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Abstract
The development of two new classes of commercial
underwater robotic vehicles – deep diving work-class
remotely operated vehicles and survey-class autonomous
vehicles – is being driven by the needs of deep water oil
production and deep ocean telecommunication cable
operations. This paper presents a survey of the present state
and future directions of commercial underwater robotics,
examines principal technical challenges, and outlines new
enabling technologies for commercial underwater robotic
vehicles.

1 Introduction
Over 1000 robotic uninhabited undersea vehicles (UUVs)
are presently in regular operation worldwide [35].  Most are
commercial remotely operated vehicles (ROVs) designed to
perform  subsea inspection, survey, construction,  and repair
operations at modest (under 1000m) depths. The largest
commercial manufacturers and operators have overall
yearly revenues of $10M to $100M ($US). Although
difficult to estimate exactly, world-wide industry revenues
directly related to underwater robot vehicles can
conservatively be estimated at several hundred million
dollars annually – principally in offshore oil field operations
and seafloor pipeline and cable operations.
Underwater robots can now perform high-resolution
acoustic and optical surveys in the deep ocean that
previously were considered impractical or infeasible. For
example, [45] reports a 1997 survey in which Jason and
Argo II underwater vehicles were deployed to survey a 2
km2 shipwreck site at 4100 m depth in the Pacific. This
survey resulted in a detailed map of the site, 135,774
electronic still images (each covering about 7m×10m), and
hundreds of hours of conventional and high-definition
video.
The technical obstacles to underwater robot work, however,
differ from those in land, air, and space missions in several
fundamental respects: First, the rapid attenuation of acoustic
and electromagnetic radiation in seawater severely restricts
the range (and field of view) of high resolution acoustic and
optical sensors. In consequence, high-resolution underwater
survey sensors must be submerged to the immediate vicinity
of a survey site – in sharp contrast to airborne and space-
based survey sensors systems. Moreover, radio navigation
techniques commonly employed in air and space operations
do not function undersea. Second, the high ambient pressure

of the underwater environment poses formidable design
challenges both for (inhabited) submarines and
(uninhabited) robots. At present, only a few of the world's
submarines are capable of diving beyond 1000 meters in
depth. Only one present-day operational research
submersible can dive to 6500 meters [22]; none can dive to
the ocean's deepest depths of 11,000 meters.  In contrast,
numerous underwater robots operate to 6000 meters [2], and
one is capable of 11,000 meters operation [23]. Finally, in
the case of untethered vehicles, underwater missions are
limited not only by on-board battery storage capacity, but
also by the severely limited bandwidth and delay inherent in
underwater acoustic communication, the “intelligence” of
on board control system, and payload capacity.

Figure 1: Jason, a 6000 meter Remotely Operated Vehicle (ROV) for
oceanographic research. JASON was developed and is operated by the
National Deep Submergence Facility (NDSF) of the Woods Hole
Oceanographic Institution (WHOI) for use by the U.S. oceanographic
research community with support from the National Science Foundation
and the Office of Naval Research [2].

1.1 State of the Art
Most present-day vehicles are Remotely Operated Vehicles
(ROVs) – teleoperated vehicles employing an umbilical
cable to carry both power and telemetry from a mother-ship
to the vehicle.  Figure 1 depicts the Jason ROV, a 6000m
ROV developed for oceanographic science with
development funding from the Office of Naval Research.
Figure 2 depicts a typical ROV deployment [2].  A growing
number of research vehicles are Autonomous Underwater
Vehicles (AUVs) – which operate without an umbilical
tether. Figure 3 depicts ABE, an AUV developed for
oceanographic research [48]. Most UUVs fall into one or
more of the four following operational “mission”
categories:
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Figure 2: Typical ROV deployment showing the umbilical cable and
depressor weight connecting the ROV to the mother-ship.

Figure 3: The Autonomous Benthic Explorer (ABE) is a 6000m
Autonomous Undersea Vehicle (AUV) developed by WHOI for
oceanographic research [48] with support from the National Science
Foundation. Image credit WHOI,  reproduced with permission.

1. Commercial Missions: Vehicles regularly deployed by
industry to perform a huge variety of underwater tasks
such as survey, inspection, search, object recovery,
cutting, welding, cable burial, repair, and maintenance.
Figures 5-8 and 11 show commercial UUVs.

