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Technology Adoption Lifecycle

Time =

With every new technology, there exists an opportunity to
lose momentum and to miss transition to the next stage.

“Crossing The Chasm” by Geoffrey Moore, Harper Business Essentials, 2002
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every second*

® Slocum
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% Spray

® Sothers

Iphones produced: 31.5 m in 2010, 25.1 m units sold in 2009, 13.7 m in 2008, 2.3 m in last quarter 2007




The Product Life Cycle : From

Innovation to Market Saturation
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Back to back glider missions for 18 Months
sampling at a single locaion unveils

mesoscale structure

Ocean Station P 50 km Butterfly Survey Temperature [*C]
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SG144 — Ocean Station Papa Mission*
6/14/2009 — 4/2/2010

Dives: 878 .
Duration at Sea: 9.6 months " s Sep0s Nov0s Jan09 Mar09 May03 Julo9  Sep03 Nov0s Janio
Vertical Distance through Water: 1734 km prelick @ mzenistday otment)
Horizontal Distance over Ground: 5076 km
Horizontal Distance through Water: 6798m Sensor Payload :
Velocities through Water: Seabird CTD, 2 x O2 (Aannderaa + Seabird),
Max Horizontal: 39.9 cm/s Wet Labs ECO Triplet
Average Horizontal: 21.6 cm/s 1 M resolution sampling over ascent / descent to 1000 m
Max Vertical: 9.3 cm/s
Average Vertical: 6.25 cm/s
Total Battery Remaining after Mission: 13%




). | .
, the “Deepglider” version of
Seaglider developed by Professor Charlie
Eriksen and team at UW has achieved 6000
m dives off coast of Puerto Rico.
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Dr Vernon Asper of University of Southern Mississippi's
(U.S.M.) Department of Marine Science at the NASA Stennis
Space Centerand a diverse team of colleagues from U.S.M.,
the University of Washington in Seattle, Old Dominion
University in Norfolk, Va., the Virginia Institute of Marine
Sciences, and the U.K.'s University of East Anglia

http://www.scientificamerican.com/article.cfm?id=antarctica-seaqglider-
phytoplankton-study Z
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Professor Craig Lee of APL -
University of Washington has Davis Straits

used Seagliders extensively in Under ice runs using RAFOS
the arctic — see:

http://www.youtube.com/watch?v=ajbOhb-LITE&feature=player profilepage - t=208



http://www.youtube.com/watch?v=ajbQhb-LITE&feature=player_profilepage
http://www.youtube.com/watch?v=ajbQhb-LITE&feature=player_profilepage
http://www.youtube.com/watch?v=ajbQhb-LITE&feature=player_profilepage
http://www.youtube.com/watch?v=ajbQhb-LITE&feature=player_profilepage
http://www.youtube.com/watch?v=ajbQhb-LITE&feature=player_profilepage
http://www.youtube.com/watch?v=ajbQhb-LITE&feature=player_profilepage

IV C

Bk
§urfaomgs of SG-515In
Gqu-giMemco |

Deé'b"w‘ate Horizon e







Oil companies, Navies are concerned about regulations on impacts to mammals

IRobot and Duke University Marine
Lab are integrating acoustic
mammal tracking on Seagliders




How does the
glider market
continue organic
growth and cross
the chasm?
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Empathic design is a user-centered design approach that pays attention to the

user's feelings toward a product (mcbonagh and Lebbon, 2000; Fulton-Suri, 2003; Crossley 2003).
The foundation of empathic design is observation, the goal is to identify latent

customer needs.

sLatent needs are
product requirements
that customers don’t
even know they
desire, or in some
cases are solutions
that customers have
difficulty envisioning
due to lack of
exposure to new
technologies or being
locked in the mindset
of working with
existing products and
services.
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°Netorked Gliders
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Market Growth « Hybrid Glider
* Deep Glider 6K

* Shallow to deep —
* Integrated ADCP _ * Advanced Navigation

* In situ chemistry sensors :"‘Horizon 3 sImaging glider

«‘Data mule” function 36 to 72 «Advanced SAT-NLOS
* Larger buoyancy range — OTH RF
g y y g months comms

Early * Higher horizontal speed
Adopters

* Existing
Research
Seaglider users 12 to 36

Research Directions
months * Hybrid propulsion

» Software modernization
¢ Energy Capture concepts
¢ Underwater localization

o

Horizon 1

e Advanced Navigation

O to 12 months * Low power imagers / SONARS /
Blue-Green Flash LADAR

| | [ | | | [ | [ | [ | [ | >

Jan 2009 Jan 2010 Jan 2011 Jan 2012 Jan 2013 Jan 2014 Jan 2015 Jan 2016




Gliders have plenty of Unmanned competition
Energy

Speed

Deployment and

Recovery Spee Endurance

Information
Generation

Real-time Comms Payload

| AV
usv
@&»UUV  steain Coverage
GLIDERS

Accuracy Stability

Equipment
Carriage

Source: After ACTUV Brief, Rob McHenry, AUVSI Program Review 2010, data based on an analysis of published UxS characteristics




g =
Disruptive Glider
Technologies?

