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Partner Organizations:
Scientific Solutions, Inc.: Collaborative Research; Personnel Exchanges

SSI is developing the buoys and buoy launcher for the AUV.


Fuel Cell Technology: Collaborative Research; Personnel Exchanges


NOAA Pacific Marine Environmental Laboratory: Collaborative Research; Personnel Exchanges

Activities and findings: 

Research and Education Activities: 


Our goal is to greatly increase access to the Arctic Ocean by creating

and demonstrating a safe and economical Autonomous Underwater Vehicle (AUV) platform capable of basin-scale surveys. AUV development work is focused on an initial experiment, which is to track the Atlantic layer intrusion into Arctic basin. We refer to the experiment as ALTEX for Atlantic Layer Tracking Experiment.  To create the desired Arctic survey capability, a number of technical challenges must be mastered.  These include developing:

1) An AUV capable of reliable, fully autonomous operations for periods in excess of one week.  

2)  A power source capable of driving a small vehicle at least 1000

km.

3)  Communication systems capable of being deployed from a small AUV,

melting through the ice, and transmitting data back via satellite.

4)  Navigation systems capable of supporting extended high latitude

AUV operations under ice.

While the ALTEX mission requires only a 1500 m depth rating, the depth

Rating for core vehicle systems has been established at 4500m, to enable future AUV access to most of the Arctic Ocean basin. 

ACTIVITIES/ACCOMPLISHMENTS TO DATE

Work in 2001 has focused on preparing for and carrying out deployment of the AUV to the Arctic. Work in Monterey Bay through summer 2001 focused on testing science, energy, navigation, telemetry, and control subsystems. This testing culminated in an Arctic cruise in October 2001 from the icebreaker USCGC Healy north of Svalbard. This cruise focused on testing of the ALTEX AUV and its sub-systems, and hydrographic survey in the ALTEX operational area to refine possible vehicle trajectories. In addition, a second science party led by Dr. Son Nghiem of JPL conducted ground truth measurements of ice parameters to support satellite instrument development. During the cruise, 46 AUV missions were performed, featuring over four hours of under-ice operations as well as a 22km transect crossing the Atlantic inflow. Other cruise achievements include six shipboard CTD sections; autonomous operation of data telemetry buoys left behind in single year ice floes; and successful operation of inertial navigation systems at highest cruise latitudes (82 degrees). The cruise followed on the heels of the September 11 attacks, which caused several critical delays in shipping of equipment to Norway, as well as the potential recall of the Healy. Although all equipment eventually arrived at the ship, most pre-cruise testing was eliminated. Special thanks to Veco Polar Resources for managing a difficult shipping and logistics exercise. 

The vehicle developed to support this activity is a modular AUV with parallel mid-body sections. Our design efforts have aggressively sought to minimize vehicle size and weight, and increase vehicle reliability. Key systems have been reworked to be pressure tolerant or repackaged inside highly efficient glass pressure vessels. This design approach minimizes housing weight and secondary buoyancy requirements. The ALTEX vehicle is steered via an articulated tail section with a ducted propeller, in contrast with the more traditional fin-like control surfaces of previous vehicles.  This approach is more robust to impacts (which usually occur on launch and recovery in ice choked conditions) and has higher hydrodynamic efficiency. The hull and propulsion systems all package inside a 21 inch diameter, allowing potential operation from submarine torpedo tubes.

Science Payload

The science payload consists of two components: an upward-looking sonar (ULS) for ice draft characterization, and water column sensors for tracking water masses.  The goal of the ice sonar is to field an instrument that provides SCICEX equivalent ice draft data.  The water column measurements include conductivity, temperature, depth, nitrate, oxygen, and optical backscatter intensity. CTD data from the shipboard CTD and AUV has been processed, and is currently being reviewed by Ned Cokelet at NOAA/PMEL to determine sensor hysterisis and latency. This precision calibration of AUV CTD sensors will validate the vehicle’s ability to resolve Atlantic water. ULS data is also being processed to yield high resolution ice topography.

Data Buoys

Communication from the vehicle to shore is provided by a battery of 12 expendable buoys, launched from the vehicle, capable of melting through the ice and transmitting stored data files via Argos.  The pre-launch activity of the AUV consists of downloading the data into the next buoy in the launch sequence, and locating a suitable launch site with an ice cover of up to one meter thick.  The launcher then releases the designated buoy from the AUV.  Upon its release, the buoy ascends towards the surface where it comes to rest against the bottom surface of the ice.  After a preset ascent time, the buoy is extended by means of pressurized nitrogen, which increases the separation between its heavy tail and buoyant nose.  In this configuration, the buoy becomes stable in an upright orientation against the ice in cross currents of up to 15 cm/s.  A pump brings seawater in contact with Pyrosolve-Z, generating steam which melts the ice.  When the Pyrosolve-Z is expended, a balloon containing GPS and Argos antennae is inflated. After the antenna deployment, the buoy obtains a GPS fix, and initiates its data telemetry via Argos.  