2. Oceanographic Research Missions: Operational
vehicles regularly deployed by research institutions for
scientific research and exploration. The Jason ROV,
Figure 1, has been in active use by the U.S.
oceanographic research community since 1989 [2].

3. Military Missions: Vehicles for defense missions such
as maintenance, inspection, survey, search, mine and
ordinance reconnaissance, and recovery operations. For
example: Over 7000 of the MK39 EMATT, an
expendable military AUV developed by Sippican Inc.,
have been produced to date.

4. Engineering Research: Prototype vehicles principally
developed as advanced prototypes for engineering
research and development. The Naval Postgraduate
School’s Pheonix AUV, for example, is a well known
research testbed vehicle [18].

The objective of this paper is to suggest future directions for
commercial applications of underwater robotics, discuss the
engineering obstacles, and review recent research
developments in underwater robotics as indicators of future
directions for commercial applications.
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Figure 4: Offshore Oil Fields – maximum well depth versus year onstream.
In 1949 the industry was producing in 5m water depth and it took a further
20 years to reach 100m (which is still the mean depth). The North Sea, then
offshore Brazil, pushed the industry into  deep waters and by 1989
production was occuring in 682m. Present plans suggest that by 2004, well
will operate as deep as 2292m.  Data and figure source: [17]. Reproduced
with permission.

2 New Technology for New Missions
The offshore oil industry is now pursuing offshore oil
production with well depths that previously would have
been considered uneconomical or technically infeasible.
Historically, the majority offshore oil production wells have
been developed in water depths less than 300m, with most
wells being 100m or shallower. Continued strong demand
for oil, coupled with dwindling shallow-water oil reserves,
has spurred the development of technically challenging
deep water wells. A recent industry study, [17], Figure 7,
suggests that production wells will be operating at depths to
2300m within the next five years. The practical depth limit
for a human mixed gas diving is about 100m, or about 300m
for full saturation diving. Below these depths, all survey,
inspection, intervention, and repair operations must be
executed either remotely with UUVs or with inhabited
submersibles.
Underwater robotic vehicles are presently employed for two
principal types of oil field missions: (1) subsea equipment
installation, inspection, manipulation, and maintenance
operations; and (2) sea-floor survey and inspection
operations. At present, both missions are commonly
executed with ROVs.

Figure 5: The Magellantm ROV, an 8,000m 3,000 kg work-class ROV, was
developed and is manufactured by Oceaneering International Inc. Image
credit: Oceaneering International, reproduced with permission.
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Figure 6: The Quest ROV a new 3,500m 1,700 kg work-class ROV from
Alstom-Schilling Robotics, Inc. Image credit: Alstom-Schilling Robotics,
Inc., reproduced with permission.

3  The Deep Diving Work-Class ROV
The oil-field mission of subsea equipment installation,
inspection, manipulation, and maintenance demands large
high-power ROVs equipped with powerful robotic arms,
high-resolution cameras, and sophisticated tool packages to
perform a variety of specialized tasks. These vehicles are
commonly referred to as “work class” ROVs in the industry.
The reader is directed to [35] for a comprehensive listing of
work class ROVs, and to [36] for a gallery of recent
vehicles.
This Section reviews fundamental “enabling technologies”
that are critical factors in developing a new generation of
deep water work class ROVs for ever-increasing operational
depths.

3.1 Umbilical Cable Power Capacity:
Deep diving ROV system designs are dominated by cable
limitations. Long umbilical cables severely limit the power
available to deep-water ROVs. Work class ROVs for
shallow-water operation are typically consume peak power
of 35 to 150 kW (50-200 Horsepower). While level of
power can easily be carried on short electricall umbilical
cables, long cables severely limit the power deliverable to
the vehicle in several ways. First, it is desirable to have
umbilical of minimum possible diameter in order to reduce
the cable’s hydrodynamic drag. Umbilical diameters in the
17mm to 30mm range are typical. Second, given a
maximum desired cable diameter, the maximum  allowable
voltage stress of cable insulation material places an upper
bound on the supply voltage to the umbilical cable –
typically to around 2000 V. Third, the transmission-line
losses of a long cable are considerable – over 50% loss can
occur in longer cables. In consequence the new class of
deep-diving work-class ROVs must operate at lower vehicle
power levels than their shallow-water predecessors.
Recently developed commercial vehicles exemplify the
limitations imposed by long umbilical cables: The
Magellantm 825, a 8,000m 3,000 kg work-class ROV,
Figure 5, is rated at 18 kW (25 Hp), while the Magnum, its
3,000m counterpart, operates at up to 75 kW (100Hp).

