Bay St. Louis,
Mississippi, where they will be used for oceanographic applications.

Mk 30 Mod 1

The Mk 30 is a self-
propelled under-
water vehicle
(target) capable of
simulating the
dynamic, acoustic
and magnetic
characteristics of a
submarine. These
vehicles are used
because opera-
tional submarines
are not always
available as targets
for Navy exercises
and safety is always
a concern. ASW
vessels and aircraft
can demonstrate
target detection and classification, trailing, and acoustic homing torpedo attack
missions. The Mk 30 can run 3-dimensional run patterns autonomously. They can be
launched from 21-in (53-cm) diameter torpedo tubes and launchers. Once in the water,
the Mk 30 unreels a 390-ft (119-m) towed array used to simulate submarine
characteristics.

The Mk 30 is composed of six separate hull sections fabricated of aluminum castings or
forgings. The hull is 21 in (53 cm) in diameter and 20.4 ft (6.2 m) long. The vehicle
weighs 2,700 Ib (1,224 kg) in air. Propulsion is provided by a 107 hp, dc, series-wound
motor (counter-rotating armature/field type) connected through two concentric drive
shafts to counter-rotating propellers. Guidance and navigation (dead reckoning) is
provided by a Bendix digital navigational computer that accepts commands from the
acoustic link.

The Mk 30 can travel at speeds of 7-30 knots (13-56 km/hr) at depths from 25-2,000 ft
(8-610 m). It has endurance on its silver-zinc batteries of up to 4 hours depending upon
speed. Commands to the vehicle are transmitted by a standard Navy underwater
telephone (AN/UQC-1 or AN/WQC-2). Up to 10 discrete commands can be transmitted
via a single sideband suppressed carrier acoustic signal.



MK 30 Mod 1 ASW Mobile Target

The Mk 30 Mod 1 is still in use, but is to be replaced by the Mod 2 currently under
development by Raytheon for the Navy. The new vehicle is intended to solve reliability,
maintainability and logistics problems associated with the Mod 1 system. Mod 2 will
utilize the existing infrastructure. After the initial development program, 61 vehicles are
planned, some of which may be used for other AUV missions.

Navy's Large-Diameter Vehicle

The Naval Undersea Warfare Center (NUWC) has developed two AUVs-a large
diameter and a small diameter vehicle. Of particular interest is the Large-Diameter
Vehicle (LDUUV). This AUV is being used by ONR to develop and demonstrate key
AUV technologies.

The LLUUV is nearly 25 ft (7.6 m) long, 2.2 ft (0.7 m) in diameter and is fully
autonomous, capable of dives to 650 ft (198 m). It has an endurance of 25 mile (40 km)
at speeds of 4-13 knots (7.5-24.2 km/hr). The AUV has a payload capacity of nearly
1,000 Ib (454 kg). Propulsion is provided by two axial-field, brushless DC motors driving
counter-rotating ducted propellers located on the tail of the vehicle. Control fins are
arranged in an "X" configuration. Power is provided by 140 amp-hr silver-zinc batteries
providing a 90-VDC bus at 120 volts.

Navigational sensors included an Allied Signal Inc. model RL34 ring laser gyro inertial
navigation system, EDO model 3040 Doppler velocity sonar, and a Sensotec Inc.
pressure sensor. The INS provides information on attitude, velocity and position.



U.S. Navy's LDUUV
and SDUUV (left)

Heading drift is
contained to less than
0.01 deg/hr, INS
velocity drift is 1.97
ft/sec (0.6 m/sec) and
the corresponding
positional accuracy drift
is 0.25 miles/hr (0.4
km/hr) without aid from
the Doppler.

The vehicle contains an acoustic link developed by Woods Hole capable of transmitting
data at a burst rate of 31 kbits/s and an aggregate rate of 3.8 kbits/s at a range of about
9800 ft (2,987 m).

The vehicle is commonly fitted with an array of oceanographic and survey equipment for
technology demonstrations and evaluations.

Cetus

Cetus is a version of
Odyssey, designed for
Lockheed Martin for mine
countermeasures. This small
AUV resembles a hydro-
dynamic ROV, as do many of
the modern designs. For an
AUV to be useful in
performing tasks such as
inspection, identification,
recovery, mine disposal, etc.,
it must be able to hover and
hold position in the water
column.

Lockheed Martin's CETUS
(right)




Cetus is 6 ft (1.8 m) long, 2.6 ft (0.8 m) wide and 1.6 ft (0.5 m) high and weighs about
330 Ib (150 kg) in air with full payload. The AUV is rated to 650 ft (198 m) with
aluminum pressure vessels and 13,000 ft (3,962 m) with titanium pressure vessels. The
vehicle is configured with two main thrusters aft and three vertical thrusters for hovering.
Cetus is currently powered by lead acid batteries and has a maximum speed of 5 knots
(9.3 km/hr) and range of 25 miles (40 km). The hull is fabricated from rotary molded
high impact plastic. Cetus, although looking very different from Odyssey, uses
essentially the same components internally.

Theseus

International Submarine Engineering
(ISE) developed the large AUV Theseus
under contract to the Canadian Defence
Research Establishment Pacific
(DREP). The AUV began development
in 1992, made its first dives in 1994 and
became operational in 1996. The earlier
built ARCS AUV, which is an
approximate  1/2-scale version of
Theseus, was used to test prototype
systems and vehicle hydrodynamics.
The vehicle has demonstrated its ability
to autonomously lay fiber optic cable—
over 19 miles (30 km) of cable have
been laid to date. The longest single
cable laid was 7.5 miles (12 km) long.
Additionally, Theseus has made a 3.5-
mile (5.7-km) under-ice run and an
endurance run of 252 miles (405 km) at
a depth of 1,000 ft (305 m).

ISE's Theseus AUV (right) and
schematic (below)
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Theseus is 35 ft (10.7 m) long, 4.2 ft (1.3 m) in diameter and weighs 19,000 Ib (8,617
kg). Its payload bay is 8 ft (2.4 m) by 3.7 ft (1.1 m) in diameter. It has a cruising speed
of 4 knots (7.4 km/hr) and a range of 275 nm (510 km). It can dive to 3,250 ft (991 m)
and is propelled by a 67.5-hp Kollmorgen brushless DC motor driving a single propeller.
Power is provided by 20 kWh of Ni-Cad batteries or 274 kWh of silver zinc batteries. It
uses six electrically powered hydroplanes, two aft of the nose and four diagonally
configured fins on the stern.

The hull is fabricated of 1.35-in (3.4 cm) thick 7075 aluminum, consisting of six 24 in (61
cm) long ring-stiffened cylinders with aluminum domes at each end. The pressure hull
houses the power source, vehicle electronics and inertial navigation system. The
vehicle has GRP free-flooding payload sections forward and aft, which contain sensors,
and forward and aft variable ballast tanks—capacity of 550 Ib (250 kg) each, 1/2 filled at
the start of the dive). For navigation, the AUV uses a Honeywell MAPS inertial
navigation unit coupled with an EDO 3050 Doppler sonar. It has a low-frequency
Sonatech ACU-206 homing device and a Sonatech STA-013-1 forward-looking obstacle
avoidance sonar. Like most of the AUVs currently in operation, it uses a Datasonics
acoustic modem for communications with the vehicle.

Mac AROV

Two Mac AROV vehicles, based on the SUTEC TWIN vehicle design, have been
delivered to the Swedish Defense Administration thus far. They are being used to study
automatic control and maneuvering and are operated tetherless using battery power.
The vehicle is controlled via two bi-directional links; a 4800-baud UHF radio link (470
MHz) or a 20 kHz acoustic telemetry link.

Communication is primarily
by an acoustic link that has a
range of about 6,500 ft (1,981
m) in shallow waters.
Transmission rate is about 10
bits/sec. The radio link, used
only at the surface, has a
range of 650 ft (198 m). Itis
used for real time joystick
operation and for
downloading preplanned
routes to the vehicle. Real-
time control is used during
launch and recovery of the
vehicle.

SUTEC's Mac AROV



Phoenix

The US Naval Postgraduate School has
developed a small AUV called Phoenix, a
mine countermeasures vehicle, for the
purpose of demonstrating mine field
mapping or intervention tasks. The
vehicle uses the "flat fish" hull design
similar to Martin.

U.S. Naval Postgraduate School's
Phoenix (right)

Manta

A futuristic, sleek, Skate-like AUV called
Manta is being considered by the US
Navy's Submarine Technology Program.
The vehicle, which would be operated by
wire, would be located in a submarine’s
skin and would be capable of being
launched into a minefield, perform
reconnaissance or attack an enemy
submarine.

MANTA AUV




The US Navy is looking to DARPA to fund up to $100 million in the development of a
full-size vehicle that could be operational by 2010. The Navy is interested in embedding
up to four vehicles in the submarine's skin for various operations. If the program
proceeds further it will probably take on the form of subsystem or technology
development programs, including structures, communications, sensors and advanced
weapons, which will have to be demonstrated prior to the construction of the Manta
itself.

MAUVE

Thompson Sintra ASM developed MAUVE (Mini Autonomous Underwater VEhicle) to
validate at sea a miniaturized, reconfigurable AUV dedicated to multipurpose survey.
The AUV was derived from an existing, low-cost training target called CALAS, built for
the French Navy.

Miniature AUVs
Fetch

On the small, low-cost side of AUVSs, Sias Patterson Inc. has introduced Fetch, touted
as being the world's first commercially available AUV. The vehicle utilizes a two-piece
aluminum hull with all stainless steel O-ring seats and fittings. The instrument and
motor mount assemblies are machined from polycarbonate for high strength. An
antenna and strobe tower extends above the vehicle for at-surface communications and
location. The fins are flexible to minimize damage during operation. External RS-422
and battery charging ports allow reprogramming and recharging without disassembly.

The vehicle is 5.7 ft (1.7 m) long and weighs 170 Ib (77 kg) in air. Endurance is 4-6
hours with a standard battery or 12-18 hours with a silver-zinc battery. Its range is 10 or
30 nm (18.5 or 55.5 km) depending on battery type used. Fletch’s maximum speed is 9
knots (16.7 km/hr) and its maximum depth is 1,000 ft (305 m).

Sias Patterson's Fetch




Fetch is programmed using National Instruments’ LabVIEW®. The vehicle can act as a
node on a TCP/IP network and multiple vehicles can be linked to the network to perform
coordinated tasks. Standard sensors include precision depth and temperature sensors,
fluxgate compass, GPS receiver, packet modem and transceiver (UHF, spread
spectrum or cell phone), 220 kHz scanning marine sonar, pinger, and color video
camera.

The vehicle also comes with a RISC computer with 24 Mb RAM, 500 Mb hard drive,
frame grabber, restart computer, National Instruments NB-MIO-16 I/O board, nuLogic
NuSTEP motor controller, launch/maintenance frame and tool kit. Terrain following
software is under development to enhance its capability and a side scan option is also
under development.

Navy Mini-AUVs

The Navy has for years been interested in the concept of using multiple mini-AUVs for
certain operations. In 1996, the US Naval Undersea Warfare Center (NUWC) released
another RFP for a maximum of five AUVs. NUWC was interested in investigating a
"UUV Flotilla concept” to conduct rapid, low cost experiments using vehicles in
formation to transect/acquire tactically relevant environmental data. The flotilla concept
requires small, affordable AUVs, specified by the Navy to be 6.25 to 8.00 in (16 cm to
20 cm) in diameter and no more than 108 in (274 cm) long. Speed would range
between 3 to 8 knots (5.6 to 14.8 km/hr) with an endurance of one hour at 6 knots (11
km/hr). Depth capability is 300 ft (91 m).

SEASHUTTLE

The Applied Physics Laboratory at the University of Washington has for years been
working in the area of collecting data under ice, specifically the Arctic. In the early
1970s, APL developed an inexpensive, expendable, mobile underwater training target
for training sonar operators aboard destroyers. This device was later named the Mk 38.
In the late 1980s,
with  ONR funding,
the Mk 38 was
augmented with an

B active guidance
system, active
homing system and

small payload
capability. This low-
cost AUV was named
SEASHUTTLE and
was launched in
1988.




In 1989 two SEASHUTTLESs were fitted with CTDs and precision depth sensors and
named the Autonomous Conductivity Temperature Vehicle (ACTV). The ACTVs made
more than 50 successful runs under the ice pack in 1989, 1991 and 1992. A later
vehicle was built that stretched a line between two ice holes as far as 3,500 ft (1,067 m)
apart. This vehicle was named the Autonomous Line Deployment Vehicle (ALDV).

The SEASHUTTLE design is based on the concepts of the Mk 38, which is no longer in
use by the Navy. The vehicle consists of a glass-filed ABS tail section, internal
supports, aluminum hull and a dual ceramic ring transducer forming the forward hull
section. Two linear actuator motors move the control surfaces and a 1/4 hp permanent
magnet motor drives a single 3-bladed propeller. The pressure hull contains two printed
circuit boards located above a lithium/sulfur dioxide battery pack (5.4 amp-hr, 30 volts)
and has room for an internal payload.

Hermes

The MIT Sea Grant Underwater Vehicles Laboratory also developed a micro AUV called
Hermes. Itis 2.36 ft (0.7 m) long and about 3.5 in (8.9 cm) in diameter. It weighs just
less than 10 Ib (4.5 kg) and can dive to over 300 ft (91 m). Its speed is 3 knots (5.6
km/hr) with a range of 12 miles (19 km). These types of vehicles can be used for
studying the dynamics of underwater chemical plumes, pollution monitoring, hazard
assessment, exploration of dangerous and confined spaces, and tracking marine
animals.

Gliders
The following four are glider-type AUVs, three built by the Japanese and one by the US.
The glider concept has some merit for certain tasks and they can be built at a much

lower cost than systems requiring propulsion.

PTEROA 150

In 1986 the PTEROA Project
was started, funded by the
Ministry of Education and
Science of Japan. The
PTEROA 150 (see adjoining
figure), completed in 1989,
was developed as a high
performance autonomous
glider, designed to cruise over
a complex sea floor while
taking oceanographic
measurements and
photographs of the bottom.




The AUV could dive to 6,500 ft (1,981 m) and cruise for one hour at two knots (3.7
km/hr). Four active down-looking sonars were used to determine the shape of the sea

floor.

Aqua Explorer 1000
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The Aqua  Explorer
1000, a vehicle that
looks similar to the
PTEROA 150, was
developed by the Tokai
University. It utilized the
gliding capability of the
PTEROA 150, but was
designed specifically to
inspect telecom-
munications cables to
3,300 ft (1,006 m).

