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MBARI founder David Packard:

“Send instruments to sea, not people.

Return information to shore, not samples”
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The Monterey Accelerated Research System (MARS)
VR JES L 3

Depth: 890 m. 52-km
undersea cable.

37 km from MBARI.

8 ports: 9 kW power and
100 Mbps x 8 ethernet
communications.

Development cost:
6 years (2002-2008),
$13.5M.
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OOl T /3 M (Coastal Scale Nodes) < —:
5 [H R Pionc;e/r Array

MARS

(A) Inshore Surface-Piercing Profiler Mooring
(B) Inshore Surface Mooring

(C) Central Inshore Profiler Mooring

(D) Central Surface-Piercing Profiler Mooring
(E) Central Surface Mooring

(F) Central Offshore Profiler Mooring

(G) Offshore Profiler Mooring

(H) Offshore Surface Mooring

(1) Upstream Inshore Profiler Mooring

(J) Upstream Offshore Profiler Mooring

From http://www.oceanobservatories.org/infrastructure/ooi-station-map/pioneer-array/
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MBARI Dorado AUV

Courtesy of J. G. Bellingham



Autonomous Ocean Sampling Network (AOSN)

Courtesy of J. G. Bellingham



Monterey Bay Upwelling System
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2011 164 00:39 UTC
June 12 17:39 PDT

Point Afio Nuevo

2011 166 04:56 UTC
June 14 21:56 PDT

2011 167 04:35 UTC
June 15 21:35 PDT

Satellite AVHRR SST data Courtesy of Kudela Lab (UCSC) and NOAA CoastWatch



Vertical Structures of Three Distinct Water Types in an Upwelling System

Upwelling

front Upwelling water

Stratified water
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MBARI Dorado AUV and Its 10 “Gulpers”
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Dorado AUV’s Autonomous Detection and Targeted Sampling
in the Three Water Types during the June 2011 CANON Experiment

AUV Mission 2011.164.05 starting from 6/13 13:35 (PDT), 2011.
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An Adaptive Triggering Method for the Dorado AUV to
Capture Peak-Chlorophyll Water Samples in a Phytoplankton Thin Layer
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\ i Zhang, McEwen, Ryan, and Bellingham, IEEE

Journal of Oceanic Engineering, Vol. 35, No. 4, pp.
' 785-796, October 2010.
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Dorado AUV’s Samplings in the Phytoplankton Thin Layer in the June 2011 Mission

AUV mission 2011.164.05 starting from 6/13 13:35 (PDT), 2011. =
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Distinguishing between Upwelling Water and Stratified Water

U 11
Stratified water plveriig Upwelling water
front

Temperature

Chlorophyll fluorescence
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AUV Algorithm for Detecting an Upwelling Water Column

ATemp, ., = Temps, — Temp,,, on each yo-yo profile
A

Zhang, Godin, Bellingham, and Ryan, If ATemp.. .(n) < thresh.
Proc. MTS/IEEE Oceans'l11, September 2011. Pren(n) < ATemp

for 5 consecutive yo-yo profiles,
classify as upwelling water.

Condition met:
classify as upwelling water.
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Dorado AUV’s Samplings in the Upwelling Water Column in the June 2011 Mission

ATempVert = TempSm—Tempzom. AUV Mission 2011.164.05 starting from 6/13 13:35 (PDT), 2011.
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Detecting the Narrow Front between Stratified Water and Upwelling Water

U 11
Stratified water Upwelling water
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AUV Algorithm for Detecting the Upwelling Front

ATemp..,, = Temp;, — Temp,,,, on each yo-yo profile

A

If | ATemp,,(n) — avg{ATemp,,(n-5:n-9)}
AND ATemp,..(n) < thresh,

ATemp front

for 3 consecutive yo-yo profiles,
declare an upwelling front detected.
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Index of
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Zhang et al., AGU 2011 Fall Meeting
Abstract OS21A-1609, December 2011.

Zhang et al., Limnology and Oceanography:
Methods, Vol. 10, pp. 934-951, 2012.



Dorado AUV’s Samplings in the Narrow Upwelling Front in the June 2011 Mission

ATempVert = TempSm—Tempzom. AUV Mission 2011.164.05 starting from 6/13 13:35 (PDT), 2011.
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Biological Analysis Results of the 10 Gulpers’ Water Samples
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Tethys Long-Range AUV
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Tethys AUV’s Front-Tracking on One Transect in the April 2011 Mission

AUV’s 1st transect through the front. From 12:12 to 17:24, 4/27, 2011 (PDT)
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Robotic Microbiology Lab (ESP) on Tethys AUV

ii.

Surface Plasmon Resonance Cells
Sample processing stage

Reagents

Scholin, Birch, Bellingham, and Hobson
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OOl T /3 M (Coastal Scale Nodes) < —:
5 [H R Pionc;e/r Array

MARS

(A) Inshore Surface-Piercing Profiler Mooring
(B) Inshore Surface Mooring

(C) Central Inshore Profiler Mooring

(D) Central Surface-Piercing Profiler Mooring
(E) Central Surface Mooring

(F) Central Offshore Profiler Mooring

(G) Offshore Profiler Mooring

(H) Offshore Surface Mooring

(1) Upstream Inshore Profiler Mooring

(J) Upstream Offshore Profiler Mooring

From http://www.oceanobservatories.org/infrastructure/ooi-station-map/pioneer-array/
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AUV Docking

Mor or R

. Bellingham, Hobson, McEwen, and McBride April 2013



MBARI founder David Packard:

“Send instruments to sea, not people.

Return information to shore, not samples”
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