Figure 7: .The Max Rover ROV, a fully electric 3000m, 800 kg work-class
from Deep Sea Systems International, Inc. Image credit: Deep Sea Systems
International, Inc., reproduced with permission.

3.2 Vehicle Power Efficiency:
Improved electro-mechanical efficiency is critical for deep-
water ROVs under the power constraints inherent in long
umbilical cables. Work-class ROVs have historically
employed electro-hydraulic actuation for both manipulators
and propulsors. This approach, originally pioneered on
submersibles such as the DSV Alvin [13, 24], employs a
single electric motor to drive a high-pressure hydraulic
supply pump which, in turn, powers the entire suite of
vehicle actuators including the vehicle’s thrusters, robotic
arm, and other articulated appendages. The this approach
minimizes on-board electrical actuators (to a single motor)
at the expense of the poor efficiency of electro-hydraulic
actuation in comparison to direct electrical actuation.
In [24] the authors report a comparative analysis of the
original electro-hydraulic propulsion system for the DSV
Alvin with a subsequent upgrade to a fully electrically
actuated propulsion system. The efficiency (defined as the
ratio of shaft mechanical power output versus electrical
power input) of the electro-hydraulic propulsors was 15%,
while the efficiency of the fully electrical propulsion system
was 43%. Improvements in propulsion efficiency directly
improve critical vehicle performance parameters of lift
capability and speed.
Electrically actuated thrusters have long been the norm for
most small ROVs and all AUVs. We anticipate that
electrically actuated thrusters will be the norm for the newly
developing class of  deep-diving “work-class” ROVs.
Several recently developed work-class ROVs exemplify this
trend:
The Alstom Automation Schilling Robotics Quest ROV,
Figure 6, is a new 3,500m 1,700 kg work-class ROV
employing novel electric thrusters. The novel rim-driven
thrusters are distinguished by having just a single moving
part and no rotating seals – a reduction in mechanical
complexity that should provide high reliability.
The Max Rover ROV, Figure 7, developed and
manufactured by Deep Sea Systems International, Inc., is a
3000m, 800 kg work-class ROV. This vehicle employs fully
electric thrusters offering both high efficiency, compact
size, and  high reliability.
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Figure 8: The Talon ROV, a 500m 55kg inspection ROV from Imetrix, is
equipped with a high-precision 3-D acoustic navigation system and closed
loop vehicle control system. Image Credit: Imetrix, Inc., reproduced with
permission.

3.3  Power and Data Transmission:
Most work-class ROVs operate from three-phase or single-
phase 60Hz or 400Hz AC power. At present, no industry-
wide standard exists for ship-board vehicle power supplies,
ground-fault isolation, ground-fault detection, on-vehicle
power-conversion, rectification, and power distribution.
ROV manufacturers employ custom in-house designs for
their vehicle power systems.
Fiber-optic communication has rapidly become an industry
standard for both data and video telemetry for work-class
ROVs, having supplanted coaxial electrical telemetry in all
deep-diving work-class ROV designs. Recently several
manufacturers (Focal, Prism, Schilling) have offered
purpose-built fiber-optic telemetry systems capable of
carrying a variety of simultaneous data streams including
digital I/O, Analog I/O, RS232, RS422, RS485, 10-Base-T
Ethernet, and standard NTSC and PAL video.
The practical use of a conventional ROV telemetry system
is complicated by three issues: pressure-housings, power,
and cables/connectors. First, most telemetry systems are
available as “card chassis”, leaving the ROV designer to
integrate the telemetry chassis with a spherical or
cylindrical  pressure housing. Second, the telemetry system
must be intimately connected with a separate electrical
power distribution system to provide power to both the
telemetry and client devices.  Third, a multitude of disparate
watertight connectors and cables are typically employed to
connect a telemetry system (in its own pressure housing) to
sensors and actuators separately housed elsewhere on a
vehicle.
To address these problems, researchers at the Monterey Bay
Aquarium Research Institute (MBARI) have pioneered the
development of a novel vehicle architecture in which
power and telemetry distribution are unified in “data
concentrator” modules [25, 26]. These modules provide
single point control for device power, telemetry, and
ground-fault monitoring. This approach has been
implemented and tested at MBARI, and is reported in [27].
The recently announced Schilling Robotics “SeaNet”
telemetry system takes the data-concentrator approach out
of the research laboratory and into the commercial field.