Tokai University’s
Aqua Explorer (left)

ALBAC is a prototype shuttle AUV
designed for water column data
collection to about 1,000 ft (305
m). The vehicle moves
horizontally  without expending
much energy from the batteries by
moving a trim weight within the
body to change its angle. A pair of
large NACA 0009 symmetrical
wings provides its lift force. The
vehicle begins its descent heavy
and assumes an angle between 15
and 30 degrees. Once at its

destination it drops a weight and
begins its ascent.

Institute of Industrial Science's ALBAC



Slocum

Doug Webb, of Woods Hole Oceanographic Institution, invented the Slocum, a gliding
AUV with a very unique automatic cycling thermal engine. It uses liquid glycol to fill an
external bladder causing it to float. To dive, a three-way valve is closed allowing the
glycol to flow into an internal bladder. The cold temperatures at depth freeze the liquid
hydrocarbon into a solid, creating a space that is filled by glycol from the internal
bladder. When it's time to ascend, the control valve is closed the other way, and
compressed nitrogen from the top of the tank pushes glycol out of a metal bellows into
the external bladder causing it to float (surface) again. During the ascent, as the
hydrocarbon melts again, it pushes glycol back into the bellows, compressing the
nitrogen and making Slocum ready for the next dive. Research regarding this unique
vehicle is continuing under support from the US National Oceanic & Atmospheric
Administration (NOAA) and the Office of Naval Research (ONR).



Towed Systems, Bottom Crawlers, Hybrids and Plows

This section captures those "other" vehicles that comprise a very large number of
systems used around the world. These include towed vehicles, bottom crawlers, hybrid
ROVs and plows.

Towed Systems

This class represents an overwhelming number of systems that have been towed

behind ships and boats to perform many different types of work. Towed systems can be
broken down into several classes as follows:

Data Collection (Oceanographic) Systems

This class of towed vehicle
consists of small vehicles that
carry a variety of oceanographic
sensors for data collection. Many
are designed to undulate through
the water column in order to
provide profiles (e.g. plankton,
etc.). Typical sensors used
aboard these vehicles are CTDs,
transmissometers, flourometers,
nephelometers, bioluminescence
and irradiance meters, optical
plankton recorders, dissolved
oxygen, pH, chlorophyll and
others. W.S. Ocean Systems Ltd.'s U-TOW

Survey (Search) Systems

This class ranges in size and weight from very small, shallow water bodies to large full
ocean depth systems. These systems are used to survey the sea floor for many
purposes including mapping, search and salvage, route survey, pipeline survey,
environmental survey, etc. These systems carry a variety of survey sensors including
TV cameras, film cameras, digital cameras, laser imaging systems, side scan sonars,
swath bathymetry sonars, multibeam sonars, sub-bottom profilers and magnetometers.

Modern towed systems have incorporated the laser imaging systems such as SAIC's
integrated with MacArtney AS' Focus 1500.



MacArtney AS' Focus 1500 (above)
Southampton Oceanographic
Centre's Towed Ocean Bottom
Instrument (TOBI) (left)

Cable/Pipeline Location Systems

This class of vehicle is specifically designed
to locate cables or pipeline either buried or
unburied on the seabed. The vehicles are
normally either a conventional towed body, or
a sled. The sleds are commonly used in
shallow water and are dragged along the
seafloor by the surface support craft. Both
types carry either a magnetometer or fluxgate
gradiometer for locating metallic objects. A
very unique design by Seatec, incorporated
spinning rotors on the tow body that allow the
vehicle to be steered along a pipeline.

Seatec's Towed Vehicle (right)




Towed Vehicles

Use Manufacturer Name Size LXWxH-m Depth-m Type Wt.-kg Depressor |Tow Speed
Survey Univ. of Southampton|TOBI 4.25x1.25x1.5 6000 Neutral 2200 yes - 600 kg |1.5-3 kts
Survey Woods Hole ARGO-II 4.6x1.1x1.1 6000 Heavy 2100 no n/a
Survey Oceaneering DOSS 4.0x1.3x1.3 6000 Heavy 1000 no n/a
Survey Ocean Expl 6000 |4.0x1.2x1.5 6000 Neutral 1225 yes n/a
Survey MacArtney A/S Focus 400 1.5x1.3x1.3 400 Active 200 no 1-5 kts
Survey Focus 1500 2.6x1.5x1.5 1500 Active 400 no 1-5 kts
Data Collect Scanfish Mk | 0.75x0.10x0.13 |100 Heavy 34 no 2-10 kts
Data Collect Scanfish Mk 11 0.8x1.6x0.14 500 Heavy 50 no 2-10 kts
Survey Innovatum Innosled 3.15x1.55x0.85 |20 Sled 50 no n/a
Survey Okeangeofizika MAK-1 2.25x1.0x0.95 6000 Neutral 500 yes - 100 kg |6 kts
Cable Locate [Simec SA Marlin 2 1.37x1.42x0.65 [1000 Heavy 220 no 3 kts
Survey Woods Hole Medea 2.3x1.0x1.5 6000 Heavy 310 no 1 kt
Data Collect |Guildline Instruments |Batfish Il 1.3x1.25x0.9 400-1000 Active Wing |85 no 3-12 kts
Data Collect |Chelsea Instruments |Nv-Shuttle 2.13x0.5x0.58 150 Undulating |73 no 5-15 kts
Data Collect Seasoar Mk Il 2.0x1.6x0.98 500 Undulating |150 no 4-12 kts
Survey ECA Societe SAR 5.0x1.0x1.0 6000 Neutral 2500 yes 1ml/s
Video JW Fischers TOV-1 0.6x0.17x0.17 76 Heavy 15 no 2-4 kts
Data Collect |WS Ocean Systems |U-Tow 1.2x0.81x0.48 200 Heavy/ 100 no 4-20 kts

Undulating

Modern Towed Vehicles




T R TR I
Manufacturer Name |  Size LxWxH-m Depth-m | Payload (kg) Wt.-kg  |Burial Depth-m
 Simec SA Castor 1 _ 7.0x2.45x2.5 50 5000 12,000 1.2 ]
Castor 2 8.0x2.45x2.5 1000 5000 12,000 22
Soil Machine Dynamics  |Eureka | 11.0x4.0x4.0 1500 3000 19700
e Seabed Tractor 6.0x4.9x4.0 1400 2000 11500
Perry Tritech [Gator 5.5x4.6 50 n/a 9000
Travocean [Koura 1 5.3x2.15x2.0 200 n/a 3400
Koura 2 S7x22xe0 [ 200 n/a 5500 ]
Hydrovision Ltd Navtrax [1.36x1.1x1.1 1000 400 780 na_ |
Subtec STBSLtd | Pelican  |4.7x2.8x2.2 BEE n/a 8500 3 ?
AL Toucan 9.25x2.25x%2.2 40 n/a 14700 2.1
| Technomare Indust. SpA_|Piovra 5.2x4.7x3.3 1500 n/a 13000 n/a S
™ 402C B.5x7.5x4.0 200 n/a 28000 04 BRI s
Slingsby Engrg. Ltd ROV 128 4.0x4.04x2.15 20000 |. . 50 7300 n/a
Scarab Il 4.5x4.2x2.45 2000 50 9000 n'a
Pirelli Jacobson Sea Crawler 5.5x5.64x2.43 B0 4000 8000 2.5
Coflexip Stena Offshore | TM 9 ~ |13.5x5.0x9.2 300 n/a 85000 2.5
Boskalis Offhore BV 113.4x4.5x4.1 300 n/a 12000 | n/a
Tramrod 250 5.9x4.2x4.0 800 n/a 38000 | n/a

Modern Bottom Crawlers




Bottom Crawlers

This class of vehicle is most commonly
a tracked vehicle. In some cases an
Archimedes screw has been used
instead of tracks. The primary use of
tracked vehicles has been for cable
laying and burial. Cable burial vehicles
carry one of four tools for burying
purposes; water jets, chain trencher,
wheel trencher or plow, which are
normally changed out depending upon
soil conditions. Some systems can be
operated remotely or from a diver
station onboard the crawler. Other uses
for crawlers are sediment preparation,
pipeline  trenching and dredging
operations.

Perry Tritech's Gator (right)

Hybrid Vehicles

There are some vehicles that don't fall into any one class and are in fact, multiple types
of vehicles combined or special purpose designs. An example of a hybrid system is
Perry Tritech's Flexjet system, which is essentially a Triton ROV with a tracked vehicle
capability. The system has the capability of flying via its thrusters in a neutrally buoyant

state or becoming heavy
and crawling on the seabed.
The system is fitted with a
jetting tool for cable or
flexible pipe burial.
Although the vehicle
requires 100 hp to operate
normally, an additional 400
hp is provided through the
umbilical to power the huge
jetting tool for a total power
requirement of 500 hp.

Perry Tritech's Flexjet Il



Two examples of purpose-built systems are the GRAB, which was used to recover
bullion from a sunken ship and the Scimitar, which was used to clean the legs of a fixed
platform. Both vehicles were integrated with a standard Perry Tritech control system
and utilized Triton TMSs.

Perry Tritech's GRAB Dawson Offshore/Perry Tritech Scimitar

Hybrid ROVs

Manufacturer Name Size LxWxH-m | Depth-m Power-hp Wt.-kg Payload-kg Thru Frame
Hitec Marine ROP 12.0x1.5x1.5 n/a n/a 1100 n/a n/a
SMD Nereus 3.7x3.1x2.4 2000 240 8200 700 n/a
Perry Tritech Flexjet Il 4.8x4.2x3.8 500 100 12000 400 n/a
Alcatel Kabel Capjet 500 7.0x4.5x2.5 500 200 11000 400 n/a

Norge

Modern Hybrid ROVs



Another very unique approach to a hybrid system involved the submarine rescue
system built by Hard Suits Inc. for the Royal Australian Navy. The system, called
REMORA, is a hybrid ROV and diving bell. The system is flown like an ROV by two

pilots aboard ship, but carries a bell attendant inside for making the personnel transfer
from the sub to the bell.

Hard Suits, Inc.'s REMORA



Plows

Plows represent another large class of vehicles that have, over the years, become very
sophisticated. Plows come in all sizes and configurations, weighing up to 80 tons
(81,280 kg), resisting tow forces to 250 tons (254,000 kg) and capable of shallow water
work to depths of 4,921 ft (1,500 m). There are as many different plow designs as there
are different soil conditions around the world. The figure below of one of Soil Machine
Dynamics (SMD) Ltd.'s line of ploughs illustrates the size of such systems and the table
on the next page shows the differences and potential burial capabilities of various
ploughs.

The primary cause of damage to telecommunication cables is fishing. Deepwater
fishing to 6,562 ft (2,000 m) is conducted, therefor, burial just beyond that depth may be
desirable or required in the future. Some plows combine a plowshare and water jetting
capability. The primary tools used for digging trenches with plows are the share or the
disc. Not all plows are used to dig trenches; some specialty plows are built just as
back-fill systems for filling in trenches dug by other plows.

Soil Machine Dynamics
Ltd. Plough

A table showing many of the modern plow systems, or ploughs, based on your spelling
preference, is provided on the following page.



Ploughs

Manufacturer Name Size LxXWxH-m | Depth-m | Pull-tons | Wt.-kg Burial Depth
-meters

SMD 3M Plough 9.0x4.6x4.0 1500 50 18000 3
APP/PL 2 18.0x12.0x9.0 400 300 140000 2
Back Fill Plough 14.0x13.0x4.0 400 300 85000 n/a
Lt. Weight Cable Plough 19.0x4.6x4.0 500 50 9000 1.1
Modular Plough 12.0x4.5x6.0 1000 100 27000 1.4
Multipass Pipe Plough 19.0x10.0x5.5 500 350 100000 1.8
Sea Plough VI 10.5x6.0x4.0 1000 80 25000 1.2
Standard Cable Plough 9.0x4.6x4.0 1500 50 14000 1.1
Surveyor 6.0x3.0x4.0 1500 40 4200 n/a

Simec SA Elise Il 8.0x2.9x2.95 1500 n/a 17000 1.1

Smit Land & PBP4 21.0x10.0x7.8 200 n/a 95000 1.8

Marine Eng.
Kvaerner RJ Brown |Post Trenching Plough [28.0x8.0 150 400 110000 1.8
ECA Societe Sea Plough 8.5x3.0x2.95 1500 81 n/a 1.1

Modern Plow Systems




CHAPTER 2. WHAT CAN THEY DO?

INTRODUCTION

In Chapter 1, the history of the ROV and the many classes of the systems were
discussed. In Chapter 2, this discussion will be carried further into the actual
capabilities of modern systems and what they are doing in many areas. The first
section will provide a quick Task Summary for state-of-the-art vehicles. This is followed
by a more in depth discussion of Commercial-Offshore Energy, Military Missions,
Academic/Scientific Applications, and Other Applications, which includes the ever-
increasing area of Inland Operations.

TASK SUMMARY

ROVs

The majority of ROVs in use are working in the offshore oil and gas industry, however
they are becoming more common and relied upon for inland and scientific applications
every year. The following are some of the common uses for ROVs offshore (inshore
applications will be discussed separately):

Diver Observation

In the early days the primary use of ROVs
was to observe divers working at dangerous
depths and to perform a safety and quality
control function. Experts on the surface could
direct the diver in his normal duties as well as
emergency situations.

Ceanic diver observed by ROV (right)

Platform Inspection

Regulations require that offshore oil and gas
platforms be inspected to look for damage
and to determine the extent of marine fouling.
Offshore platforms become heavily loaded
structurally when the drag increases on the
structure due to its increased cross section
from extreme fouling. Another task is to
check the platforms corrosion prevention
systems (cathodic protection).




In addition to general inspections of this type, very detailed inspections are also
frequently required. These inspections include looking at critical welds at platform
nodes (joints), where cracking can begin to occur, using non-destructive testing (NDT)
techniques. If cracks are detected, then repairs must be initiated.

ROV/cage launched from platform

Pipeline Inspection

ROV systems began to be accepted for offshore work after demonstrating their ability to
effectively and quickly perform pipeline inspections. The vehicles would often perform
visual inspections looking for leaks, unburied pipelines or spans of unsupported
pipeline. In other cases the ROV would carry a sophisticated suite of tracking and
inspection sensors for performing a variety of tasks. The vehicles were also required to
hold position in moderate currents and had to be capable of "live-boating” (i.e. with ship
underway), which greatly reduced the time to perform an inspection.



