Summary of Capabilities from Concept of Operations 2001 

Authors: Gashler

Version: 1.0

Date:  17 December, 2001
Modifications:
Capabilities indicated by Conops

Initial concepts of operation for different style missions have been completed.  Each of the concepts implies certain vehicle system capabilities.  Some of these capabilities extracted from each concept of operations are listed for each mission type in no particular order.

Dorado Hydrographic Survey (Routine local hydrographic survey)

Reliable performance leading to unattended operations.  

Cost does not preclude unattended operations

Vehicle recoverable in sea state moderate

Able to reliably acquire GPS while minimizing time at risk on the surface.

Configurable science data payload.

Missions configurable at sea.

Core science data handling system

Vehicle performance data handling system

Bioluminesence/Ocean Complexity (Expedition style hydrographic survey)

System is field mobile

Vehicle is field/deck serviceable

Configurable science data payload

Vehicle deployable/recoverable in sea state moderate

Missions configurable at sea

Reliable performance leading to unattended operations

Cost does not preclude unattended operations

ALTEX (Expedition style extended duration operations)

Vehicle deployable/recoverable from ship with high freeboard

Sufficient energy storage onboard to allow endurance mission length tbd

Buoy data transfer operational

Buoys operational through 1 meter of ice

Vehicle can find thin ice/open water

Extremely reliable performance leading to extended unattended operations

Vehicle can navigate to ice free rendevous point for recovery

Deepwater Multibeam Survey (Expedition style deep mapping operations)

Endurance operations – diurnal cycle?

Reliable performance

High speed unpowered dive/ascent?

Extended, remote operations (many consecutive days)

Minimum vehicle service personnel required (valuable expedition bunks/data intensive)

Service requirements do not preclude 24 or 48 hour operations cycles

Field maintainable/serviceable

Deployable/recoverable (valuable ship time)

MOOS Mooring (Event response/multiple operations from docked location)

Extended subsurface survivability (resistant to fouling)

Existence of communications/power/mechanical link to dock

Capable of in situ battery charging

Capable of navigating to mooring/dock vicinity

Capable of terminal homing to dock

Able to join wider network

Able to communicate through network to shore side operating station

Common Requirements

Four of the operations styles above have the requirement of extended, unattended operations either allowing the support ship to conduct additional sampling, or eliminating the support ship entirely.  The MOOS system requires the vehicle to remain submerged for long (weeks to months) periods of time and then operate in an unattended fashion.  Target missions durations are on the order of 24 hours for the Dorado hydrographic survey and up to 10 days for the ALTEX arctic mission. The multibeam survey and bioluminesence survey both imply expeditions of many consecutive days of extended operations, perhaps on a diurnal cycle.  MOOS mooring operations imply extended deployments at a dock with periodic excursions from the dock.  Some implications of these requirements are listed below.

Vehicle size scale

The requirement to perform extended missions of 24 hour (and greater) duration on a regular basis has implications for the size scale of the vehicle, the reliability of the vehicle, and the cost of the vehicle.  Current battery technology, the AUV requirement for neutral buoyancy, and the assumption of vehicle total power of 200 W dictate a power section with a total mass of about 70 kg.  This implies a total vehicle mass on the order of 200 kg.  The minimum size scale is that of a motorcycle – several people can lift it if necessary but some handling equipment will be part of the system. Requirements for greater endurance will be met at the cost of greater size of the vehicle.  The larger size scale implied for the ALTEX vehicle are on the order of 600 kg.  The size scale of this vehicle is that of a large garden tractor – it can be rolled by several people but probably not lifted.  Handling gear of nominal capacity will be required.   

Reliability

Performing extended missions on a regular basis implies an advanced level of reliability.  Aborted missions due to vehicle system malfunction should be very rare, on the order of 1 failure in 100 missions.  The probability of permanently losing a vehicle during the course of a year’s operations should be less than 5 %  (Probability of operating 5 years consecutively without a loss = 77%).  The cost of the vehicle should not be such that the loss of a vehicle would be a devastating blow to the vehicle program or should be mitigated through insurance.

Configurable

Hydrographic style missions with different principal investigators, and well as the range of missions proposed imply a configurable vehicle.  The same vehicle must support different payloads and the same payload must support different instrument suites.  

Navigation

In order to recover the vehicle in a timely fashion at the end of a mission it must be able to proceed to radio range of the support vessel or recovery system.  In open water periodic, reliable, GPS fix acquisition can provide the necessary accuracy at the cost of putting the vehicle at risk on the surface.  Ability to acquire a GPS fix reliably at the end of a mission effectively increases the radius of visibility of the vehicle to the radio modem range of the between the vehicle and the ship.  The ability of the vehicle to stay within the navigation requirements of the mission while remaining submerged will enhance the reliability of the system by avoiding the risks associated with surfacing during the course of the mission.  Different science missions will have different navigational requirements, with the mapping system expected to have the most stringent requirements.  The navigation requirement of the hydrographic survey mission will probably be about 3% of the distance travelled by the vehicle.  MOOS docking system will presumably include some sort of terminal homing system for the mating of the vehicle to the dock.

Field serviceable

Expedition style operations imply that the vehicle is capable of being serviced and maintained at sea for extended periods of time (10s of days) with a minimum of number of AUV specific personnel.  It must be capable of surviving on deck for an extended period of time or being able to be moved to a laboratory area on the ship.  It must be capable of being turned around between missions on deck or capable of being moved to a laboratory area of the support ship.  The limiting factor regarding vehicle turnaround at this point in our experience with the ALTEX vehicle has proven to be the battery servicing.
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