The SeaNet system is comprised of subsea telemetry
“hubs”, each with novel pressure housing, integral power,
and complete telemetry electronics. Each hub supports four
video channels and 26 bi-directional serial or digital
channels and, moreover, each I/O channel is equipped with
integral power distribution, ground fault detection, and
switching. This system adopts a standard cable and
connector for all I/O to client devices, thus minimizing
sparing costs and focusing development on a single reliable
connector. This standardized approach to telemetry and
power distribution promises to yield advantages in cost,
reliability, and ease-of-use.
As the UUV industry matures, we expect common industry
standards for both power and telemetry distribution will be
developed and adopted.

3.4  Navigation and Control:
Precision vehicle position sensing is an essential element of
control and use of underwater robotic vehicles.  It is
impossible, for example, to precisely control a vehicle to
within 0.1 meter tracking error when its position sensor is
precise only to 10 meters. While research in control
algorithms for underwater robots is rapidly advancing, e.g.
[12, 15, 46], relatively few experimental implementations
have been reported other than for altitude, depth, heading,
or attitude control.  Conspicuously rare are experimental
results for X-Y control of vehicles in the horizontal plane.
This lacuna is a result of the comparative ease with which
depth, altitude, heading, and attitude are instrumented in
comparison to X-Y horizontal position.
Virtually all large work-class ROVs are passively stable in
roll and pitch, and are equipped with closed-loop heading
and depth controllers. These heading and depth controllers
are typically based on a conventional PD or PID control
law. Very few commercial ROVs of any class are equipped
with closed-loop XY position control – most are manually
controlled (by the pilot) in the XY plane.  Research by the
author, collaborators, and other has demonstrated both
acoustic time-of-flight and acoustic Doppler navigation
systems to enable precision closed-loop XY control of
underwater vehicles, e.g. [41, 42, 50]. Imetrix’s Talon
ROV, Figure 8, a 55 kg inspection-class ROV, is one of the
few ROVs available with both an integrated high precision
3-D time-of-flight acoustic navigation system and a fully
integrated closed-loop vehicle control system.
Recent field experience by the Author and collaborators
with bottom-lock Doppler based navigation systems, [41],
demonstrates that these Doppler systems are highly reliable
and easily deployed navigation sensors which enable the
implementation of  closed-loop vehicle XY control. Closed-
loop XY control provides improvements in precision station
keeping, maneuvering, and trackline following, while
reducing pilot workload.  One recently announced work-
class ROV, the Schilling Quest ROV, comes equipped with
a standard bottom-lock Doppler sonar and full 3-D closed
loop control. It is likely that this capability will become
standard in future work-class ROV systems.
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4 The Survey-Class AUV
The offshore oil production industry and the submarine
telecommunication cable industry both have ongoing needs
to perform bathymetric surveys of planned and existing
subsea installation sites, and to visually inspect subsea
equipment, pipelines, and cables. Some of these tasks will
soon be routinely performed with AUVs.
Most present-day commercial survey and inspection
operations are performed by surface ships and human divers
in shallow water, and by remotely operated vehicles and
tow-sleds in deep water. In addition to the usual sensors for
vehicle depth, altitude, and attitude, survey vehicles are
typically equipped with precision navigation instruments
such as long-baseline acoustic navigation, short-baseline
acoustic navigation, and inertial navigation. Commercial
survey vehicles perform surveys and inspections with
application-specific sensor packages such as the following:
scanning pencil-beam and fan-beam sonars; multibeam
sonars; sub-bottom profiling sonars; sidescan sonars; laser
range finders; laser scanners; AC and DC magnetometers;
electronic still cameras; 35mm cameras; video and HDTV
cameras; ultrasonic thickness probes; and the like.
Although ROVs and tow-sleds presently dominate the deep
water inspection and survey market, recent successes with
research-class AUVs suggests their utility in survey tasks.
In  [47, 49] the authors report a highly successful program
in which the ABE AUV, Figure 3, performed a high-
resolution deep-water bathymetric survey of sea floor
geological sites. In [5, 6] the authors report successful
under-ice survey operations with the Odyssey AUV. In [39]
the authors report successful survey operations with the
Hugin AUV. The reader is directed to [43, 44] for an
interesting survey of recent AUVs, and [40] for an analysis
of their role in the offshore oil industry.
Several fundamental “enabling technologies” are critical
factors in developing a new generation of deep water
survey-class AUVs: power, communication, sensing,
navigation, and control.