Slingsby Engineering’s Solo Inspection and Maintenance ROV
(Solo now operated by Stolt Comex Seaway A/S)




Surveys

Pipeline inspection evolved into even more work for the ROV through site and route
surveys. Prior to installation of a platform, an ROV would perform a detailed search and
survey of the area. It would then perform route surveys from the shore to the platform
to pick the best installation routes for pipeline and cables. Here the vehicles were
required to carry very accurate acoustic tracking systems or work within long baseline
acoustic networks so that the position of the ROV was accurately known.

Drilling Support

The most common requirement for ROVs, by a wide margin, is drilling support due to
the inherent danger of operating close to this activity as well as the water depths
involved today. Here ROVs are required to have very dexterous manipulators for
performing complex tasks. Two manipulators are often required, one as a grabber and
the other as an extension of the operator at the surface. In addition, these vehicles
sometimes require operation in high currents and may have to carry large payloads.
The drilling support ROV has evolved from the "hard wired" systems of the 1970s to the
fiber optically controlled systems of today. Some vehicles have up to 10 channels
dedicated to video cameras alone. This topic will be discussed in more detail later in
this chapter.

Construction Support

A natural addition to drilling support capabilities is construction support. This work
involves structural repair and installation tasks. These tasks require different
capabilities such as cutting, cable attachment, etc., but still require the same
manipulator dexterity as drilling support.

Debris Removal

Since ROVs were commonly found around platforms during construction projects, they
began to be used to recover debris dropped or left around platforms that were to be
removed. The ROVs would attach recovery cables and other lifting devices to the
debris.

Call Out Work

A great deal of general offshore work is available for systems not permanently assigned
to platforms or drill ships. These systems must be mobilized quickly and be ready to
work once on site. Generally, these ROVs are required to perform simple tasks such as
observation or AX ring change-outs and cable cutting or attachment. Work can last for
one day or for several. Once the work is completed, the system is usually demobilized
immediately.



Platform Cleaning

Probably the most sophisticated task asked of ROVs in the 1980s was platform cleaning
using brushes, water jets and other abrasive devices. This task was not easy to
perform as the ROV would have to attach itself with suction cups or grabbers to an
already heavily fouled leg, then initiate some cleaning effort that usually produced a
significant reaction force on the ROV, attempting to break it away from its attachment
point. This era also saw the first 100-hp systems capable of carrying high pressure
water jets to the site for blasting away marine growth.

Perry Tritech's Triton with
MOC-1 Platform Cleaning
System (right)




Subsea Installations

As vehicles became more powerful and capable of performing complex tasks, they soon
began to support the construction, operation, inspection, maintenance and repair of
subsea installations, especially those in deepwater. Today, the ultra-deep water
production system most widely used is the subsea completion and is the fastest growing
market for ROV use. This technique is the lowest cost approach to deepwater
production. It does however, require extensive intervention from ROVs. Because of
this the modern ROV giants such as the Triton XL 250, MRV and Hercules systems
have evolved. Some of these vehicles carry as much as 250 hp for high-thrust and
heavy work capability. Through-frame lift capability can be as much as five tons or
more. It is now apparent that ROVs will be capable of performing this work to depths
exceeding 9,843 ft (3,000 m). In at least one case, a ROV was permanently installed on
rails on a subsea installation and was used to maintain the manifold.
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With the advent of these large and powerful
ROVs came the development of Diverless
Flowline Connection Systems (DFCS) such
as Sonsub's, which was developed for the
Amoco Liuhau 11-1 field for 13.5-in (34-cm)
and 6-in (15-cm) flexible flowline tie-in
operations.

Sonsub International's Diverless Flowline
Connection System (DFCS) (left)

ROV performing subsea tie-in work
(below) (Courtesy of Subsea Offshore)




Telecommunications Support — Inspection, Burial or Repair

Over the years, ROVs began to be used for small pipe and cable trenching and burial
tasks in soft soils. The heavy seabed plow is still the most effective way to trench and
bury cables, however, there are several applications suited to the free-swimming ROV
or small ROV tractors. Specifically, these systems can be used for burying exposed
lengths of cable after repairs have been made. Jetting techniques can be used where
the seabed is soft. More recently, relatively small cable trenching and burial systems
have been built that are being used for shore end installations of telecommunication
cables. These ROVs are capable of bringing the cables laid by large cable ships to
shore from depths of less than 984 ft (300 m). The vehicles carry a suite of tools that
allow trenches to be jetted or dug in sand or rock to depths of about one meter. These
ROVs are essential, as cable ships cannot get into shallow water. Operations are
normally conducted from a barge that carries the ROV, cable and support personnel
and equipment.

Systems such as Perry Tritech’s Advanced Cable Maintenance Vehicle (ACMV) are in
use around the world. This vehicle has the ability to pick up a cable or flexible flowline
and jet a trench, lay the cable and bury it in one operation. For additional information,
refer to Chapter 4 — Cable Burial Operations.

Perry Tritech's Advanced Cable Maintenance Vehicle (ACMV)



ACMV Jetting lllustration

In much tougher soil or rock conditions the bottom crawling systems such as the Perry
Tritech Gator or Flexjet, or Subtec Pelican systems have increased capability to operate
under these conditions.

Object Location and Recovery

There are several sections in this publication that address the techniques used to locate
underwater objects, and the wealth of data on tethered ROVs provides a base of
information that proves that little is beyond reach in the ocean depths. The following
three examples are provided by Oceaneering Technologies Incorporated (OTECH) and
provide highlights of, and insight into the complexity of past recovery missions. OTECH
has been involved in many recovery operations and has provided long term support
under contract to the Supervisor of Salvage of the US Navy, operating vehicles such as

the Navy’s CURV lll.



South African Airways Flight 295 Recovery

On November 23, 1987, a South African Airways Boeing 747 airliner crashed into the
Indian Ocean 120 miles northeast of Mauritius, the victim of an onboard fire. In
worldwide competition, the South African Department of Civil Aviation selected
Oceaneering Technologies, Inc. (OTECH) to survey the wreckage and recover selected
pieces to aid in the accident investigation.

In September 1988, OTECH mobilized its Gemini ROV system aboard the M/V Stena
Workhorse. OTECH also set up a forward logistics base for the operation in Port Louis,
Mauritius, chartering a local vessel for transportation between there and the crash site.

On site, the OTECH crew deployed and calibrated a long baseline, acoustic navigation
system around the crash site, coupling it into OTECH's ALLNAYV integrated navigation
system. After finding the wreckage on a flat sandy bottom in 14,800 ft (4,511 m) of
water, OTECH began charting the debris field. On impact, the plane had broken into
almost 300 pieces, some weighing tons, scattered over 3 square miles. In dives
routinely lasting over 120 hours, Gemini produced hundreds of crystal clear
photographs of the debris, and, thanks to Gemini's new fiber optic data link, equally high
guality video tape recordings of the wreckage.

OTECH recovered 10 tons of wreckage for the accident investigators. The vehicle itself
brought up pieces as large as 1,000 Ib (453 kg). OTECH's heavy-lift, motion
compensation system was used for larger pieces. Among the most important was the
cockpit voice recorder, located and recovered in February 1989.

S-3B "Viking" Aircraft Recovery

In mid-June, 1990, OTECH deployed aboard the USS Grasp (ARS-51), to recover a
US Navy S-3B "Viking" aircraft, which had crashed at sea 200 miles (322 km) southeast
of Norfolk, VA. Because the crash site was in the middle of the Gulf Stream, with a
water depth of 10,400 ft (3,270 m), OTECH mobilized the heavy-duty CURV Ill ROV
system for the recovery. This 80-horsepower ROV has a 20,000-ft (6,096 m) depth
capability, and was the only operational vehicle with enough power and service depth to
reach the bottom in the 5.5-kt (10.2-km/hr) current there.

Mobilization was not routine. Due to Grasp's deck arrangement, a base for CURV's
handling system was installed to allow the vehicle to clear stern towing equipment. A
motion compensation recovery system also was installed to handle the heavy salvage
loads in a seaway. Moreover, OTECH provided a specially designed recovery spool for
the ROV, containing the Kevlar lift line for the operation, rigged in a way to ease its use
with the vehicle.



Once on site, the operation continued around the clock. After locating the wreckage of
the aircraft, OTECH used CURYV to survey and photo-document the entire debris field.
As expected, the aircraft had broken up, shedding its wings and cockpit, but leaving
intact the part of primary interest—a 15,000-Ib (6,803-kg) section of the fuselage. Not the
least of the skills needed that day was the ancient art of rigging—using an ROV! OTECH
used CURYV to rig a bridle through the plane's forked tail hook. Connecting the bridle to
the recovery line, CURYV returned to Grasp, streaming the recovery line beneath it as it
clawed to the surface. After transferring the bitter end of the line to a deck winch, via the
motion compensation system, the fuselage was raised alongside.

SB-3 “Viking” Fuselage on the Deck of the USS Grasp

ITAVIA DC-9 Survey & Recovery

In 1980, an Alitalia DC-9 jet airliner crashed in the Mediterranean Sea approximately
80 miles west of Naples, Italy. There was speculation that this airliner might have been
the unintentional victim of an errant air-to-air missile. OTECH, teamed as a
subcontractor to Wimpol, Ltd., was contracted by an Italian Court in Rome to supply
video documentation and recover parts of the DC-9.



The wreckage of the airplane was on the bottom at 11,000 ft (3,353 m), thus, for this
task, OTECH deployed its Magellan-Explorer search and recovery system aboard the
M/V Valiant Service. OTECH first performed a broad area search and found that the
aircraft had disintegrated in the air, spreading debris over a large area.

OTECH's Ocean Explorer, a 19,685-ft (6,000-m) mapping/search dual frequency
sidescan sonar, was deployed during the survey phase. Its low frequency mode
mapped a 280 square mile (725 square kilometers) area locating the debris field. Once
the debris field was located, the Ocean Explorer 6000 switched to its high
frequency/high resolution mode, and mapped 5 areas consisting of 90 square miles
(233 square kilometers).

After the survey was completed, OTECH's Magellan ROV video-documented the DC-9
wreckage. Magellan completed 72 dives with the longest dive lasting 212 hours on the
bottom, and provided over 200 hours of videotape and over 1,200 photographs.

Once the video survey was completed, Magellan started the recovery phase. Magellan
completed 85 dives and recovered over 2,500 pieces of wreckage, including the DC-9
Cockpit Voice Recorder.



COMMERCIAL — OFFSHORE ENERGY

Introduction

By far the greatest use of ROVs and associated engineering around the globe is in their
application to the oil and gas industry in the exploration and exploitation of
hydrocarbons. Since the mid-1970s, ROV technology has aided man in his relentless
search for energy beneath the sea.

Time, technology and experience has developed ROV systems from an unreliable
visual aid to divers in their formative years to today’s highly sophisticated, capable and
reliable work class systems routinely undertaking operations in water depths greater
than 7,000 ft (2,134 m).

Although regulations vary internationally, generally saturation diving techniques are
prohibited in water depths greater than 850 ft (259 m) of water. As a considerable
percentage of offshore oil and gas reserves are located in water depths in excess of
diver depths, the importance of ROV technology is significant.

Typically, industry categorizes water depth as:

“Shallow” 0 to 2,000 ft (0 to 610 m)
“Deep” 2,000 to 5,000 ft (610 to 1,524 m)
“Ultra Deep” Over 5,000 ft (1,524 m)

Man has adapted several standard means of extracting hydrocarbons in various water
depths. From jackup drilling production rigs in very shallow water to subsea completion,
tension leg platforms (TLPs) and spars in deep and ultra deep water (see Support
Platforms, Chapter 7).

ROV technologies support operations for all of these installations. Primarily, these
services are categorized as follows:

Drilling and completion
Installation/construction
Inspection/maintenance and repair

Other activities



Drilling and Completion
General

Over 60 percent of the world’s ROV systems supporting oil and gas exploitation are
engaged in drilling support operations. Systems are utilized in water depths as shallow
as 100 ft (30 m) on jackup rigs and as deep as 10,000 ft (3,048 m) on semi-
submersibles and drillships.

The primary role of ROV systems on drilling support operations is as a visual aid. With
the exception of planned activities engaged in during completion operations, all other
activities are generally of a contingency nature.

This means that the full range of ROV systems are engaged worldwide to support these
activities. Observation ROV systems are typically used in shallow water and when
surface trees are utilized. Work class ROV systems are used in deeper water, areas of
high current, and when intervention tasks require the use of manipulators, fluid transfer
or load bearing capabilities.

Typical offshore ROV installation



Scope of Services

Typical task requirements during exploration and production drilling are as follows.

Completion

Exploration (in addition to Exploration)
Seabed survey - Install tree running tool
Anchor survey - Pressure test tree and
Observation during spud in valves
Monitor bullseye - Make up guide funnel to
Monitor cement returns tree
AX [ VX changeout - Land tree on wellhead
Connect/disconnect - Lock connector
guidewires - Make up hot stabs
Observe landing of BOP - Run, set and test tubing
stack hanger
Relocate drill string - Run and install debris cap
General visual - Install and connect jumpers
Observe drill string
inclination
Observe P & A
Recovery of lost items

System Configuration
Observation class ROV systems will be generally configured as follows:

Tether management systems (tophat or cage)

Color zoom and low light or SIT video cameras

Sector scanning sonar

Low pressure water cleaning system or brush for cleaning of seals and bullseyes
Altimeter and depth transducer

Lighting

Auto functions

Work class ROV systems will usually be configured with the standard suite detailed
above, plus the following additional tools and sensors:

5-function or heavy duty 7-function rate manipulator for moving payloads,
manipulating the drill string and for holding the ROV on a stable platform



7-function spatially correspondent manipulator for fine manipulative tasks, hot
stab deployment and varying camera angles (with mini manipulator mounted
camera)

Variable torque tool for actuating valves and releasing subsea hardware locking
mechanisms

Hot stabs for fluid transfer and valve actuation

AX/VX ring tools for replacing seal mechanism on Blow Out Preventers (BOPS)
and Lower Marine Riser Packages (LMRPSs)

Override tools for engaging and disengaging guidelines.

Guillotine and chopsaws for contingencies

Manpower

As the greater percentage of drilling activities are supported by ROV systems providing
a contingency service, crews are then typically provided at minimum levels. In fact,
many operators as policy do not specify ROV or diving services at all, choosing to rely
on experience, drilling contingencies and, in some cases, good luck!!

