Dawn in the age of robotic oceanography
Oscar Schofield on behalf of many!!!
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s‘ Take home messages

, We have new ways of doing oceanography
Platforms are mature, we need sensors
Sensor webs, no longer about one technology
New directions




This morning session is about thinking big and how can we do things differently

Spanning the scales: Multi-platform approaches for integrated studies of biogeochemistry and physics
(Craig Lee, APL/UW)
Stretching the scales of surface ocean observing systems: Biogeochemical observations from the
Saildrone USV (Jessica Cross, NOAA/PMEL)

Robotic systems for survey and sampling of the mesopelagic (Dana Yoerger, WHOI)

My biased timeline on how much has changed in my career in ocean robotics (people) that inspired me

Pliestocene Late 1980’s Early 1990’s Early 2000’s Early 2000’s

AOSN and LEO-15 altemating
Ray Smith measuring UV coastal experiments
underice with an ROV Late 1990’s
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Late 2000’s

Dad (JPL
scientist)
built me Star
Trek consul
and watched

bad TV

ARGO begins to Stommel’s backyard

be deployed neighbor Doug
i Webb realizes
Chris von Alt & Jim Henry’s vision
Bellingham building AUVs

Stommel’s Bold
Vision
In TOS



WHY?

-Humans at sea have limits
-Sustain a presence at sea




WHY?

-Sampling Space -Cost Effective
GSFC, NASA (thanks Tommy Dickey)

Operational Costs  scofieldet al. 2007
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Glider Costs
$300 battery packs/Glider
$300/day technician
$1B0/day/Glider Iridium
$1240 deploymentirecavery 1 Glider,
[$310/Glider for each
) additional Glider deployed)
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Scalable technology.

Sample this with a ship...



A SMALL GROUP CAN HAVE A BIG FOOTPRINT AS THE PLATFORMS ARE ROBUST
Rutgers COOL deployments

Asof June28h

449 deployments - 211102.57km flown - 10648 days

Rutgers & Affiliated Glider Missions per Year
= RUCOOL (318) Prepared for Deployment (15)
Piloted (24) Data Mirror Service (49)
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Rutgers & Affiliated Deployment Days & Distance

. . C . W Days at Sea  Distance (1000 km)
Standardized* Rutgers Glider Statistics 1250
*as per Rudnick et al, June 2016, Spray Underwater Glider Operations, 1000
American Meteorological Society

Total Rutgers Only Missions 330
Short Missions Excluded 58  Success Rate """ "
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Days at Sea

Total Missions Considered 272 84% S LSS IIL LS
Significant Problems 43 Loss Rate TETTFT s
Total Successful Missions 229 2.7%

Number of Losses 9




Propeller Systems Diverse highly varied and we can sample the ocean interior
Highly capable of studying boundary problems, high resolution sampling, and in general capable of collecting a
wider range of data
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Surface vehicles rapidly maturing! We can sample the interface

Wave Glider Sail Drone




UAV technology rapidly maturing! We can sample lower atmosphere of ocean surface

Multispectral sensors-cheap (relatively speaking)
Ability to repeat surveys frequently
Range of duration and stabilities
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Dave Johnson, Duke University

ACA Permit No. 2017-034

RGB image = Thermal image False color



IN SITU
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OPTICS
Inherent optics
Absorption (2) YTOPLANKTON
Estimated Optic 02 Scattering (2) PH
WATER geostrophic Volume scattering Concentration
COLUMN currents Attenuation (3) Spectral Backscatter
PHYSICS ' Refractive Index Hyperspectral Absorption
Apparent Optics Chiorophyll fluorescence
Temperature (4] Light intensity Imagery (visual, holography)
Salinity CHEMISTRY up & down Diversity
bulence Spectral Backscatter (proxy
cc for composition/size)
. | imagery (visual, holography)
. “Omics”
9
Moss Spectrometers Rates
- Kinetic fluorescence
ZOOPLANKTON TEP, DOM Photoacoustics
Concentration — Stimulated oxygen kinetics
Acoustic bockscotter
Imagery (visual, hologrophy)
Diversity
Multi frequency Acoustics
imagery (visual, holography) Onganc Marres Fux
*Omics” Concentration
Spectral Backscatter spikes
Particle settling rate
HIGHER TROPHIC LEVELS Imagery (visual, holography)
Concentration Diversity
Acoustic backscatter | magery (visual, holography)
Imagery (visual, holography) “Omics”
Passive acoustics Mass Spectrometers
Acoustic tags + Receiver Rates
Diversity Spatial calibrated fall rates
Multi frequency Acoustics o imagery
(visual, holography)
Passive acoustics
Acoustic tags + Receiver Marine snow & Export Flux

Schofield et al. MTS 2015



Active acoustics to map macro-zooplankton community and

concentration

British
Antarctic Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL

UNIVERSITY OF
SOUTH FLORIDA

Zooplankton

Backscatter
Intensity Scale
Frequency 2
Frequency 3

Frequency 1

Blanked data
(exceeding deviation threshold)

Integration cells (15 x 5 m)

