MBARI’S AUVS
MBARI has two continuing AUV campaigns; time-series hydrographic measurements, and bathymetric mapping.  Each campaign has a custom-designed  AUV. The primary mission of the hydrographic vehicle, also called the CTD vehicle, is to build a data base of the variation of physical, chemical, and biological properties of seawater over time.  This requires the vehicle to periodically repeat a fixed course around the Monterey Bay.  Figure xx shows the vehicle trajectory for a recent mission.  

The CTD vehicle carries instruments that measure conductivity, temperature, nitrate concentration, dissolved oxygen, optical backscatter, chlorophyll fluorescence, bioluminescence, plankton concentration and size, and transmissivity and particle size.    These data enable studies of upwelling, algal blooms,  nutrient levels, carbon-nitrogen cycle, and other topics.  (more here?).  Figure xx shows representative hydrographic data.

The CTD vehicle now has a new instrument, the Gulper, that takes 2 liter seawater samples and returns them to the ship for subsequent lab analysis on shore.  (More possible here too).

It is essential that all of the data above be accurately geo-referenced.  The CTD vehicle’s navigation system is essentially Dopper Velocimeter Log (DVL)-aided dead reckoning, corrected with periodic GPS position fixes.  The DVL measures velocity with respect to the bottom, or if the bottom is out of range, with respect to a water layer below the vehicle.  The DVL operates at 300kHz and has a range of 200 meters. An Attitude and Heading Reference System (AHRS) provides a gyroscopically stabilized magnetic heading.  Accelerometers measure pitch and roll.  The overall accuracy of the vehicle’s navigation  system is typically 2-4% of distance traveled, assuming the vehicle surfaces approximately every 45 minutes for a GPS fix, and that the DVL can track the bottom.

The CTD vehicle is powered by  a Lithium-Ion rechargeable battery with a capacity of 6.0 kWHr.  Under normal operating conditions the vehicle has a maximum range of around 90 km, traveling mostly at 3 knots.  This is sufficient for a complete circuit of the Monterey Bay as shown in Fig. xx. Bear in mind that when taking data this vehicle does not fly level, but oscillates up and down over a depth range of 300-500 meters.    (Duration of recharge and data download)

The mapping vehicle payload consists of a 200 kHz multibeam sonar, 110 and 410 kHz sidescan sonars, and a 2-16 kHz sub-bottom profiler.  Consequently it produces three corresponding types of maps.  The map resolution is much higher than previously attainable with ship-based sonars because the AUV can maintain a constant altitude, and is not far from the seafloor in deep water,  as is a ship.  After post-processing, the final bathymetric maps have achieved 0.3 meter vertical precision, and a lateral resolution ranging from sub-meter to 2 meters depending on the vehicle altitude.  Sub-bottom maps can achieve 10 cm resolution with 50 meter penetration in soft sediments.  Figure xx shows a bathymetric map of the Eastern rim of the caldera at the Axial Seamount, produced by MBARI’S mapping program [reference Dave Caress et al. at Fall AGU 06].

To achieve such high resolution, a very accurate navigation system is required.  The mapping vehicle has a ring-laser based Inertial Navigation System from Kearfott, that in best-case accrues an error of 0.05% of distance traveled (CEPR).  This requires a careful INS alignment and GPS fix aboard the ship before launch, and constant DVL contact with the bottom before and during the survey.  In deep water where the Dvl range is exceeded the navigation system requires a position fix once the vehicle dives to within DVL range of the bottom.  This is accomplished by telemetering the shipboard USBL tracking solution down to the vehicle over an acoustic modem.

In post processing, the navigation accuracy is further improved by using multibeam data to determine relative position error at points where the vehicle trajectory crosses itself.  The error is found by correlating matching bathymetric features.  Vehicle survey patterns are specifically designed to contain crossing points for this purpose. The post-processing algorithm then determines perturbations to the measured trajectory that minimizes the position error over the entire survey.  It computes adjusted speed and accelerations as well.  The processed trajectory typically has a relative error less than 2 meters, and an absolute accuracy of 3-5 meters for surveys that start within DVL range of the bottom.
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