7 Years & 11,000 km Later: Slocum Coastal Electric Gliders are Central to ANY Operational Ocean Observatory
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pment (Fig 3A), a section is devoted exclusively to scientific sensors. Gliders can be configured with a

ite of miniaturized physical and bio-optical instrumentation to measure in situ water properties. These

instruments, combined with the mobility and long range communication capabilities of the glider, will

provide continuous, near real time information on ocean physics and biology. To date, a HobiLABS

hydroscat-2 backscatter meter (Fig. 3C), WETLabs Scattering Attenuation Meter (SAM) (Fig. 3B) and

Mote Marine Laboratory hyperspectral spectrophotometer (Fig. 3D) have been successfully integrated into
the payload bay.
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GLIDER COMMAND & CONTROL FECE

The global glider command and control center is located at the Coastal Ocean Observation Laboratory
(Figure 4) at Rutgers University. Command and control of the gliders is handled by Dockserver, a server-
side application developed using Sun Microsystems Java Virtual Machine and developed by Webb
Research Corporation. Glider satellite phone calls are received on one of eight dedicated phone lines via a
US Robotics modem bank and are routed to a Dell Systems server (OS: Red Hat Linux). Dockserver
handles glider phone calls, automatically receiving data files from the gliders as well as sending new
mission parameter files to the gliders for retasking. Users can interact with the glider in real-time via a
client-side web interface and can manually take control of the gliders from a remote terminal (Fig 5A).
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REALTIME DATA ANALYSIS & DISTRIBUTION

Glider progress is monitored via a Matlab-based Graphical User Interface (Fig 5B), allowing for realtime
tracking of the vehicle as well as viewing of data. Once data files are transferred onshore via satellite
phone, the data is processed in realtime and displayed over the internet at
http://marine.rutgers.edu/~kerfoot/auv_data (Fig 5C).

AUTOMATED CONTROL

Autonomous Agent Oriented software (Stanford’s Java Agent Template) for self- aware and self-
controlled robots is used to automate decision making for glider control. When the glider surfaces, it
transfers data and checks it email for new prioritized directions. Mailbox 1 is reserved for direct human
intervention. Mailbox 2 is reserved for Level 1 Reactive agent commands that make critical but simpler
yes/no decisions, such as turning around when the water depth is too shallow, or when you have flown out
of the river plume. Mailbox 3 is reserved for Level 4 Planning Agent commands such as how to optimize
a course based on the current conditions. Autonomous rerouting decisions now can be based on location,
water depth or environmental conditions. Figure 5
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summer, consistent with particle export from productive surface waters (Figure 8). There also appears to be a
particle maximum associated in the bottom waters at the outer edge of the MAB cold pool consistentwith

detached bottom boundary layer upwelling dynamics.

We believe that spatial physical and bio-optical time series will be immensely valuable as recent data
suggests interannual-to-decadal scale variability in the water masses entering the MAB and these changes

appear to be associated with basin-scale climactic variability.

EcoHAB

In partnership with Dr. Gary Kirkpatrick of the Mote Marine
Phytoplankton Laboratory, three gliders were deployed on the West
Florida Shelf, southwest of Tampa Bay, FL (Fig 9) in November 2003.
The study site was chosen based on historical information indicating
formation of red tides of the toxic dinoflagellate Karenia brevis. Two
gliders contained the WETLabs SAM sensors to measure light
attenuation (beam c) and the third glider contained a hyper-spectral
absorption meter developed by Dr. Kirkpatrick. The gliders remained in
the waters off Sarasota, FL for up to 10 days each. All glider
communication, re-tasking and data transfer was done via Iridium
satellite phone from IMCS in New Brunswick. These plots demonstrate
the full-time, high resolution capabilities of the SLOCUM glider. CTD
data from glider unit RU02 (Fig. 10A-C) indicate a mixed water column
nearshore and south, with slight stratification occurring offshore and
north. While some structure is apparent in the CTD data, data collected
simultaneously with the WETLabs Scattering Attenuation Meter (SAM,
Fig. 10D-F) reveal an optically homogenous water mass. Higher values
of optical backscatter at 532nm, bb(532),indicate the presence of
particles near the bottom. The low values of c(532) and c(650)
associated with this re-suspension event suggest that these particles are
most likely re-suspended sediments. While the gliders were in the water,
the R/V Suncoaster was performing hydrographic surveys as part of the
Ecology of Harmful Algal Blooms (EcoHAB) experiment. Scientists at
IMCS in New Brunswick, NJ were analyzing this data and were in
communication with the crew of the Suncoaster, them to areas
of interest which had been scouted out by the glider fleet, thus
optimizing ship research time.
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results confirm findings of others (Johnsen et al. 2003, Oliver et al. 2004) that CDOM is an effective tool
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LATTE - 2005

LaTTE 2005 included two dye release studies conducted in April immediately following a series of large
rain events. The first dye injection was into an ebb-tide pulse of fresh Hudson water leaving New York
Harbor. Instead of propagating down the New Jersey Shelf as a strong coastal current, a recirculation zone
formed at the coast just south of the Harbor. Ships surveying the plume found the coastal current to be thin
and weak, while satellite imagery and CODAR surface current maps (Figure 15) revealed significant cross-
shelf flows along the southern flank of the Hudson Shelf Valley. Because the survey ship could only cover
one of these features at a time, a glider was called into play for the second dye release. The glider was
deployed outside the Harbor and transited southeast in between the shipping lanes until it reached the
southern flank of the shelf valley. During the second dye release, the glider observed significantly more
cross-shelf flow of freshwater than the down-coast flow observed by the ship in the coastal current (Figure
16).
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SUMMARY & CONCLUSIONS

RU-COOL SLOCUM GLIDER FLEET GLOBAL DEPLOYMENTS
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* The RU-COOL glider fleet has and will continue to maintain a subsurface presence in the world’s
oceans, collecting physical, optical and biological datasets irregardless of marine conditions. These
datasets have provided insights into large scale ocean processes that would have otherwise gone un-
detected.

*Since switching over to satellite communications in September 2003, the COOL glider fleet has flown
over 11,000 km in the following locations (Figure 21):

* New York/New Jersey Shelf — USA (Endurance Li aTTE)
* Martha’s Vineyard, Massachusetts - USA (CBLAST)

* West Florida Shelf/Gulf of Mexico - USA (ECOHAB)

* Norfolk, Virginia — USA (MIREM)

* Mediterranean Sea — Europe (AOPEX)

* Sargasso Sea — Atlantic Ocean (SHAREM)

* COOL gliders have logged 522 total glider days in the water and 391 out of a possible 671
calendar days as of June 2, 2005.
* The fleet is maintained by a full-time staff of 2 (one engineer and one software/data analyst) and has

moved from an experimental ocean sensing platform to a cost-effective operational asset for botl
scientific and applied research.