The ice-penetrating capability of the full-scale buoy was field-tested initially using a full-scale buoy at the APLIS ice camp operated by the Office Naval Research, in April 1999. Tests of deployment, ice penetration, and antennae deployment were carried out using a buoy in early 2001 at Lake Winniepesauki. During summer 2001, integration tests of the buoy launcher and buoys were conducted at MBARI. These tests successfully demonstrated the ability of the AUV to download data while underway, and the buoys to be safely ejected while the vehicle maintained straight and level flight.

During the cruise, buoys were assembled shipboard since they could not be shipped intact. Under-ice tests of the buoys confirmed the ability to download data and sequence through the deployment and extension operation. Unfortunately, melt-through was not achieved owing to contaminated Pyrosolve-Z compound. Even without demonstrating complete melt-through, the buoys were able to successfully deploy their antennas and acquire GPS fixes. Two buoys were left behind in ice floes to autonomously transmit data to ARGOS for multiple days.

High-Latitude Navigation

The primary navigation system for ALTEX is an off-the-shelf inertial navigation system (INS), which is augmented or aided with available estimates of vehicle speed, geophysical measurements (e.g. seafloor bathymetry, and magnetic field direction and strength).  Three different inertial solutions are being evaluated. An Octans gyrocompass system has been acquired and tested in Barrow, Alaska (72 degrees north) for high latitude performance. The instrument was able to measure heading to <1 degree RMS error, but proved to have problem in dynamic conditions; this instrument will be integrated onboard for vehicle for further at-sea operations. A Kearfott Ring Laser Gyro INS has also been integrated and tested in the vehicle. This instrument features an integrated doppler speed log, allowing real-time aiding of the inertial fix. This system will be tested in the Arctic, using the doppler speed log to measure movement of the overhead ice. A Litton LN-250 INS is being delivered shortly, and will be tested shipboard in the Arctic. In addition, the AUV will be equipped with a three-axis magnetometer/accelerometer/gyro instrument, to measure magnetic heading.

Tests were performed at variety of latitudes in the cruise to determine the accuracy of INS initialization. Generally, accurate INS initialization requires specific motions of the ship to move the INS through several physical orientations and positions. This is in general not possible in dense ice. The Kearfott INS demonstrated the ability to initialize to better than 1 milliradian of heading error at 82 degrees north, with the ship slowly drifting in dense ice. This accuracy is equivalent to that achieved at low latitude, and is sufficient to enable the ALTEX mission. Tests of the upward looking DVL, which measures the velocity of overhead ice floes, was also performed. While accurate velocities were measured, utilization of these by the INS was hampered by extremely high ice drift speeds (> 25cm/s). Reprocessing of the raw INS data with corrected ice drift data is ongoing. Work is also ongoing on developing a depth sounding capability in >1500m water depth to allow following of bathymetric features, and on low frequency acoustic homing.

Semi-Fuel Cell Energy Source

To achieve the desired range capability, ALTEX has developed a fuel cell energy system constructed by Fuel Cell Technologies, Ltd. The system is unique in that it is pressure compensated and deep-ocean rated. During the winter and spring of 2001, the fuel cell system was extensively tested in tank tests, demonstrating the ability to operate autonomously for over 170 hours 

Fuel cell integration to vehicle was accomplished in spring 2001,

culminating in the first sea trials of the fuel cell. Initial testing was encouraging; the system developed over 10 kWHr of energy, providing energy for endurance runs of the entire vehicle in a test tank.

Several significant issues were identified in this testing, and have been the focus of FCT’s work over the balance of 2001 and 2002. Sealing of the cell stack proved to be cumbersome and unreliable, and leakage between the anolyte and catholyte loops of the system led to an internal explosion during at-sea testing. This precluded use of the fuel cell during the Arctic cruise. FCT has incorporated several design improvements, including O-ring cell stack sealing and improved plumbing design, to eliminate these leaks and improve efficiency. Electrolyte volume has also been increased, allowing increased time before solids accumulation. Fabrication has also been improved, utilizing injection molding to reduce cost and assembly time.

FCT has successfully secured internal research and development funding and Canadian Department of Defense funding to partially fund this continued development.   


Findings:


We are reducing data from our October 2001 Arctic cruise. Comprehensive papers detailing navigation, science, telemetry, and vehicle architecture are in preparation for a number of journals and conferences.  

We also carried out a CTD program as part of the cruise:  main results are 6 sections of hydrography showing the movement of Atlantic water into the Arctic from the cruise. These sections go from west of Spitzbergen to north of Nordauslandet. Preliminary analysis suggests a slight weakening of the inflow compared with sections from the 1990s.  


