Arctic AUV Needs:

The Arctic Ocean remains the least explored ocean basin for the oceanographic community.  Small and remote, its significance looms large for global climate, since climate models predict the earliest and largest temperature shifts to appear in the far north [].  Ominously, observations of ice thickness appear to indicate that significant warming is occurring[Rothrock et al., 2003?], with the potential of an ice-free summer Arctic Ocean by the middle of the century.  However, these trends are not understood, and have been challenges as observational artifacts.  The fundamental problem is the absence of economic techniques for observing Arctic Ocean hydrography and ice cover thickness.  Other branches of science are also frustrated by the inaccessibility of the Arctic basin.  Mid-ocean ridge scientists are tantalized by the prospect of studying the Earth’s slowest spreading center, which has recently been found to have extensive hydrothermal activity [AMORE].  The Arctic biosphere lives in the presence of unique variations of light and temperature, as well as under changing ice coverage.  The ecosystem of this region of the world is particularly poorly understood.  Given the apparently large shifts occurring in climate, the window on understanding the pre-global warming Arctic Ocean may be closing.

The Arctic Ocean is largely inaccessibly to standard oceanographic techniques, and thus has been fertile ground for AUV experimentation.  US icebreakers operate routinely in pack ice only between late spring and early fall.  Even during the seasons when the pack ice is accessible, many over-the-side cable-based techniques are either impossible or very difficult to use.  Station keeping is usually not possible in the ice pack, so systems that depend on holding a fixed geographic position, like deep ROV operations, are precluded.    Ice pressure on a ship may push an icebreaker many miles during a single CTD cast.  Furthermore, cabled systems are at great risk to having their umbilical severed by ice closing on the sides of the ship.  Ice cover limits other classes of observation platforms as well.  Recovering moored instrumentation is difficult since it will come to rest under-ice, and will be very difficult to retrieve.  Consequently, the use of platforms that do not require tethers and which can maneuver to be recovered was early recognized as highly attractive.  

To answer the unique needs of Arctic science, a variety of unique approaches have been adopted, including the use of Navy submarines. The highly successful SCICEX program gave the oceanographic community access to six US Navy Sturgeon class submarine cruises between 1995 and 1999 .  SCICEX cruises were particularly useful for obtaining hydrography of the Arctic Ocean [Morison, ?], maps of the seafloor[SCAMP reference], and for providing measurements of ice thickness [].  Unfortunately, the SCICEX capability has faded with the decommissioning of the last of the Sturgeon Class submarines.  Although US Navy operations continue in the Arctic, they use newer submarines that are unavailable for oceanographic cruises.

AUVs have been used in the Arctic since the early 1970s, when the Applied Physics Laboratory of the University of Washing ran their 400 kg UARS (Unmanned Arctic Research Submersible) vehicle from Fletcher’s Ice Island [Francois and Nodland, 1972].  Since that time, a range of vehicles have been employed for Arctic work.  The small Seashuttle vehicles (also APL UW) were used for such tasks as running lines between ice holes, and for mapping the water column under open leads [Light, 1993; Hayes and Morison, 2002]. Odyssey AUVs (MIT Sea Grant) were used at the Sea Ice Mechanics Inititive ice camp in 1994 to demonstrate under ice mapping capabilities [Bellingham et al., 1994].  The 8600 kg Theseus vehicle (ISE) laid 190 km of fiber optic cable under ice as part of the Spinaker ice camp [Ferguson et al., 1997].  More recent operations have been conducted with the Marius AUV [Wadhams et al., 2002] and the MBARI ALTEX AUV [Bellingham et al, 2000; Bellingham et al., 2001].  The Southampton Autosub has made observations of krill under ice [Brierley et al, 2002], and currently is beginning a field program focused on operations under ice shelves [Nature news note?  Do not think they completed the big under-ice run].

Challenges for AUV operations in the Arctic include the navigation, communications, and the difficulty of recovery in an ice-covered ocean.  The Earth’s magnetic field has a high magnetic inclination through much of the Arctic, especially near North America, greatly compromising, or negating, the usefulness of magnetic compasses.  This has lead to increased use of inertial systems, for example on the Thesius, Marius, and ALTEX AUVs.  These systems are challenged by proximity to the geographic poles, where the gravity vector and the rotational vector of the Earth approach alignment.  Fortunately, technical advances are bringing Arctic capable inertial systems within reach of the oceanographic community.  During field trials of the ALTEX vehicle, a suite of inertial and magnetic heading reference systems were successfully tested in latitudes as high as 82 degrees North [Bellingham et al., 2001].  

