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Pre-deployment: Vehicle capabilities needed to be in place prior to operation 
Operations preparation

· MOOS dock in place

· Local licenses in place for long term placement of dock and vehicle

· AUV Ops staff and maintenance capabilities 

· Dock to shore communications in place  

Vehicle preparation

Two Weeks prior to Deployment: 

Preparations for Dorado AUVs deployed to MOOS docks follow a similar procedure to all AUV operations. The vehicle is assembled in the lab and each sub-system built up until the entire vehicle is assembled and ready for test as an integrated AUV. The configuration and payloads are recorded in the vehicle journal. The vehicle is placed in the test tank and ballasted over a one-day period. The ballasting information is written in the vehicle journal to create a long term record of weight and balance for various configurations, plus to have a record for comparison to previous configurations. Once the AUV is ballasted a sample mission is run in air. The mission, for MOOS docking vehicles, always includes a check of the latch and the behaviors used for docking. The science payload is also given the appropriate tests. 

One Week prior to Deployment: 

The vehicle has passed the integration checkout and the pre-dive checklist is once again checked for a wet test in the test tank (or at dockside). The vehicle is lifted into the tack and restrained in as appropriate manner allowing for the required testing. The vehicle has now completed all of the quality checks needed to approve loading onto the Zephyr for deployment.  within the tank. begin the process three weeks in advance of the deployment date. Each vehicle will be fitted with the docking hardware and checked out in the test tank for functionality. The vehicles are not necessarily the same for each docking location but all have been checked for compatibility and able to dock at any location. 

Two Days prior to Deployment (mobilization day):

The AUV is transported to the Zephyr and loaded onto the launch / recovery mechanism. The vehicle systems are checked once again with the Zephyr in the loop. The Zephyr systems are used to verify the vehicle is able to communicate (wireless), the navigation systems are functional, and the otherwise verify the vehicle is ready for deployment after being moved and loaded. The necessary equipment for the deployment is secured and the vehicle is lashed down / restrained for ship transport to the launch coordinates. A meeting is called for the ship, AUV, and MOOS personnel involved to review the vehicle, ship, and MOOS Dock status along with the deployment plan. The team agrees to meet at the ship for departure and to leave the dock at the prescribed time to make the deployment schedule. 

One Day prior to Deployment (mobilization contingency day):

The team carries out any last minute details and the AUV team makes final preparations for the vehicle deployment. Ships crew verifies weather, secures ship for sea, etc., MOOS and science personnel verify dock is in order communicating properly. If anything is not in order the team reacts to rectify the condition to the extent possible. 

The Operations: 

MOOS has five distinct operations / missions* (Concept of operations): 

A. Regularly scheduled missions and surveys

B. Event response with human in the loop 

C. Autonomous event response 

D. Maintenance (including deployment and recovery)

E. Act as a data courier for remote benthic instruments

*Each of the scenarios can be either single or multiple vehicle operations. 

Concept of Operations – A:   (Standard missions / surveys) 

The AUV is docked to the designated MOOS docking station
. The vehicle has downloaded its data, status, and other information as required. The AUV has also recharged its power source and has alerted the MOOS system it is ready for deployment.

The AUV goes into a sleep mode and awaits further instructions. On a periodic basis the AUV awakes and issues a notice about its status and readiness. Once the MOOS staff or system have determined a mission a new or existing script is written for download to a selected AUV. The MOOS system awakes the selected AUV on the prescribed dock and verifies status. Once the ready status is confirmed the MOOS system selects either to use the previous mission, enter a new mission, or requests an older mission from a mission library. The AUV processes the mission request and verifies the mission it is planning on executing. The MOOS system can either modify the mission or accept it as stated. Once the MOOS system is satisfied the mission is correct it initiates the mission start. The vehicle becomes fully awake and does a self-check for functionality, this data is sent back to the MOOS system and departure approval is given. The AUV departs from the dock and transits to the selected location for this mission. Periodic data samplings are sent back to the dock or another receiver in the MOOS system to verify quality. If communications are impaired the vehicle performs quality checks to the extent possible. If communications are in place the MOOS system can decide to change mission parameters or execute a new mission. The AUV will acknowledge the receipt of the communications and execute the new orders. Once the AUV has executed the new plan / parameters it issues a status message verifying the changes have taken place. 

Once the mission has completed the AUV returns to the designated docking station. Note: the designated docking station does not have to be the original launch docking station. The vehicle homes in on the appropriate dock and establishes communications that it is coming into dock. Permission is given by the MOOS system to dock and the order is executed by the AUV. Once docked the vehicle maneuvers as needed to connect with the dock. The dock engages and establishes power and communications with the AUV. 

The AUV at this point allows several options to be exercised. The vehicle can either begin a standard data download, or it can be directed to give some data sub-sample for quick transfer. The data is eventually completely downloaded and backed up, including all the vehicle parameters, meta-data, and status information. The vehicle goes into a sleep mode while recharging with periodic “wake-ups” to issue readiness statements. 

