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1) Abstract (new and continuing projects)


One of the critical needs of the ocean community is the development and maintenance of a pool of talented and dedicated engineers that enjoy the challenges of developing instrumentation for oceanic applications.  One means to foster and promote the development of such a pool is to integrate young students into the field by involving them in ocean-related projects. For the past four years we have been working with engineering students at Santa Clara University (SCU) and have developed a graduate-level course that was taught for the first time during the 2003 Winter quarter at SCU (MECH 296 - Special Topics in Dynamics & Control in Ocean Engineering).  We anticipate developing this course into a two-semester course and developing a similar course for undergraduate engineering students.


SCU student teams, which are primarily staffed by seniors, work with us and faculty at SCU to design, fabricate, test, and deploy instrumentation for undersea applications. These students have developed several instruments for oceanic applications including three low cost ROVs (300 and 500 m capability), a tether management system, and a “tool sled” that also can be deployed as a benthic station. Students work closely with faculty at SCU and have reached out to MBARI engineers and faculty at Stanford University (SU) for additional expertise. The products that have been developed by these students have won several awards at the annual SCU engineering competition and they have presented papers at national meetings. Several of these students have been interns at MBARI and some have continued their education in engineering with an emphasis on ocean-related applications.


This proposal strives to enhance this educational partnership by providing a test tank facility to test new instruments and to deploy the instruments in the environment. Presently students are testing their instruments in a six-foot deep pool. This proposal requests three periods for testing equipment in MBARI’s test tank facility. The first two periods will be for testing instrumentation and to develop ideas for potential modifications. Each of these periods will last 2 days. The third and last period will last one day during which the students will test their equipment and give a “hands on” demonstration to MBARI personnel, interested local scientists, and parents.  They will also present a seminar at MBARI at the end of the day. The timing for these periods will be centered about the SCU academic schedule. We anticipate that one two-day period will be requested during spring break in March, one in April, and the last period in May-June in concert with either graduation or senior design review week.


This proposal is designed to provide engineering students at SCU with a test tank facility and to promote interactions with MBARI personnel. These students have benefited greatly from interactions with engineers and operations personnel at MBARI and I hope to continue these interactions and supplement the students’ education. These students have been and will continue to be well-trained, energetic people that will continue to be a good source for possible engineering interns and personnel at MBARI.

2)
Proposal

a)
The problem addressed (for new projects only)

· Statement of the problem 


A major challenge is for our educational system to keep up with workforce needs in these high technology areas. Two-thirds of the world’s population lives within 50 miles of a coast and the oceans sustain one in six American jobs.  Recent advances in technology have increased our ability to work at depths not feasible only a short time ago, and to pursue work that was previously too dangerous or too costly.  From research and environmental understanding, to the search and recovery of downed jetliners, the laying of fiber optic cable for telecommunications, and the extraction of resources, working in the oceans is becoming more dependant on technology. These advancements in technology require technicians and engineers who are technologically competent, knowledgeable about the ocean, and prepared for a diverse work environment.  

This speaks to the need to highlight diverse educational programs that reach out to people all over America, some who always dreamed of working on or near the ocean, and others who never dreamed it possible, or never had the opportunity to dream about it at all. Too few people are aware of the marine related educational and career opportunities available to them. For these reasons I have been working with engineering students and faculty at Santa Clara University (SCU) for the past three years to promote and facilitate an of awareness of the breath of engineering possibilities and challenges involved in designing, fabricating, and utilizing instrumentation in an undersea environment. These students, under the supervision of faculty and graduate students and guidance from oceanographers, have developed several undersea vehicles and accessories. This program provides a unique technology-based, ocean-related experience for these students; however, the program lacks a suitable facility to test instruments and vehicles under suitable environmental conditions (pressure). This proposal centers upon the use of MBARI’s test tank facility and will eliminate this deficiency. In addition the proposed use of the test tank facility provides a means for these students to interact with engineers and scientists at MBARI.

· Why it is important 


Marine research and industry call for better education and training of most personnel today with the advancement and requirements or new technology.  The Marine Advanced Technology Education (MATE) Center has gathered workforce information from over 323 ocean-related companies, research institutions and government agencies to determine the needs now and in the future. Instrumentation advances of the future are directly affected by the investment made today in new engineers and exposure to oceanographic applications. Ocanography and ocean research require (like for many high tech jobs in the U.S today) knowledge of computers, data analysis, instrumentation, design and engineering, team work, project management, and critical thinking are among the most sought after skills, but more over a special knowledge of working in and around sea water. A complaint often heard at MBARI is our education system falls short in basic ocean application understanding and new engineering hires are under-prepared for our workplace.


In addition to lack of adequate preparation, many ocean-related industries are suffering from the same lack of apparent interest in or knowledge of opportunities in the fields of ocean engineering and technology.  Graduates of programs suitable for these industries are being lured into other fields. The practical and exciting nature of undersea robotic endeavors and data acquisition techniques presents an ideal framework for an educational program focusing on undersea research and the technical support systems that enable such activities.  The practical and hands-on nature of a project-based curriculum involving these issues directly addresses many of the often-cited deficiencies of technical education programs.  Thus, the basic premise of the senior design class at SCU is to: 1) engage engineering students in ocean engineering and science related projects; 2) involve students in the creation of actual tools to be used by scientists in their research, and; 3) provide these tools to scientists for use in their research. This program has worked well but would benefit greatly by the use of the MBARI’s test facility and more formal interactions among students, engineers and scientists.
· Present state of art/understanding


