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REMUS – a role model for
AUV technology transfer
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Hydroid presently has ten full-time
employees and continues to build its
infrastructure to support a growing

customer base. The WHOI engineers who
invented REMUS (Remote Environmental
Monitoring Units) provide engineering
support to guide Hydroid in advancing its
technology. Hydroid’s close proximity to
Woods Hole enables a synergy with the
WHOI engineering staff that will assure
the success of the product. 

After a very brief start-up period,
Hydroid commenced full-scale produc-
tion of REMUS systems in November
2002. During the nine-month period
from November 2002 through to August
2003, Hydroid has shipped 31 REMUS
systems. In total there are over 55
REMUS systems in worldwide use, mak-
ing it without question the most success-
ful autonomous underwater vehicle sys-
tem in the world. No other AUV can
boast the field proven track record of
REMUS. During the summer of 2003,
Hydroid embarked on an aggressive mar-
keting campaign to introduce REMUS to
the international marketplace and
entered into agreement with numerous
independent manufacturers’ representa-
tives around the world.

REMUS was originally developed by
WHOI in the late 1990s to support sci-
entific research being conducted at the
LEO-15 observatory off the USA’s New
Jersey coast. Initial funding was by the

US National Science Foundation (NSF)
and the US National Oceanic and
Atmospheric Administration (NOAA).
REMUS completed its first scientific mis-
sion in 1997. The US Office of Naval
Research (ONR) provided additional
support for REMUS development. By
2002 WHOI had delivered approximate-
ly 25 systems. The REMUS systems in the
field are in 20 different configurations,
independently operated by nine universi-
ties, three US Navy laboratories, one
British defence laboratory and three
branches of the US Navy.

REMUS can be used for a wide range
of academic, military and commercial
applications. The US Navy has embraced
REMUS as an effective technology to
use for mine hunting in very shallow
water, and this has proven to be the
largest group of users to date. There are,
however, numerous other applications.
Additionally, REMUS is ideally suited for
various search missions and coastal
hydrographic surveys and requires very
little infrastructure to support and oper-
ate. It is small enough to be carried by
one man, yet contains enough sophisti-

cated sensor, navigation and power
resources to enable it to perform detailed
sonar and oceanographic surveys over
very large areas. The REMUS system can
travel over 100km in 20 hours at a veloc-
ity of 1.5-metres-per-second and at depths
as great as 100 metres.

The REMUS vehicle is designed to be
small, lightweight, low-cost, easy to use
and highly accurate in terms of naviga-
tional performance and sensor data. It
has been optimised for large area, shal-
low water surveys. It can be equipped
with a wide variety of sensor packages,
most commonly including side-scan
sonar, acoustic doppler current profiler
(ADCP), optical backscatter (OBS) and
conductivity temperature and depth
(CTD).

The vehicle is monitored and pro-
grammed using software that runs on a
laptop computer. A simple scripting lan-
guage is used to programme the vehicle
for a desired mission. The same pro-
gramme may be used to simulate the mis-
sion profile before deployment. Data is
then uploaded from the vehicle to this
programme after mission completion for

Hydroid was founded in November
2001 following the execution of a
technology transfer licence with the
Massachusetts-based Woods Hole
Oceanographic Institution (WHOI).
The intent of the licence was to
transfer REMUS AUV technology out
of the academic development
environment and into the commercial
marketplace. By all accounts the
licence agreement between Hydroid
and WHOI has been a tremendous
success and represents an excellent
model for transferring developmental
technology to the commercial
market. 
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Announcing a recent contract, Hydroid
discussed some of the research planned
by the California Polytechnic State
University using a custom REMUS AUV.
With delivery planned for late-2003, this
will be the second REMUS system being
used by the University. The modified
REMUS presently being manufactured
by Hydroid will incorporate radiance
and irradiance sensors, as well as other
sensors to support the research being
conducted by Dr Mark Moline and his
associates in the Biological Sciences
Department of the California Polytechnic
State University. Their first REMUS sys-
tem was also a custom system and was
configured with bioluminescence sensors
to support night-time research. The new

analysis and display. An HTML report
generator creates a quick report with 2D
psuedo-colour plots of sensor data collect-
ed. The operator interface also includes a
navigation window, gauges, control sliders
and other graphical interfaces, making the
vehicle easy to programme, operate and
troubleshoot. The base-line vehicle design
provides sufficient reserve volume, pay-
load and power to support a number of
different sensors. The selection of sensors
is specific to the mission requirements.

The REMUS vehicle includes an
onboard navigation system that is capable
of operating in any of three modes: long
baseline acoustic navigation (LBL); ultra-
short baseline acoustic navigation
(USBL); and doppler assisted dead reck-
oning. The system’s onboard computer
automatically determines the optimal
navigation mode to navigate the vehicle
throughout its mission.

One of the core mission requirements
for the REMUS AUV is to support a
range of naval operations, primarily mine
countermeasures (MCM). The US Navy
deployed REMUS AUVs extensively dur-
ing Operation Iraqi Freedom, primarily to
assist naval mine hunting forces tasked
with clearing the deepwater port of Umm
Qasr to enable the delivery of humanitar-
ian supplies. The Navy has divulged a fair
amount of their experiences using
REMUS in the Arabian Gulf in recently
declassified information.

Operation Iraqi Freedom marks the
first time that AUVs have been used in an
actual wartime scenario. By all accounts
the systems performed flawlessly, en-
abling the clearing of the minefield while
greatly mitigating the need to put naval
personnel in harms way. During the
course of the operation the naval mine
forces investigated a total of 478 contacts
in the northern Arabian Gulf, with 86 of
the contacts determined to be mine-like,
thus requiring detonation by explosive
charges. Rear Admiral Paul Ryan, com-
mander of Mine Warfare Command, stat-
ed that the operations were “really com-
bat mine clearing, not slow, deliberate
blue water mine clearing like we practised
in the Gulf of Mexico.”

REMUS is also being used in the US for
academic research. Stanford University,
California Polytechnic State University,
Rutgers University, the Naval Post
Graduate School, the University of
Rhode Island and the University of
Massachusetts, among others, are suc-
cessfully using REMUS to support their
research objectives.

system will supplement this work but will
be configured for daytime operations.

Dr Moline fully demonstrates the nav-
igational capabilities of REMUS by con-
ducting missions with the REMUS that
involves transects across the entire width
of Monterey Bay in California. These
transects are often as long as 20 miles in
length, representing a round trip mission
of approximately 40 miles, primarily
navigated by dead reckoning by compass
heading and acoustic assisted doppler
bottom lock.

While all REMUS systems presently in
operation are being used for a range of
academic and military requirements, it is
anticipated that many commercial appli-
cations would benefit by this technology.
Ship hull inspections, pipeline surveys,
port and harbour security, side-scan
sonar and ADCP surveys in very shallow
water and a range of survey applications
that are either not possible or cost effec-
tive using traditional surface towed sys-
tems are all potential applications for
REMUS. Hydroid is presently investigat-
ing the possibility of incorporating cus-
tom configured multibeam, side-scan
sonar and sub-bottom profiler systems
into the REMUS to expand the range of
potential applications that can be accom-
plished utilising REMUS, and the next
generation REMUS system.

The potential for REMUS, and the
next generation REMUS system, is limit-
less. As remotely operated vehicles revo-
lutionised the way work was done under-
water, so can REMUS – and associated
AUV technologies – revolutionise the
industry by someday doing much of the
work presently being accomplished by
expensive and cumbersome surface
towed systems.                                        ■

Above: Hydroid’s military vehicle
was deployed extensively  during
Operation Iraqi Freedom. 
Top: The REMUS system.


