General Note on MBARI Dorado:

The Dorado was conceived as a modular AUV which could be applied to a broad range of science missions. Modularity is found both at the “hull segment” level (tail sections, mid sections & nose sections), as well as at the subsystem level (energy, nav, propulsion, etc). Various components, including full hull sections as well as individual subsystems, can be swapped around as required for various missions. This makes it a little difficult to fit things into a clean tabular representation. For the purposes of your needs, I’ll group our AUVs into two classes, based on the two broad categories of missions we are currently performing. The first category is our “CTD” vehicle, which performs upper water column hydrography; and the second category is our geophysical mapping AUV, which performs bottom and sub-bottom mapping mapping using a combination of active sonars.

Breakdown of MBARI CTD AUV

Cost range (base vehicle) - $350k (includes compass/dvl nav, propulsion, computing, and 6kwhr of battery; does not include bulk of science instruments)

Tactical Readiness Level (if designated) (I estimate “7” for both:  equates to “systems protoype demonstration in a flight/space, e.g., operational, environment”

I’m use to “technical readiness level” from my NASA days, but I’ll assume the navy definitions are similar. TRL for this AUV is 7. We operate it regularly to gather data for science customers.

Power Details (please specify battery type(s))

Propulsion load - 120W @ 3 knots, 300W @ 4 knots (top speed)

Hotel load (limiting) Watts – 70W with hotel load including basic instrument suite:

1. dual SBE3/SBE4/SBE5 pumped CTDs with dual SBE25 boardsets

2. SBE43 DO sensor

3. ISUS optical nitrate

4. Hobilabs HS2 OBS/Fluoro

5. flow cells

6. UCSB bathyphotometer

7. Sequioa Scientific LISST

Control, Sea-keeping

Command and control – (e.g., pre-programmed only/underway file xrf/underway other)

Seakeeping: (e.g.,:

survivability in sea state X 

stability as survey platform in sea state Y 

tolerates Y-kts of current

tolerable seawater density range)

· Not sure of surface sea state survivability

· Do you mean stability while on the surface in sea state Y?

· Vehicle can operate at up to 4 knots of speed through water. Depends on how fast you want to get there.

· Vehicle is statically ballasted with 2kg to 5kg of positive buoyancy, and displacement is about 350kg. Based on that, we could tolerate a .5% change in rho and still float. We carry a 5kg dropweight, though, so we could still float at the end of a mission.

· Ability to be re-programmed via Iridium modem (have this capability, don’t really use it)

COMM/NAV system details

Navigation hardware, vendor, model: 

GPS – Garmin DG16 or Novatel

INS – not in this vehicle

Mag, compass – Crossbow DMU-AHRS

DVL/SVP – RDI 300khz, use CTD to develop sound velocity

Obst Avoidance/forward look sonar - nonw

Advertised navigational accuracy depending on sub-systems used, e.g., DVL aided INS –   

· RDI advertises 1% DT, in practice we see more like 3% to 5%

Communications hardware:  

Type of RF communication means available, e.g., wifi, 900MHz LAN, UHF,

 Orbcom, Iridium

· 900 MHz freewave LAN bridge, iridium modem for over-the-horizon

Type of acoustic communications system used, e.g., Benthos, Kongsberg, WHOI

· none (basic vehicle ops mode is unattended, so we don’t require

DATA-related details

Sensor list – other than comm./nav related, e.g., multi-beam, SAS, sub-bottom profiling,

1. dual SBE3/SBE4/SBE5 pumped CTDs with dual SBE25 boardsets

2. SBE43 DO sensor

3. ISUS optical nitrate

4. Hobilabs HS2 OBS/Fluoro

5. flow cells

6. UCSB bathyphotometer

7. Sequioa Scientific LISST

Time/space registration:  (e.g., WGS84, UTC) – WGS84/UTC (derived from receiver and computer clock). Since we’re gathering phys/bio data, most important parameters are depth/density/pressure

