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“"\What is an AUV?

e Autonomous underwater vehicle
e No tether to ship

e NO acoustic com
and control

e Onboard ener avigation, and control
e Energy storage - largest limiting technology
e Scientific, military, commercial applications

tions for command
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“== AUV History

e Early torpedo technology in the 1890s

— Compressed Air/Kerosene ic, and peroxide/kerosene
propulsion

— Gyro/pressure depth

e First AUV's in the 19%0s

— SPURYV (self prop nderwater research vehicle) &
SeaSpook (US)

— MT-88 (USSR)

e Early systems severely limited by energy (50 Whr/kg)
& computing (0.1-0.2 mips/W)
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Early Whitehead Torpedo

e Actually called "Whitehead Automobile Torpedo”

e GYyro guidance
e Powder charge igniti

......
Byl ¢ -
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Figure 1. Self-propelled underuater research vehicle--cutavay drawing.
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AUV (USSR)

e lLarge class
o Differential thrusters
e Free-flooding

e Side-scan sonar, sub-bottom profiler
e Titanium pressure housings
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AUVs Today - Remus
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AUVs Today - ABE
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AUVs Today - Autosub

AUTOSUB-1

Replaceable propeller blades.. . _
Control SHrfaceS....vreeescse ooz,
Vehicle control packages... . _ _

GRP panelS.ercrececcormemmmmnn o
Foam BUuovanc¥..eeeeeen o
GFRP Pressure vesseloow.

L.ength - 7m
Diameter - 0.9m
Air weight - 1500kg

( irennre’GPS antenna, Modem
5 ~-..Light, RDF, Argos, DGPS
B . Emergency abort
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AUV&Today - HUGIN 3000
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AUVS=Today - Maridan 600
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MBARI’s AUV Program

e Uses
— Physical, biological,
— Ice draft measure
— Seafloor mappin
— Docking techn

e Research begdn with Odyssey IIb
e ALTEX program created a new class
e Modularity is the goal

mical oceanography
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""*Dorado History

e Odyssey IIb from MLIas i v
— VME Cage, 68k CPEF uas
single threaded
— Fins + prop
e Dorado
— Upgraded cé’mputing and software
— Modularity was a design goal
— Comms and power busses
— Ducted tailcone - patent pending
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«=Dorado Concept
Mechanical Modularlty

) Y u
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.Dorado Concept
Electrical Modularity

e One cable provides powger and comms
e Standard circular co tor for bus

e Comms are CANDb d Ethernet

e Galvanic isolatio

- 2 pins power

- 4 pins ethernet
- 2 pins CANbus
- 1 pin shields

- 1 pin enable

-

O

Tether
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««Dorado Concept
Software Modularity
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Control IS SN control
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*> Tailcone

e Ring-wing produces 5x greater lift
e Duct provides a rob using for prop

e Embedded m
control
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“Battery Mid-Body

e Payload space for navigation

e Payload space for sci€mee sensors

e Silver-zinc, Li-polysfier;, semi-fuel cell
g

P__x;____ : - ‘ =
| | L
T AT ST TN S,
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Venicle Telemetry Data

fMeasured Depth and Calculated Bottom: ; Data Set: 200223610
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‘= =~ ALTEX
Atlantlc Layer Tracklng EXperiment

Autonomy - 2 weeks
Range - 1500 km
w|® Depth rating

EEY Y% l. Satellite reporting
e Modular/reconfigurable
e Ice draft calculations
e Physical oceanography
|l Dorado class AUV

2))) )
e o

< A .
&
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"*>ALTEX Cruise

EAST SIBERIAN SEA

BARENTS BEA

X

© MBART 1 O—June—2004Map credit: http://www.ngdc.noaa.gov/mgg/bathymetry/arctic/provisionalmap.html



Full Length ALTEX Conflguratlon
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ALTEX®Dorado Configuration

Science “Nose” Data Offload = Power & Nav  Propulsion “Tail”

Main

II II [ DataBuoy ]
selence | Data Buoy Control Vehicle
Sensors Computer/ |Control

L_-I - ;...'::::::::::::::::::::::::::.5.5
[ DataBuoy ]
[ DataBuoy ]

