AUV Docking Meeting Notes from 08 & 09-Dec-2004

Day 1: Visit to Bluefin

Present (throughout the day): Jon Erickson, Michel Godin, Thomas Hoover, Lance McBride, Frank van Mierlo, Ian Monteith, Richard Wilson, Chris Smith, Bluefin staff.

We began the day with an informal discussion with Frank Mierlo, where Frank broadly described Bluefin's capabilities and products and we described our objectives in the Bluefin visit.  Other highlights:

· Bluefin is planning to investigate docking soon.  

· Standard depth ratings: 9” - 200m, 12” either 200m or 1200m, 21”: 300m or 3000m

· The 12” design is considered by Bluefin to be the next generation improvement over the 21” vehicles.  The design appears to have a more standardized drive train and chassis than the 21” vehicles, while still allowing custom front ends.

· The 9” design uses the same electronics housing and tailcone as the 12” vehicle, but with a standard set of sensors that are not intended to be customized by end users.

· Both the 9” and 12” vehicles are flood-fill.

· Blunt nosed Bluefin AUV's have less drag than conical nosed vehicles.

· Their latest non-INS navigation software has resulted in improved real-time navigation (~0.5% of distance), and improved post-processed navigation (0.2% of distance). (Older software resulted in values of ~ 1% and 0.4%)

· They consider their new tail cone to be a major advance over the current state of the art (without presenting any field data to back of this claim)

· Frank considers our goal of cutting costs from $400~500K to $200K completely unrealistic without several major breakthroughs. These breakthroughs may include battery systems, but that would be driven by the portable electronic device industry, not Bluefin or MBARI.  

We then had a tour of their facility, where we were able to see their lazy-susan based assembly stations, and several hardware systems, including:

· Batteries, including a smaller-form 3 kWh battery

· 12” vehicle externals

· Common internals for 9” and 12” vehicles

· Integrated DVL (for both 21” and small form factors

· Next-generation tail cone

· 21” tail cone testing. 

After the tour, we met with Ian Monteith, who was there to answer our questions about the 21” vehicle design.  In reality, we discussed all of the Bluefin vehicles.

We then met with an engineer (I did not catch his name) who gave a quick presentation on the new tail cone design.  I found the seal on the gumball to be robust, but also wonder whether it will become too stiff to work correctly at depths on the order of 1000's of meters.

Over lunch, which was in the company cafeteria with the whole company, we all introduced ourselves, and Thomas presented a slide show of his EOD robotics experiences in Iraq, which was well received.

After lunch, we met with Chris Smith, who described the Bluefin software.  In a nutshell:

· Planner was described as the mission planner, which uses a graphical (nominally GIS-based) interface to assemble a sequence of “behaviors” to generate an XML-like file of commands that “Huxley” uses to implement the mission.   While we were shown the code though an XML-browser like application, we were not actually shown the “script”.  Chris appeared to be sensitive about this issue.

· Dashboard was described as software used for vehicle checkout, but not necessarily for mission planning or analysis. 

· They claim to borrow their user-interface paradigms from the market-proven methods employed in the most popular video games.

· Huxley is the AUV control software.   It implements the behaviors defined in an XML-like script generated by the planner software.   A single behavior may be something like “perform measurements along a track”, which may be defined with beginning & ending positions and speed.  Beyond the obvious, the behavior implementation may also include an ascent to surface, GPS fix, and position/& speed initialization.

· Each sensor, the navigation code, and the behavior implementation code runs in its own processes, developed through the SDK.

· Data flows from sensors to the computational processes through the Stream Oriented Message Architecture, or SOMA, which is designed to always deliver the latest data from a sensor when data from that sensor is requested.  (How is older data requested?)

· Lantern is a post-mission analysis package.  Currently, it is configured for mine countermeasures work, but Chris envisioned it developing into a more widely applicable package, possibly with a “toolkit” for developing one's own software from Lantern components.  We were shown a demo of Lantern, which was able to show the difference between the mission as planned and the actual mission track, and also displayed the side scan sonar measurements.

· Pluto is a more general-purpose post-processing package and data viewer, roughly akin to MATLAB, but with more of an AUV mission emphasis (for example, the software can handle a “mission” as an entity, and compare it to other missions).

Finally, we toured the Bluefin field operations in Quincy, and were able to see their new Hovering AUV in the water (and to see a video from it in use that day).  We also checked out their LED-based, antenna-mounted strobe, in addition to having a good opportunity to peer inside their 21-inch vehicles.

Day 2:  Visit to WHOI

Present (throughout the day): Jon Erickson, Michel Godin, Thomas Hoover, Lance McBride, Frank van Merle, Lee Freitag, and Hanumant Singh.

We met first with Lee Freitag and discussed acoustic options with him.  He described some of the systems that he & WHOI had success with, such as inverted USBL solutions that could now be obtained through Benthos and Hydroid.  There was also a discussion of a failure of USBL transducer heads obtained from ITC for the SAM system (details in the Oceans 2003 proceedings).  Also described were the newly revised WHOI micro modems and the new 8-hydrophone processing boards.  