The norm, however, is to provide ROV services on a 12-hour basis with a 3-man crew,
comprised of 1 ROV Supervisor and 2 ROV Pilot/Technicians, for work class systems



and a 2- or 3-man crew for observation class systems. Generally, this crew would be
available around the clock on an as required basis.

Typically, the crew would be required
to rest a minimum of six hours
between shifts; however, this is often
stretched or even abused during
hectic periods, primarily during
spudding (commencement of well)
and plug and abandonment
(completion of well).

During completion operations, the
scenario changes considerably as the
ROV remains on critical path
operations throughout this intensive
phase. Generally, operators require
a 6-man crew providing full 24-hour
coverage.

Today’s modern semisubmersible in
many cases provides far more than
traditional drilling and completion
services. They often undertake a
number of construction based tasks
during the completion phases of
subsea production systems.

In these instances, the ROV crew may be required to measure and install jumpers
connecting trees to the subsea manifold, land and connect trees, and provide a
multitude of other services required to bring wells on stream. During these activities, it
is not uncommon for the rig to retain the services of two ROV systems, a crew of 12 (4
Supervisors and 8 Pilot/Technicians) and a Project Superintendent.

Duration
Drilling support programs can vary from a 7 to 10 day operation supporting the
completion phase of a well, up to 3 to 5 years supporting a multitude of wells in possibly

a multitude of geographical locations.

Typically, this is the choice of the operator (oil and gas company) and is usually based
upon a number of the following issues:



Philosophy and policy of the operator
Complexities of the wells
Economies of scale

Space restriction onboard
Accommodation constraints
Water depths/tree configurations
Regulatory authorities

Budgets

Supply and demand

In many cases, the ROV system has been
designed into the drilling rig and, as such, the
contractor will remain onboard for many years.

The typical time frame to drill an exploratory
well is between 30 and 90 days. This varies
greatly depending on water depth, drilling
target depth (TD), well complexity and the
drilling platform used.

Contracting/Commercial

Generally, ROV services are contracted between the operator (oil and gas company)
and the ROV contractor directly. In rare cases, the drilling contractor may be requested
or may offer to provide these services as part of his overall scope of supply. This is
rare, primarily because drilling contractors are averse to accepting the risk of ROV
downtime that may cause drilling downtime and its associated financial penalties.

Drilling support is seen as the “bread and butter” of ROV oilfield services. Primary
reasons for this are the obvious ones:

Long-term steady revenue
Low risk to equipment
Steady employment of personnel

Less obvious reasons are:

Lower specification of equipment is generally required
System is not generally on critical path

The skill base of personnel can be diluted

Sound training ground for personnel

Drilling operations, however, do not normally lead to value added revenue opportunities
and generally attract lower rates than other activities. Some ROV contractors shy away
from this business for these reasons.



Installation and Construction
General

If drilling support is a walk in the park for ROV contractors, then installation and
construction is the triathlon of all the support services in the oil and gas ROV industry.

These activities are the most demanding, require the most capable equipment and insist
on the greatest experience and skill of the ROV crew.

Installation and construction support is the realm of the work class ROV operating on
the critical path as a key element in the development program. Observation ROV
systems are often utilized in this area, but only in a support role to the work class
system.

Installation and construction support designated the use of ROV systems before, during
and after the installation of platforms, subsea production systems and others, and the
installation, laying, hook-up and commissioning of flowlines, trunklines, export lines,
cables and umbilicals.

During these operations, the ROV spread may be deployed from a wide variety of
vessels dependent upon the scope of work and the preference of the construction
company.

The ROV may be installed on the construction barge or lay vessel (see earlier figures),
which are very stable platforms but allow limited access to the work site for some tasks,
such as observation of pipeline touch down.

For this reason, many ROV support operations are undertaken from vessels operating
independently of the barge or lay vessel.

In their extreme, they
may be Dynamically
Positioned (DP)
vessels in excess of
280 feet long, typical
of North Sea
operations, to non-
DP multi-service
vessels from 180
feet, which are
commonly used in
the Gulf of Mexico
and Asia Pacific.

Witch Queen (right)




Scope of Services

With the improvement in work class ROV capabilities, added system redundancy and
greater water depths, companies have increased the scope of work that ROVs are
expected to undertake as routinely planned tasks. Typical requirements are:

Pipeline/platform pre-installation survey

Observe pipeline start-up procedures

Monitor installation of pin piles

Run, connect and cut cables

Pipeline touch down monitoring

Installation of mattresses at pipeline crossings

Dredging and pumping operations

Transport, position and recovery of positioning transponders
Monitor piling operations

Aid in grouting activities

Jumper installation

Connect and release shackles and hooks

Operate valves for flooding and inhibitor

Deployment and recovery of pipeline pigs during pigging and gauging operations
Cutting and removal of bolts, straps, bands and clamps
General and detailed contingencies

The above are all seen as routine installation support tasks these days. Project
specifics call for a wide range of more complex and demanding activities requiring
forward planning, detailed procedures and purpose built ROV tools.

System Configuration

Work class ROV systems deployed successfully on installation and construction
projects are living up to their name. Typically with power plants of 100 hp or greater,
they are the most modern and capable class available.

Unlike drilling support systems, construction class systems require significant built-in
redundancy, intelligent diagnostics, a multitude of auto functions and, most importantly,
efficient and effective use of available power.

Systems also need the availability of additional hydraulic circuits for tooling functions
and must have the ability to carry and maneuver heavier payloads.



Work class systems are typically configured as follows:

Tether management systems (tophat or cage)

Color zoom and low light or SIT video cameras

Sector scanning sonar

Low pressure water cleaning system or brush for cleaning of seals and
bullseyes

Altimeter and depth transducer

Lighting

Auto functions

5-function or heavy duty 7-function rate manipulator for moving payloads,
manipulating the drill string and for holding the ROV on a stable platform
7-function spatially correspondent manipulator for fine manipulative tasks, hot
stab deployment and varying camera angles (with mini manipulator mounted
camera)

Variable torque tool for actuating valves and releasing subsea hardware
locking mechanisms

Hot stabs for fluid transfer and valve actuation

AX/VX ring tools for replacing seal mechanism on BOPs LMRPs

Override tools for engaging and disengaging guidelines.

Guillotine and chopsaws for contingencies




Manpower

Typically, installation and construction support programs are manned under 24-hour
operations. If the vessel engages only 1 ROV, a standard crew would consist of 2 ROV
Supervisors and 4 ROV Pilot/Technicians, providing for 2 crews on 12-hour rotations on
opposite shifts. If the scope of work is particularly demanding, a Superintendent may be
added as a Project Manager.

Larger offshore developments regularly call for multiple vessels operating in conjunction
with the installation barge or vessel. In these instances, there may be any given
number of primary ROV systems engaged in the program and the crew and
Superintendent/Project Management makeup will increase exponentially.

The true differential between drilling support manpower requirements and that of
installation and construction support is in the planning stage. During a large
construction program, there may be up to three or four vessels operating in harmony to
complete the given work scope. The ROV will almost always be on the critical path and,
therefore, it is essential that detailed procedures are written, practiced and adhered to.
Accordingly, this will ensure the efficiency of the entire operation. This requires the
successful ROV Contractor to have engineering, planning and project management
resources in place during preplanning.

Duration

Installation and construction projects obviously vary in size and, as such, their duration
varies accordingly. However, many construction companies choose to award ROV
contracts on a seasonal basis, utilizing the services of the same ROV contractor for all
activities in the season or supporting a particular barge or installation vessel.

Often, this is done under a Master Service Agreement or Approved Supplier Agreement,
where all contractual terms and conditions are pre-agreed and a set of standard rates is
applied.

As the provision of reliable and efficient ROV operations is critical to successful
construction programs, some Contractors simply employ the same ROV contractor,
routinely insisting upon the same equipment and crews to support their various vessels
each season.

Contracting/Commercial

In most cases, the ROV services contract is maintained between the ROV contractor
and the installation contractor and, more often than not, included in the installation
contractor’s lump sum price to the operator (oil and gas company).

Occasionally, the operator will require an independent ROV service operating under a
contract to them, primarily as a “bird dog” or quality assurance exercise.



The installation and construction industry offers the ROV contractor the largest scope
for value added services.

In general, operations are 24-hour based, increasing revenue for added manpower, and
there is a greater opportunity for intervention services and project management.

The greatest incremental opportunity is in the provision of third party services. The
ROV contractor is very often required to provide the ROV vessel, survey and positioning
and a multitude of other services.

There is, however, increased risk in this arena and many ROV Contractors therefore
choose to avoid it, offering services in drilling support and/or inspection only.

Inspection, Maintenance and Repair
General

Inspection, Maintenance and Repair (IMR) covers a wide range of activities from simple
visual inspection to very detailed surveys. Industry typically categorizes inspection into
“pipeline” and “platform.”

Pipelines are inspected in all cases immediately after they are installed to ensure they
are laid within the specified tolerances and to determine if any damage occurred during
the lay process. This is commonly referred to as an “as-built” or “as-laid” survey. The
requirement to inspect pipelines regularly after installation varies greatly worldwide, with
the North Sea and European sectors having the most stringent regulatory requirements.

Platforms are usually not inspected immediately after installation, though this
requirement varies globally. In most regions, however, platforms do require inspection
during their life cycle,
either as an insurance
or policy requirement of
the owner or by decree
of regulatory authorities.
Additionally, platforms
are inspected for
damage after tropical
storms, hurricanes,
typhoons, etc. Again,
platform inspections can
be as simple as a visual
fly-by of key areas of
interest or a very
detailed NDT (non-
destructive testing)
program.




Scope Of Services

Pipelines
Generally, when inspecting pipelines during as-built or scheduled inspections, you are
looking for a number of anomalies that may require remedial action to ensure the line
maintains its integrity. Primary issues are:

Free spans (unsupported areas of spanning that can stress the line)

Weight coat damage (loss of concrete coating that can affect the cathodic
protection system)

Presence of debris (that may cause damage or affect CP)

Cable and pipeline crossings (unknown crossings that may not be properly
supported)

Anchor scours (possible damage from anchor activities)
Depth of burial/cover (when pipelines have been trenched)

To determine the pipeline position (verify position geographically)

Platforms

The following range of inspection activities may be required during a platform
inspection:

General Visual Inspection (GVI)

This is the primary requirement of any platform inspection to determine:

Marine growth deposits

Locate areas of damage

Locate and remove debris at the mud mat level
Survey coating condition

Visual inspection of anodes

Cathodic potential measurements

Splash zone inspection of marine risers
Flooded member detection

Integrity of clamps



Close Visual Inspection (CVI)

Undertaken when defects have been determined during GVI:

Cleaning of weldments and close visual inspection

Wall thickness measurements

Photogrammetry of cracks in weldments or members

ACFM or ACPD weld defect location
System Configuration

Pipelines

Generally, work class or survey class ROV systems are utilized to undertake
inspections of pipelines, primarily because of the general requirement to carry any
number of survey sensors and because they are required to operate in areas of current
activities from a moving vessel. The following is a list of equipment that may be
required in any given project dependent upon the specification of the client and the
geographical location.

Tether management system to reduce current and depth loading on the
umbilical (not always preferred by some contractors)

Color zoom and low light SIT video cameras
Sector scanning sonar

Auto function (pitch, roll, heading, depth and trim)
Lighting

Port and starboard articulated boom mounted cameras for viewing each side
of the pipeline and investigating free spans

Wheeled undercarriage for maintaining the vehicle on the pipeline in a stable
mode

Odometer for measuring linear progress along the pipeline

Pipetracker for maintaining the ROV over buried pipeline and for measuring
depth of burial.

CP system to measure the cathodic potential along the pipeline and to carry
out anode and bare metal pipeline stabs to measure direct potential.



Dual head profiling system to determine the position of the pipeline in a
trench, determine free spans and aid in the measurement of depth of burial.

Doppler log to measure speed of the ROV and aid in the positioning of
pipelines and pipeline features.

Motion sensor to aid in the “smoothing” process during post processing of
survey and navigational data.

Surface navigation to determine accurately the position of the vessel
geographically (usually by differential global positioning — DGPS).

Acoustic navigation to accurately determine the position of the ROV and its
sensors in relation to the surface vessel.

Online and post processing integrated software for collection and correlation
of all survey and navigational data into a detailed report.

Gyro mounted on the ROV to accurately determine heading of the ROV.
Other sensors required may include:

- Swathe bathymetry for seabed topographical mapping in 3D

- Side scan sonar for survey of the seabed features adjacent to the pipeline

- Sub bottom profiling for providing geophysical details of the seabed under
the pipeline

Platforms

Again, the specifications for platform inspection vary greatly and the following is a list of
equipment that may be required on a given campaign:

Tether management system to enable horizontal excursion to the work site
and retain the umbilical vertically and away from obstruction.

Color zoom and low light SIT video cameras
Lighting
Contact CP system for determining cathodic potentials of anodes

Sonar for navigation



Auto functions (heading, depth, trim)

Manipulator for clearing away lines, ropes, etc., and for mounting of probes
Marine growth measurement graduated probe

Still photography capability (35 mm, digital or video grabber)

Flooded member detection equipment to determine gross damage to
members

Low and high pressure water blasting or grit entrained cleaning equipment for
the removal of marine growth and black oxide for weldment inspection

ACFM or ACPD equipment for crack detection
UT devices for wall thickness measurement

Torque tools for the tightening of riser clamps




Manpower
Pipelines

The higher the specification of the project, the greater the crew requirement tends to be.
On a North Sea style operation, a crew working on a 24 hour cycle will typically consist
of:

Project Superintendent
ROV Supervisors

ROV Pilot/Technicians
Data Coordinators
Online Surveyors
Offline Surveyors
Process Engineers

CP Engineers

NNRAABEENPAEADNPR

These numbers do not include the vessel crew and DP operators required.
Platforms

The requirement for 24-hour operations during platform inspection varies worldwide and
is often dependent upon whether the inspection is being undertaken from a vessel or
directly from the platform. It is also determined by the client's preference to improve
data quality by working only in daylight conditions. A typical 12-hour crew would consist
of 1 ROV Supervisor, 2 ROV Pilot/Technicians and 1 Inspection Engineer. This can
increase if cleaning systems are engaged. For 24-hour operations, the requirement is
doubled.

