MBARI AUV Program

MBARI has multiple projects that comprise our extensive AUV program (see http://www.mbari.org/auv/). These multi-million dollar platforms are critical to our research programs, and they provide opportunities to gather data that is not possible with tethered ROV systems. A brief summary of the capabilities and activities of our AUV program is provided below. 

Autonomous underwater vehicles (AUVs) are significantly augmenting marine research, and the ongoing advancement of this technology is a key element in the emergence of ocean observing systems. MBARI maintains operational and developmental AUV programs. The operational program supports routine and adaptive deployment of specialized AUVs for research extending from the ocean surface to the deep-sea floor. 

Dorado class
The Dorado class AUV, optimized for multidisciplinary observations of the upper ocean (< 300 m depth), carries an extensive sensor payload to measure physical, chemical, biological, and optical properties. Since 2008, this AUV has also carried a water sampling system that permits targeted sampling of oceanographic features including plankton bloom patches, sediment transport events, and water types. For more than a decade, this AUV has been used extensively for studies of ecology and biogeochemistry in Monterey Bay and adjacent waters of the California Current System. The capabilities of this AUV were applied in ecological research in Monterey Bay during 2018, as part of MBARI’s Controlled Agile Novel Observing Network (CANON) initiative and time-series programs, and the Acoustical Ocean Ecology project. Specifically, an AUV survey covering northern and southern Monterey Bay was conducted 8 times, coinciding with ship-based time-series monitoring. The Gulper water sampling system on Dorado was applied to collect samples in vertical profiles at time-series stations, as well as with autonomously targeted sampling of bloom patches. Samples were used in ecological research by the MBON project and collaborators at UCSC. An additional two surveys along the axis of Monterey Canyon were conducted to coincide with acoustic studies of forage species. All deployments were within Monterey Bay. This vehicle will be used in experiments within the Sanctuary during 2019, as part of MBARI’s observing system development project.

The Dorado class AUVs optimized for seafloor mapping and imaging similarly carry an extensive sensor suite. Since 2006, MBARI's first Mapping AUV has been used to obtain meter-scale bathymetry and high resolution sub-bottom profiles in surveys of submarine canyons, seamounts, offshore faults, gas seeps and hydrate outcrops, spreading centers, and shipwrecks. During 2015, a second Mapping AUV was built and tested. Future seafloor mapping operations will often utilize both vehicles simultaneously. Beginning in 2017, the mapping AUV has also been utilized to image aggregations of forage species in the water column utilizing the 3-dimensional capabilities of the 400 kHz multibeam sonar. The Mapping AUVs are equipped with a 200 or 400 kHz multibeam sonar, a dual-frequency 100 kHz/410 kHz sidescan sonar and a sub-bottom profiler operated with either a 1-6 kHz or a 2–10 kHz sweep. These are all short pulse length systems; 30 microseconds for the multibeam sonar, up to 15 milleseconds to the sub-bottom profiler. For seafloor mapping, these AUVs are generally operated at altitudes of 50–75 m. Water column applications will typically begin at a depth of 20 m or more below the surface. Additionally these vehicles are equipped with a 300 kHz Doppler velocity log (DVL), an acoustic modem (8-14 kHz), and a 27 kHz ultra-short baseline (USBL) tracking beacon. 

Mapping AUV testing occurred in the MBNMS in 2018 in preparation for an expedition to Axial seamount. One small steel drop weight (17 pound) was dropped during Mapping AUV tests.

The Dorado class AUV was also configured with the newly developed i2MAP mesopelagic imaging system in 2016. The i2MAP system utilizes a state-of-the art 4K resolution-capable video camera and LED lighting to conduct horizontal video transects in the water column from depths of 50 to 1000 m. Temperature, salinity, oxygen and light transmission data is collected concurrently. Eleven deployments of the vehicle in this configuration were made during 2018. In 2018, the i2MAP system took over the long-running midwater time-series mission from MBARI ROVs. Nine AUV dives were conducted as part of MBARI’s Midwater Time Series (project # 901221). Three additional i2MAP AUV dives were conducted with the addition of high-frequency (200 and 333 kHz) bioacoustics sensors (project #901807 Next Generation Bioacoustic Dorado) in order to compare the video imagery to the acoustic data.

Long-Range AUV (LRAUV) class
MBARI also operated seven LRAUVs in Monterey Bay during the 2019 season. These AUVs operate from the surface down to 300 meters depth and collect data describing temperature, salinity, oxygen, chlorophyll, optical backscatter, and sunlight penetration, as well as discrete water and filtered and preserved water samples. The LRAUV deployments were in support of the CANON project (#901009), Monterey Bay Time Series (MBTS) (#901112), the Targeted Sampling project (#901513), the Biodiversity and Biooptics project (#901103), and in support of the development of the 3G Environmental Sample Processor (3G-ESP) (#901205).
Additionally, we have been using LRAUVs for developing algorithms for Terrain Relative Navigation (TRN, #600034).