Eventually, we discussed docking, and Lee expressed his preference for conical docks, saying that the dock can acoustically tell the AUV which way it is pointing, and with accurate positioning, the AUV can easily make a docking connection. In his opinion, once docked, the ability to make electrical connections between the dock and the vehicle is enhanced, compared to pole-type docking systems.

We then met with Hanu, who took us on a short tour of some of the facility and saw a variety of AUV-related systems.  Most significantly, we spent some time viewing and discussing the Seabed vehicle, and why a pole-style dock (such as the improved WHOI-AOSN dock) is a good option since it would allow for a wide variety of vehicles to dock.  

His general design approach is to avoid oil compensation whenever possible.  Hence, they designed a magnetically coupled thruster, which has been commercialized by McLean Instruments.

In a later discussion of lessons learned, he mentioned that:

· WHOI was going to provide a SeaBed vehicle to another institution, basically at cost that came to $100K.  That would appear to indicate a commercial price of $400K, which is comparable to Bluefin's lowest cost vehicles.

· In a new system design, the biggest problems are electrical and acoustic noise.

· Electrical noise can be reduced (with a bit of inefficiency) by isolating both noise sensitive and noise producing systems with DC-DC converters.

· Eagle Pitcher batteries have relatively high internal resistances.  For example, there is a 200W limit on 2 kWh batteries (it is not clear that this is a problem, however).

Hanu also expressed his opinion that inductive charging would have inadequate capacity for recharging an AUV.  

Eventually, we met back up with Lee, who showed us some of their acoustic transducers and the micro modem board set.  One of the USBL hydrophone arrays was implemented as a blunt face on a REMUS vehicle.  Interestingly enough, Lee shared with us WHOI's observation that maximum AUV speed was slower with a blunt face, as compared to a rounded face (4.5 knots vs. 5 knots)

Finally, we went to the WHOI warehouse and had a chance to see some of the old AOSN docking system components.

Team feedback:

In later discussion, the MBARI team came to a few preliminary conclusions – this list will likely increase in size as we have more time to compare notes:

· We should try to find past experimental results that compare blunt nose to rounded nose drag.  Is it a size-related phenomenon?  Is there a “rat tail” advantage?

· We should find out (from Rob) whether a longer vehicle is more or less stable than a short vehicle.

· We agreed that there must be an acoustic release between the base of the dock and the dock anchor, to allow for Zephyr-based retrieval.

· We agreed that there should be a self-disconnecting connector adjacent to the acoustic release that releases when the acoustic release releases the dock.

· We agreed that the flotation above the dock must be sufficient to bring a fully flooded vehicle (stuck in the dock) to the surface.

· We agreed that in a pole-style dock where the AUV rotates up to the dock, there will be some distance between the top of the dock and the dock flotation.

· We agreed that pole-style docks appear to have several advantages over a cone dock.

We also began discussing:

· How to use one actuator on the AUV to provide the mechanical arm extension, two-point latching, de-latching and arm retrieval.

· Whether to allow multiple AUV's to park above a single dock (with only one docked at a time).

· Whether to allow for stacked docks on one cable.

· Whether to have the AUV rotate up into the dock, or down into the dock.

· Whether to use one long arm on one side the AUV (and possibly a side-mounted connector), or to use two arms, on opposite sides (and a top or bottom mounted connector). 

The summary author's opinion (Godin): 

Frank at Bluefin is correct (and supported by Hanu's independent price estimate) that a major breakthrough will be needed to make our price target.  This will require taking some risks which we may be unwilling to make, and may result in an entirely new vehicle form that will require significant development to characterize well.  

Some (somewhat incompatible) ideas to move us towards a breakthrough:

· Eliminate all large air voids in the vehicle, by using pressure-compensated electronics (solid state electronics and flash disks) and free-flood hydrophones and projectors.  This will eliminate the need for heavy pressure vessels, will allow us to achieve a smaller diameter, and ultimately will require less battery capacity.  By enclosing all systems from navigation to data processing to propulsion in one (nominal 5 psi) pressure housing, low cost connectors can also be used for most connections.  This is obviously the highest risk, and the most work.

· Replace the gimbaled tail cone with 3 to 4 discrete, fixed position thrusters at the tail. Need to investigate the costs & benefits of this approach.  (High risk, moderate work.)

· Use lower-quality, lower-cost navigation systems, to achieve “good enough” navigation to basically position-stamp data and get back to the neighborhood of the dock.  The degree of detriment that this will introduce can be tested using our existing vehicles, by adding various levels of (both random and systematic) noise to the navigation data (in the navigation software), and attempting to complete a mission with the compromised systems.  At some point, the navigation ability will be “good enough for docking”.  (Low risk, high work level.)