Duration

For both pipeline and platform inspection programs, task duration obviously varies with
the scope of work. Often, however, construction companies will engage ROV
contractors seasonally to undertake all of their ROV surveys, supporting a lay barge/
vessel throughout the year.

In the North Sea, ROV contractors mobilize a complete spread of vessel, ROV survey
and positioning at season commencement and bid on a significant number of projects
for the year, hoping to “piggy back” from one job to the next and maximize the utilization
of their spread.

For platform inspections, these are typically done on a campaign basis where an
operator (oil and gas company) specifies a number of platforms to be inspected within a
given time frame.



In some regions, operators have programs that require a spread to be engaged
continuously on an annual basis, though this is quite rare.

Commercial/Contractual
Pipelines

“As-built” or “as-laid” surveys are generally undertaken on a daily rate basis as part of
the support for barge and lay vessel activity. The scope of supply of the ROV contractor
can simply be the provision of the ROV and personnel, or may include the vessel,
survey and positioning, and a number of other third party services. This is normally
determined by the client or by circumstances.

Planned inspections are typically done on a lump sum basis, often on a “per kilometer”
base or a price per pipeline. Mobilization and demobilization are often reduced as
projects are done consecutively, thus cost is shared between the operators.

A significant part of the survey price is the report. Typically, a report would include the
following:

Charts in 1:5000 scale (or similar) that include:

- Horizontal profile of the pipeline
- Vertical profile of the pipeline

- CP profile

- Anomaly location

Video tapes, logs and still photos
Survey of events

List of resources

General criteria

Findings and recommendations

This, in essence, is what the client is paying for.
Platforms

Platform inspections are carried out under a mixed arrangement of daily rates and lump
sum. Contractors generally prefer daily rates. Although the work is no more complex
than pipeline surveys, time frames to estimate work tasks are very difficult to judge and
the risks of overrun are greater. This is often compounded when performing inspections
in parallel with a manned diving campaign.



AUVs

AUVs are currently in their infancy, although some have demonstrated some real
capability for performing tasks in the ocean. The following is a list of missions or work
tasks that AUVs have performed or could be used for in the future:

Pipeline inspection and survey

Pipeline and cable route survey

Subsea oil field inspection and intervention
Under ice exploration and mapping
Coastal survey and mapping

Fiber optic cable laying

Acoustic and optical array deployment
Sensor deployment

Security sentry

Product test bed

Hydrodynamic testing

Operational demonstrations

Mine reconnaissance

Mine countermeasures

Search

Hydrographic survey

Physical and chemical oceanographic survey
Biological specimen collection

Fish count

Coral reef survey

Hazardous dump site survey

Responding to episodic events (volcanoes, earthquakes, etc.)
Covert reconnaissance

Submarine offboard sensor

Long-range (stealth) weapon

Harbor surveillance

Ship hull inspection

Drug interdiction

Environmental monitoring

Tasks that have been successfully demonstrated by AUVs, which will be discussed in
more detail, are:

Search and Survey
The military first proved the effectiveness of using an AUV for performing searches for

lost objects in water depths to 19,685 ft (6,000 m). This was done by the US Navy's
Advanced Unmanned Search System (AUSS) described earlier. Like most systems in



use today, AUSS is semi-
autonomous, i.e. tether-
less. It is supervised via
an acoustic link that
allows it to receive
commands and transmit
images of the seafloor to
the surface ship above.

AUSS operational
configuration (right)
(Courtesy of the U.S.
Navy)

Woods Hole Oceanographic Institution's ABE AUV has demonstrated the ability to
perform very deep local surveys of areas to be studied over long periods of time.
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ABE operational configuration (Courtesy of WHOI)



Both MIT (Odyssey AUV) and Florida Atlantic University (Ocean Voyager Il/Explorer
AUVs) have demonstrated the ability of multiple AUVs to work together to multiply the
data collection capability of underwater systems. In addition, Ocean Voyager Il has
integrated and demonstrated the ability to perform video and side scan sonar surveys
by an AUV. The Odyssey AUV has demonstrated the ability to dock autonomously.

More recently the first oilfield application was completed by the Hugin AUV, which
performed an extensive route survey for Statoil in the North Sea. This vehicle will be
able to perform work to depths of 6,562 ft (2,000 m) in the future.

Hugin performing survey operations
(Courtesy of Kongsberg Simrad)



In the future, AUVs like Hugin
and Martin  will conduct
pipeline  surveys, greatly
reducing the time and cost
required to perform this work.

Martin performing a
pipeline survey
(Courtesy of Maridan)

Cable Laying

Several AUVs, including Lockheed Martin's MUST Lab and I.S.E.'s Theseus, have
demonstrated the capability to lay long lengths of fiber optic cable in the ocean and, in
the case of Theseus, under ice.

Towed Systems, Bottom Crawlers, Hybrids and Plows
Mid-Water Survey

Towed (mid-water) systems are primarily used for conducting search or survey
operations and can carry a variety of sensors for detecting objects or features on the
seabed. These include cameras, laser imaging systems, sonars, and magnetometers.
Typical missions include large area surveys, route surveys, lost object search, and sea
floor mapping.

One area that should not be overlooked is the use of towed sonar systems for
bathymetric surveys. Systems such as the UK's GLORIA (Geological Long Range
Inclined Asdic), operated by the Southampton Oceanography Center, combine high
quality side-scan sonar and swath bathymetry data with rapid ground coverage to map
the seafloor around the world. GLORIA was commissioned by the United States
Geological Survey (USGS) to map the US Exclusive Economic Zone (EEZ). Over a 7
year period, GLORIA mapped 2.7 million square miles (7 million square kilometers) of
the US EEZ.

GLORIA is 25.2 ft (7.75 m) long, 2.1 ft ( 0.66 m) wide, 2.7 ft (0.81 high) and weighs 2.04
tons in air. The transducers are made up of 2 rows of 30 elements on each side. Array
width is 17.5 ft (5.33 m), has a horizontal beam width of 2.7 degrees and a vertical
beam width of 30 degrees at a fixed inclination of 20 degrees below horizontal. Sonar



frequency is 6.3 kHz (starboard and 6.8 kHz (port). Maximum range of the system is
14 mi (22.5 km) on each side, giving a typical coverage of 7,000 sg-mi (18,000 sqg-km)
per day at a tow speed of 9 knots (16.7 km/hr).

There are a large number of such vehicles in use today conducting cable route surveys,
searching for lost objects, performing disposal-site search and identification, supporting
offshore sensor installation, pipeline siting and installation, ocean mining and various
other projects. When this data is combined with state-of-the-art software programs, the
result can be dramatic 3-D color enhanced displays of the search area. As an example,
the following figure was produced by Science Applications International Corp. (SAIC)
using their FOCUS-1500 ROTV (remotely operated towed vehicle). The figure
represents the summit area of the Loihi Seamount off the Island of Hawaii, representing
an area of approximately 4 sg-mi (10 sg-km).
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Telecommunications Support

Bottom crawlers evolved from land-based tractors, from which much of the technology
developed was applied to subsea systems. However, the problem of working on the
sea floor turned out to be much more difficult and in some conditions severe. Holes,
steep grades and soft soil have prevented some designs from being successful. The
systems that have prevailed have learned from other's mistakes. Crawlers work best on
firm, flat seabeds and will not work under all conditions.



Pipeline burial operation (right)

The greatest success to date for the
subsea crawler has been in shallow
water work, primarily in
telecommunications support.  These
crawlers are small enough to be
deployed from a barge or small ship
and average about 100 hp. They are
typically capable of using multiple tools
that include water jetters, chain
trenchers and rock saws. These can
be changed out quickly to adapt to a
given seabed condition. In some
cases these systems must cut through
solid rock or coral to reach the beach.

Crawler rock trenching operation
(below) (Subtec STBS Ltd)

Telecommunications support has included
such tasks as shore end completions and
cable burial. Another area of moderate
success for crawlers has been in shallow
pipeline inspection work.

Crawler cable jetting operation (above)
(General Offshore Corporation)



For the deeper cable laying work, to about 6,562 ft (2,000 m), the heavy plows are used
to bury the cables and backfill the trenches.

Plough and handling system aboard ship
(Soil Machine Dynamics Ltd.)

Miscellaneous Tasks

Hybrid vehicles essentially cover all other jobs that conventional systems cannot
perform or cannot be easily configured to perform. Some of these applications are:

Bottom sampling

Treasure hunting

Stone dumping

Riser inspection

Tunnel inspection

Submarine rescue

Large object salvage

Diverless pipeline repair

Pipeline installation

Combination towed/ROV systems



Technomare SpA's riser
inspection ROV (left)

Some systems have been combined to
perform multiple functions such as Deep
Sea Systems International's combined
towed vehicle TSS-1000 (see figure next
page) and MiniROVER ROV. Systems
like these allow a wide area search or
survey to be performed and then an ROV
can be deployed to perform a detailed
survey of the area of interest.

Pipeline installation operation
(below)

72m Spool




Remote pipeline
repair operation
(right)

Deep Sea Systems
International’s Towed TSS 1000
with MiniROVER ROV onboard
(left)

In other cases, it has become
advantageous to add thrusters to
just about anything that is to be
lowered and positioned in the
ocean. An example of such a
device is the corer (following
page), which can be flown to
several locations within a
specified area and take core
samples of the seabed.




Williamson & Associates
Inc.'s coring system with
thrusters (right)

Other systems have been
designed  specifically  for
pipeline burial work such as
the Winged Excavator.

SILT (UK) Ltd.'s Winged
Excavator (below)




MILITARY

Earlier in this publication we discussed how the military applications for unmanned
underwater systems provided the genesis for unmanned underwater vehicle
technology. In those early days, such systems were developed primarily for undersea
observation and the recovery of lost devices and weapons. Since then, the technology
has moved steadily forward, bringing with it a directly related increase in operational
capability. Unfortunately, this increase in capability brings with it a higher price tag—
especially in the military—a fact that may have initially slowed the acceptance of such
advanced technology. And more recently, the change in the political climate around
the world has caused a refocusing of what the military feels is the primary mission for
such systems. This section will discuss the issues related to the military’s use of
unmanned underwater vehicles, present applications and the direction the military is
considering in the future.

When the original Guidelines were written, the primary discussion of military
applications for UUS was in the area of mine countermeasures, where tethered ROVs
were being applied. Along with that was a continuation of research into recovery
technology and the fledgling arena of untethered vehicles used for search. At that
time, the US Navy’s eyes were focused on the depths of the ocean—the magic number
being 20,000 ft (6,096 m), where 98 percent of the ocean floor could be reached. In
the US military at that time,
there was a need to dominate
all aspects of undersea
search, work, and recovery to
such full ocean depths. It was
a critical need, if for no other
reason than to remain one up
on the perceived threat from
the Soviet Union.

In those early days, there was
no knowledge of an obvious
undersea vehicle program
ongoing in the Soviet Union.
That soon changed as the
Soviet’s concern with the deep
ocean and their capability to
reach it was unveiled.
Unclassified presentations on
their programs in unmanned
undersea systems, such as
those at the Institute of Marine
Technology Problems in
Vladivostok, where the MT 88




autonomous vehicle (see photo, previous page) was developed, along with many
others, soon became common at international conferences.

Although the US and Soviet Union may have led the pack, Europe was not idle. With
the transition of ROV technology from the US to Europe in the 1980s, many other
vehicle developers emerged, primarily to support North Sea oil fields. Along with that
was the maturation of the technology and subsequent application to mine
countermeasures. The once dominant PAP vehicles from France began to see others
arriving such as Pluto from Switzerland, Pinguin from Germany, the Eagles from
Sweden and many others. Although some limited developments were pursued for
deeper application, such as the rather unsuccessful Towed UnManned Submersible
(TUMS) developed for the Royal Navy’'s HMS CHALLENGER, mine countermeasures
(MCM) was basically the focus of military applications for some time, not the deep
ocean thrust that existed in the US and the Soviet Union.

In recent years, a redirection of future military system requirements has been caused
by two significant events; the first was the end of the cold war, and the second is the
potential of hostilities with smaller countries that could wreak havoc through terrorism
or unconventional warfare techniques. Driven by these changes, the US Navy began
to rethink its “at sea” strategy and a new focus on littoral warfare began to dominate.
MCM became critical-not only for surface ships, but also for submarines. |If future
battles were to be fought along world coastlines, with mobility a key factor, then safe
operating areas needed to be found or established. Thus came one of the biggest
changes in military strategy regarding unmanned systems.

What had once been discussed only behind closed doors—-the use of unmanned
vehicles deployed from submarines—was not only out in the open, it was on the World
Wide Web. In the US, major moves were made to solicit the development of "offboard
sensors" for use from submarines. Contracts were awarded for the NMRS (Near Term
Mine Reconnaissance System) and the LMRS (Long Term Mine Reconnaissance
System). The threat had changed and the NMRS, LMRS and other versions of
shallower water systems began to achieve a foothold in the US Navy.

In Russia, where the most significant unmanned undersea systems of the former Soviet
Union were developed, the trend moved from secret military applications to private
enterprise, as most of the institutes moved into a financial fight for survival. The cold
war had ended-the game and the rules had changed.

The following sections on Mine Countermeasures, Search/Recovery, and Intelligence,
Surveillance and Reconnaissance will describe the systems that have been, and are
being developed, for the military.



Mine Countermeasures

The threat of mine
warfare has  forced
navies around the world
to rethink their approach
to the subject. The
damage of two US
warships in the recent
Gulf War by WWII mines
that were placed in the
area by small craft is a
good example. The
adages that "every ship
IS a mine sweeper once"
and "a single mine can
ruin your whole day" lost
their humor after those
incidents—at least in the
US Navy. The wisdom of
traditional approaches, such as towing sweep gear and other devices through the water
from ships to set off mines, was being reconsidered. Especially when taking into
account the sophistication of today’s mines—or the lack of sophistication of a few tossed
in the water to float dangerously on the surface. But change in the military is
evolutionary, not revolutionary, and although helicopter MCM with towed sleds, and
deployment of advanced unmanned search systems provided much safer approaches,
the primary focus was still on the development and outfitting of fleets of MCM ships
around the world.

MCM was also a problem for each country with a navy that would have to face the
threat of mines on their own shores. Regardless of how strong and powerful a
country’s ships, if they can not be deployed, they are useless. The "old Navy" that
virtually ignored the mining problem as if playing Ostrich—if you can't see it, it can’t hurt
you—was slowly replaced by a new cadre, more experienced and aware of the problem
and the technology to solve it. The funds began to flow and new classes of ships
began to emerge whose primary battery would be ROVSs, tethered systems that would
work in concert with powerful search sonars to locate and destroy mines—one by one.

