Abstract

This project proposes to teach a short course on marine robotics to sea-going members of the oceanographic community.  There will be a natural emphasis on MBARI developed technology, but the objective would be to provide a balanced overview of available systems and best practices for their use.   The objectives are to accelerate the introduction of advanced methods to the oceanographic community and thus satisfy a central element of MBARI’s charter.  The targets for the course would be scientists engaged in establishing priorities for purchasing ships, deep submergence assets, and other types of oceanographic infrastructure.  In other words, we would target high impact individuals.

Overview

The course is motivated by the following observation: very few scientists have had the opportunity to use either ROVs or AUVs.  Since the deep-submergence community has extensive experience with manned submersibles, this leads to highly skewed discussions concerning the relative merits of various technologies.  In particular, neither the strengths of ROVs, nor their relatively advanced state of adoption by other communities, are appreciated.  This in turn has long-term, potentially catastrophic consequences for the oceanographic community.  Such a discussion is particularly relevant today, given the number of high level initiatives to project oceanographic needs for the future (seafloor observatory discussions, UNOLS fleet review, DESCEND, etc.).

The extended nature of JASON cruises and the absence of AUVs from community facilities throttle the rate of growth of an ROV and AUV savvy user group.  With roughly six JASON cruises per year, and a few new scientists per cruise, the rate of creation of an educated user community is very slow.  Furthermore, the absence of structured preparation for users can mean that even participating on a cruise might not provide a scientist with adequate background to realize the full potential of the systems.    This lack of an educated user base has long term ramifications: 1) systems are not fully exploited, and 2) high level discussions within the community defining potential infrastructure investments frequently occur in relative ignorance of either the present state or the trends of marine robotics. 

The rapid rate of change of technology is outstripping our current mechanisms for ensure the oceanographic community has access to the best systems.  On-the-job training does occur with graduate students who participate in ROV and AUV cruises.  Many schools have instrumentation courses that offer some exposure to advanced techniques as well.  However the fundamental problem is that too few oceanographers have sufficient experience with the instruments to teach such a course, and the engineers developing the advanced systems are not typically at teaching institutions, and nor are they in teaching positions.  Thus the training does not occur.

The course would be an important community service, in addition to providing an efficient forum for fostering MBARI technology transfer needs.  Consequently, support from NSF and ONR will be sought to cover the costs of outside participants and a day of ship time.  To ensure that the course is relevant to scientists, who are for the most part limited to National Facility assets (i.e. ALVIN, JASON, and eventually JASON II) involvement of WHOI engineers from the Deep Submergence Lab (DSL) and Deep Submergence Operations Group (DSOG) has been solicited.  Thus far the WHOI response to participating in teaching such a course has been overwhelmingly positive.  

MBARI is ideally situated to provide such a course, and by so doing would realize a range of benefits.  It would greatly increase the number of scientists with direct exposure to MBARI developed technology, and would therefore create an external group which might advocate adoption of MBARI technology within their own institutions or within community projects.  In terms of exposure per MBARI investment, it would be highly effective.  Direct exposure to the community in an intensive course format would be healthy for MBARI as well, and could be a source of new ideas or even staff.  Finally, the effort of putting together such a course would provide a motivation for both introspection and for documenting existing systems.   The intent is to create an educated ROV & AUV user community NOT to build external demand for MBARI assets.  However, it is worth noting that the potential for interested users to apply for NURP funding to obtain MBARI dive days provides a useful pressure relief.  

Course Outline:

The format for the course, which will probably be disguised as a workshop, would be an intensive, seven day long immersion in the robotic systems and their use, primarily focusing on ROVs and AUVs.  The degree to which AUVs are emphasized will be throttled by the reality that we have not accomplished the transition of AUVs to operations yet.  However, in discussing the idea of this course with scientists and engineers, both inside MBARI and outside, strong support for including AUVs was voiced.  

The teachers would primarily be drawn from MBARI engineering, science and operations.  Lectures from outside MBARI would be included as well, particularly from members of WHOI DSL and DSOG.  Possibly other institutions could be included as well, if there is interest.  The initial days might alternate between lectures and working sessions using archival data.  Technical aspects covered would include an overview of ROV capabilities, navigation systems, imaging systems, data management, and considerations for intervention type work.    

Toward the end of the course, it would be important to provide direct exposure to the actual systems, spending time aboard both Pt Lobos and the Western Flyer in port, and possibly taking students on a day cruise of the Western Flyer for actual Tiburon dives.  A final day might be spent working with the data acquired in such a dive.  Should the course prove successful, it might be possibly to extend it to cover MOOS and more technically focused subjects in subsequent years.

Day one: Overview of Platform State-of-Art

· Introduction:  (J. Bellingham)

· ROVs:  (A. Bowen, S. Etchemende, W. Kirkwood)

· AUVs:   (J. Bellingham, D. Yoerger)

· Tours of platforms - Tiburon, Ventana, Dorado

Day two: Sensing Systems

· Vision systems (M. Chaffey, Dan Davis)

· Sonar mapping systems (D. Caress, D. Yoerger, WHOI)

· Advanced sensing (G. Malby, C. Scholin)

Day three: Navigation

· Long-baseline navigation (D. Yoerger, WHOI)

· Acoustic tracking (?)

· Navigation Processing (?)

Day four: Manipulation/Sampling – ROVs (?)

· Manipulation capabilities (DMO)

· Sampling capabilities

Day five: Operational Consideration

· ROV operations scenarios & cruise planning (A. Bowen, WHOI; S. Etchemende)

· AUV operations scenarios & cruise planning (J. Bellingham, D. Yoerger, WHOI)

Day six:  At-sea demonstrations

· AUV operations on the Pt Sur (Gashler, Bellingham)

Day seven:    At-sea demonstrations

· Western Flyer operations with Tiburon (DMO)

Resources:

Proposals will be submitted to NSF and ONR to cover the following costs:

1) Participation of teachers outside MBARI (i.e. WHOI DSL/DSOG personnel)

2) Travel of participants

3) External ship usage (i.e. Pt Sur time if used for AUV operations)

4) Other incidental costs

MBARI will provide unique MBARI resources for the project including:

1) Western Flyer/Tiburon time (one day)

2) Time for the participation of critical individuals in engineering, science, and operations.

3) Computer training facilities

4) AUV operations (although not ship time).

Informal discussions with both NSF and ONR Program Managers have been positive.  

The use of the Western Flyer and Tiburon are central to the success of the proposed activity.  Most scientists have sat through innumerable talks on ROVs and ROV capabilities.  However, because their mission profile remains superficially so close to manned vehicles, the differences are not obvious until they are exposed first hand.  We are probably the only organization in the world in a position to do this so effectively.

