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Hydroid Inc. holds the exclusive license from the Woods Hole %
Oceanographic Institution for the manufacture and further development of = =

REMUS Autonomous Underwater Vehicle (AUV) technology.
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ACAT IV-T MK 14 Mod 0 SAHRV




SAHRYV Factory Acceptance Test
(FAT)
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* Reviewed and approved by U.S. Navy to test SAHRV
systems

« Verifies system’s capabilities to meet specification for:
— Compass Calibration
— LBL Navigation Range
— Navigation Accuracy
— Sonar Resolution
— Battery Capacity
— Vehicle Speed
— Altitude Accuracy
— Depth Accuracy
— HTML Report Generation



All Requirements are evaluated
during two hour mission
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EOD UUV SCM Prototype .
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Blunt nose with high speed data port to
environmental camera

1200 kHz ADCP  /L1/L2 GPS
antenna

Pinger clamp Scuttle

Generic end cap

Hybrid LBL/Acosutic
communication transducer

Environmental camera




UK MOD System A HYDRO

Hydroid received major contract from the
United Kingdom Ministry of Defense to
supply (10) REMUS Autonomous

Underwater Vehicle systems to the Royal
Navy

“REMUS will enable the Royal Navy to undertake
rapid mine reconnaissance in the Very Shallow
Water (VSW) zone an area which, currently, 1s
accessible to divers only. Employing REMUS will
reduce the risk to clearance divers during operations
in the detection and clearance of maritime mines."



RECENT REMUS
DEMONSTRATIONS/TRAINING

REMUS Trials in Germany
Trials in Rotterdam Harbor
Trails Finland

German Navy training
NATO Undersea Research Centre (NURC)
l Scandinavian demonstrations
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Shallow Water
cquisition Technology

3 REMUS 100 vehicles
86 Ibs, 7.5 hours @ 4.5 knots modular end cap

SENSORS
900/1800 kHz sonar
1200 kHz ADCP
Optical backscatter
Conductivity Temp
CAD/CAC

NAVIGATION COMMUNCATION
LBL acoustic Acoustic Modem
P-code GPS Iridium Modem
Kearfott T-16 IMU
(ADCP, GPS, LBL
aided)

2 Gateway Buoys

COMMUNCATION
Acoustic Modem
Iridium Modem

FreeWave Modem
GPS




Generic Payload Interface

Up/down lookng Iridium/P-Code GPS
600 kHz Phased ‘Antenna

Array ADCP

> Switehable 900/1800 kHz

sidescan sonar

S Reiartott T-16
Inertial Measurment Unit

L.BL. and Accoustic
Communication Transducer

* 1.6 m long vehicle

* 39 kg — 14 hour mission duration at 1.5 m/s
* Ship by commercial overnight carrier

* Submarine compatible

Forward-looking Sonar
DIDSON




REMUS Customers

 WHOI has delivered 17 REMUS systems

— 4 Academic institutions
— 13 U.S. Navy

» Hydroid has delivered 60 REMUS systems
— 36 U.S. Navy
— 6 U.S. Government
— 8 Academic 1nstitutions
— 1 German Navy
— 2 Royal Dutch Navy
— 2 NATO Undersea Research Centre
— 2 Singapore Navy
— 3 Commercial



Autonomous Docking
Problem

* Provide sustainable
and affordable access
to littorals using
robotic technologies
that are compatible
with fleet technology
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* Provide technology |
that facilitates its
creative use by war ——

f1 ghters Sustained autonomous operations in
the littoral environment




Actuators
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9.6 kWh battery pack
and dock electronics






REMUS 100
Harbor security and under hull surveys

Vertical thruster

Propulsion
thruster

Hybrid GPS

600 kHz phased WiFi antenna

array ADCP wiath
uplooking altimeter

Modular end cap

Modular interface Over-sized fins

for additional
SenNsors

Up/down looking
900/1200 kHz
sidescan transducers

Kearfott T-16 INU
with GPS, DVL,
and LBL aiding

Hybrid navigation
and acoustic coms

Hornzontal and transdiicer

vertical thrusters







Map of New York City .~
Watershed

Delaware Aqueduct Under
Construction

ATLAMTIC
OCEAM

NMEW YORK CITY
WATER SUPPLY SYSTEM










REMUS 6000
Base line Configuration

e Survey
— Switchable 300/900 kHz sidescan
— 12 hour duration at 4 knots
— Field exchangeable battery packs
— Multi-vehicle operations

— Mission redirection over acoustic or
Iridium links

« Navigation

— Acoustic long base line

— INU aided with GPS and ADCP
e Communication

— Iridium modem

— Acoustic communications —WiFi
* Payload exchange

— Electronic still camera & strobe

— Sub-bottom profiler






Successful Operations have been
conducted in 15 foot Seas
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SAMS Mission 9 Profile ._....;_q
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Mission 13 12nm
Redirect

Along Track distance (km)
9 11 13

Base
Depth
Transect
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Descent Down the North ' ——~
Kaibab Trail

Rim 2,512 m
Colorado River 739 m
Depth 1,773 m
Trail Length 22,000 m
Slope 4.6 deg.
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Bright angel point



Electronic Still
Image, with 200 W-S
strobe 1llumination

Fish School off Charleston
1n 30 meters.




Speed 3.3 Kts
Alt 5.0 m
Heading 122
Range 30 m
2004/207/202741
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Repeatedly returned to
boat for imaging

» Redirected vehicle via
modem to over fly target
in follow missions
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(12.75” shell diameter class)

F Projector ,E%ﬁ
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BB Hydrophone s

*Simultaneous dual frequency band operation:

HF band = 105 - 135 kHz, 17 x 1” res.
LF Band = 8 - 52 kHz, 3” x 3” res.

*DC Capabilities against proud & slightly
buried targets.

*Array elements used for MoComp = 2.
*Range =90/V (45 meters @ 2 m/sec).
Lg, HF band = 11 meters
Lg, LF band = 22 meters

WHOI
Remus600

*Scheduled to participate in
AUV FEST 05 (6-17 June).

Sponsor: ONR
Tom Swean

WHOI, ARL/PSU,
VCT & NSWC-PC
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SASS Images

05May23_2138; Pings 600-999; STBD; HF

Along-Track (m)

15 20 25 30 35 40
Range (m)




Repeated Autonomous Surveys of the
Open Ocean thru shipping lanes

Offshore Tower
15 meters.deep,
. 3kilometers

i from shore Measurements

Acoustic Doppler
Current Profiler

Electro-optic
Cable

Repeated 300 km cross shelf transect from a seafloor docking station
located at the end of cabled seafloor observatory



REMUS Technology _.
Demonstrated at AUV Fest 2005 “"i .‘ﬁ-v

e Multiple vehicle operations

e Dual frequency 900/1800 kHz Side Scan

e Dual Frequency SASS

« 600 KHz Phased Array DVL

« Kearfott T-16B INS

« LBL Nav on INS configured REMUS

« ACOMMS — high speed mode, image transfer
 Wet Labs BB2F

* Rockwell-Collins P Code GPS

 Iridium and WiFi Communications

* Simulated AUV Launch from a Dry Deck Shelter
* Autonomous Docking System for REMUS 100



Questions?
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