The AUV can be directed to launch by MOOS even if it is not at 100% readiness. This may be needed in the vent of sharing a dock in an event response scenario or for maintenance reasons. The vehicle also has safety mechanisms to prevent self-destruction, such as power monitoring which (as calculated by the vehicle) will shorten a mission and / give it sufficient margin of safety to return to the designated dock.    

Mission durations are easily selected from a minimum of an hour or less to 24 hours. Payloads include all the current instrument suites in use by AUVs and the MOOS user has readily available information about the vehicle configuration during the mission planning sessions. The AUV is highly reliable and data transfer at the dock is robust enough to handle interruptions due to environmental or other disturbances, this ensuring minimal loss of science data. The data system has robust behaviors such that data is protected until the MOOS system user / autonomous server releases the data space on the vehicle. 

The vehicle also offers a series of preprogrammed missions for science / MOOS users to select or modify. Common missions easily selected for surveys include: (See Appendices)
A. “mow the lawn” as described in MOOS Functional Requirements section 6.2.1.1 “Are nutrients resuspended during coastal upwelling?” 
B. “map a front” as described in MOOS Functional Requirements section 6.2.1.3 “What processes force along-front flow, cross-front exchange and enhanced vertical flow at fronts, and what are the consequences of these processes?”
“trace a water mass” as described in MOOS Functional Requirements section 6.2.1.2  “How far are nutrients transported offshore during upwelling?” and section 6.2.1.4 “What is the biological response to upwelling?” and section 6.2.3.3 Water Column Measurements:
C. “follow a temperature profile”
D. “Act as a data courier for remote benthic instruments” as described in MOOS Functional Requirements section 6.2.3. “Use Scenario 3: Active Mid-Ocean Ridge Processes”
In the event of failures the vehicle has a hierarchy of responses to select from. If the data quality is outside of set parameters the vehicle can either continue or return, this is decided by the MOOS system user. If the vehicle is unable to return due to low power, broken propulsion, loss of control, or other unforeseen condition the AUV executes a series of safety measures to attempt contact. The vehicle defaults to surfacing and attempts to make contact to the MOOS system user. The vehicle establishes a link such that data transfer and location are both in place. In the event of a completely dead vehicle the system has passive location capability for an extended period, approximately one week has been estimated.  Additionally, the vehicle (once on the dock) is readily available to the MOOS system users desktop for data access. 

Multiple vehicle operations are no different except that vehicles can pass information between themselves for the purpose of mission control and data relaying. Multiple vehicles are programmed to execute a coordinated mission plan. If required, the vehicles pass relevant data between themselves for purposes of enhancing the data set (e.g. several vehicles work along the edge of large front and want to spatially cover a larger area but have common data points at the boundaries to assist with data reduction). 

Concept of Operations – B: (Event response with human in the loop)
The vehicle is in position and ready as outlined in ConOp A. The MOOS system user gains knowledge of an event significant enough to reallocate resources. The prescribed vehicle is contacted, either on the dock or during a routine mission as outlined in ConOp A, and given new instructions. The instructions include new coordinates, new mission parameters, and behaviors as required. The vehicle acknowledges receipt and sends a reply that it is reconfiguring. Once the vehicle has successfully reconfigured the vehicle responds to the MOOS system that it is executing the prescribed mission. The data stream includes an estimated mission duration based on the current available power. During the mission the vehicle continues to send data samples for quality check by the MOOS user. If communications are broken the vehicle complies with ConOp A and attempts data checking to the best of its abilities. This ability is continuous, it is only limited by the vehicle to acknowledge one set of commands at a time. (Note: an assumption is made here that the MOOS system will prevent conflicting commands or multiple user commands to the same AUV). 

Once the mission is completed the vehicle returns the designated docking site. The vehicle follows the procedure outlined in ConOp A. If multiple vehicles are designated to a particular dock, the vehicle use one of two methods to dock: 

1. The vehicles all park on the docking system and take turns downloading data and recharging. 

2. The vehicles, through communications with the MOOS system, are reassigned to other docks. 

Concept of Operations – C: (Autonomous event response)
In this scenario the vehicle performs all of the same functionality as in ConOp B except that the system is self-determinant. Once an event is detected the MOOS system selects the desired AUV and follows the same operations as outlined in ConOp B. The MOOS system awakens the vehicle and establishes the vehicle’s readiness. The new mission is downloaded and the regular procedures are executed. The vehicle performs the same download and replies back that it has successfully accepted the mission. Two-way communications are also available for modifications of the mission plan should the MOOS system user wish to intervene. It is assumed here that the MOOS system will notify the MOOS system users and so forth without AUV intervention. 