4.1  Power Storage
Finite power storage constraints represent the principal
design obstacle to AUV system design. Principal design
parameters are specific energy (energy storage per unit
mass); energy density (energy storage per unit volume);
charge/discharge voltage and current characteristics; and
failure modes.  Figure 9 compares the specific energy and
energy density several chemical battery technologies.
Despite their modest specific energy and energy density,
most present day AUVs  employ conventional lead-acid [1,
10, 28] or nickel-cadmium [34, 39] battery cells.  Most
AUV designers employ conventional batteries for the
following three reasons: (1) low cost; (2) ready availability
in a variety of sizes and shapes; (3) ease of charging with
minimum risk of fire and explosion.  At present, only a few
AUV’s employ more exotic batteries such as silver-zinc
batteries [5, 14] and aluminum-oxygen fuel cell battery
[39]. The principal obstacles to widespread use of these
novel battery technologies in AUVs are cost, fire and
explosion safety, and pressure compensation.
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Figure 9: Theoretically attainable specific energy for several battery
technologies. Note that practically attainable specific energy is often just
10% to 25% of these theoretical maximum values. Data source: [21].

4.2 Power Efficiency
High vehicle power efficiency is critical to successful AUV
design. AUV designers typically distinguish two types of
loads: propulsion load (including propulsion and control
surface actuator loads); and the non-propulsion  “hotel load”
(including on-board computers, vehicle navigation sensors,
and payload loads).
Propulsion Load: Propulsion load is minimized on survey-
class AUVs through use low-drag hydrodynamic vehicle
shapes, highly efficient electric thrusters, and slow survey
speeds (typically under 10 knots). It is well known that,
considering only propulsion load, the range of an
underwater vehicle varies inversely with the square of the
vehicle velocity [10].
Hotel Load: Hotel load is an important (and often
overlooked issue) in AUV design. Figure 10, for example,
shows the effective range of the ABE AUV as a function of
speed for hotel loads varying from 10 W to 100 W [10, 33].
Reductions in hotel load are critically important for slow-
speed missions.
AUV designers continue to benefit from advances in
computational capability and reductions in power
consumption commercial off-the-shelf  (COTS) embedded
computer systems.  Although many present-day AUVs
employ custom on-board computer systems, the trend is
clearly toward industrial standard COTS embedded
computer architectures such as the PC-104 standard.
The field of oceanographic sensors is undergoing dramatic
advances. The last five years has seen the development of
compact low power flux-gate compasses, fiber-optic and
ring-laser gyroscopes, inertial navigation systems, Doppler
current profilers, and other sonar systems and sensors that
enable AUV missions previously considered impractical or
infeasible. The trend is toward commercially available
integrated low-power “stand-alone” sensor packages
combining several sensors in a compact pre-calibrated
housing with a single power connection and optically-
isolated serial data telemetry.
Note that survey AUVs are not new. Several ultra-long
range AUVs have been developed to perform long-term
oceanographic surveys either by drifting passively [29] or
by exploiting the ocean’s vertical thermal structure for
propulsion [37].



6

Figure 10: Range versus Speed for an ABE class AUV. Figure reprinted
with premission from [33].

