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Abstract

The Monterey Bay Aquarium Research Institute (MBARI) is developing an autonomous seafloor mapping capability for deep ocean science applications. The MBARI Mapping AUV is a 21" diameter, 17' long, Dorado class vehicle equipped with four mapping sonars. The primary sensor is a Reson 7100 200 kHz multibeam sonar producing swath bathymetry and sidescan. The vehicle also carries an Edgetech FS-DW package including 100 kHz chirp sidescan, 410 kHz chirp sidescan, and a chirp subbottom profiler with a 2-16 kHz sweep. A single cylindrical pressure housing contains all of the mapping sonar electronics. The sonars are controlled, synchronized, and the data logged using the Reson 6046 payload controller software. Navigation and attitude data are obtained from a Kearfott SeaDeViL inertial navigation system (INS) incorporating a ring laser gyro and an RD Instruments Doppler velocimeter logger (DVL). The vehicle also features acoustic modem, ultra-short baseline navigation, and long-baseline navigation capabilities. The assembled package is rated to 6000 m depth, allowing MBARI to conduct high resolution mapping of the deep-ocean seafloor. The system is designed to work from several support platforms including MBARI's AUV support vessel R/V Zephyr with its associated custom launch and recovery system. We have completed building this new autonomous mapping vehicle and are now working towards achieving regular operations. Our planned missions include surveys of Smooth Ridge (including the planned MARS cabled observatory), repeat surveys in Monterey Submarine Canyon to monitor sediment transport activity, and surveys in the Gulf of California to support future ROV operations. We anticipate involvement in proposals for high resolution surveys of Loihi Seamount and sites on the Juan de Fuca Ridge and East Pacific Rise.
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System Configuration 

The final AUV configuration chosen for MBARI’s seafloor mapping needs is based on the modular Dorado style [1]. MBARI’s Dorado AUVs are made out of plastic fairings 21” (0.533m) in diameter and include modular sections that split both horizontally and vertically. The sections are held together with joining rings and band clamps as shown in figure 1. Currently the vehicle has three main sections plus a special multibeam sonar receive array as shown in figure 2. Each section is slightly positively buoyant from the addition of machined syntactic foam modules.
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Figure 1:  Joining ring between sections

The nose section holds the energy for the vehicle which is comprised of three pressure tolerant, 2kWhr Lithium Polymer batteries. A CTD instrument is mounted in the foremost position to sample the water just outside of the vehicle’s boundary layer. A single beam ranging sonar is mounted up front as well for obstacle detection up to 50m away. A custom epoxy-filled junction box provides ethernet switching, ethernet to serial communications, voltage bussing, and multi-drop serial communications to the subsystems mounted in this section.

The mapping sonar payload is mounted in the mid-section. A chirp sub-bottom profiling sonar (2-16 kHz) and port and starboard sidescan sonar staves (120 and 410 kHz each) are electrically connected to a titanium pressure vessel which houses power supplies, a Windows 2000 computer, and sonar electronics. The titanium pressure vessel also houses a Windows XP computer, which is responsible for running the multibeam sonar and storing all of the payload data. A 200 kHz projector is used for the multibeam system. The actual multibeam receive array makes up its own modular 21” section mounted closest to the tail section.

The tail section is where the guidance, navigation, and control of the vehicle take place. In the fore-most part of the tail section, a ring laser gyro based inertial navigation system with a mechanically coupled Doppler velocity logger (DVL) is mounted. Mechanical coupling to the multibeam receive array is achieved through custom plates to maintain roll stability between the two components. Acoustic communication, long baseline navigation, and ultra short baseline navigation transducers are mounted inside the fairing next. Behind the transducers, acting as a shield, is a 17” diameter (0.432m) borosilicate glass housing, which holds the main vehicle computer, wireless ethernet modem, Iridium satellite modem, ARGOS satellite tracking unit, power converters, and various other electronics to run the strobe light and 10 kg drop weight. At the aft end of the tail section, the MBARI patented propulsion system lies, with a brushless DC motor and gearbox connected to a ducted propeller and two linear actuators which actually turn the duct as a control surface [2].

Design Details
Because of the functional requirement of multibeam mapping large swath widths of 120 degrees with vertical accuracies of less than 0.2% of altitude (150m nominal altitude), a special sonar needed to be selected. Reson’s 7100 series sonar was the only system that could meet those specs and fit into a 21” diameter vehicle. The sonar also needed an accurate attitude and heading reference system, so a Kearfott SeaDeViL ring laser gyro system was selected. The roll accuracy of the gyro is 0.05 degrees, which provides for the needed resolution of the multibeam data. The heading stability along with the 300 kHz DVL integration should give a navigation accuracy of 0.1% distance traveled. Both of these purchased systems also met the requirement of 6000m depth tolerance.

For optimum reliability of the electrical connections between the modular sections, a titanium metal shell connector was chosen with only 10 pins. Two large gauge pins were used for the 26-34 VDC bus, four pins are used for 100 Base-T ethernet, two pins are used for an RS-485 multi-drop communications bus, and the other two were for shields and enable lines. The cable was custom made, with a polyurethane jacket extruded around twisted shielded pairs. Since selecting high quality connectors and cable, no problems have been had with this arrangement. In previous MBARI vehicles and even vehicles at Southampton Oceanographic Centre, many faults occurred with inferior cabling and connectors [3].

Testing and Results
Conclusion
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Figure 2: Dorado style mapping AUV
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