Concept of Operations – D: (Maintenance)

Ship Launch 

The Dorado docking AUV is launched in the exact same manner as any other MBARI AUV. The vehicle is prepared as outlined in the first section of this ConOp. The vehicle is transported to the site of the dock it is initially assigned to as prescribed. Once on site the team readies the vehicle by starting the power system and bringing up the main vehicle computer. The AUV responds to all of the final checks in a positive manner and the vehicle is ready for launch. The captain and AUV operations lead make the final call based on weather and other conditions. The AUV launches using the MBARI L&R system on the Zephyr (this does not preclude the use of a ship of opportunity). 

Docking

The MOOS docking AUV move to or return to the approximate location of the dock (based on navigation initial knowledge given or collected over time). Using a search interrogation system the AUV will locate the dock and orient itself as required to perform the docking maneuver. Upon approaching the dock the vehicle will extend its docking mechanism and latch onto the dock. The vehicle will then position itself properly to mate power and data connections. The dock has no moving parts and only supports location sub-systems in a responsive manner based on AUV interrogations. The docking system will accommodate a variety of vehicle lengths based on payload and power configurations. The vehicle also allows for the dock to accommodate other vehicle types, therefore the docking portion of the vehicle should not cause other AUV types to be precluded from using the MOOS docking system.    

Ship Recovery

The Docking AUV is recovered in the same manner as any standard AUV. The AUV is given the command to surface and be recovered. The Zephyr’s dock is readied and the team takes its stations for recovery. The vehicle supports the more traditional methods of recovery from ships of opportunity also should the Zephyr be unavailable. The vehicle is tracked on its accent by one of the AUV team. The team on deck has readied the recovery system. The team starts to keep an eye out for the vehicle as the navigation / tracking team member calls out bearing and distance. 

Platform Turnaround

The MOOS docking AUV has regular maintenance. As the docking systems are scheduled for maintenance the AUVs are matched on schedule. 

The team has met and discussed the mission. The ships crew and AUV team each know the tasks they have to perform to recover the AUV and docking station. The ship transits per the usual protocol and gets on site. 

Once on site the AUV is given a recovery mission. The vehicle responds with an acknowledgement and executes the mission plan. After the allotted time (variable based on depth) the vehicle ascends and mates to the recovery system. The vehicle is brought on board and properly stowed. The docking system is then recovered in due fashion per MOOS systems design. The systems are secured and the Zephyr heads for home. 

Several days later (TBD)
The procedure is reversed to put a replacement / turn-around dock in place. Once the dock is in place the procedure outlined in ConOp A is followed. The vehicle is taken to the site and launched per normal procedure. The vehicle descends to the dock and establishes communications. The MOOS docking system acknowledges the AUV and gives the proper permissions required for docking. The AUV docks and establishes power and data connections as stated previously. The data is read and verified on the Zephyr by the AUV crew prior to leaving the site. 

Appendices: (Taken from MOOS Functional requirements Document – Version 4)
3.3 AUV Measurements

A continuous and event response mapping capability is required for this experiment.  For the purposes of this use scenario, we are assuming that this capability will be served best with an AUV although other platforms should be considered.  Both mapping capabilities would require a navigation accuracy on the order of 10 meters in all three directions to provide adequate map resolution.

3.3.1 AUV Instrument Suite

We would like to include instruments from the following list.  ISUS for sulfide, nitrate, organic carbon and bromide, O2, FE digiscanner, rapid osmo-sampler, transmissometer, CTD, ADCP. When sensors/samplers become available for microbial or larval determination, these would be added to the package.

.

3.3.2 Continuous Mission Profile

Continuous missions would be run on the order of once a week.  As described above, most events of interest can be clearly identified for at least 2 – 3 weeks after the event and in some cases several months. For the purposes of this use scenario we are describing the most desirable sample rate.  The spatial extent of the continuous mission is shown by the smaller, 10km by 20 km  yellow box in Figure 2.  A single lawn mower pattern at a depth of 50 to 200 meters above bottom with transects spaces about every 3.3 km across the ridge axis would give a mission length of 100 km (4 legs * 20 km/leg + 3 legs * 3.3 km/leg + 10 km return to dock).  At 3 knots, this would be a mission length of 18 hours.  Assuming a vehicle which requires 250 watts to run and power instruments, this would imply an energy storage capability on the AUV of 4500 watt-hours and a energy recharge source capable of delivering a continuous 30 watts to the vehicle to meet the desired 1 week mission period ( (18 hours * 250 watts) / (168 hours – 18 hours) ).  For comparison, the current M1 solar panel system provides approximately  5 to 10 watts at the surface as a worst case during the year.  

3.3.3 Event Response Mission Profile

An event response mission would require covering the larger black box in figure 2 at 4 discrete depths.  The box is 20 km by 60 km with AUV runs at 250, 500, 750 and 1000 meters off the bottom.  Using the same lawn mower pattern described above for this geometry gives a 1042km mission length, clearly a challenge for most AUVs (any AUV except ALTEX?) using current technology.
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� The docking station can be on a benthic instrument node (BIN) connected to a mooring or shore cable, or be placed on a mooring anchor line near the seafloor.