The ability to recover data from submerged systems in the Arctic has long been a challenge.  One approach is the development of ice-penetrating buoys [].  These systems, created for the ALTEX AUV, use heat generated by the reaction of a lithium-based compound to melt through the ice, whereupon a antenna is deployed to transmit data and obtain GPS positions.  This system built on technology developed for melting through the ice from the top, for air dropped buoys.  

Recovery methods for AUVs range from staging from ice-free regions and using the AUV’s mobility to run under ice and back, to use of various homing systems to bring AUVs back to recovery points.  Since the marginal ice zone is quite large, and leads in the interior of the ice pack are neither permanent nor stationary, such approaches are limited.  Several vehicles, including UARS, SeaShuttle, and Odyssey employed nets deployed through ice holes for recovery.  Docking systems, under development for various observatory concepts [see IEEE Oceanic Engineering fall 2000 special issue on AOSN] provide a promising recovery tool, and are the basis of the WHOI APOGEE approach [APOGEE].

A variety of operational modes are possible for Arctic AUV applications.  In the past, AUV have been operated from ice camps and icebreakers.  In the future, AUVs might be operated from docks attached to drifting ice stations, moorings, or cabled observatories.  The ability to operate AUVs remotely for extended periods is particularly attractive, as it provides a method to obtain four-season survey capability, which is currently unavailable. While AUVs provide promise for greatly expanding access to the Arctic ocean, such operations require experienced personnel.  Arctic operations of AUVs are particularly demanding, and require significant equipment investments.  The high cost, and specialized nature of logistics support creates additional complexity.  The combination of great need and infrastructure costs make these systems attractive candidates for facility settings.

Cabled Observatories

The technological base for building, installing, and maintaining seafloor cables has been developed by the telecommunications industry.   Subsea telecommunications cables have a long history with over 300,000 km of subsea cable installed by 1997.  The first successful trans-Atlantic cable was laid in the 1860s, and supported communications rates of a few bits per second.  While tremendous advances were made over the subsequent century, the era of modern subsea cables was ushered in by the installation of the first fiber-optic cable across the Atlantic, TAT-8 in 1988.  This cable provided an effective capacity of nearly 1 Gbps.  

The physical elements of an RSCO facility include:  the cable, the shore station, branching units, and science nodes (see figure 1).  These elements function together to provide: a communications network, a power distribution system, nodes where instruments can be connected, delivery of such services as accurate time, and command and control.  Important elements beyond the cable infrastructure include data management and archiving, community instruments and tools, supporting vessels and ROVs, and of course observatory staff. 

Although the first fiber-optic cables provided a tremendous improvement over the prior generation of coaxial cables, even greater leaps were made in the subsequent two decades (see figure 3).  The most recent generation of subsea cables employs multiple fibers in cables less than an inch in diameter and provides capacities in excess of a Terabit per second.  An RSCO will use the same fiber-optic technology, but different communications protocols to support subsea networking, and thus will operate with lower communication capacities.

Reliability is extremely important for the telecommunications industry giventhe  large revenue loss for downtime.  Failures can stem from equipment faults, poor deployment practice, operator error, natural events, or human activity.  Achieving high reliability has been a very heavy emphasis for subsea cable development.  So effective have those efforts been that cables installed several decades ago are still functional.  For example, the Hawaii 2 Observatory uses the Hawaii 2 AT&T cable installed in 1974.   

In contrast to a telecommunication cable, seafloor observatories are likely to be routinely attended by ships and ROVs as various science instruments are deployed, maintained, and recovered.  Next generation seafloor observatories might be analogous to deep-water oil production facilities, where large networks of complex hardware are installed on the seafloor.  Although designed to be reliable, problems requiring intervention are expected.  Seafloor oil production equipment design is therefore heavily driven by ease of maintenance concerns.  Designing for maintenance will be critical for the success of next generation seafloor observatories as well.
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