Today, the US Navy is planning to spend upwards of $300M on advanced MCM
systems, operated from helicopters, surface ships and submarines from 1996 through
2001. It appears that the theme of the first MTS remotely operated vehicle conference,
ROV ‘83, has finally taken hold in the military—it is "a technology whose time has
come."



Before addressing the unmanned undersea systems developed for MCM, let's define
the problem more completely. The task of MCM, which includes the areas of location
and neutralization, covers a range of depths—from maximum submarine depth to the
near shore environment. With the realization that the task of locating and neutralizing
mines on land has yet to be successfully accomplished by men and machines who can
walk on the ground in a relatively benign environment, with access to every type of
technology, then it is easy to understand why undersea mine warfare is a real problem.
Even if the MCM systems can get the troops and equipment near the shoreline, how
are the last several yards of mines, which are well hidden in the near shore
environment, going to be cleared? This doesn’'t even take into account those on the
beach, just above the waterline.

Divers used to be the only way to confront the near shore environment, but it is obvious
that the explosive ordnance disposal (EOD) teams are not the solution. Even with the
human touch, most of the mines can not be found due to the factors of surge, current,
turbidity, weather, lighting, covertness and the overriding issue of time. Since this
publication is for unmanned undersea systems, we’ll ignore the techniques that divers
use to try and solve the problem and discuss techniques that the Navy will hopefully
use to keep the EOD teams safely out of harm’s way.

The problem of MCM can be stated simply—find the mines and neutralize them—before
they find you. Simple? Not quite. But let's assume that the advanced mine hunting
sonars deployed by the ships, or other devices, have found the mines. They have used
advanced computational algorithms to locate, and classify the targets as MLOs (mine
like objects), picking them out of the clutter of false targets. The vehicle operators then
have a map showing where the MLOs are, or as a minimum, a specific target has been
identified. At that time the following sequence of events take place:

The vehicle is launched from the MCM ship and guided to the vicinity of the MLO
using the ship’s sonar.

The vehicle searches the area until the MLO is picked up with its sonar and/or TV,
while maintaining an appropriate horizontal and vertical separation from the threat.
The MLO will be investigated to determine if it is a mine or a false target.

If the object is a mine, it will be inspected and a neutralization approach
determined—either place a charge nearby to destroy it (on the bottom, attached to
the mine or nearby on the cable) or attach a device to cut the cable.

The vehicle will return to the ship, or at least to a safe area, and the explosive
device will be detonated using an acoustic signal.

The mine is hopefully destroyed or rendered inoperable by the charge, or it is
released to float to the surface where it will scuttle itself or be destroyed by gunfire
from the ship. It should be noted, however, that the latter method is finding disfavor
in the military—a mine floating on the surface is a greater threat than one anchored
to the bottom. It can be obscured by the weather or wave action and, assuming the
"sharp shooters" find it, they must hit it from the deck of a rocking ship.
Unfortunately, there are few Navy crewmen that are qualified as expert riflemen.



To accomplish the previous MCM scenario, a vehicle with a wide array of
characteristics must be used. The vehicle should have:

Good maneuverability in all directions to ensure the vehicle can stay away from the
mine.

The ability to operate in high currents, with the thrust to control cable drag at a
standoff distance that will protect the ship should the vehicle set off the mine.
Adequate payload and trim capabilities to carry heavy bottom charges and/or cable
charges or cutters.

Sensors capable of locating the mine and identifying it (TV, lights, sonar, etc.)
without activating the mine.

Suitable control and navigation sensors such as compass, auto
depth/altitude/heading, etc.

Low magnetic and acoustic signatures.

The capability to meet mission requirements for shock, vibration, electro magnetic
interference (EMI), etc., as defined by the user.

The latter is an area that
warrants ~ some  additional
discussion. The world’s most
expensive ROV used for MCM
is probably the AN/SLQ-48(V),
developed by the US Navy-the
Mine Neutralization System
(MNS). The MNS had to meet
a severe set of military
specifications and
requirements, such as the
shock tests shown to the left,
which resulted in a very costly
system. It also took nearly
twenty years to develop and
field, as do most modern
military systems, and is costly
to operate and maintain. It is
an excellent system and a
tribute to the developers, but,
with today’s shrinking military
budgets, costly systems are
hard to sell, regardless of their
potential capabilities.
However, the US Navy has
recently adopted a policy that virtually eliminates the poorly used MILSPECS (military
specifications) and is considering systems that are developed using more COTS
(commercial off the shelf) hardware and/or NDI (non-developmental items).




In the area of MCM, the use of COTS and NDI has its merits, since the ROV is
considered expendable—-when compared to the ship or its crew. But if the ROV’s
signatures are such that it sets off the mine when it nears it, then it becomes virtually
useless, since the operating platforms probably only have one or two of the vehicles
onboard. Thus, there evolves a vicious design cycle, where the best compromise must
be made concerning COTS, threat, signatures, cost, capability, etc. The systems that
have been developed around the world to date cover a full spectrum of these issues,
from low cost expendable systems to dedicated military devices. Several examples of
conventional and non-conventional systems will be provided in the following
paragraphs.

Conventional MCM Vehicles

Conventional MCM vehicles are considered those launched from MCM ships. Others,
which include those launched from submarines, or new autonomous techniques to
solve the near shore problem, will be discussed later.

The workhorse, and one of the oldest ROVs used in MCM, is the PAP system
developed by ECA of France. The vehicle has evolved from the PAP 104 with its
bottom hugging drag weight to the fully capable PAP Mark 5 with its 6 kt (11 km/hr)
speed, 984 ft (300 m) depth, and 287 Ib (130-kg) explosive charge payload capability.
It is operated through an expendable fiber optic cable using an onboard supply of
sealed lead acid batteries. The PAP line of vehicles has sold more than any other
vehicle, of any type, in the world, exceeding 400 sold to over 14 navies worldwide.

France's
PAP 104




One of the most capable ROVs in the world for MCM is arguably the US Navy’s
AN/SLQ-48(V) Mine Neutralization System (MNS), manufactured by Alliant
Techsystems Inc. Using a conventional electro-mechanical cable, the vehicle can
reach a speed of 6 kt
(11 km/hr), and operate to
a depth of 3,281 ft (1,000
m), while carrying two
cable cutters (MP-1) and a
bomblet (MP-2). It has a
high resolution sonar, low
light TV and meets
stringent military
specifications. It is only
operated by the US Navy,
with 57 vehicles built that
operate from the fleet of
14 full ocean MCM (Mine
Counter Measure) ships
and 12 coastal MHC (Mine
Hunter Coastal) ships.
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US Navy’s Mine Neutralization System

The German Navy uses the battery operated Pinguin B3, developed by STN
Systemtechnik Nord. Over 30 of these vehicles have been built. They can operate to
656 ft (200 m), have a maximum speed of 8 kt (15 km/hr), and carry a payload of
551 Ib (250 kg).

Germany’s
Pinguin B3




Sweden’s contribution is the Double Eagle, developed by Bofors Underwater Systems
AB, SUTEC. It sports a speed of 5 kt (9 km/hr), 984-ft (300-m) operating depth and a
44-Ib (20-kg) payload. An interesting control aspect of the Eagle series is its ability to
operate in any orientation, including upside down. Eight Mk | and 24 Mk Il units have
been built and are operated by the Swedish and Royal Danish Navies.

SUTEC'’s Double Eagle

Italy’s SMIN Consortium built the MIN (Mine Identification and Neutralization).

Canada’s contribution,
by International
Submarine Engineering
Ltd., is the Trail Blazer
25 (right) with a 5.5 kt
(10 km/hr)  speed,
1,640 ft (500 m)
operating depth and
221 Ib (100 ko)
payload. Two have
been built and are
operated by Fairey
Systems.




Switzerland, landlocked
as it is, has provided the
Pluto and Pluto Plus
vehicles (see photo
to right) developed
by Gayrobot-Undersea
Technology. The Plus
version has a maximum
7 kt (13 km/hr) capability,
984 ft (300 m) operating
depth and 176 Ib (80 kg)
maximum payload.
There have been 45 and
22 of the Pluto and Pluto
Plus units developed
respectively for various
navies.

Other low cost vehicles such as the Benthos Inc.’s Super SeaROVER and MMUROV
vehicles, and Deep Ocean Engineering’s Phantom vehicles, are marketed in the US as
being capable of conducting MCM. There are many others that would fit this category,
however, it is not the intent of this publication to provide an exhaustive listing of all
systems. Such listings can be found in various references provided in the appendices.

The previous listing of MCM vehicles supports the premise that there exists an
adequate capability to locate and neutralize mines. However, it is not an exact science
and more often than not the combination of a multitude of mines and Mother Nature’s
added environmental problems will make their ability to fully clear a mine field limited at
best. In the real world, that is as good as can be expected. But, it still does not solve
the problem.

Non-Conventional MCM Vehicles

The category of non-conventional MCM vehicles covers two different areas—vehicles
launched from submarines and an array of new techniques and devices that are being
developed to solve the surf zone environment.

Submarine Launched Vehicles

The future of MCM vehicles in the US Navy will now include submarine launched
systems as established in its UUV (Unmanned Undersea Vehicle) Program Plan that
identifies clandestine MCM as its top priority. To meet that goal, several systems are
planned for development.



The program’s first two priorities are the development of the Near-Term Mine
Reconnaissance System (NMRS) and the Long-Term Mine Reconnaissance System
(LMRS). Together, they are scheduled to nearly reach a $140M combined budget for
1996-2001. Although their name includes the term "reconnaissance” (the next section
in this book), their primary application is mine reconnaissance, so they will be
discussed in this context. However, if their development is fully successful, mine
reconnaissance will probably become only a small portion of their potential.

The NMRS contract was awarded to Northrop Grumman Corporation (formerly
Westinghouse Corporation’s Oceanic Division, Annapolis, MD). The NMRS is based
on a previous, little talked about, US Navy program. The system is carried onboard a
submarine with the vehicles, operator consoles, tether, winches and other system
components housed like torpedoes on the standard storage racks. The vehicle is
launched and recovered through the torpedo tube using a drogue that provides a
docking point to haul the vehicle back in. The vehicle is battery operated, using silver-
oxide batteries and communicates with the mother submarine via a fiber optic cable.
The system will have the ability to return to the submarine for autonomous recovery
should the communication link be broken. As indicated earlier, the Navy’s concern is
now in the littoral regions and accordingly, the NMRS will target water depths ranging
from 10 to 200 ft (3 to 61 m). The vehicle is 1.8 ft (0.53 m) in diameter and 17 ft (5.2 m)
long. Onboard the 2,250-Ib (1,020-kg) vehicle will be a sensor suite made up of a
forward-looking sonar for detection and classification of MLOs in the water column and
a side-looking sonar to handle the bottom targets. The initial operational capability
(I0C) of the NMRS is planned for 1998-99.

The LMRS, with an expected contract value worth nearly $400M over the next 20
years, will replace the interim NMRS. The NMRS will fill the need until the production
of 6-12 LMRS systems meet a planned IOC of 2003. Unlike the NMRS, the LMRS will
be fully autonomous, with either short-range underwater communication with the
mother submarine or long range RF communication on the surface. The vehicle
concept will remain similar to the NMRS, with a full sensor suite to locate and classify
MLOs, but the requirements will be more stringent. The goal of the system is to
achieve the following:

Vehicle Sortie Reach (nautical miles (nm)) 120
Total System Area Coverage (square nm) 650
Area Coverage Rate (square nm/day) 50
Minimum Mine Reconnaissance Water Depth (ft) 40
Maximum Vehicle Operating Depth (ft) 1500
Nominal Single Vehicle Endurance (hr) 62

Adding to the complexity of the ambitious LMRS are the requirements of reduction in
magnetic and acoustic signatures, high reliability criteria, etc. The development of the
LMRS will be a real challenge for the winning contractor.



The US Navy is in the two year, second phase of a three phase competitive contractual
process to develop the LMRS. The two contractors: Northrop Grumman Corp. and
Boeing North America (Boeing acquired Rockwell International Corp., Autonetics and
Missile Systems Division, during phase one). The Navy will award the final
development contract to the single best contractor at the end of the two year, phase
two, detailed design process. The LMRS concept is shown below.
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Complimenting the US Navy’s clandestine MCM capability from submarines will be a
new surface ship system based on the semi-submerged vehicle technology developed
by ISE in Canada with their Dolphin vehicle. The US Navy has been investigating the
use of such vehicles for MCM in programs such as the Remote Minehunting
Operational Prototype (RMOP) and has now focused on the Remote Minehunting
System (RMS) with an IOC of 2005. The basic concept is to provide over-the-horizon
mine reconnaissance using the semi-submerged, diesel powered, ROVs to tow sensors
below the surface on a retractable tow cable. This technique underscores the new
doctrine of placing the search sensors in front of the ships to locate the mines, instead
of driving the ships over the mines while looking for or neutralizing them—not a wise
approach considering the capability of modern mines.

In addition to the large scale programs, the US Navy is investing into the development
of UUV technology through programs at the Defense Advanced Research Projects
Agency, the Office of Naval Research, and various Advanced Technology
Demonstrations (ATDs). Work is being performed in the areas of propulsion, system
quieting, energy systems, motors, communication systems, command and control and
other related subsystems.



Test bed vehicles such as NUWC’s (Naval Undersea Warfare Center) Large Diameter
UUV (LDUUV), a torpedo shaped, 26.5 in (67 cm) diameter, 25 ft (7.6 m) long test bed,
and the planned 21 in (53 cm) diameter UUV (figure below), will provide a platform for
the development of technologies required by future Navy MCM systems.
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The US is not the only country developing unmanned underwater systems that are
adaptable for MCM. The British firm GEC-Marconi has developed a Research
Autonomous Underwater Vehicle (below) for the British Department of Trade and
Industry’s Civil Applications Division. This "multi-use test bed vehicle" is being
developed by a collaborative team of Marconi Underwater Systems, Chelsea
Instruments, and Moog Controls.




The testbed is based on Marconi’'s 21-in (53-cm) heavyweight torpedo. The design includes onboard
systems that provide operation to 900-ft (274-m) depths, a speed of 4.4 kt (8.2 km/hr), and can travel for 36
hours with a range of 185 miles (298 km). Although originally developed for oceanographic data acquisition,
the MCM mission is one they feel they can meet. This vehicle will be discussed more in the AUV section.

