Results from October 2001 Arctic Cruise Supported by USCGC Icebreaker Healy (WAGB-20)

· Many lessons learned regarding Arctic AUV operations.

· MBARI, SSI, and PMEL researchers sailed to a latitude of 84°N, north of Norway for one month.
· ALTEX AUV was deployed under multi-year ice too thick for the icebreaker.

· Ice draft, CTD, dissolved O2, nitrate, backscatter and navigation data were taken by the AUV. CTD data was compared to data taken from a standard Seabird rosette.

· Kearfott SeaDeViL integrated ring laser gyro/DVL sensor was tested on the AUV for performance at high latitudes. Alignment accuracies of 1 millirad were achieved at 84°N.
· AUV mission profiles included yo-yo diving patterns from just below the ice to 500m depth. Horizontal ranges from the ship were up to 1.5km under ice.

· Ability to launch and recover AUV in leads demonstrated from icebreaker.

· Data buoy operation tested from the AUV in the Arctic waters.

Transitions and Commercial Transfer of ALTEX Technology

· MBARI designed the tailcone propulsion unit for the ALTEX AUV. A patent for its design was granted. Bluefin Robotics is now licensing the design for their vehicles.

· MBARI led the development of the AUV software and architected a new multi-tasked, modular, object-oriented framework for vehicle control and data logging. Bluefin Robotics extended the software and continues to use it on their vehicles.

· The modular design of the ALTEX AUV carries through to Bluefin Robotic’s Odyssey III line of vehicles.

· Bluefin Robotics received orders for ALTEX-like AUVs from Oregon State University, Scripps, MIT, WHOI, and a German research organization.

· MBARI is currently building two more ALTEX-like vehicles for everyday science use to collect physical oceanography data and to perform high resolution multibeam sonar mapping missions.

Arctic Basin Survey

· Uninterrupted autonomous operation – 10-14 days

· Non-attended operation

· Range of operation – 1500 km, at 3 knots

· Depth rating – 1500 m (w buoys), 4500 m (wo)

· Data offloading and position tracking – ice melting buoys with satellite comms

· Science data – ice draft, CTD, dissolved O2, nitrate and backscatter

· Flight profiles – yo-yo with zig-zags to cover 3-D space

· Energy storage – Semi-fuel cell or equivalent to store 60 KW-hr

· Modular AUV design to accept different payloads and energy sources

Field Results

· AUV software was tested in January 2000 in Monterey Bay with logistical support from the NOAA ship MacArthur.
· Hydrographic surveys were performed in August 2000 in Monterey Bay for 10 days with two vehicles.

· ALTEX vehicle was tested 25 days and in a dozen different configurations in Monterey Bay in 2001.

· AUV buoy functionality was tested in Monterey Bay and the Arctic in 2001.

· Fuel Cell operations with the ALTEX vehicle were conducted in 2001.

· ALTEX vehicle operations occurred 10 days in the Arctic in 2001 in 2 different configurations, with and without the buoy section.

· A one week science cruise in 2002 in Monterey Bay used the sections of the ALTEX vehicle to collect biological data.

ALTEX Summary

The ALTEX AUV has been under development since 1998, and is being created to provide:  unprecedented endurance, ability to navigate at high latitudes, a depth rating of 1500 to 4500 meters depending on payload, and the capability to relay data through the ice to satellites via data buoys.   The AUV's initial applications are focused on tracking the warm Atlantic Layer inflow - the primary source of seawater to the Arctic Ocean. Consequently the primary payloads are twin pumped CTD systems.  Oxygen and nitrate sensors provide the ability to use NO as a tracer.  An ice profiling sonar allows the AUV to estimate the ice thickness in real-time and is designed to generate high quality post-processed ice draft data comparable to that collected through the SCICEX program.  The experiments in October 2001 aboard the USCGC Healy generated numerous water column and under-ice data sets.  Traditional ship-based CTD operations were used to provide a comparison data set for AUV water column measurements.  The post-processed ice draft results show reasonable ice profiles and have the potential, when combined with other science data collected, to shed some additional light on upper water column processes in ice-covered regions.  Cruise results include: operating the AUV from the USCGC Healy in the ice pack, demonstrating inertial navigation system performance, obtaining oceanographic sections with the AUV, obtaining ice draft measurements with an AUV born sonar, and testing the data-buoy system.

