Rover – An Autonomous, Bottom-Transecting Vehicle


One of the most challenging problems in deep-sea biogeochemistry is defining the coupling between the input of food supply and its utilization by the benthic community.  Measuring such dynamic processes in the ocean requires instrumentation that can sample periodically to match the variability of the processes being measured


Until now there has been no device available for providing long-term, sequential  measurements of benthic community activity.  Sediment community oxygen consumption (SCOC) is one  measurement of benthic community activity that has only been measured over short time periods of one month or less, the duration of a typical cruise aboard ship.  We have now developed and successfully collected data with a unique, autonomous, bottom-transecting vehicle (ROVER) that permits the first, long time-series measurements of SCOC.  This instrument was developed with the following capabilities:

· Autonomous operation as a free vehicle on the sea floor to 6000 m depth for periods up to six months.

· Crawls across the sea floor, minimizing the impact that a long-term, free vehicle would have on measurement sites.

· SCOC is measured using two benthic chambers at up to 30 different sites over a single deployment.

· Sediment pore water oxygen concentration is measured using a microprofiler at up to 30 different sites over a single deployment period.

· Incubation period is programmable for each SCOC measurement.

· Operation of instruments and the surrounding area is monitored with time-lapse still and video cameras.

· ROVER be used as an autonomous programmable platform for a wide variety of benthic boundary layer measurements.

· A water sample for oxygen or other analyses is collected at the end of deployment.

ROVER Description  


The ROVER resembles a small fork-lift with a forward-mounted instrument rack, a savonious rotor and vane for measuring water currents, double-tread propulsion system, central battery packs and controller electronics, flotation, acoustic releases, and disposable ballast.  The structural frame is constructed of titanium and fiberglass angle and tubing on which all the components are mounted.  A polypropylene bumper extends ~30 cm beyond the vehicle frame to provide protection while handling the instrument during deployment and recovery.  All materials and fabrication procedures used in the construction of each component of the ROVER were selected to minimize corrosion for long-term deployments to full-ocean depths (6000 m).  The overall dimensions of the ROVER are: 2.74 m long, 2.03 m wide and 2.19 m high from the base of the propulsion treads to the top of the lifting bail.


Instrument rack - The instrument rack consists of two cylindrical benthic chambers and an oxygen microprofiler mounted to a titanium vertically-moveable rack on the front of the ROVER frame. This assembly can be slowly lowered and raised with 2 titanium lead screws mounted vertically on both sides.  These lead screws are capped with pulleys powered by a common DC drive motor via drive belts.  The drive motor is immersed in low viscosity insulating fluid and is housed in a plastic housing with an expandable bellows.  The same pressure-compensated packaging also has been employed for the other 6 drive motors on the ROVER.   The motor housing, drive belts, and pulleys are shielded from impact protection by a polyethylene sheet.  A "foot pad" (limit switch with a PVC plate) is mounted on the bottom of the instrument assembly to stop the lowering of the rack at the desired sediment penetration.  


Two acrylic transparent benthic chambers are mounted on either end of the instrument assembly. A bottom leading edge of thin, teflon-coated titanium reduces the force required to push the chambers into the sediment and eliminates adhesion of sediment to the chamber wall.  A stirring bar, centrally mounted in each chamber, is driven by a pressure-compensated stepper motor via a magnetic coupling.  This stirring assembly moves vertically on three titanium guide rods powered by a drive motor and a fine-scale lead screw.  In the “up” position, the stirring assembly leaves a large hole in the chamber top, allowing the chamber to purge during insertion into the sediment.  In the “down” position, the stirring assembly seals against an O-ring on the top plate of the benthic chamber.


The oxygen sensing system for each benthic chamber consists of a polarographic oxygen sensor and a flow cell. The oxygen sensor for each chamber on the ROVER is mounted in an external flow cell and is alternately exposed to chamber and ambient water using a pump and valve system. The ambient reference measurement is necessary to correct for long-term drift in the oxygen sensors and provides a direct comparison between chamber-water oxygen concentration during the incubation and stable oxygen concentration in the ambient bottom water.  The flow-cell sample water is transferred by a DC motor driven pump to the flow cell through plastic capillary tubing.  A 3-position slider valve is used to switch the water supply to the flow cell from chamber to ambient, and this valve is under the control of the benthic chamber controller.  A 1-liter Niskin bottle is mounted vertically on the instrument rack in near one of the benthic chambers to take a water sample for dissolved oxygen analysis at the end of the last incubation.  Closure of this bottle is triggered by a burn-wire release via the central controller.