Training and Development:


The project is working to create the 1) necessary expertise to support routine operations of AUVs in the Arctic and 2) the required systems. The first component of the effort is well underway.  In addition to extensive preparation and field tests in Monterey Bay, numerous meetings have been held with the Coast Guard to plan Arctic ice-breaker field operations.  A necessary component of the second effort, to create the required technology, is to ensure that the technology is made available to the larger community.  To that end, MBARI has successfully transferred the tailcone technology and vehicle software to Bluefin Robotics via a licensing arrangement. Bluefin successfully has employed the tailcone and vehicle software in a variety of vehicles, including Arctic OBS vehicle (Apogee) now being constructed for NSF, a series of commercial AUVs, and vehicles constructed for mine hunting (the BPAUV).  

Outreach Activities:


We have begun to communicate with the public through a variety of

means:

1)  Open house displays at MBARI.

2)  Press interviews.

3)  Articles for more 'mainstream' magazines, e.g. an article for Underwater Magazine and an article featuring the telemetry buoys was published in National Geographic.

4)  Video and photographic records are being compiled to provide the press with high-quality stock footage, and to allow the production of a short video.

5)  Several web sites exist for the project (see Internet Dissemination section) including a cruise log which was updated by satellite during the October 2001 Arctic cruise.

6)  A workshop is being organized for October targeting the Arctic

community.

Journal Publications: 

	Bellingham, J. G., Streitlien, K., Overland, J., Rajan, S., Stein, P., Stannard, J., Kirkwood, W., and Yoerger, D., "An Arctic Basin Observational Capability using AUVs", Oceanography, vol. 13, (2000), p. 64. Published 





Book(s) of other one-time publications(s): 
	Bahlavouni A., Andersen D., Stein P.: Ice Penetrating Communication Buoy for Underwater Vehicles Operating in the Arctic, Proceedings of the Oceans 2001 MTS.IEEE Conference, November 2001, Honolulu, HI.

Tervalon, N., Kirkwood, W.: Ice Profiling Sonar for an AUV: An Approach for Obtaining SCICEX Quality Ice Draft Data, Proceedings of Oceanology 2001, April 2001 Miami, FL

“A VERY-HIGH ENDURANCE ENERGY SYSTEM FOR AUTONOMOUS UNDERWATER VEHICLES”, AUVSI Unmanned Systems 2001, August 2001, Baltimore

“ALUMINUM ENERGY SEMI-FUEL CELL SYSTEMS FOR UNDERWATER APPLICATIONS: THE STATE OF THE ART AND THE WAY AHEAD”, 40th Power Sources Conference, June 2002, Cherry Hill NJ




Other Specific Products:
	



Internet Dissemination:

Cruise report (updated during cruise as satellite communication was available):

http://www.mbari.org/education/cruises/Altex/
Main project page:

http://www.mbari.org/auv/
Workshop web page:

http://www.mbari.org/rd/ArcticInstrumentationWorkshop/WorkshopAnnouncement.htm

Fuel cell page:

http://http://www.fct.ca/alum.html
Contributions: 

Contributions within Discipline:
 We are developing a Autonomous Underwater Vehicle for Arctic research with unprecedented endurance, and the capability to relay data through the ice to satellites.  We will provide a means of monitoring changes taking place in the Arctic Ocean and investigate its impact on global warming.  The vehicle will also be capable of seafloor surveys throughout the Arctic basin.  Such a capability is of national and global interest and importance.


Contributions to Other Disciplines:
 While the development and operational effort is presently focused on Arctic Ocean hydrography, this advanced vehicle can be used for a range of oceanographic applications. Other applications in the Arctic Ocean include seafloor mapping.  Furthermore, in many ocean regions, the range and navigation capabilities provided by this vehicle would allow shore-based operations.  The depth rating of the system allows the vehicle to be used for  deep sea vent studies, studies of the sea floor spreading, exploration of the Antarctic ice shelf, and coupled observation/modeling systems in coastal and continental shelf environments.  A range of military applications are also enabled, for example early, wide area battlespace characterization from platforms of opportunity. 


Contributions to Resources for Science and Technology:
 Reported in earlier section of this report.


Contributions Beyond Science and Engineering:
 A primary goal of our effort is to ensure that our capabilities and technologies are made available to the larger science community.  To that end, MBARI has successfully transferred the tailcone technology and vehicle software to Bluefin Robotics via a licensing arrangement. Bluefin successfully has employed the tailcone and vehicle software in a variety of vehicles, including Arctic OBS vehicle (Apogee) now being constructed for NSF, a series of commercial AUVs, and vehicles constructed for mine hunting (the BPAUV).

Special Requirements for Annual Project Report: 

	Unobligated funds: less than 20 percent of current funds 
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Products: Book or other one-time publication
Products: Other Specific Product
Contributions to Education and Human Resources
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We welcome comments on this system 
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