A new LRAUV is also being developed in collaboration with Woods Hole Oceanographic Institute and the US Coast Guard for the detection and mapping of oil spills in the arctic. 

The seven LRAUVs were used during 56 different deployments for a total of 3563 hours offshore, or about five months’ worth of 24-hour-days at sea.

The CANON project conducted two experiments during May and September. The operations were focused in the upwelling area about 25 km west of Davenport and used the 3G ESP sampler to capture environmental DNA. Throughout the year on a roughly monthly basis we deploy one LRAUV to run a survey for the Monterey Bay Time Series (MBTS, project #901112) from just outside Moss Landing to the M1 observatory, then on to the site of the old M2 observatory where the vehicle collects 15 100-ml water samples at discrete depths between the surface and 200 meters depth. MBTS is beginning to transition from a ship-based data collection to unmanned systems in the near future.
[bookmark: _GoBack]The Biodiversity and Biooptics project (#901103) utilizes a vehicle to measure bioluminescence in the upper water column and has mainly been running a diamond shaped track from Moss Landing over Monterey to M1, then toward Santa Cruz and back to Moss Landing.

MBARI is developing a smaller, more specialized version of their Environmental Sample Processor (ESP) for deployment aboard the LRAUV. During 2019, LRAUVs conducted multiple instrument development and sampling cruises fitted with the 3G ESP instrument that also carried an optional SPR analytical module that is being developed primarily for rapid detection of harmful algal blooms. These were 3−10 day missions to survey a portion of Monterey Bay and look for a feature of interest, then park in that feature and collect a time series of up to 60 preserved samples. A portion of the samples was further processed to identify target species or compounds in the water, e.g. domoic acid toxin from harmful algal blooms.

As mentioned earlier, MBARI is developing a new LRAUV for a US Coast Guard mission to detect and map oil spill plumes in the arctic. This new vehicle has a special oil-in-water detector, an acoustic homing system, and a line capture system to allow operations under the ice. After successfully demonstrating the oil detection capabilities in 2018, work in 2019 focused on homing the vehicle to a temporarily anchored mooring, including attaching to it, and acoustic communication between mooring and LRAUV.
In 2020 this vehicle will leave the Monterey Bay to continue testing in frozen lakes in New Hampshire and ultimately the frozen ocean of northern Alaska.
 
There were four events during the 3563 hours the LRAUVs were exploring Monterey Bay in 2019 that the vehicles had to drop their 1.3 kg metal emergency drop weights to safely reach the ocean surface. The approximate location of all of those events is known, but it was not feasible to attempt recovery of those small weights since exact location is unknown, and they are likely buried in the sediment.

LRAUV operations during 2020 will repeat the basic work plan of 2019 with the addition of further work by Senior Scientist Kelly Benoit-Bird, whose main research focus is acoustical ocean ecology. This was originally planned for 2019 but got pushed back by one year.

The LRAUV has been shown to autonomously locate important features like frontal boundaries and subsurface layers of enriched phytoplankton using along-track biogeochemical sensing. In 2020, we will take the next step and “open the ears” of the AUV to identify the animals living in these transient hot-spots of life. We propose to increase the swept sampling volume through the use of dual-frequency (200 and 333 kHz) active acoustics to identify zones of high acoustic backscatter. The new Simrad EK-80 Mini that the Benoit-Bird lab has begun using is both small and low power enough to be fitted as an exchangeable payload on the LRAUV. This is the same instrument by the KBB lab on a Slocum Glider. One of the most exciting capabilities enabled through integration of bio-acoustics aboard the LRAUV is cooperative sampling with other vehicles. With a heterogeneous fleet of vehicles optimized with different sensing and sampling instruments a platform with stand-off bio-acoustic sensing can direct a second mobile platform equipped with a point sampler (camera or water or microbial sampler) to sample these areas of intense activity to understand ecosystem processes. In 2020, deployments will be focused primarily on engineering tests and demonstrations.

Furthermore, MBARI is planning to expand research into Terrain Relative Navigation using LRAUVs. This feature will enable vehicles to locate themselves via sonar over a previously recorded bathymetry map. This will allow vehicles to run much more accurate survey lines over known areas and a much higher precision for survey repetitions. In conjunction with TRN we are also planning to develop inter-vehicle navigation using acoustic communication channels which allow vehicles to orient themselves relative to another vehicle that uses TRN for its own navigation.
These 2-3 day experiments are planned to be conducted at Portugese Ledge due to MBARI having high resolution maps of this area and its unique bathymetry aiding the LRAUV in accurately recognizing its location.
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