At each new measurement site, the instrument rack is lowered to place the oxygen microprofiler sensors just above the sediment and the benthic chambers ~6 cm into the sediment.  The oxygen microprofiler is mounted on the instrument rack between the two benthic chambers.  This microprofiler can accept up to 12 oxygen (or other) micro-sensors and four resistivity sensors, that are arranged in a circular pattern on a plate which is mounted beneath the microprofiler-controller electronics cylinder.  The titanium controller housing and electrodes are lowered stepwise toward the sediment surface by a fine-scale, DC motor driven, lead screw (1 mm pitch).  The resistivity sensors detect the sediment-water interface as a change in resistivity and allow the microprofiler controller to determine the sensor penetration depth into the sediment.  Feedback from the resistivity sensors sets the system to profile an additional programmable distance into the sediment and readings from each oxygen sensor are recorded at 0.5 mm increments.  When the microprofiler completes the oxygen measurements to the programmed depth, the unit is retracted from the sediment.  Oxygen sensor outputs from the benthic chambers and microprofiler are digitized and then transferred to the central controller for storage on a disk drive.


Video and time-lapse still cameras - Two video cameras and flood lights are mounted on the ROVER frame to monitor the operation of the benthic chambers and microprofiler.  The cameras and flood lights are operated by the central controller and the cameras’ video output is recorded on two Sony camcorders housed in the central controller pressure case.  The recordings provide information on the penetration of the benthic chambers and microprofiler into the sediment and the operation of the stir bars.  The topography of the sediment surface and the activity of animals within the transparent chambers and around the microprofiler are also monitored by the video system.  A time-lapse still camera mounted on the ROVER frame, and a remote strobe light mounted on the instrument rack, are used to photograph the area in front of the ROVER during transits between measurement sites.


Current rotor and vane - Near-bottom current speed and direction are monitored using a Savonius rotor.  The turning speed of the rotor is detected by an optical sensor.  Current direction is determined by a vane, magnetically coupled to a servo-potentiometer.  Outputs from the current rotor and vane are recorded by the central controller during the entire deployment.  The current rotor and vane are mounted on a small arm, which is raised and lowered by a lead screw.


Propulsion system - The ROVER is propelled across the sea floor by two, flexible, fiber-reinforced PVC tractor treads (50 cm wide by 3.6 m long).  Each tread is independently driven to allow directional movement, which is determined by the central controller.  Treads have molded external cleats in order to insure traction in soft sediment.  Each tread is driven by a 1/8 HP DC motor and a reduction gear train, housed in oil-compensated PVC housings. A load-bearing, low-friction, polyethylene pressure plate supports each tread. 


Central controller with data storage and central battery - The propulsion system, instrument assembly, cameras, current rotor and vane are all controlled by a central controller which consists of a microcontroller, interface electronics, electronic compass, tilt sensor, and video camcorders.  The microcontroller (Onset, Model 7) has a real-time clock, a 64-MB hard drive and a 12-bit A/D converter to digitize sensor outputs.  It is located in a titanium pressure cylinder, mounted on the main frame of the ROVER.  The electronic compass (KVH Industries, Model C100) allows the ROVER to maintain course during transits and turns.  A tilt sensor (Lucas, Model Accustar II) provides tilt information to the controller to determine if the Rover is approaching a mound or slope.  The distance traveled by the ROVER over the bottom is estimated by a Hall-effect sensor that detects the revolution of magnets embedded in the forward drive roller.  Power for the ROVER and its instrumentation is provided by two alkaline battery packs (180 D-cells each), located in independent titanium pressure housings mounted on the ROVER frame beneath the central controller.  These batteries have a total capacity of 5000 watt-hours and are sufficient to power the ROVER in a typical deployment for up to 6 months.


The operational status of the ROVER can be obtained by interrogating an acoustic transponder from a surface ship.  The number of pings returned is increased as the ROVER progresses successfully through its program.  Serious faults are indicated by a return to a single ping.


