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 Bluefin Background
« Spray Overview
* Recent Improvements




About Bluefin Syt

Production

Full-service Autonomous
Underwater Vehicle
(AUV) provider located in
Cambridge, MA

Spun-out from MIT AUV |
Labin 1997 Operations Support

Acquired by Battelle in
2005

80+ person firm leveraging
strengths of 20 years of
experience in ocean
engineering and robotics




One of Many AUVs in the Bluefin Fleet
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Bluefin AUVs Syt

BF Series Spray Glider Hovering AUV

Bluefin-9
Diameter 9in Length 69in Weight 133lb
D.Rating 200m Endurance 12hr
Bluefin-12S, Bluefin-12D

Diameter 12.75in Length 150-170in l
Weight 250-525Ib 1A .

\

i Diameter 8in Length 84in Diameter 42 x 39.5 x 16 in
P D.Rating 1500m D.Rating 30m, 60m
Bluefin-21 Endurance up to 6 months Endurance up to 3.5hr
Diameter 21in Length 195in ]
Weight 16501b o Fa N
D.Rating
200m, 4500m
Endurance

up to 25hr



Applications T

ACADEMIC
Oceanography
Fishery Assessment
Archaeology
Research & Development Platform

COMMERCIAL
Deep Water Survey
Pipeline & Engineering Survey
Ocean Floor Mapping
Environmental Monitoring

SECURITY
Mine Countermeasures (MCM)
Intelligence, Surveillance &
Reconnaissance (ISR)
Port and Harbor Security
Rapid Environmental Assessment
Ship Hull Inspection
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Spray Glider

DEEP DIVER
Rated to 1500 meters

FIRST TO USE A PUMPED CTD
Combats against biofouling, a typical problem in warm water environments and

especially crucial for long deployments

LONG RANGE and ENDURANCE
4800 km, 25 cm/s at 19°glide angle to 1000 m

(calculated on power budget and full battery capacity)

Up to 6 months
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Glider development
funded by ONR as part of
AOSN (Autonomous
Oceanographic Sampling
Network) program from
1995-2000

Three gliders developed
through AOSN

One of the gliders was
Spray glider, developed
by Scripps under Russ
Davis

Bluefin licensed to
manufacture Spray Glider
in 2004




Elevates wing, gets GPS fix

: :
90%rotation a4 receives Iridium messages

Shifts pitch pack
forward and starts pumping *._ Compass provides status
hydraulic fluid into dry volume updates to vehicle computer
and the glider adjusts pitch
and roll packs to remain on
. course to nextwaypoint

5km
{~7 hours)

Argos transmitter
turns on to send
rough position

90° rotation

505 Th pe
- .

Resuifaces, elevates wing,
gets GPS fix; transmits
/ data and receives
Iridium messages




Original Spray Architecture T

DESIGN

Buoyancy-driven design Pumped CTD
—Hydraulic system
—Roll/pitch battery packs

Hydraulic Pump Wing with GPS/Iridium Antenna

Control Electronics
Argos Antenna

ENERGY

17 MJ Lithium ion Primary

Batteries (52 cells)
Emergency Dropweight

CONTROL Sensor Bay _— 8 Compass
Wings provide passive control g
surface and satellite
communication ' N
Wing with GPS/Iridium Antenna Pitch Pack =

PAYLOAD
Flooded tail section houses
payload sensors

Roll Pack




Spray Training

» Three day training course
= For up to three people
= At Bluefin’s factory and operational facility

» Consists of classroom training and hands-on vehicle
training in tank and at-sea training

= On-site training can be provided

BLUEFIN
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TRAINING TOPICS

System Components

Buoyancy Engine

Behavioral Aspects

Navigational Concepts

Comms Interface/Mission Planning
Ballast/Trim Procedure

Glider Deployment

Shore Commands

Recovery, Data Retrieval, Turnaround

Customer Proficiency Demonstration



Production SLIERIN

ROBOTICS

» Over 60 Sprays fielded to-date * 99% of manufacturing vendors
« Dedicated production resources and sourced local to Bluefin
tools « Revamped manufacturing
° - N- H pI’OCESS
1-2 Sprays in hogse atany tlme. — 58S, Kaizens to optimize assembly
— On-the-shelf unit for demonstrations and checkout
— In-house R&D asset for development — Improved quality control
work
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Improved Spray Glider Design

Wing with GPS/Iridium Antenna

DVL Electronics Compass

Oil Bladder

Control Eleclronics

Pitch Pack

Hydraulic Pump
, | with Air Vent |
Lift Hook | \ (obstrucied view)
WET Labs .
Puck Dissolved
Oxygen Wing with GPS/Iridium Antenna
Sensor
ADCP
H_ANDLING _ RELIABILITY IMPROVEMENTS
Lift hook to aid recovery Improved roll pack design
ADDITIONAL SENSORS
DVL, PAR, DO, etc TAIL ATTACHMENT

Robust Ortman ring groove
instead of tab clamps




Long Range Spray ST

Dropweight .
Tailfin with P 9 Qil Bladder
Ant
N Wing with GPS/Iridium Antenna
\ \ Acoustic
\ Transducer p ’
i umpe
Lift CcTD Control

Electronics

m
~
(4]

Additional
Battery Pack

Free-Flooded
Sensor Bay

Roll Pack

Compass

Dissolved
Oxygen
WET Labs Sensor
Puck

Hydraulic Pump
with Air Vent
(obstructed view)

POWER MANAGEMENT Wing with GPS/Iridium Antenna
Improved electronics and redesigned power bus

Pitch Pack

ADDITIONAL BATTERY PACK
Increased power to 22 MJ

EXTENDED ENDURANCE AND RANGE
12 months and 9000+ km with 20% margin

14
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Acoustic Modem Upgrade

Aanderaa
Optode

Spray Glider

Sends request for data
SPL=161dB
208 bps

0

Acoustic

Transducer
WET Labs Drop
Puck weight Bladders
ITC3013 Transducer

Mooring

Sends 50 kB data in 230 s
SPL=187dB

2150 bps

WHOI MicroModem2 w/ Gumstix 205018 A
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Dropweight

STANDARD CTD OPTIONAL SENSORS
« Pumped to combat bio-fouling * Turbidity
. » Dissolved oxygen
« Critical for long and/or warm water . SeaBird pumped
MISsIons « Aanderaa optode*
* Fluorometer
EXPANDED PAYLOAD BAY ° a/eafo'g‘t ECO CDOM*
« Payload bay and electronics . PAR* etl-abs
expanded to accommodate « ADCP
additional sensors . RDI*
* NorTek*
« Altimeter * - Improvements




Spray Planner
Completely Configurable Tool for Mission Planning ROBOT

£3 C:\Documents and Settings\summit\Desktop\missions\sample glider plan.bm2 - Planner 4.35 ALPHA 37696 @@@
File Edit Mission Safeties Vehicle Chart View Help
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& Free-form Survey Properties

Survey | Options | Payloads & Layout

Depth Mode
(® Constant Depth

O Altitude

Sensor Acquisition

On Descent
On Ascent

GPS/lridium Surfacing
(& Every Dive
O Timed

Depth: 400 m

Altimeter Activation Depth: |300 m

Surface After. [120 min

Mission Details

Total Mission Time:

Mission Abort Time:

Maximum Bottom Depth: 200.0 m
Number of Survey Legs: 0

30m

-

Wrapup: Vehicle Default

Start Position: 42.38260° N
70.91719° W

End Position: 42.29547° N
70.81884° W

Vehicle:

Operator:

Ship:

42.39612° N 70,84978° W

CS

BLUEFIN




Spray Dashboard

Web-Based Tool for Mission Monitoring

I http://blusoft/Dashboard. htm! - Windows Internet Explorer
& | http:fiblusoft{Dashboard. html
File Edit W“iew Favarites Tools Help

T4 4R | @ http:fiblusoft/Dashboard html

BLUEFIN
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ROBOT

Spray Glider = Dive Monitor

Status: diving

Last known position:
42.3846 N, 70.8387 W
Estimated current position:
42.3865 N, 70.8343 W
Depth: 113 m (descending)

Comms:
Since last: 0:45
ETA next: 2010-03-11 14:43 GMT

Next Waypoint: 2
Position: 42.3903 N, 70.7939 W
ETA: 2010-03-12 01:57 GMT

Mission:

Start: 2010-03-09 11:22 GMT
Elapsed time: 2 days, 02:36
Est. completion: 2010-03-23
Distance traveled: 7.1 km
Dive cycles: 6

Command Glider ]

| (

C




Glider Research & Operations Center (GROC) P) BHUEFIN

W/

* Collaborative effort with Bluefin Robotics and the Harbor Branch
Oceanographic Institute (HBOI) HARBOR BRANCH

FLORIDA ATLANTIC UNIVERSITY

« Seed funding from Battelle Memorial Institute

» Advance glider-based marine science, technology, and education
— New payload development and integration
— Novel data synthesis approaches
— Research vertical distribution of turbulent layers

— Collaborate with Bluefin in new glider designs
« 3000m-rated glider

« Deploy (2) new SPRAY gliders to measure petroleum presence in the Gulf of
Mexico, Brazilian Basin and offshore Angola

— Assess environment post-Deepwater Horizon spill
— Brazil operations in collaboration with HBOI partner Grupo Cepemar




FLORIDA ATLANTIC UNIVERSITY

Quick Facts about Harbor Branch Oceanographic Institute

Foundedin 1971 by J. Seward Johnson & Edwin A. Link
Located on 125 acres on Indian River Lagoon, 5 miles north of
Fort Pierce.

Acquired by Florida Atlantic University (FAU) on December
31, 2007.

Functions as a research institute of FAU.
152 employees

23 Principal Investigators

30 graduate students

Recent hires have been made in
engineering and biomedical research

L

Ocean Science for a Better World www.hboi.fau.edu



P BLUEFIN

 Bluefin has recently invested in significant upgrades to the
Spray glider that expand capability and dataset

 The SPRAY glider integrates well with our existing fleet of
AUV solutions

 Partnership with Harbor Branch Oceanographic Institute
will extend presence in the science community and foster
Innovative payload approaches




Deep Down, You Want Bluefin. Dsaey

BLUEFIN ROBOTICS CORPORATION
553 South Street
Quincy, MA 02169
USA
Main: (+1) 617 715 7000
Fax: (+1) 617 498 0067
info@bluefinrobotics.com
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Backups

553 South Street Quincy, Massachusetts 02169 USA +1.617.715.7000 www.bluefinrobotics.com



Changes from the Original Scripps Design P) B-UEFIN

« 99% of parts are locally sourced versus Scripps parts
« Reduced production time to delivery

« Additional payloads available

« Shortened tail with lift hook

Cleaner, more user-friendly ballasting

Reduced drag on wing joints and payload bay covers
Making software improvements on a continuous basis
New roll pack design for increased reliability

Robust Ortman ring groove instead of tab clamps




Communications Syt

GLOBAL POSITIONING SYSTEM
(GPS)

Standard L1 GPS

< 6 meter accuracy (50%), < 9 meter
(90%)

IRIDIUM

Shore Commands allow the user to
change mission parameters on the
vehicle using the Shore-Burst-Data
(SBD) Iridium Service

Information is sent to email address
Customer account with a SIM card
Equates to cost saving for user

IMPROVEMENTS

RUDICS Iridium for high data rate
communications

RF link for testing and deployment
Acoustic modem



Emergency Systems

DROPWEIGHT
= Vehicle is slightly positively buoyant
= When released vehicle resurfaces

ARGOS SYSTEM

» Standard configuration includes ARGOS
transmitter

» Range is within one mile radius
» Dual purpose:

» Provides a RDF signal with which to
locate the glider

= Reports the surface location via
ARGOS Satellite System

IMPROVEMENT
= Strobe light to aid in recovery

BLUEFIN
ROBOTICS




Improved Spray Functional Diagram

To AC Power

Operator
Workstation
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LEGEND:

POWER
COMMUNICATIONS

SUPPORT/TEST EQPT.
STRUCTURE

PROPULSION

ELECTRIC PLANT

COMMAND & SURVEILLANCE
AUXILIARY SYSTEMS

Box
Payloads
CTD Oxygen | External
Op eservoi
ECO
Triplet

...........................

Emergency
Dropweight

.............

Transducer

Shore Comms

Shore Power

BLACK
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