4.3  Acoustic Communication
Most survey-class AUVs operate semi-autonomously,
maintaining an acoustic communication link with their
human operators to periodically transmit vehicle status  and
to receive high-level commands. Although acoustic
communication remains the only practical methodology for
long-range communication in the ocean, they impose
significant limitations. Subsea acoustic communication
fundamentally limited by the speed of sound in water, about
1500 m/s, and by the fact that acoustic attenuation increases
with sound frequency. In consequence, acoustic
communication methods are inherently delayed, due to
propagation delay, and have an effective bandwidth that
decreases with range. A variety of companies (Datasonics,
Simrad, Sonardyne) offer acoustic modems with modulation
frequencies in the 1-50 kHz range, providing peak ranges of
up to tens of kilometers with peak data rates typically up to
about 2400-4800 Baud.
Recent research advances in low-power acoustic modem
hardware and algorithm design, promise improved data
rates and the possibility of simultaneously providing
acoustic communication and positioning (navigation) with a
single system [11, 16, 20]. This new class of low-power
system combining both functions will be of great practical
value in survey-class AUVs.

4.4 Multi-Beam Sonar
Recent reports of successful AUV survey missions suggests
that bathymetric mapping (seafloor topography), sidescan
imaging,  magnetometer survey, and sub-bottom profiling
will be the principal mission of the new survey-class AUVs
[32, 33, 38, 39, 49]. Of these missions, bathymetric
mapping and sidescan imaging appears to be of principal
commercial interest.
Narrow-beam sonar is the most widely used sensing
technique for 3-D bathymetric surveys. Narrow-beam
scanning sonars typically either have a single narrow beam
that is mechanically “pointed” or have multiple beams in a
fixed transducer head. Beam widths are typically 1°-3°.
Ping frequencies range from 12 kHz (full ocean depth
ranges with accuracies of 10-100 meters) to 675 kHz (100

meter ranges with accuracies of 1-10cm. Sonar update rates
are limited by the speed of sound in water, 1500
meters/second. The effective range resolution and area
resolution of a single ping on the seafloor isdetermined by
ping frequency and beam width. Sidescan sonars are used
widely for 2-D searches and surveys, but relatively few
sidescan systems are instrumented with the phase-sensitive
transduction necessary for true 3-D bathymetry.
Several commercial sonar companies (Simrad, Imagenix,
Reson) now offer low-power mechanically scanned or
multibeam sonars suitable for deployment on AUVs. This is
an area of intensive commercial competition and rapid
industry evolution.

4.5 Navigation and Control
AUVs and ROVs both require reliable low-level navigation
and control system in order to perform navigation and to
control vehicle heading, depth, position, and attitude – as
described in Section 3.4. Fully automating the task of on-
board AUV navigation remains a formidable challenge. A
variety of acoustic navigation decisions that are easily
performed by a human operator are difficult to reliably
automate. These include filter initialization for multipath
signal rejection, initializing and reinitializing the system in
case of a loss of acoustic returns for an appreciable period
of time, and and LBL baseline crossings [47].
AUVs and ROVs both also require a “high-level” (or
“mission-level”) controller to sequence the execution of
mission tasks, and to respond effectively to mission
variabilities. Unlike ROVs, whose human pilot is the “high-
level” controller, AUVs require at least a rudimentary
automatic high-level control system. Despite over a decade
of research in high-level control of AUVs [7-9, 18], no
industry standard has yet evolved for high-level AUV
control techniques. At present, most AUV employ fully
custom control system programs developed in-house. Most
of the present class of survey class AUVs will employ
relatively simple high-level controllers enabling the
operator to program a mission as a sequence of primitive
tasks such as waypoint navigation, grid-searches, terrain
following, pipeline following, docking, and undocking.
These systems will also allow the operator to specify
appropriate responses in reaction to expected events – i.e.
“on loss of acoustic navigation, use dead-reckoning
navigation.”  The problem of high-level AUV control
remains an area of active research.

4.6 Robotic Arms for AUVs
We do not know how to effectively utilize robotic arms for
manipulation from AUVs. The principal technical obstacle
to teleoperated manipulation with AUVs is the low
bandwidth and significant time delay inherent in acoustic
subsea communication. The alternative of autonomous
manipulation in unstructured environments remains an open
research problem. In consequence, only a few research-class
AUVs are equipped with robot manipulator arms, e.g.[51].
Unlike ROVs, where electro-hydraulic arms are the norm,
the severe power constraints of AUV missions necessitate
the use of energy-efficient electrically actuated arms.
Recent research suggests the practical utility of a systems-
level “teleprogramming” approach to teleoperation over the
time-delayed bandwidth-limited links typical of acoustic
communication [30, 31].
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Figure 11: The Odyssey II, a 6000m AUV developed at the MIT AUV Lab.
Bluefin Robotics Corporation and their Odyssey III vehicle design are a
spinoff of the MIT Odyssey AUV research program [5].  Image credit: MIT
AUV Lab, reproduced with permission.