Data formats (both raw from vehicle and processed versions), e.g., compressed binary, ascii text message – vehicle produces binary log files. Converted to NETCDF when data is downloaded

Data access and limitations (both underway telemetered and post-deployment), e.g., full non-acoustic sensor suite data telemetry, omni-hydrophone power spectrum telemetry; 80GB flash drive – post deployment accessible

· Data is accessible over freewave or iridium when vehicle on surface. Limited by RF bandwidth (56KBps over freewave)

Data on-board processing capability available  (e.g., micro-computer type)

· On-board computer runs unix-like OS, all real-time data available through CORBA-like interface. Simple C modules can be written to process data in real time (and modify control behavior).

ILS details

Launch vessel minimum approximate length required (estimate 120’ for Seahorse, 50’ for Dorado)

· CTD vehicle can be towed out and harbor launched. Required minimum of 17ft of deck space and frame capability to at least 2000lb. Smallest vessel we have worked off of is 65foot converted fishing vessel.

Pier-side deployability ( I have that both Seahorse & Dorado are NOT able to do this)

· Not sure what you mean by this. We used to tow our altex/dorado vehicle out of the harbor when we didn’t have access to a boat we could deck launch from. We probably wouldn’t try and joystick the vehicle out of our harbor because of dangerous currents near the jetty.

Handling system availability – e,g, does vendor have a handling system or has one been engineered for the AUV (have SSGN handling, and Dorado’s handling system in mind already)

· We have a dedicated L&R built for our main support ship. We also have a ramp we use from other vessels, such as the Sproull

Fault toleration 

Situations monitored – e.g., unintended surfacing or obstacle encounter, low battery, leak

· Humidity in all one atmosphere housings, low battery, altitude, and depth are all checked and abort is triggered if they exceed programmable limits. The mission also aborts if GPS fixes are not received when expected. All abort conditions start a programmable timer, which will burn the wire and drop the emergency weight unless the operator intervenes.

System +/or sub-system failure – e.g., battery fault, computer lock-up, control surface or power system failure

· Hardware watchdog in propulsion shuts off prop if main comuter does not reset it.

· Depth envelope behavior triggers abort if vehicle is driven beyond preset depth/altitude range.

Actions available – e.g., surface, beacon/emergency RF, scuttle

· Basic response is to burn wire and shut off prop if any exception conditions named above occur. Vehicle transmits iridium messages at pre-set intervals (15 minutes in current code) if satellites are in view. 

Condition of vehicle-critical systems when others are in faulted state – what systems will try to operate despite other failures

· Everything except for the propulsion package runs normally in faulted state. All normal data is logged to aid in debugging.

Shipping method(s) available, e.g., ISO containers for: vehicle, interface systems, repair kits

· 96” hardig coffin crates for vehicles, other road crates for support gear. Batteries are an issue (probably need to remove for shipping)


Hull resilience to impacts outside container – relates to shipboard handling worthiness in high sea-state

· Hull is .25in thick ABS braced on mid-line with reinforcing band of more ABS. Very tough, like a whitewater canoe. Holds up well.

Lifting methods available (nose-1 point, 2 point, harness, etc.)

· Single point lift with nose tow point (nose tow point is strong enough for ramp recoveries)

Manning (crew size to maintain a forward-staged, e.g., shipboard, fleet)

· Depends on op. We run 10 hour missions with one AUV operator, who doesn’t do much of anything during the mission.

Maintenance schemes available:  (e.g., 

kit, 

vendor support packages 

special tooling

· Still developing this. We have fairly large scale FRUs, like propulsion, DVL, science instruments. One atmosphere components require cracking housings to replace failed components. We carry spares for all one atmosphere components as well as all wet cabling runs.

Projected AUV capabilities in next 4-8 (as appropriate)
Higher density energy systems

Docking to enable long-term deployments in observatory settings

Pier launching and recovery

Low speed operations

Imaging capability

Key areas of design focus; market focus