AgZn or Al Semi-Fuel [e"H (80 KW-hr
for full mission)

e INS/DVL or gyrocompass navigation
(.03% to .1% accuracy)

e Physical oceanography science suite
(CTD, OBS, DO, Nitrate)

e Ice-melting data buoys for ARGOS
data relay (50-60 KB/day)
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"SALTEX Fuel Cell

e 80 KW-hr energy
e Pressure tolerant to
e Tested at sea
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ALTEX Data Buoy Section

Designed and manufactured by SSI, Inc.
e |Launcher carousel holds 12 buoys

e Buoys have 1 meter ice penetrating capability
e Buoys transmit data to ARGOS for up to 7 days
e Section connects to vehicle via one connector
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"ALTEX Data Buoy
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AETEX Deployment
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AETEX Science Data

Potential Temperature (ref 10 deciBars)

Nitrate

——
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Downtrack Distance(m) ALTEX Cruise HY-01-03
MBARI J. G. Bellingham
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““AUV-CTD Vehicle

o Built for upper-water physical, chemical, and
biological oceanography missions

jual CTD, dissolved O,,
eter, ISUS

e Standard payload incl
optical backscatter, f

o Extended payload |
bathyphotometer;

des

e Standard guidance, control,
navigation, and control tail
section
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Doerado Specifications
Upper-Water Science

e 1-2m/s (1.5 m/s nomy
e 20 hour mission (1
e 6 KW-hr Lithium
e CTD & ADCP i
e Payload in nosé and/or parallel midbody
e 4500m depth rating

e 0.533m (21") diameter

e 4,26m length typical

© MBARI 10-June-2004



Aypical Dataset

Temperature backscattering @ 676 nm

MBARI AUY CTD Time Series Survey
May 5, 2003

Salinity Oxygen

Chiarophyll Fluorescence Mitrate
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MBARI 10-June-2004



Frontal Processes (MUSE)

Phytoplankton
Layer
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Bioluminescence Spokes Cruise

AUV Transect ¢ Line E * yearday 237

Onshore location is adjacent to the Thin-Layers Mooring site. Offshore
end is near the M| mooring. The top of the bicluminescence layer is
bounded by the thermocline and follows its vertical meanders. Bright

individual flashes (zooplankton) are seen as individual crescents in the
linear bioluminescence plot.
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“Seafloor Mapping

e 6000m depth rating o Kearfott SeaDeViL INS
e Reson multibeam sonar e Acoustic comms
e Edgetech SSS, SBP e Satellite comms
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Seafloor Mapping AUV
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Doerado Specifications
Deep Water Mapping Surveys

e 10 hour mission (5
o 6 KW-hr Lithium
e CTD, multibea P, side-scan sonars
e Payload in panallel midbody

e 6000m depth rating

e 0.533m (21") diameter

e 5.68m length typical

er energy
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revious Multibeam Work

18 66'N

18 54'N

-1800
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MBARI Mapping AUV Test Mission - 3 June 2004
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'Bﬁc'king Technology

e Recharge batteries
e Download collected
e Upload new missi
e Acoustic homin
e Multiple missi
ship deploy
e Maintena
every 12 months
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‘Extended Presence

e Extend spatial coverage of
— Ability to deploy beyond o
e Acquire high resolutio

— Characterize spatial
— Provide context for

)servatory nodes
tory footprint

t measurements
S (no ship scheduling required)
e Event detection through routine, scheduled surveys

e Autonomously respond to episodic events
— Weather driven processes
— Seafloor events (eruptions, slides...)
— Detection of biological processes
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Previous Docking
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Docking Concept for MOOS
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DocKing Concept for MARS
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=il

“*= Conclusions

|-asset

e Dorado AUV - operatio
ipjépayloads
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"Operations At Sea

e Y2000 - Doradossey MUSE cruise

e Y2001 - Dorado prototypeg€a trials
— 25 days |
— 12 different configuratj

e Y2001 - ALTEX crui
— 10 days
— Under ice, out offtracking range
— Higher than 82%atitude operation

e Y2002 - Spokes cruise

e Y2003 - "Delivery” of AUV for full-time science use
e Y2003-Present - Regular CTD transects

e Y2004-Present - Seafloor mapping sea trials
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