Advanced batteries
*Energy Capture
*Hybrid propulsion
*Miniature Sensors
sIncreased Depth?

Low cost expendable
gliders

*All of the above?

Performance

Time

>

18



— |

. kilometres.

Liquid Robotics — Wave Glider

- Wave Glider concept brings

Year long endurance by capturing

Wave power and station keeping with GPS
-Limited to measurements near surface

NOC — UK Long Range AutoSub
-By travelling rather slowly (0.4
metres per second), and keeping
a tight rein on the power available
to its sensors, it will be capable of
missions of up to six months
duration and ranges of 6,000

- It can dive to a depth of 6,000 m

MBARI Tethys LRAUV Goals

-Travel over 1,000 kilometers at approximately one
meter per second with sensors drawing eight watts
-Cover more than 3,000 kilometers with minimal

sensors and slow speeds (0.5 meters per second). )




So Many ‘APPS’ —but also many alternatives

Platform

Mode of Operation

Typical
Deployment

Duration

Spatial Scales

Sensor Payload

Floats on surface,

Moderate, power-

Surface Drifter | sometimes drogued Weeks to years Regional to global .
. limited
at depth
Neutrally b t Moderate, power-
Float R e Weeks to years Regional to global S -
sometimes profiling limited
Profiles, controls Lokt ) q
Glider horizontal position Weeks to months Regional & POWST 20
1 size-limited
by gliding
Autonomous Powered horizon-
Underwater tally through water, Hours to days Local Heavy
Vehicle (AUV) e.g., by propeller

Rudnick, D.L. and M.J. Perry, eds., 2003, ALPS: Autonomous and
Lagrangian Platforms and Sensors, Workshop Report,



About 1 hour at surface

3261 Argo Floats z ARGENTINA (11) CHINA (:u)_ . r.f.nmm‘(nn ® SOUTHKOREA(90) ® POLAND(1) September 2009
AUSTRALIA (224) @  ECUADOR (3) ® INDIA(72) ®  MAURITIUS (2) RUSSIAN FEDERATION (2)
® BRAZIL(10) ® EUROPEANUNION(17) @ IRELAND (7) © NETHERLANDS(25) ® SPAIN(2)
® CANADA (118) FRANCE (156) ® JAPAN (320) © NEWZEALAND(9) @  UNITED KINGDOM (115) j(omm(klp3
® CHILE(10) @ GABON(2) ®  KENYA (4] ®  NORWAY (4) ©  UNITED STATES (1849) S s i

10 days

Next generation floats may be able operate for years in some parts of the mid latitudes oceans %




Whole product is a generic product augmented by everything that is
needed for the customer to have a compelling reason to buy. The core
product is the tangible product that the customer experiences. The whole
product typically augments the core product with additional elements
required for the product to have compelling value to a customer. For
example, if a personal computer is the core product, then whole product
would include software applications, training classes, peripheral devices
(mouse, keyboard, printer, etc), and internet service. Without these
additional product components, the core product would not be very useful.

*The Whole Product will also be of higher economic value
relative other alternatives

22




« Seagliders sample 7/24, for months
without manual intervention

« GUMBO Seaglider fleet operating
costs projected operating costs
Including satellite link, piloting services
and vehicle depreciation amounts to
less than $400 / day

* NOAA reports that the costs to deploy
a research ship is more than $44,000 /
day, while fleet of 20 Seagliders as Iin
GUMBO - about $4,200 day

U.S. Coast Guard Petty Officer 2nd Class
Dave Martin, a specialist in hazardous material
and oil spill response, lowers a fluorometer

into the Gulf of Mexico May 27. The device

collects water samples and field data, which
help environmental scientists determine the
effectiveness of dispersants used to break 23
down oil. U.S. Coast Guard photo by Petty
Officer 2nd Class Luke Pinneo




Vulnerable to vandalism, fishing,
Storms, and collisions, moorings have
High costs of ownership




The Whole Product will
address the true Cost of

Owning and operating
gliders

Glider Operating Cost / Week

(not including Launch / recovery / ship cost)

M Asset
Depreciation

M Piloting

M Batteries - Refurb
Mgmt, facility

Satellite costs

m IT Services

25
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Launch / Recovery costs are

driven by distance to target  Launch / Recovery by distance / ship Cost

location / ship size & speed soo0
: 45.000
| B .
35.000

30.000

25.000

L/R Costs (EU)

20.000

15.000

10.000

5.000

/
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//
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/.

80 130 200 300 400 500 600 700 800

Ship cost /
day (EU)

== 3,000
10,000
e 720,000
e 40,000
e 60,000
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SG144 - Entire Ocean Station Papa Mission
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Seaglider can operate efficiently
in both shallow and deep
regimes. It does not require a
reconfiguration, recovery, or
reballasting.