Acoustic release and disposable ballast:  Two acoustic releases in titanium pressure housings are mounted on the after end of the structural frame.  Each release activates a remote burnwire trigger mechanism  that can drop a disposable ballast rod of cold-rolled steel.  With the release of either burnwire mechanism, the ballast falls between the treads, causing the instrument to become positively buoyant and rise off the sea floor.  A submersible VHF transmitter, submersible flasher and flag mounted on the aft end of the ROVER and a second set on the mast assembly facilitate location by a  ship in the vicinity.  In the event of a premature release of the ballast there is also an ARGOS satellite transmitter mounted on the top of the ROVER for detection and tracking.  


Flotation – The ROVER’s flotation, consists of 18 evacuated glass spheres mounted on the structural frame.  The floats provide a positive buoyancy of 385 kg and an additional 41 kg buoyancy is provided by the floats on the recovery mast assembly.  


Weight and balance - In designing the ROVER it was critical that the instrument not sink too deeply into soft sediment, yet still be heavy enough to gain traction for maneuvering.  The entire instrument weighs 40 kg on the sea floor, which permits optimum mobility with the double-track propulsion system. 

ROVER operation  


The ROVER is deployed from a research ship using the ship’s crane to lower the instrument into the water.  A “quick-release” system is used to detach the ROVER from the crane’s hook.  Once released, it takes about two hours for the ROVER to sink to the bottom in 4000 meters of water.  After landing, the current rotor and vane-assembly are raised vertical by a lead screw in order to provide measurements of current speed and direction while the ROVER is on the sea floor.  The central controller will monitor the current flow for a programmable period (about 24 hours) to determine the predominate current flow direction.
After the initial current monitoring period, the ROVER will wait for the right current flow conditions and then travel upstream in the direction of predominate current flow.  This way, any sediment the instrument’s tracks stir up will move downstream from the next measurement site.  The ROVER will typically be programmed to move 5 - 10 meters from site to site.


At each measurement site, the instrument assembly with benthic chambers and oxygen microprofiler is slowly lowered into the sediment while being monitored by the two video cameras.  Once implanted in the sediment, the central controller commands the benthic chamber controllers to begin their measurement cycles.  The cycle begins by lowering the stir motor assemblies to seal the top of the chamber and starting the slow rotation (~9 rpm) of the stir bars.  The oxygen level in the benthic chambers is measured for a period of 1 - 7 days, which is determined by the central controller.  After the completion of an incubation period, the stir bars are stopped and retracted, and the instrument rack is raised above the surrounding bumper. 


After sequential sampling for periods up to six months (~30 sites), the instrument and current rotor and vane assemblies are retracted into their protected positions, and the ROVER is commanded to release its ballast and return to the surface.  At the surface, the ROVER is located using the directional VHF transmitter and strobe.

Four-month deployment 


The ROVER was deployed for a 4-month period beginning January 28, 1996 at Sta. M (34o 50'N, 123o 00' W; 4,100 m depth)  220 km west of the central California coast from the R/V Wecoma.  The microprofiler was not used during this deployment, but SCOC was measured within the two benthic chambers.  The ROVER was programmed to occupy 17 sites during the deployment with incubation periods of the benthic chambers at each site set for ~6 days.


At the end of the 4-month deployment, the ROVER was recovered on June 1, 1997 using the R/V New Horizon.  Analysis of the central controller data showed that the ROVER had completed its mission of crawling to the 17 measurement sites.  Benthic chamber data and video recordings showed the chamber design largely performed its mission and useful data was recovered from most sites.  The time-lapse camera operated correctly and returned many photos from between the measurement sites.


This ROVER is particularly suitable in remote areas, such as polar regions or mid-basin portions of the Pacific and Indian Oceans, that are difficult to occupy routinely due to logistical or weather constraints.  It also can be operated at a fraction of the cost of using manned submersibles or tethered ROVs, especially in these remote or weather-limited areas.


The ROVER can be used as a programmable platform from which to conduct a wide variety of research, including photographic transects, fine-scale bottom-water profiling for nutrients, fine-scale mapping of sea floor relief, and fine-scale mapping of sediment properties using sequential sediment cores and shear vanes.  The increase in sampling resolution provided by the ROVER over conventional techniques should provide valuable insights into the dynamics of carbon cycling in the deep-sea benthic boundary layer. 

For more detailed information, please refer to the following paper:




