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Objective  Routine acquisition of oceanographic quality science data in Monterey Bay.  This document emphasizes the acquisition of hydrographic survey data, which will consist of high quality conductivity and temperature data, as well as ancillary biological oceanographic sensor data, to be determined.

Precruise Preparation

Preparations may start several days in advance of the proposed mission date.  Approximately 24 hours are necessary to preflight the vehicle in a configuration in which its operation has already been operated.  Additional time is required for the integration of new sensors, or new sensor combinations.  Software integration of new sensors and ballast and trim considerations dominate the time required to prepare a new vehicle configuration.  The vehicle sensor package delivers regulated power at appropriate voltages and supports high quality CTD data acquisition as well as the acquisition of an appropriate number of auxiliary analog and serial data. 

In order to operate the vehicle in the most efficient manner, consensus regarding a vehicle configuration has been reached.  The vehicle has been assembled, tested, ballasted, and trimmed.  Test missions have been conducted in order to confirm vehicle functionality.  Data acquired during test missions have been inspected and ground truthed to the extent possible. 

By the end of the working day prior to the date of the intended operation the following tasks have been completed by a two person vehicle operation team with assistance from a two person ship operations team as necessary.

1. Battery pack charged and installed.

2. All vehicle subsystems deck tested.

3. Deck mission run, payload data inspected for consistency.

4. Test vehicle tracking equipment aboard the R/V Zephyr.
5. Test vehicle operation station aboard the R/V Zephyr.
6. Install vehicle launch/recovery system.

7. Load vehicle aboard ship, prepared for launch.

8. Secure all equipment for sea.

A four person science team is simultaneously loading and preparing equipment – a small CTD rosette, a filter sytem for chlorophyll samples, and a plankton net.

An hour before the ship’s intended departure time the following tasks are completed by the two person vehicle operations team:

1. Vehicle subsystems tested.

2. Vehicle tracking and operations stations powered.

3. Launch/recovery system rigging checked.

4. Log started for the day’s operations

Data Acquisition Missions – Attended

loosely attended mission to M1 [and back]

attended mission to M2

Attended Mission to M-1 

Initial data acquisition missions will be based and attended from the R/V Zephyr.  Auxiliary science sampling will occur from the ship before and after the AUV mission.  This sampling will consist of a cast with a compact CTD rosette.  During the AUV mission the ship will acoustically track the vehicle, so that the vehicle operation team is in constant contact with the vehicle during the course of its flight.  Initial missions will commence at the C-1 hydrographic station (the starting location of the P1 CTD cruises from the R/V Point Lobos) and terminate at the MBARI M-1 mooring.  The missions will probably include an initial excursion to 200 meters at the C-1 station and an excursion to 500 meters at the M-1 mooring.  Periodic surfacings for GPS position updates may be necessary during the course of the mission, depending upon the navigational accuracy required.  The vehicle will execute a sawtooth pattern in the vertical plane during the transit to M-1.  The exact vehicle flight profile is configurable and will be determined by the science team and programmed by the operations team.  Time may permit the vehicle to acquire data during a return leg to the C-1 station; alternatively the vehicle may be recovered by the Zephyr at M-1.

Loosely Attended Mission to M-1

After a sufficient number of successful attended operations have been completed, greater operational efficiency will be achieved by allowing the vehicle to acquire data without continuous (ship-based) acoustic tracking.  Ship-based science sampling will be conducted while the AUV is executing a preprogrammed flight path to a rendevous point.  The vehicle will be launched and tracked during its departure from the vicinity of the ship.  It will be allowed to continue on its mission if the acoustic tracking data indicates that the mission is proceeding normally, acoustically aborted otherwise. 

Upon determination that the mission has properly commenced the ship will move on to its secondary science sampling program, probably along the intended track of the vehicle.  The sampling stations will complement the sampling of the vehicle, serve to ground-truth the data acquired by the vehicle, and allow the ship to remain in the intended vicinity of the vehicle.  Periodic radio transmissions from the vehicle during the course of its mission will be monitored from the ship .  Secondary science sampling will terminate and search for the vehicle will commence upon negative vehicle contact.

Infrastructure for Unattended Operations

The Monterey Bay region has communication, navigation, and logistical infrastructure elements that may be exploited to enhance attended and unattended AUV operations.  These elements include the following.