Seagliders can
efficiently swim out to
deep target location
from shallow shore
launch sites

~ Seaglider




For glider technology to flourish — making piloting easier is vital

] 3) N
/ » —
K@&mlpﬁg admin ADMIN | Hawaii_2008 4 [ sG137 %) 2009-09-01 23:43 UTC e /

| | Tracks || Dives || Profiles || Diagnostics || Commands || Science || Routes || _ Help |

INo New Messages { Show All (4) I
Glider Menu Dive Due Health
B sG128 15 241 07172 o
[ sG136 B8 148 21442 ()
[]sG137 B 140 05192 (]
[1sG138 B8 159 20022 (]
[J RUO5 B 2100004 UNK Z O
I @ RU16 = 2580004 UNK Z (@)
1 [1SL113 B 1700002 UNK Z (@)
1 O sL114 B 1400018 UNKZ O
- () Growing:Fromdive 1 %
5 B () Sliding: Last 139 | dives
D & OFixed:Fromdive/ 1 3 )to[ 140 +]
:: { Update Track )
=]
Item Visibility
[ Graticules
Grid v
Labels v
WsSG128
DAC { ]
Route B
Track i
[1SG136
DAC [}
Route [}
Track v
[(18G137
DAC (]
Route (]
Track v
[(1SG138
DAC (]

Route




ait Production Systes are in integral part of the

Whole Product at iRobot

|
S

Work Station:

A\ft End Cap Assembly
After Pressure Test

Work Station:
Exerciser/Scales

Work Station:
Qil Filling

Work Station:
Hydraulic Drive

Work Station:
Hydraulic Reservoir

Document
Archive

Fairing
Rack

Assembly/test area
dimensions are
approximately 20" x 50
with a separate 10'x10"
area for communications
assembly and test

Fairing
Rack

Work Station:
Mass Shifter

Work Station:
Main Electronics

Work Station:
Forward Hull/Pupa

Work Station:
Battery Hull/Pupa

E]

Fairing
Rack

Pressure vessel in
adjacent area

Notes:

« All electronic PCBAs are built
in another area

» Representational only, not to
scale

= Automated test equipment
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'SEAGLIDER FUNDAMENTALS | Seaglider Components

Roll over the system components below ' —

for more information.
« Fiberglass Fairings
* Wings & Rudder
= Antenna Mast
® Aluminum Pressure Hul
 Acoustic Transducer
® Main Electronics Assembly
Mass Shiffer

 Pressure Sensor

Hydraulic System

Conductvity-Temperature
(CT) Sensor
Optional Sensors

alll s
[h

The Seagider's ability to pitch and roll comes from moving the mass shifter
containing the 24V lithium primary battery, forward and backward and rotating
it to starboard and port.

<« Lesson Menu

The Launch and
two people. Eac

aglider The
nds Ta prevent ba

h pers

«Lesson Menu

PILOT TEAM OPERATIONS | Analyzing Dive Plots - Roll Turn Rate

and heips with di
glider i< tum)

P oot ol
18 e i 006 77 " 2027 70
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< Lesson Menu

SEAGLIDER

FIELD TEAM OPERATIONS | Seaglider Di assembly - Rudder

ractangutar si
the cradie en

]

nova the pudder screws

ss0n Menu

Dive Profile

‘Setting the depth and tme of | | Setting the minimum and

SEAGLIDER

PILOT TEAM OPERATIONS | Control File Parameters

Buoyancy Limits

Flight Bohavior and
Improvement

the dive: ‘maximum buoyancy
‘boundaries: path:
so_TGT SCveD
ST_pIve SwAX_BUOY SPLTCH_GAIN
ST_MISSTON ssu_cc SC_ROLL_DIVE
SC_ROLL_CLTMB.
SD_SURF
SGLIDE_SLOPE
S_FLARE
sc_prron

ctihe typerlr

e to pllots. However

s above to leam more aboit &a

ategory

< Lesson Menu

Setting the fight through the | Setting the posit

are some that ere used most often Thess

Navigation

tton, course,

‘water and adjusting the fight || and distance of the dive:

SHEADING
| sTGT_oErauLT_LAT
STGT_DEFAULT_LON

SEAGLIDER

PILOT TEAM OPERATIONS | Check on Learning 4

What parameters ar

= & STONE
=) & SHEADING

$T_M

10N

= & S$GLIDE_SLOPE
SKALMAN_L

= & s$D_TGT

< Lesson Menu







Edison Hudson

IRobot Corporation
Maritime Systems

4625 Industry Lane
Durham, NC 27713 USA
ehudson@irobot.com
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Early Adopters:

Visionaries that match technology to strategic opportunity
*Looking for a fundamental breakthrough for a business
goal: order-of-magnitude return

sLeast price sensitive segment-a source of capital on early
projects

*Easy to sell, hard to please (dream vs. reality)

—Need to carefully manage expectations

*Project oriented, structure each phase so:

—It can actually be accomplished quickly

—Results in a marketable product

—Provides a concrete return on investment to be celebrated
*They find you through innovator referrals
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