Surf Zone MCM Techniques

As discussed earlier, the surf zone is probably one of the worst on Earth when it comes to performing any
type of work. It is difficult to build structures to survive the coastal environment, much less locate and
neutralize mines in the "forbidden zone." However, there are on-going programs that are investigating
various techniques to neutralize mines in this hazardous zone. Most of them use some type of small ROV
or autonomous system, however, there are those that reside near the "lunatic fringe" of the technology—not
because of their ability to achieve success, but from their "interesting" approach to the problem. Terms like
"robo-lobster” are not uncommon in this field of investigation. Some of the most interesting work is the
Autonomous Legged Underwater Vehicle (ALUV) being investigated by IS Robotics and Rockwell
International.

The Ariel ALUV
finding a mine

The ALUVs are crab-like walking robots, not unlike some seen in recent science fiction movies. The intent is
to launch these beasties in large numbers into the surf zone, where they will seek out and locate MLOs
using various sensors such as touch, magnetic gradiometers, metal detectors, ultrasonics, etc. Once they
find an MLO, they will stake out their territory, communicate with the others, and remain until told to destroy
the mine with their onboard charges. Vehicles such as Ariel, shown above, have been developed and
others are planned.



Whether such devices are stressing the limits of technology, or just logical approaches
to the problem, they are being developed and demonstrated with rather impressive
results. Time will define their level of success, but regardless, they are a tribute to the
sophistication and potential of unmanned underwater systems.

Search/Recovery

The search/recovery section on unmanned underwater systems is dominated by
government/military development, primarily due to the magnitude of the problem, and
the desire for recovery of objects from any ocean depth. The magic number for the
operational depth of such systems has always been 20,000 ft (6,096 m), the depth that
covers 98 percent of the ocean floor. This topic will be divided into the two categories of
search and recovery. Search primarily involves semi-autonomous vehicles and towed
systems while recovery requires tethered ROVs.

Search

Underwater search has traditionally involved towed systems. These vehicles, such as
Deep Tow (shown below)-one of the first such systems—carry the necessary sonars,
photographic equipment and other sensors required to locate everything from lost
torpedoes to entire aircraft.
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The primary method of operation is to lower the usually very heavy system into the
water with a crane and then tow it at the desired depth by varying the length of the
strong electromechanical cable. Whereas Kevlar has provided the breakthrough for
long length cables for free flying ROVs, where the tether needs to remain essentially
neutral in the water column, steel cables are quite acceptable for towed systems.
Modern cables now include fiber optic communications that provide excellent bandwidth
for multiple sensor transmission. It should be noted that most of the initial towed
systems were developed for oceanographic investigations at institutions such as the
Marine Physical Laboratory (MPL) of Scripps Institution of Oceanography (SIO) and
Woods Hole Oceanographic Institution (WHOI), and were in most cases backed by
government or Navy funding. As the technology became more advanced, commercial
systems could be procured by the government and operated by contractors under
government funding. Today, there are few systems in the US operated directly by the
government, however, other countries, especially Russia, have many that are believed
to be government backed/operated systems. Examples of several of these systems,
most capable of 20,000 ft (6,096 m) or more, are provided in the table at the end of the
History section.

The towed systems have proven their worth many times over, however, to their
detriment, they are inefficient if taken in the context of today’s technology. On the plus
side is their ability to carry large sensor suites that are operated with unlimited power
duration because of the tow cable. On the negative side is the requirement to turn the
ship each time another pass over the search area is required. For a 20,000-ft (6,096-m)
system, the time to bring the vehicle back on the proper track is extremely high,
especially when compared to the time that the vehicle is actually on track searching.
Studies have shown that the search time can be reduced by an order of magnitude if
the cable is eliminated and a semi-autonomous vehicle used. The French and the US
Navy followed this approach when they decided to develop the EPAULARD and the
Advanced Unmanned Search System (AUSS), respectively.

The AUSS vehicle is a battery
operated search system that can run
autonomous search patterns to depths
of 20,000 ft (6,096 m) and send the
data it acquires back to the mother
ship acoustically. The vehicle follows a
pre-programmed track, searching with
its side scan sonars until a target is
located. At that time, it closes on the
target until it is acquired in the forward
look sonar, and then with the TV
camera. High resolution photographs
are sent to the surface operators via the acoustic communication link where
determination of additional search requirements can be made. After the object has
been investigated, the vehicle will automatically return to the point on the search track
where it left off and continue the search.




The following series of figures provides an overview of the techniques and capabilities
of such semi-autonomous search technology. The AUSS is operated by the Space and
Naval Warfare Systems Center, San Diego, CA (SSC SD) where it was developed.

AUSS with GRP hull section removed
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Concurrent with the development of the AUSS technology in the US, Russia (at that
time the ROV leader in the Soviet Union) was secretly developing its own line of military
search systems. Some references indicate that the developments may have been
ongoing in the early 1970s. Several were developed at the Institute of Marine



Technology Problems (IMTP) in Vladivostok, the most noteworthy being the MT-88
vehicle, also known as the Sea Lion. This vehicle conducted a side-scan and
photographic survey of the Yankee-class ballistic missile submarine that sank off
Bermuda in 1986. Forty-five dives below 18,000 ft (5,486 m) were made in the search
zone, producing over 40,000 photographs. In addition, the Soviet Mike-class attack
submarine that sank off Norway in April 1989 in 6,500 ft (1,981 m) of water was
surveyed during 17 dives with a total of 1,000 photographs taken of the wreckage. It is
obvious that the Russian AUV fleet has been very active operationally.

Recovery

The reason that one searches for an object is generally a desire to work on or recover it.
In the military case, it is usually the latter. More and more military aircraft are falling into
the world’s oceans, often with classified payloads or nuclear weapons. When that
happens, the military, both in the US and other countries, has a significant desire to
recover the wreckage, or at least the critical portions of it. To provide that ocean-wide
capability, the military developed the technology base to support the fielding of full
ocean depth, 20,000 ft (6,096 m) capable ROVs.

Several programs in the US Navy have addressed deep ocean recovery technology.
Assuming the vehicles are available to reach the deepest ocean realms, the tools and
techniques to recover lost items from such depths also had to be addressed. One
program that considered such techniques was the Deep Ocean Recovery System
(DORS) program, which was conducted at the SPAWAR Systems Center, San Diego
(at that time—NOSC), California.

The objective of the program was to develop the technology to allow recovery of items
from the ocean floor that ranged from flat plates and large structures up to jet engines
and entire aircraft. The vehicle used was a 22 ft (6.7 m) long ROV-essentially an
underwater tugboat—the Pontoon Implacement Vehicle (P1V). The PIV was developed
as part of the Navy’'s Large Object Salvage System (LOSS) program, a 1970s era
program that used gigantic pontoons to recover entire submarines intact from the ocean
bottom. The pontoons, each capable of lifting 100 tons, were placed onto the
submarine by the PIV, which maneuvered the massive cargo using its 4 ft (1.2 m)
thrusters. Once in place on the submarine, the pontoons were attached and dewatered
using a liquid nitrogen buoyancy generation system.

Attached to the PIV was the Navy’s Work System Package (WSP), which was a multi-
manipulator work system that had the capability to exchange various hydraulic tools
underwater such as cable cutters, drills, spreaders, jacks, stud guns, etc. The tools
were handled with the primary work manipulator while two strong grabbers restrained
and oriented the work system. Two SIT TV cameras were available to provide dual
perspectives of the work site. The WSP/PIV system is shown during testing off the
California coast at San Clemente Island in the figure on the next page. The successful
testing of the WSP/PIV resulted in the rigging and recovery of an intact F4 aircraft using
a computer controlled lift module.



R. Wernli (right) directs the launch of the US Navy’'s WSP/PIV

There are several shallower water capable systems that can be used for recovery, as
shown in the table on the following page, however, only two military owned systems are
capable of 20,000 ft (6,096 m) operation: CURV Ill and ATV.

The CURV lll (Cable-controlled Underwater Recovery Vehicle) was originally developed
by the US Navy as an ordnance recovery tool for use on the Navy’s sea test ranges. It
reached a capability of 10,000 ft (3,048 m) while being developed and operated by
NRaD (now SSC SD) prior to going into storage. It was soon resurrected by the
Supervisor of Salvage and under their direction, upgraded to a 20,000-ft (6,096-m)
capability under a contract with Oceaneering Technologies Inc. (at that time Eastport
International).  Concurrently, the ATV (Advanced Tethered Vehicle) was being
developed by NRaD to provide the Submarine Development Group One in San Diego
(now the Submarine Development Squadron Five — SUBDEVRONS) with a 20,000 ft
(6,096 m) system. Interestingly, both systems reached the magic 20,000-ft (6,096-m)
barrier within one week of each other—the CURV llI first for a 20,105-ft (6,128-m) record
and the ATV second, setting a 20,600-ft (6,279-m) record.



ROVs WITH GREATER THAN 10,000-FOOT CAPABILITY

VEHICLE DEVELOPER DESIGN DEPTH MAX DEPTH ACHIEVED
KAIKO MITSUI/MITSUBISHI/ 36,089 FT 35,791 FT
KAWASAKI/JAMSTEC, (MARIANA TRENCH)
JAPAN
ATV SPAWARSYSCEN, 20,000 FT 20,600 FT (PACIFIC)
SAN DIEGO, CA., U.S.
CURV Il OCEANEERING TECH- 20,000 FT 20,105 FT
NOLOGIES INC., U.S. (PUERTO RICAN TRENCH)
MAGELLAN 825 OCEANEERING TECH- 26,000 FT 20,000 FT
NOLOGIES INC., U.S. (PUERTO RICAN TRENCH)
MAGELLAN 725 OCEANEERING TECH- 25,000 FT 17,800 FT
NOLOGIES INC., U.S.
MAGELLAN 680 OCEANEERING TECH- 20,000 FT COMMERCIAL VERSION
NOLOGIES INC., U.S. OF CURV, NONE BUILT
GEMINI OCEANEERING TECH- 20,000 FT 14,800
NOLOGIES INC., U.S. (AIRCRAFT RECOVERY)
JASON/MEDEA WOODS HOLE OCEAN- 20,000 FT 13,000 FT
OGRAPHIC INST., U.S.
HYSUB 5000 INTERNATIONAL SUB- 16,400 FT 15,088 FT
MARINE ENGINEERING,
CANADA
DOLPHIN 3K MITSUI/JAMSTEC, 11,247 FT 11,247 FT
JAPAN (SIKOKO BASIN)
TIBURON MBARI 13,124 FT
VENTANA MBARI 13,124 FT
TRITON PERRY TRITEC, U.S. 20,000 FT DESIGNED ONLY
ROV 6000 IFREMER, FRANCE 20,000 FT UNDER DEVELOPMENT
VICTOR 6000 IFREMER, FRANCE 20,000 FT




The ATV and the CURYV Il may have broken the 20,000-ft (6,096-m) barrier, however,
both of these records were shattered in 1995 when Japan’s Kaiko dove to the bottom of
the Mariana Trench setting a tethered vehicle depth record that may be equaled, but
never surpassed—35,791 ft (10,909 m).

The deep ocean recovery capability that exists in the US Navy supports recovery
operations to depths of 20,000 ft (6,096 m), either through the use of vehicles operated
out of SUBDEVRONS5 or through those Navy owned vehicles operated under contract
by companies such as Oceaneering Technologies, Inc. They may not raise the Titanic,
but they can get most missions accomplished. And, as shown by the examples
provided in Object Location and Recovery earlier in this chapter, existing commercial
assets can be called in when necessary to support most conceivable recovery
operations.

Intelligence, Surveillance and Reconnaissance
The world military outlook has moved from the deep ocean to the near shore

environment because of the end of the cold war and the emergence of conflicts with
smaller nations. This new doctrine is driven by quick response, and with that comes the
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age of information warfare—ISR (intelligence, surveillance, and reconnaissance).
Whether it is reconnaissance to help with the egress of submarines from their home
ports or to watch others, the goal is to perform it covertly, and that provides the opening
for unmanned underwater systems. Just as space satellites perform this task from
above the ocean, unmanned systems can play the role of ocean satellites and perform it
silently from below—an innerspace satellite. The good news is that the potential is there,
however, it is costly to implement when compared to existing ocean budgets, but
inexpensive when compared to the cost of outer space satellites. Major defense
organizations and contractors have put money into the development of testbeds to
address these military missions (see figure, previous page). Those testbeds, along with
some of their accomplishments, are discussed below.



The "Innerspace Shuttles”

One of the overriding premises of ISR is that to perform such a mission, the vehicle will
need to either transit large distances, carry a large payload, stay for an extended period,
or all of the above. Those drivers, along with the fact that most technologies will be
proven in less efficient packaging schemes to save developmental funding, force the
developers to larger vehicles. The largest testbed vehicles in the world are presently
developed by Canada and the US; the Theseus (Canada) and the MUST and DARPA
UUVs (US). These behemoths, 35 ft (10.7 m) long by 4.2 ft (1.3 m) in diameter; 35 ft
(20.7 m) long—the baseline design is 30 ft (9.1 m)-by 4.5 ft (1.4 m) in diameter; and 36 ft
(11 m) long by 3.7 ft (1.1 m) in diameter, respectively, are described below.

Theseus (Canada)

The Theseus vehicle was developed by ISE Research Ltd., under sponsorship of the
Canadian Department of National Defence. It began development in 1992 and
performed operational demonstrations of its primary mission in 1996—to lay underwater
fiber optic cables for connection to surveillance arrays. The cable deployment project
was a joint US/Canadian venture, called Project Spinnaker, to develop and demonstrate
lightweight, low-power, low-cost acoustic arrays under the arctic ice.

The Theseus vehicle, shown below, displaces 19,000 Ib (8,617 kg), can reach a depth
of 3,280 ft (1,000 m), has a range of 250 miles (400 km) and a speed of 4 knots
(7.4 km/hr). It operates on 274 kWh Silver Zinc batteries. The pressure hull is 7075
aluminum and the free flooded sections are GRP.




The mission of Project Spinnaker was to place a large-aperture acoustic array beneath
the arctic ice pack in the Lincoln Sea. The Theseus AUV was used to deploy a fiber
optic cable from shore to the underwater connection site 109 miles (175 km) distant
under the ice. It was launched through a 6.6- by 42.6-ft (2.0- by 13-m) hole cut through
the ice.

