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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

FCT is developing a novel alkaline aluminum semi-fuel cell to power the AUV


NOAA Pacific Marine Environmental Laboratory: Collaborative Research; Personnel Exchanges

NOAA/PMEL is performing mission science, data reduction, and analysis.


Sea Grant AUV Laboratory, Massachusetts Institute of Technology: Collaborative Research; Personnel Exchanges

MIT is performing modeling and simulation of the dynamics of the AUV


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.

Work in 2000 and 2001 focused on the development and integration of core vehicle systems. These efforts culminated in an Arctic cruise in October/November of 2001. 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. 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 North). Since the cruise, work has focused on data reduction and analysis, communication of results via publications and workshops, and completing work on outstanding technical issues.

ACTIVITIES/ACCOMPLISHMENTS TO DATE

Arctic Instrumentation Workshop

A workshop focusing on the development of observation instrumentation for the Arctic was held in October 16th through the 18th at MBARI. This workshop was attended by academic researchers, commercial instrument developers, military systems designers, as well as community representatives from stakeholder arctic communities. Complete details on the workshop are available at 

http://www.mbari.org/rd/ArcticInstrumentationWorkshop/WorkshopAnnouncement.htm
A report summarizing the workshop is forthcoming.

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.  

Scientific Solutions Incorporated has continued to improve the buoy design and operation, as well as test in realistic Arctic settings. Tests during our Healy cruise in October 2001 illustrated several shortcomings in the previous buoy design. The latest improvements to the design of the buoy, implemented within the last year include:

· A more stable Argos antenna, which minimizes power spikes during data transmission.  Though this system is now functional, it requires twice the specified power to operate due to a design problem within the Wild Cat PTT.  This issue should be resolved with Seimac’s new PTT, the Xcat, which is scheduled for release before the year’s end.  The Xcat is smaller and lighter than the Wild Cat, thus mechanical integration within the current pressure housing should not pose any problems.  The Buoy control circuit board will require minimal changes to accommodate interface and power requirements of the Xcat.

· A redesigned GPS antenna and the pre-amplifier board to resolve the GPS reception problem.  The antenna is now of a “patch” design as opposed to a dipole, which minimizes interference with the Argos antenna, as well as eliminate the cable bulk within the antenna balloon.

· A more rigid tubing to contain the hydrochloric acid needed to start the melting process.  This tubing does not collapse when it is subjected to external pressure exerted by the Nitrogen gas utilized for extending the buoy.  Therefore, the flow of seawater remains unaffected, which reduces the load on the pump.

· An improved “pump-priming valve” to ensure proper priming of the seawater pump.  The valve allows air bubbles to be purged from the pump head, so that it can generate full pressure.

The final version of the buoy was tested at the APLIS ice camp in April 2003.  The buoy was armed at the surface as it would within the AUV, and deployed into the ocean.  It was deployed at an area with approximately 3-4 feet of slush and loose ice- a typical site as it might be identified by the AUV.  The buoy successfully proceeded through its entire sequence, and after melting through the ice and ejecting the melter section, it deployed the antennae balloon.  It then obtained a GPS fix and transmitted the data to shore via an ARGOS satellite link.

The link below shows the actual footage from the tests at the APLIS 2003 ice camp.  Note that the buoy appears to be slanted to one side after its extension, however, this is due to the camera angle in water, and the buoy is in fact perpendicular to the bottom surface of the ice.  The view of the computer screen at the end of the movie is of data output from the Argos uplink receiver confirming that data transmission is underway.

http://www.scisol.com/buoy_movie.htm
Fuel Cell Development

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 

During the reporting period, FCT continued to improve the stack technology using internal funding and partial funding from the Canadian Department of Defense - DIR.  Much progress was made up to December 2002, when work was stopped due to funding constraints.  Progress made included:

· Redesign of cell frames to reduce costs, increase performance & reliability, and eliminate stack leakage

· Increase of Volumetric Energy Density to between 1000 and 1400 Whr/liter (depending on use conditions), an increase of 33% 

· Increase of Gravimetric Energy Density to between 1200 and 1600 Whr/kg, and increase of 40%

· Increase of maximum current density by 84%

· Anode Efficiencies up to 92%

· H2O2 Efficiencies up to 79%

These improvements will allow us to engineer a system with a neutrally buoyant energy density of 290 Whr/kg, almost a factor of 4 over what is achievable with high performance secondary batteries.
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Figure 1 DIR Cell Stack
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Figure 3  363 Watts Output

Vehicle Development

MIT, in collaboration with MBARI, has undertaken development of a detailed hydrodynamic simulation of the ALTEX vehicle, as well as refinements to the vehicle’s dynamic control. The design approach  was based on system identification and classical control techniques.  A paper model of the body inertial characteristics and hydrodynamic effects was augmented by a detailed laboratory analysis and model of the tailcone assembly.  A baseline controller was developed from the paper model and implemented at sea to obtain specific system identification data.  The system model was adjusted to reflect the new information, and new controllers were designed.  In terms of steady-state flight conditions, the new controllers achieved about a five-fold improvement in limit cycle behavior, with the depth control notably at the level of sensor resolution, around 5-10cm.

Other improvements to the ALTEX vehicle implemented in the last year include:

· Improved on-board GPS capability, allowing quick-look acquisition

· an improved combination GPS/RF Modem antenna

· Higher performance, lower power on-board computing

· Higher resolution pressure sensor swapout

· Refurbishment of fairing and other mechanical components

High Latitude Navigation

Analysis of navigation data from the cruise has allowed several AUV tracks to be renavigated. This analysis has also shown several operational issues with the INS. Notable problems, which we are working with the vendor to rectify, are 1)improper initialization of values for north and east water currents inside the INS kalman filter, causing large drifts when use water-locked doppler aiding; and 2)developing the ability to reliably invert the INS and operate in an upside-down orientation. Results from the navigation will be presented at the Oceans 2003 conference.

AUV Science

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. Data reduction from the AUV science payload is complete, and all plumbing and response lags have been corrected in the physical data. Correction of the pressure data still remains to be done. This data will be shortly published.

In addition, 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.  



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): 
	M.E. Rentschler, “Dynamic Simulation Modeling and Control of the Odyssey III Autonomous Underwater Vehicle”, Master of Science in Mechanical Engineering, MIT, June 2003.  Advisors:  C. Chryssostomidis and F. Hover. 

Rentschler, M.E., F.S. Hover, and C. Chryssostomidis, “Modeling and Control of an Odyssey III AUV through System Identification”,  Proc. 13th Int. Symp. on Unmanned Untethered Submersible Technology, 2003.

McEwen, R., Thomas, H., Weber, D., Posta, F., “Performance of an AUV Navigation System at arctic Latitudes”, to be presented at the Oceans 2003 MTS/IEEE Conference, September 2003, San Diego, CA USA

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.

W. Kirkwood, et. al.: Development of a long endurance autonomous underwater vehicle for ocean science exploration, Proceedings of the Oceans 2001 MTS/IEEE Conference, November 2001.

Tervalon, N., Henthorn, R.: Ice Profiling Sonar for an AUV: Experience in the Arctic, Proceedings of the Oceans 2002 MTS/IEEE Conference, September 2002

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

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

Adams, M., Konvalina, T., “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 


Categories for which nothing is reported:
Participants: Other Collaborators
Products: Book or other one-time publication
Products: Other Specific Product
Contributions to Education and Human Resources
Special Reporting Requirements
Animal, Human Subjects, Biohazards
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Figure 2 ALTEX Cell Stack








Figure 4 Aluminum Utilization
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