Schools of
Small Fish

Seabed at 445 m

uihen etal. 20
-48 45 42 -40

24 hr time series



Coming soon (2-4 years) micro- and small zooplankton imaging

Holographic images from Monterey

by an AUV Design strategies are underway
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Thanks to James Bellingham (WHOI)



Glider’s provide insight into the nature of phytoplankton composition
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Empirical algorithms
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The ability to look at phytoplankton physiology and rate processes
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LISST Glider Integration
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Rutgers and WHOI collaboration: September deployment being tested

pH sensor integrated
with pumped CTD

Deep-Sea DuraFET profiling
pH sensor
/ MODIFICATION

Power/Data

Connector
. ISFET Sensor and

External Reference Electrode

INTEGRATION

Aanderaa optode —

pH sensor
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MAKE YOUR AUVS SMARTER

Glider’s Temperature Data (09/04/2008)
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1000
Seconds into Mission

Currently porting over aNVIDIA Jetson TX-1 is an embedded system with
256 CUDA cores, 8 regular cores, with aperformance of 1Tflop
Thanks Uli Kremer (Energy Efficiency Laboratory at Rutgers)



Multi-Platform dynamic analysis of penguin foragingin space

@ Core Adle Foraging Locations.
@ Core Genloo Foraging Locations

Siocum Glder
— REMUS-100




FUTURE: MACHINE TO MACHINE NETWORKS (TEST NOV. 2009)

Observatory (simulated) data

l Models

>

Sensor &
Platform ey

International Coalition of Ocean Obsenving Laboratories ¥

sk toConontHome| Log n At crossing Websie

ARCHIVE FOR THE ‘MIDDLE ATLANTIC BIGHT CATEGORY

n Blogs

10 Update on a cloudy Tuesday, but it i sunny in

Data Assimilation

Salinity Profiles

g / Data |
g _Analysis y
Science Quesfions & Driver | Data Synthesis: Nowcast & Data Impact

=0 ED
Salinity (PSU)

Schofield et al. 2009



5 ocean numerical models run in forecast mode:2
versions of ROMS, 2 versions of HOPs, 1 version of POM
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Temparatura Profilas
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Position difference from plan (km)

FUTURE: MACHINE TO MACHINE NETWORKS (TEST NOV. 2009)
DID IT WORK?

Plan prediction accuracy
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Science
Alerts

Science
Campaigns

Science Event Manager
Processes alerts and
Prioritizes response observations

Science
Agents

EO-1 Flight Dynamics
Tracks, orbit, overflights,
momentum management

Observation
Requests

ASPEN Hyperion
on EO-1
Schedules observations on EO-1

Updates to
onboard plan

Science Comm{s
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Community data sets coming together through national aggregation efforts

@ I0O0S | underwater Glider DAC Map
@ I00S ‘ Integrated Ocean Observing System .

DATA~ DATA~

DACS~ REGIONAL ASSOCIATIONS

DACS~

Glider DAC
HF Radar DAC
ATN DAC
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BB~ | share |

Q Filters
Ru Glider New blog post: Scarlet turns towards Spain. http://www.i-
cool.org/2p=3291

16 hours ago via Twitter - Comment - Like

Ru Glider New blog post: Less than 1800 km - as the crow flies.
http:/ /www.i-cool.org/?p=3264
September 4 at 3:16pm via Twitter - Comment - Like

Ru Glider New blog post: Heading to the mountains! http://www.i-cool.org
/7p=3246

September 3 a

21pm via Twitter - Comment - Like

Ru Glider New blog post: The Amazing HYCOM http://www.i-cool.org
7p=3242

September 2 at 9:35pm via Twitter - Comment - Like

Ru Glider New blog post: East of Flores http://www.i-cool.org/?p=3235

September 2 at 6:17am via Twitter - Comment - Like

Ru Glider New blog post: Approaching the Island of Corvo http://www.i-
cool.org/?p=3229
September 1 a

1:22am via Twitter - Comment - Like

Ru Glider New blog post: Scarlet & Drake http://www.i-cool.org/?p=3224
August 31 at 8:3Lam via Twitter - Comment - Like

Ru Cllder New blog post: Lessons (Re)Learned http://wwiw.i-cool.org
2p=32
August 30 at 11:44pm via Twitter - Comment - Like

Ru Glider New blog post: Drake cruisin’ like an easy Sunday afternoon
http:/ /www.i-cool.org/?p=3211
August 30 at 8:45pm via Twitter - Comment - Like
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Oct 2010
Kaohsiung, Taiwan

How is science teaching perceived by
many?

| want to be a math and
A De(\( atTh.

science teacher:But no
1 pon ¥ vvarn:

one wants.tomarrya
thoring persan like'that! ¢
dont want to die alone

These will be great tools to convey the
excitement of what we do.



Hurdles: Substrates for formation of artificial reefs

Hurdles: Biofouling (see below),
pace of sensor integration, slow
but accelerating rate of
standardization (Calibration,
Qa/Qc, etc)

NSF OO Glider Argentinean Basin