The Intelligent robotics Program at SCU has an established undergraduate program in the development and operation of rapid, high-quality robots (spacecraft, rovers, underwater robots) for scientific exploration. This program is responsible for both an undergraduate class and a year-long graduate course sequence in robotic design, implementation, and operation.  Prerequisites for the program include a mechatronics course which is cross-listed in both the ME and EE departments and fundamental course work in the student’s emphasis (e.g., ME - machining and mechanical design, dynamics, control systems, etc.; EE - electronic and circuit design, etc.). The program is directed by Chris Kitts and Jeff Ota.  Kitts has over a decade of experience in the design and operation of robotic systems with a primary focus on autonomous spacecraft. He has held positions in the Air Force and at NASA Ames Research Center, and he holds a joint research position at Stanford University (SU). Ota also has worked at NASA Ames Research Center and holds a position at SCU. He is presently pursuing a graduate degree (doctorate) in engineering from SU.


Through a collaboration with me and the West Coast and Polar Regions Undersea Research Center, students at SCU have developed several shallow-water ROVs and accessories, showing that with proper supervision and guidance, undergraduate students can produce a robust undersea robot. During the past three years students have developed three ROVs (Triton, Mantaris, and Nautilus),

1998-1999
ExETER 1: Triton (6 student team)

1999-2000
ExETER 2: Mantaris and Nautilus (12 student team)

2000-2001
ExETER 3: Mantaris Docking, upgrade and vision features (8 student team)



(The upgrade includes a tether management system.)

2001-2002
Mantaris power system and development of Nautilus

2002-2003
Tether management system and suction sampler

and have used these vehicles during several field experiments.


5 one-day deployments in the Monterey Bay


1 four-day deployment in the Channel Islands


1 two-day deployment in Anacapa Island, Channel Islands


1 three-day deployment in Lake Tahoe 


Most of the students involved in this program have attended a scientific meeting. These meetings include: Oceans 1999, 2000, 2001, and 2002, JUSTSAP (Japan-U.S. Science Technology and Space Applications Program) conferences in 1999 and 2000, and 2002 IFAC Conference on Mechatronic Systems. Several papers have been presented at each of these meetings. One paper was awarded third place in the student poster competition (Oceans 2000). Other awards that these students have won include first place in the SCU Senior Design Conference session and interdisciplinary design (2000, 2001 and 2002). Several of these students have advanced to a higher degree program or presently work in the field of undersea engineering.


Aaron Weast, MS (ME) Stanford '01


Trevor Wigle, MS (ME) Stanford '01


Chad Bulich, MS candidate at SCU


Erin Selser, MS (EE) Stanford '03 (expected)


Eric Hulin, Engineering Consultant for Underwater Projects


Oli Francis, MS candidate at SCU

· How it relates/contributes to MBARI’s mission and strategic plan


One portion of MBARI’s mission is to “maintain a position as a world center for advanced research and education in ocean science and technology, and to do so through the development of better instruments, systems, and methods for scientific research in the deep waters of the ocean.” This proposal brings bright young engineering students to MBARI. Students that are developing instruments for scientific investigations of the shallow oceans (<500 m) while learning about the diversity of scientific research needs. In the past these students have benefited greatly from the guidance and assistance that has been offered from professionals at MBARI. We hope to continue this educational interaction and to expose students to potential mentors. Two students in particular (Chad Bulich and Eric Hulin) have had a wonderful relationship with MBARI personnel and have participated in MBARI’s Summer Internship. 

b)
Approach to the problem (new and continuing projects)

· Engineering/technology development

None

· Field programs

None

· Data reduction and analysis

None

· Proposed duration of project and approximate plan of action


This proposal requests three periods for testing equipment in MBARI’s test tank facility. The first two periods will be for testing instrumentation and to develop ideas for potential modifications. Each of these periods will last 2 days. The third and last period will last one day during which the students will test their equipment in MBARI’s test facility and give a “hands on” demonstration to MBARI personnel, interested local scientists, and parents.  They will also present a seminar at MBARI that day. The timing for these periods will be centered about the SCU academic schedule. I anticipate that one two-day period will be requested during spring break in March, one in April, and the last period in May-June in concert with either graduation or senior design review week. 

This project is in its third year. We anticipate continuing this project in the future and continue to build strong ties between SCU and MBARI.

c)
Specific deliverables (new and continuing projects)

· Products from research and development (instruments, tools, documentation, publications, presentations, etc.)

Students will develop instrumentation or vehicles and present a seminar at MBARI.

· How success will be measured


Success will be measured by the knowledge gained by the students which results in improvements to their instruments or vehicles as a result of interactions with MBARI personnel and the testing of their instruments in MBARI’s test facility

d)
Project team (new and continuing projects)

· Who will be working on this project.  If not identified by name, the critical needs or talents required in that team member.

Geoff Wheat (Adjunct)
Bill Kirkwood (MBARI, Adjunct Faculty SCU)
Faculty at SCU (Kitts and Ota), and Students at SCU 

The time spent is mostly consulting,  assisting students with finding resources such as vendors, and reviewing designs as the projects progress. 
e)
Project Lab Space (new and continuing projects)

· If your project needs lab space for integration and test prior to deployment, please include details.

Test Tank Facility (5 days)

3)
Budget Justification (new and continuing projects)

No Monies Requested

4)
Milestones (new and continuing projects)

1. Use of the test tank during spring break

2. Modification of instruments after deployments in the test tank

3. Student seminar at MBARI.

4. Successful “hands-on” demonstration to MBARI personnel, local scientists and other who 
are interested in the results
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� This number should be same as the number you entered on the resource requests for this particular resource