4.7 Commercial Survey-Class AUVs
Within the last year, for the first time, several of the leading
marine surveying and inspection firms have contracted with
leading AUV developers for the manufacture and delivery
of operational survey class AUVs. These include the
following:

• In September 1999 C&C Technologies, Inc., a U.S. based
marine survey firm, contracted with Kongsberg Simrad
for a Hugin survey class AUV. Hugin’s sensor suite
includes a Simrad EM-2000 multibeam sonar for
bathymetry and imagery, USBL, Doppler, and inertial
navigation systems [3], and is powered with an
aluminum-oxygen fuel cell battery [39]. The Simrad
vehicle is a direct descendant of the Norwegian Defense
Research Establisment’s AUV research program [39].

• In September 1999 the Fugro Corporation, a leading
international oilfield survey and service company, placed
an order for a new survey-class AUV with International
Submarine Engineering Ltd. (ISE) of British Columbia.
Data collection systems on the vehicle will include
multibeam bathymetry, sub-bottom profiler, side-scan
sonar, and magnetometer [3].  ISE has developed several
AUVs for the Canadian Department of National Defense
and the Canadian Hydrographic Service, e.g. [14].

• In late 1998 Racal Survey, Ltd., a major marine survey
firm based in the United Kingdom contracted with
Bluefin Robotics Corporation for two 3000m survey class
AUVs [4].  Bluefin Robotics Corporation and their
Odyssey III vehicle design are spinoffs of MIT’s Odyssey
AUV program [5]. See Figure 11.

Several additional companies have also recently begun
offering commercial survey class AUV’s: Maridan, a
Danish AUV company is producing the Martin vehicle for
shallow water survey operations [19]. Sias/Patterson Inc., a
U.S. AUV company, is offering the Fetch AUV for sensing
and survey missions [28].

5 Conclusion
Two novel classes of commercial underwater vehicles:
deep-diving work-class ROVs and survey class AUVs are
entering production to meet the intervention and survey
needs of two offshore industries – deepwater oil

development and subsea telecommunication. The new
markets are driving unprecedented development in the ROV
industry, and are creating an AUV industry that has not
existed previously.
The new deep-diving work-class ROVs will be designed to
perform construction, maintenance, and survey/inspection
operations to 3000 meters depths. They will increasingly
employ fully electrically actuated propulsors and power
management systems to effectively utilize the severely
limited power available via long umbilical cables. Although
electro-hydraulic manipulator arms will remain the standard
due to their strength and reliability, fully electric arms will
soon be available. These vehicles will employ fully fiber-
optic telemetry systems to carry an increasingly
sophisticated array of sonars and cameras.  These ROVs
will utilize the latest advances in doppler, inertial, and
USBL navigation systems. Vehicle developers will be
increasingly employ COTS integrated multi-function sensor
packages rather than doing in-house custom integration of
discrete sensors.  New bottom-lock doppler systems will
enable fully automatic closed-loop XY station-keeping and
tracking control modes in addition to the usual auto-heading
and auto-depth closed-loop control modes.
The new survey class AUVs constitute the first large-scale
commercialization of AUVs – a long-anticipated watershed
event for the AUV community. Survey-class AUVs are
designed to perform multibeam bathymetric surveys,
sidescan sonar imaging, sub-bottom profiling, and
magnetometer surveys. These AUVs will be operated semi-
autonomously, employing advanced acoustic modems to
report system status and partial survey results in real-time to
human operators, and to receive survey trajectory
commands from human operators. COTS computer
hardware will become the norm.  The vehicles will employ
simple and robust high-level (“mission-level”) controllers,
conventional low-level trajectory controllers, and
sophisticated power management subsystems. Although
many of these vehicles will initially employ conventional
Ni-Cad batteries, recent advances in Li-ion and fuel-cell
technology may offer alternatives.
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