Docking Tradeoffs, some preliminary design decisions, & questions
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Power to Dock Options: 

	Option
	Issues
	Preferred?

	48 VDC
	Easy to convert to other voltages using COTS components.

Not available on MOOS bin now, would require modification to baseline MOOS bin
	

	400 VDC
	Difficult to generate on shore using COTS components (testing issue).  Difficult to step down to usable voltages (AC and DC) using COTS components.  May be reluctance from MOOS hierarchy to allow use of 400V backbone (Mellinger says no problem -- need to talk to Chafey).
	Yes.


Power from Dock to Vehicle Options:

	Option
	Issues
	Preferred?

	24 VDC
	No advantages apparent.
	

	48 VDC
	Very easy if using 48V supply from MOOS/MARS.  Lower loss in conversion efficiencies, since the AUV can use the 48V for charging.  Easy for on-deck testing.  However, could require high DC amperages (actually only ~1 amp at 40W charging rate).  Also, could lead to quick contact corrosion if there is a water leak to the pins during charging.
	

	400 VDC
	Removes complexity from dock if dock is receiving 400 VDC from MOOS/MARS bins.  However, requires more conversion hardware on AUV, and is difficult to supply from ship, for testing.
	

	34 VAC
	Easy & efficient to generate from 48VDC, but does not allow for COTS components.  Less convenient on shore for on-deck testing.
	

	110 VAC
	Easy, and only marginally less efficient to generate from 48VDC, allows for the use of COTS components for multiplexing data over power.
	Yes.

	Inductive
	Connector-free option.  However, power losses would be significant and unacceptable for MOOS, which may allocate only 20W to the dock/AUV, virtually all of which is required for charging the AUV.  
	


Communication from MOOS/MARS bin to Dock Options:

	Option
	Issues
	Preferred?

	4-wire Ethernet
	No major issues seen.  Allows for high-speed data transfer up to 100 meters (up to 300m in practice).
	Yes.

	Optical Ethernet
	Cost and reliability issue.  
	

	RS-232 + PPP
	Allows for longer distances (up to 500m in practice).  But lower bit rates, and not available from MARS.
	

	RS-485 + PPP
	Allows for longer distances (up to 2 km in practice).  But lower bit rates, and not available from MOOS or MARS.
	


Communication from Dock to AUV options

	Option
	Issues
	Preferred?

	4-wire Ethernet
	Connector issue, and requirement to switch additional lines on AUV and Dock compared to other options.  Otherwise, very simple.  May keep as an option for on-shore communication with AUV.
	(shore option)

	Optical Ethernet
	Cost and reliability issue.  
	

	IrDA
	Advantages of non-contact, and capability built into AUV controller.  However, requires a high-pressure window to stay IR-transparent for long periods of time.
	

	WiFi
	Limited transmission range in water.  Power draw may be unacceptable for MOOS, which may allocate only 20W to the dock/AUV, virtually all of which is required for charging the AUV.  May keep as an option for ship communication to surfaced AUV.
	(surface option)

	RS-232
	Slower than Ethernet, same issues (actually, only 2 wires rather than 4)
	

	Ethernet over 110VAC
	Simple COTS solutions for MARS, ship and shore.  May need custom, lower power option for MOOS.  Uses same conductors as 110V AC.
	Yes


Energy storage for Dock (issue mainly for MOOS).

Comments:  MOOS is promising us only 20 watts average daily power.  With 1 mission a week lasting 18 hours, and 60% charging efficiency, this would allow us to use 1800 w‑hr per mission (allows 60W hotel load at 2.5 kts using K=29).  Please note that charge controller could charge AUV very slowly, by charging one cell at a time, at a very high rate.

	Option
	Issues
	Preferred?

	No Energy Storage
	AUV is charged only when sunlight is hitting buoy or when wind generator is operational.  Highest energy efficiency, since no losses on buoy or dock.  However, some storage required to keep dock alive.
	

	Energy storage on Dock
	More costly than storing energy on buoy.  However, allows for high-current transfer from dock to AUV.  Would require ~1 AUV battery load on dock.


	

	Energy storage on Buoy
	May preclude sending large currents to rapidly charge the AUV, but would prove low cost surge storage.  Energy losses in cable when sending large currents probably less than storage loss using both buoy + dock-based batteries.
	Yes

	Energy storage on Buoy + Dock
	Large efficiency losses in double energy storage.
	


Dock Functions

	Option
	Issues

	Turn AUV power on/off
	Power off if:
1) No AUV docked (magnetic proximity switch)

2) No AUV coil detected (reactance measurement)
3) Ground fault

4) Excess Current in AUV charging mode

5) Command from shore

	Monitor and report to shore
	1) Voltage + Current In (400 VDC)

2) Voltage + Current Out (120 VAC)

3) Status of proximity switch

4) Ground fault status

5) Coil reactance test results

	Assist with homing
	Via separate, standalone acoustic transponder

	Failure Recovery
	1) Acoustic release at anchor

2) Flotation adequate to recover flooded vehicle

3) Clean underwater de-mating of dock-bin connector


Trawl Resistance
	Option
	Issues
	Preferred?

	Truncated pyramid
	If it's big enough to accommodate the AUV, then its big enough for nets to sag into it..
	

	Surface Expression
	If powered from a MARS bin, then there's probably no surface expression
	When Possible

	Depth
	Locate dock below 1000 meters, where there is little trawl risk
	When Possible


Unanswered questions / issues:

How to achieve clean underwater de-mating of dock-bin connector?  Is it Tiburon (single arm) compatible?

How big is the maximum watch circle, for a mid-water dock (drives USBL range)?

Do we power the USBL transponder from the dock, such that a failed dock would cause transponder to cease?

Where does the AUV go if there is a dock transponder failure?

Where does the AUV go if there is a dock communication or power failure?

