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Rover is a bottom-crawling, autonomous vehicle capable of making continuous time-series measurements at abyssal depths up to 6000 m for periods exceeding six months. The Rover control system and instrumentation suite are being designed at the Monterey Bay Aquarium Research Institute, building on the earlier rover work of Smith and associates at the Scripps Institution of Oceanography. The vehicle weighs 68 kg in water and crawls on two wide tracks with a combined surface contact area of about one square meter; this provides good traction while minimizing the disturbance to benthic sediments. A typical mission scenario is to take measurements for a few days at each site before picking up the instruments and moving forward 10 m to a new site. This cycle can be repeated up to fifty times during a deployment. At the end of a mission, the vehicle releases a 113 kg steel drop weight to return to the surface.

Core instruments include two respirometer chambers for measuring sediment community oxygen consumption, and two scanners for making fluorometric maps of the sediment surface. Three cameras provide close-up images of the scanned sediment surface and a wide-angle view of the Rover’s immediate surroundings. An acoustic modem can send vehicle status to surface ships, and can receive instructions to change the mission or to terminate the deployment and return to the surface. A compass and a current meter allow the vehicle to move only when the current is coming from the desired direction of travel, thus preventing sediment clouds from settling on the area to be studied. Rover can provide power to and receive data from a number of additional guest instruments as required by the science mission.

A pair of 10 kWh lithium batteries provides power to Rover. For engineering tests, which typically last less than a couple of weeks, much less expensive alkaline battery packs can be used. Rover can also be powered by the Monterey Accelerated Research System (MARS) cable for testing in Monterey Bay, once the MARS cable is operational in late 2007 or early 2008. The MARS cable will also provide remote control capability and real-time access to Rover data and images, greatly aiding in the development of the autonomous software.

This unique vehicle has presented several design challenges. Unlike the current generation of Remotely Operated Vehicles (ROVs) and free swimming Autonomous Underwater Vehicles (AUVs), all of which are recovered and serviced after each day’s dive, Rover must continue to operate for greater than six months with no maintenance.  A number of design features address these rigorous requirements. The vehicle’s frame and instrument housings are constructed of only titanium and plastic to prevent corrosion. Key instrument packages, such as the respirometers and scanners, are deployed in pairs to provide 100% redundancy. A power monitoring and ground-fault scanning system can detect defective instruments and remove them from service, allowing the mission to continue with the remaining instruments.

Engineering field tests have been performed with Rover in the Monterey Bay in California (1000 m depth), and at Station M, 220 km west of the central California coast (4100 m depth). Rover operations have been observed with the ROVs Ventana and Tiburon, and with the manned submersible DSV Alvin.  On two dives, Rover was instrumented with three-axis accelerometers to measure vehicle stability during decent and ascent, and to gauge impact forces encountered upon contact with the seafloor and during launch and recovery operations at the sea surface. Knowledge gained from these engineering deployments has resulted in numerous modifications and improvements to Rover.