Communications infrastructure

Communication between the AUV and shore (or ship) will increase confidence and capability of both attended and unattended vehicle missions. Existing and potential communications infrastructure elements include the following:

RF network: Elements of MBARI’s RF network include transceivers on the summit of Mt Toro (elev. 1000 meters), aboard ships and moorings, and at MBARI’s Moss Landing facility. These elements might be utilized by the AUV while the vehicle is on the surface (the vehicle currently carries a 900 MHz radio and antenna). The regional cell phone network could also potentially be exploited.

Satellite --  The AUV can potentially utilize satellites for one-way or two-way communications, if the onboard satellite transceiver and antenna can be accommodated within vehicle constraints. Some of these satellite systems provide near real-time communications, while others are “store and forward”.

Acoustic communications – Existing and planned MBARI moorings can be fitted with acoustic modems for AUV communications. Acoustic modems could also be deployed on future cabled systems in Monterey Bay, such as MARS.
Navigation

Long baseline acoustic navigation transponders can be deployed in an array to allow the vehicle to obtain a precise navigation fix in a limited area.  This may prove particularly useful in allowing the vehicle to remain submerged but in a relatively small area at the inshore rendevous point, where vessel traffic and the proximity of breaking waves present significant danger to the vehicle.  Alternatively the same transponders deployed at the M-1 mooring site would allow for the vehicle to remain submerged (and thus avoid the hazards associated with surfacing – ship traffic, failure to dive, wave action, etc.) for the duration of its mission without sacrificing navigational accuracy.

Logistics

Efforts are ongoing to rebuild the MLML pier.  The inclusion of a davit on the pier will allow for launch of the vehicle and mission initiation without the use of a ship.

MLML marine operations and MBARI operations each have small boats which are capable of tow recovery from the region of the MLA buoy.  The potential exists for the AUV to be recovered without the use of a crane-equipped vessel.

An RDF equipped overwater-capable aircraft is based at Watsonville airport.  Pilot Bob Van Waggenen is expert at locating RF Beacon tagged wildlife and has indicated willingness to attempt to emergency locate AUV on surface of Monterey Bay.

Data Acquisition Mission -- Unattended

AUV missions which are not accompanied by a dedicated support ship are termed “unattended” missions. In these mission scenarios, the AUV will not be accompanied by a dedicated support ship. Rather, the vehicle will be launched from a near-shore platform such as the Moss Landing pier or a ship, and then will proceed unattended to M-1 or M-2. Upon reaching the mooring, the vehicle will turn around and return to the Moss Landing area for recovery. During the mission, the vehicle will utilize elements of the communications infrastructure described earlier. To utilize RF communications, the vehicle will periodically “pop up” to the surface (where a GPS navigation fix could also be obtained). If acoustic communications are available, the vehicle can remain underwater. Data transferred from vehicle to shore will include vehicle location, a summary of vehicle health and status, and perhaps short “snapshots” of science data. In addition, commands may be transmitted from shore to the vehicle. These commands would provide the capability to abort the mission (due to weather, vehicle problems, or other factors), and perhaps the capability to modify the mission profile or sampling strategy.

Distance from C-1 to M-1 is approximately 22 kilometers; estimated roundtrip time is approximately 10 hours. Distance from C-1 to M-2 is approximately 54 kilometers; estimated roundtrip time is 24 hours.

Recovery

Upon completion of the mission offshore the vehicle will be located via its radio modem and beacon and recovered via the dedicated handling system aboard the R/V Zephyr.  Transit to port will follow.  Unattended missions may eventually terminate in a long baseline navigation beacon array near the C-1 hydrographic station.  Mission termination will eventually be programmed to occur near the MLA buoy – in such a case vehicle recovery involve towing the vehicle back into port with a small boat.

Data Analysis/Archive

Upon recovery of the vehicle and return to Moss Landing the vehicle flight and science data will be converted to engineering units and inspected via standard visualization tools. Any discrepancies will be addressed before the next mission.  The day following the mission high quality data from the subset of the vehicle sensors which are mature and of institutional interested will be loaded and archived in a database analogous to that used by the ROVs and Biological Oceanography Group.  A standard set of data products will be produced, and the quality of the AUV data will be assessed through comparison with data acquired concurrently via the moorings and ship-based systems.  Three days after the mission a concise cruise report will be completed noting results of the mission and any special circumstances regarding the mission.  The cruise report will be internet accessible and will become part of the vehicle’s operational record.