Theseus uses a Honeywell MAPS 726 inertial navigation unit, an EDO 3050 doppler
sonar and a low frequency system for acoustic homing on a target. Obstacle avoidance
is performed with a Sonatech STA-031-1 forward-looking sonar. The combined system
provides a navigational accuracy of approximately one-percent of distance traveled. The
vehicle also received periodic position updates from acoustic beacons lowered through
ice holes at six different locations.

Upon arriving at the site, the vehicle flew through a “catcher” loop suspended below the
8.9 ft (2.7 m) thick ice, which allowed the fiber to be retrieved to the surface where it
could be spliced to the array fiber completing the connection to shore. Theseus then
returned to the launch site where an ROV was used to assist in the vehicle recovery. A
total mission length of 216 miles (350 km) was achieved; energy used was 149 kWh.
The vehicle demonstrated a navigational error of less than 0.5 percent of the distance
traveled with cross-track error reducible to 0.05 percent.

MUST (US)

The MUST vehicle (Mobile Undersea Systems Test Laboratory) was developed
originally by Applied Remote Technology (prior to their acquisition by Raytheon) for
Martin Marietta Corporation. Subsequently, the vehicle has been operated by Perry
Technologies, which is an operating unit of the Lockheed Martin Corp. (Martin Marietta
and Lockheed merged in 1996). The vehicle was developed to provide a large, easily
configured testbed, primarily for military missions such as anti-submarine warfare
(ASW), or other AUV missions.

The large diameter allows the use of rack mounted electronics, which helps keep the
cost of subsystem development down. It has a capability of 53 cubic feet (1.5 cubic
meter) of dry payload electronics in the baseline system with a maximum hotel power
load of 7.5 kW. The vehicle has a 2,000-ft (610-m) depth capability, and can achieve a
maximum range of approximately 100 miles (161 km) at 4.5 knots (8.3 km/hr). It carries
up to 100 automotive lead acid batteries within its 6061-T6 aluminum structure.

DARPA UUV (US)

One of the most ambitious programs in the US was DARPA’s Unmanned Undersea
Vehicle program. DARPA contracted to Charles Stark Draper Laboratory, Inc., in 1988
to develop two "rapid prototype" UUVs (the term adopted by the US military) for an
initial award of nearly $24 million.



The Navy’s UUV — developed by the Charles Stark Draper Laboratory, Inc.

PRINCIPAL CHARACTERISTICS

LENGTH 36 ft
DIAMETER 44 in
L/D 10:1
DISPLACEMENT (lb) 15,000
SHP 12
RPM 600
SPEED (INCLUDING TOWED ARRAY) 10 kt




The vehicle weighs 15,000 Ib (6,803 kg) in air, can be operated to a depth of 1,500 ft
(457 m) and has an endurance of 24 hours at 10 knots (18.5 km/hr). It has the
capability to communicate via RF, underwater acoustics or optical fiber cables.

Navigation is provided by a correlation velocity log and a doppler sonar. It uses silver
zinc batteries with a rated capacity of 325 kWh. The structure uses a high cost rib-
stiffened titanium pressure hull, in multiple sections, with a fiberglass fairing. The hull
was designed to provide a 5 ft (1.5 m) long payload volume for the demonstration of
various mission packages. These mission packages included the following.

The first primary mission the vehicles investigated, which was a classified mission, was
the TAS (Tactical Acoustic System), with the payload provided by Martin Marietta Aero
and Naval Systems.

The second mission addressed communication technologies, which were accomplished
by the vehicle using a laser communication system. This was demonstrated between
the UUV and the USS DOLPHIN submarine off San Clemente Island, California in 52-ft
(16-m) attenuation length water. The maximum data transmission rate achieved was
100 Mbps at a range of 250 ft (76 m) while transiting at 2.5 knots (4.6 km/hr).

The third demonstration was the Mine Search System (MSS) with the payload
developed by Lockheed Missiles and Space Corporation, which included a mission
controller, fiber optic tether and tether management system. The goal was accurate
reconnaissance and penetration of a suspected minefield and/or safe guidance of a
submarine through a minefield while under semi-autonomous control. The MSS
configured UUV successfully conducted the semi-autonomous minefield survey and
transferred the data to the host via radio from a rendezvous point.

The final mission was the Autonomous Minehunting and Mapping Technologies
(AMMT) program. Technologies included a government supplied forward looking and
side looking sonar system developed by the University of Texas, Applied Research
Laboratory (ARL:UT). Lockheed Martin Tactical Defense Systems (formerly LORAL)
provided the navigation suite—a doppler-aided with enhanced Kalman filtering. The
acoustic communication system was provided by Woods Hole Oceanographic
Institution. Imaging systems used included a laser line scanner developed by Applied
Remote Technology (purchased by Raytheon) and a CCD camera.

Other technologies investigated under the DARPA program included fuel cells and
magnetic communications. For the fuel cell program, LORAL and International Fuel
Cell were funded by DARDA to develop two fuel cell concepts for demonstration in the
UUV. The fuel cell power systems were required to produce 1 MWh of net energy for
up to three weeks continuous operation. LORAL was awarded an $8.3 million contract
to develop an Aluminum-Oxygen fuel cell that would have an energy density of 3-5
times that of silver zinc batteries, with a goal of increasing the performance by 10 times.
International Fuel Cells were investigating a proton exchange membrane (PEM) fuel cell
system. Results of the fuel cell studies will not be addressed herein.



The "Missiles™

If the previous systems can be likened to "space shuttles," then the smaller, torpedo
sized systems are more akin to "missiles"—their smaller size limiting their endurance, but
not their impact on potential missions. Several systems have been investigated by the
US Navy including the 21 in (53 cm) diameter Freeswimmer vehicle at SSC San Diego
and the Large-Diameter UUV (LDUUV) and small diameter UUV at the Naval Undersea
Warfare Center. These vehicles, and others such as the NMRS and LMRS systems,
are discussed in Chapter 1.

One of the successful “torpedo sized” vehicles was the XP-21, developed by Applied
Remote Technology (ART)-see photo, Chapter 1. Much of the XP-21's design was
based on technology gained when ART developed the MUST system for Martin
Marietta. The difference is that the XP-21 is a 21 in (53 cm) diameter vehicle as
opposed to the 54 in (137 cm) diameter MUST. The goal was to provide a torpedo
sized test platform for advanced sensors, communication techniques and other various
payloads, and for tactical investigations.

The vehicle is 16 ft (4.9 m) long, extendible to 20 ft (6.1 m), weighs 1,200 Ib (544 kg),
and can reach a depth of 2,000 ft (610 m). Although the vehicle represents a more
realistic mission sized vehicle, it has the usual limitations of a small payload: only
2 cubic feet (0.06 cubic meter) and 250 Ib (113 kg)—4 cubic feet (0.12 cubic meter) and
450 Ib (204 kg) extended. It can operate for approximately 9 hours at 3.5 knots
(6.5 km/hr) with a 300-watt hotel power load.

Demonstrations performed by the vehicle have included deployment of fiber optic micro-
cables for the Navy and a successful demonstration of an integrated laser line scanning
system.

Intruder Detection

The SPAWAR Systems Center, San Diego, in addition to developing advanced ROV
systems, has been heavily involved in waterside security. Various in air and underwater
technologies have been integrated to ensure security around Navy installations. One
program conducted at the center investigated the use of ROVs to support this mission.
The Underwater Security Vehicle (USV) program was required to demonstrate the
feasibility of using ROVs to assess designated diver contacts in the near-shore
environment. The demonstration system used a Super SeaROVER vehicle equipped
with a Smiths Hi-Scan 600 sonar. The successful demonstrations proved that an
adequately outfitted ROV could acquire, track and intercept diver targets.



ACADEMIC/SCIENTIFIC APPLICATIONS

Technology has taken deep-sea researchers far into the depths since the early
expeditions of the H.M.S. Challenger during the 1870s, when the first comprehensive
samples of life in the deep ocean were collected. Today, there are several methods to
obtain data on benthic communities—from trawls to manned submersibles and
unmanned undersea vehicles. Although trawls have their benefits, according to Barry
and Baxter in their paper Survey Design Considerations for Deep-Sea Benthic
Communities Using ROVs (MTS Journal, Winter 1992-1993), they don’t provide the real
time in situ observations available by the other methods. The technological
sophistication of ROVs and camera sleds has allowed the biology and ecology of deep-
sea habitats and organisms to be efficiently studied.

The problem that exists is the ocean is vast, and the systems used can only spend a
limited time in the area, so ecologists rely on quantitative estimates of density, size, or
other attributes to investigate the areas of concern. Many scientists still prefer the
manned submersibles, however, they are becoming more rare, with existing systems,
such as the US Navy's Sea Cliff and Turtle, being taken off line due to funding
constraints. Thus, unmanned undersea systems will provide the primary means of
obtaining such deep-sea knowledge in the future. Their ability to obtain high quality
photographic and video documentation of the dive site will allow them to reach
previously unobtainable locations. In particular, they will provide the scientist with
access to populations in rugged terrain, a topography where even the age old trawl is
useless.

Unfortunately, the use of ROVs and AUVs for scientific research was rather limited in
the earlier days of vehicle development, primarily due to the cost of the systems. Also,
the inertia of a generation of scientists that wanted to physically be on site either in dive
gear or manned submersibles, initially delayed the introduction of such advanced
systems into the research arsenal. It wasn't until the development of the first LCROVs
that equipment existed for researchers that allowed them to remain topside, while their
eyes and ears were sent into the depths. With vehicles priced as low as $10,000, the
potential was there, even if rather limited in capability. However, in more recent years,
funding has come from a variety of sources, even if limited, and over time unmanned
underwater systems have come on line. Today, with the power of advanced computers,
AUV testbeds are being developed at many major universities where they provide not
only a means for advanced system development, but operational platforms for real
world scientific investigations. This section will address the capabilites and
advancements in the area of academic/scientific applications of unmanned undersea
systems and provide information on resources, institutions and societies that are
involved.



On-Going Programs
The MBARI Approach
Background

Underwater vehicles are essential elements in modern oceanographic research, as
discussed by Newman and Robison in their paper Developing a Dedicated ROV for
Ocean Science (MTS Journal, Winter 1992-1993). According to the authors, manned
deep submersibles, which have dominated the field in the last two decades, are being
joined by ROVs. Most of these ROVs are based on industrial systems, adapted to
scientific missions. Such vehicles are often criticized by the users of manned
submersibles as awkward, noisy, destructive to the site under study, and inadequate in
their data gathering and payload capabilities. A few ROV systems are presently
performing deep ocean science missions for the oceanographic community. Most of
these are based on adaptations of oil field ROVs, like MBARI's first ROV, Ventana, a
Hysub system built by International Submarine Engineering (ISE) (described later in this
section). The Canadian Institute of Ocean Sciences operates a 16,404 ft (5,000-m)
Hysub, which has been used in geological studies on the Juan de Fuca Ridge. Harbor
Branch Oceanographic Institution operated another Hysub for several years but has
given it up in favor of the Institution’s manned submersibles and a new set of ROVs
(see later section on HBOI). The University of Hawaii, Hawaii Undersea Research
Laboratory, is in the process of adapting an older vehicle, a HydroProducts RCV 150, to
deep operation in support of oceanographic research, as well as for emergency
recovery of the Laboratory’s Pisces V manned submersible. Other institutions have
utilized smaller ROVs (e.g. Phantom and MiniRover series) for studies generally down
to 1,083 ft (330 m).

MBARI's ROV Ventana being launched from the R/V Point Lobos
(T. Craig Dawe for MBARI © 1997)



MBARI’s Ventana vehicle (see picture previous page) has been successfully conducting
a variety of scientific investigations in and near the Monterey Submarine Canyon since
1988. Operating on a daily basis from Moss Landing, California, to depths as great as
4,790 ft (1,460 m), Ventana has logged over 7,000 hours and 1,470 dives. Ventana is a
Hysub ATP-40 with upgraded cameras, sensors, sampling gear and telemetry. Ventana
preserves most of the reliability and ruggedness typical of hydraulic ROVs, but lacks the
quiet operation and the fine control capabilities of more advanced ROVs, particularly
those with electric thrusters.

The first deep ROV in the United States designed from the outset to support
oceanographic science missions is the Woods Hope Oceanographic Institution’s Jason
vehicle. This 19,685 ft (6,000-m) system has completed science missions that include
surveying a deep dumpsite and geological surveys at hydrothermal vent sites on the
Juan de Fuca Ridge. Jason uses electric motors for its thrusters, panftilt, and
manipulator, thus avoiding the need for a noisy and less efficient hydraulic power
system and providing more precise control capabilities. Many of the concepts applied to
Jason have been adopted by MBARI in the development of a new ROV dedicated to
scientific missions—the Tiburon—described later.

The Japan Marine Science and Technology Center (JAMSTEC) is developing a family
of Dolphin ROVs for scientific missions and for recovery of the Shinkai manned
submersibles. These vehicles are hydraulically powered and are similar to oil field
ROVs, except in their depth capabilities and their use of fiber optics for data
transmission. The Dolphin 3K, a 9,843 ft (3,000-m) ROV, has been used for geological
and biological research operations. More recently, they have completed the
development of the Kaiko, which has reached the deepest part of the ocean—37,000
plus feet (11,278 m) in the Mariana Trench.

The Institut Francais de Recherche pour I'Exploitation de la Mer (IFREMER), long a
developer and user of systems for deep exploration, is now developing a 19,685-ft
(6,000-m) ROV for scientific missions. This system will be operational in 1998.

Advantages and Limitations of Manned Submersibles

Manned submersibles have significant advantages over existing ROVs. The deep
submersible Alvin has been operating for more than 25 years and has an impressive
record of accomplishments to it credit. The US Navy’s Sea Cliff and Turtle, the Russian
Mir 1 and Mir 2, the Deep Rover, the Johnson-Sea-Link vehicles, the 6,562-ft (2,000-m)
Pisces vehicles and the JAMSTEC and IFREMER manned submersibles have all
created an expectation that deep-sea scientists will physically travel to the sites being
studied.



By putting “man in the sea,” these systems provide several advantages. Visual
observations are intuitive, because naturally occurring spatial relationships are
preserved and binocular vision is largely unaffected. Inertial cues to the observer are
consistent with vehicle motion. Manned vehicles are usually relatively quiet, they avoid
the constraints of tethers, and they can carry larger payloads and exert greater
manipulator forces than most ROVs. Visually cued manipulation tasks may be carried
out more easily from 