Introduction.  Santa Clara University’s (SCU) Robotic Systems Laboratory (RSL) conducts a low-cost, aggressive, integrative research and education program in intelligent robotic systems.  Initiated in 1998, the centerpiece of this program is a set of yearly undergraduate design projects in which teams of senior students completely design, fabricate, test, operate, and manage high-quality robotic systems for performing a variety of scientific investigations.  Experimental systems include numerous spacecraft, underwater vehicles, terrestrial rovers, unmanned aircraft/airships, industrial manipulators, and astronomical telescopes [1].  

Once operational, these robotic systems are used by undergraduates, graduate students, and professional researchers to perform compelling science missions and to demonstrate advanced technology; over the past five years, RSL has developed and/or executed more than $2,000,000 of such sponsored work.  Specific missions have included studies relating to marine archeology, coastal ecological studies, space-based photography, space environment characterization, satellite formation flying and constellation control, and autonomous operations.  Collaborators and sponsors for these missions include a variety of government agencies (the National Science Foundation, the National Oceanographic and Atmospheric Agency, the National Aeronautics and Space Administration, the U.S. Air Force, etc.), corporations (the Lockheed Martin Corporation, Globalstar LCC, etc.), academic institutions (Stanford University, the Massachusetts Institute of Technology, the University of Texas at Austin, etc.), and non-profit entities (the Monterey Bay Aquarium Research Institute, the California Space Grant Consortium, etc.).  

The development and use of these robotic systems serves as the keystone for the integrative nature of the SCU program.  Overall, the mixing of engineers and scientists across a variety of educational levels and from a multitude of organizations creates a particularly stimulating environment for technical education, engineering innovation, and scientific discovery.  Furthermore, the availability of multiple operational robots in several domains offers unprecedented opportunities for low-cost experimental engineering research exploring novel subsystem technologies, multi-robot systems and teleoperation techniques.

Undersea Vehicles and Instrumentation: The development and operation of undersea robots and their technical subsystems is one of the most successful aspects of the SCU robotics program.  Previously developed and now operational systems include two tethered Remotely Operated Vehicles (ROVs), Triton and Nautilus, each rated for 300-meter depth operation.  Additional systems currently in full-scale development include the SCU-designed Mantaris ROV (a 6 Hp tethered vehicle designed for 500-meter depth) and an Odyssey-class Autonomous Underwater Vehicle (AUV) which is being re-engineered for operation to 500-meter depth.  Student-developed instrumentation for the ROV’s includes a suction sampler, a simple robotic gripper, and an undersea docking port for deploying and retrieving tool sleds at depth.  
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Figure 9. Preparing to Launch the Triton Underwater Robot.

Conducting field operations requires a command and control infr
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Figure 1 – SCU Underwater Robotic Activities: (a) The RSL-designed Triton ROV, operational to 300m.  (b) The  RSL-designed Nautilus ROV, operational to 300m. (c) The RSL-designed Mantaris ROV, commissioning in Summer 2005, rated to 500 m. (d) Odyssey-Class AUV being re-engineered by RSL, commissioning in Summer 2006, rated to 500 m.  (e) The RSL-designed Bronco ASV, proof-of-concept operations in Summer 2005.  (f) Students deploy Triton ROV in Lake Tahoe from the R/V LeConte. (g) Students pilot and operate the ROV for scientists during a deployment. (h) Students deploy ROV in arctic for an archaeology mission from the USCG R/V Polar Star. (i) ROV video data from a fisheries research deployment in the Channel Islands. (j) ROV video data from a geology research deployment in Lake Tahoe.  (k) ROV video data from ROV-diver test in Monterey Bay.


RSL’s operational ROVs are routinely deployed along the California coast and in Lake Tahoe in support of a variety of science, technology and education missions.  Over the past five years, RSL personnel have engaged in collaborations and operational deployments with numerous world-class researchers to include scientists and technologists with the NOAA Undersea Research Program’s West Coast and Polar Regions Undersea Research Center, NASA Ames Research Center, the U.S. Coast Guard, the Monterey Bay Aquarium Research Institute (MBARI), the National Marine Sanctuary, Moss Landing Marine Laboratories, the U.S. Geological Survey, Scripps Institution of Oceanography, and several partner academic institutions.  


Scientifically, RSL personnel and systems have supported a variety of research investigations to include biological and fisheries research, geologic investigations, and archaeological expeditions.  From an engineering research perspective, RSL personnel have used the systems to explore a range of technologies such as underwater three-dimensional imaging, advanced robotic manipulators, and advanced navigation/teleoperation strategies.  Educationally, undergraduate student design teams play a vital role in the development of these systems as part of SCU’s interdisciplinary senior design project program.  Underclass students also learn to maintain, operate and deploy these systems as part of an established marine operations course sequence.  Graduate students use these systems as experimental platforms for conducting engineering projects in several established classes (ocean engineering, robotic teleoperation, advanced mechatronics) and through thesis research.  Overall, the program supports a robust outreach effort that has served more than 1500 high school students over the past two years.  References [2-26] review many of the science, engineering and education activities of the SCU underwater robotics program since 1998.
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