AUV Docking Meeting

02 October 2003

MBARI Surface Commons Room 09:00-10:30

Meeting notes archived at <\\polarbear\docking\Meetings\2003-10-02-Meeting-Notes.doc>.

Attendance: Tarun Podder, Mark Sibenac, Rob McEwen, Steve Rock, Hans Thomas, Rich Henthorn, Andy Hamilton

Agenda:

1. Resources until the end of the year, schedule, and plan.

2. Quick look at the four (4) docking papers from Oceans 2003 
<\\polarbear\CDs\Oceans2003\xxxx\techdoc\677-682.pdf>
<\\polarbear\CDs\Oceans2003\xxxx\techdoc\2201-2210.pdf>
<\\polarbear\CDs\Oceans2003\xxxx\techdoc\1132-1140.pdf>
<\\polarbear\CDs\Oceans2003\xxxx\techdoc\2195-2200.pdf>

3. Debrief on the Sonardyne visit on Monday. (David Riches from Sonardyne talked about the new developments with their USBL, SBL, and LBL navigation systems.)

4. Continuing discussion on homing technologies.

Notes from the meeting:

1. Keith asked for an update on core engineering resources need for AUV Docking 900393. This is Mark’s reply to him:
”For Q4 2003, I would like to make these reasonable requests:
     EE Days - 10 of Ed Mellinger
     ME Days - 5  of Andy Hamilton
     ME Days - 5  of Farley Shane
     SE Days - 10 of Rob McEwen
     SE Days - 10 of Rich Henthorn
The plan for the rest of the year is to sketch out some overall system concepts so real trade-studies can take place. I want the MEs to worry about latching systems, cable lengths, and omni versus directional docking structures. The SEs will be concerned with homing algorithms, homing system trade-offs, and general AUV software reliability. The EE will trade off various methods of power and data transfer, as well as help with determining how much power should be used for operations like homing and acoustic communications. The goals are to have a functional requirements review at the end of the year, buy homing hardware, and get started on homing algorithms and AUV rework.”


2. Docking Papers

a. We discussed the paper from Korea on Visual Servoing [pp 677-682]. The ideas presented look reasonable and wise, but no testing had been performed to date.

b. We looked at the ALIVE vehicle and its proposed docking strategy using sonar and video-based real-time 3D pose estimation from Heriot-Watt University [pp. 2201-2210]. The ALIVE vehicle is ROV like and can hover. It also is used to dock with a human in the loop already. They are simply trying to automate the procedure using video and sonars.

c. We took a quick look at AUSI’s solar-powered AUV. They have the same goals as us, namely long-term unattended AUV operations. Steve made a comment that the solar panel was known to get fouled by marine vegetation. [pp. 1132-1140]

d. The paper on MARINE BIRD from Kawasaki in Japan showed a tested autonomous docking AUV. Toshifumi Fukasawa was kind enough to return correspondence from Mark and gave us a copy of his videos and presentation. Two mpeg files and a pdf presentation can be found in the following directory <\\polarbear\docking\Presentations\Oceans2003\>. This vehicle is over 6m long and has a depth limit of 100m. It has 5 thrusters for 5 degrees of freedom; they cannot control roll. The vehicle was demonstrated to dock in water, but not at sea. Sea trials are supposed to commence later this year. Mark will keep in touch with Mr. Fukasawa to see their progress.


3. Sonardyne Visit
David Riches, Director of Engineering, was talking about their new spread spectrum techniques for navigation. Once implemented (early next year) the SBL baseline could be reduced to something as little as 4m. He suggested we might put an SBL array on the AUV for homing purposes. Once we get closer to deciding on a homing system, he offered to help us out. They also have new, highly accurate USBL and LBL systems coming out.


4. Homing Discussion Out-takes

· Steve – On the topic of buying capital equipment: we should make sure some of the capital equipment that does not necessary mount to the AUV or dock be shared with the rest of MOOS. For example, Keith expressed a need for a long range tracking system to install a BIN for the MSE 2004, which might be compatible with the LBL hardware we want to purchase for the AUV.

· Steve – Check out Dave Akin’s old research at MIT in the early 1990’s. He was supposedly homing robots using visual servoing.

· Hans – If we use a SBL or LBL homing system, we are going to be limited by the update rate since those systems are physically limited by the speed of sound in water.

· Hans – If the AUV has perfect navigation close to the dock (like 100m away from a centimeter level LBL grid), you could use the DVL/crossbow to navigate to the dock without outside sensors adding more information.

· Rob – An inboard thruster on Dorado might not provide much thrust (based on a UUST 2003 paper on the C-Scout vehicle).

· Steve – AUV Docking does not seem to be a sensor problem. There are many sensor packages that would give the AUV pretty accurate navigation data and even control inputs. Docking seems to be more of a controls problem given perfect sensor/navigation data.

· Hans – The DVL running at 5Hz gives pretty good nav on the order of 3.5% of distance traveled with a +/- 2 degree accurate heading sensor (crossbow).

· Steve – Stanford was getting 2% of distance traveled with their vision mosaicking system on Tiburon and Ventana.

· Hans – Everything seems easier if the dock is fixed in place, as opposed to a weather vaning dock or a dock on a riser cable

· Hans – Water currents in a certain location may be predictable on a 24 hour basis and yearly basis. For example, water currents in the slough are very predictable during the ebb and flow of the tides every day.

· Andy – Perhaps we can ask the scientists for some data regarding the water currents at the MARS site.

· Steve – If the crab angles of the AUV get too steep during homing because of cross currents, perhaps an omni-directional dock makes more sense and might be the only feasible thing to have.

· Andy – Docking seems easier at the bottom because of riser cable issues. ROV pilots do not like to fly the ROV near riser cables.

· Andy – We need to figure out how to dump the kinetic energy from the vehicle as it flies into the dock.

· Steve – Stanford never developed robots that homed to a calibrated target. They always assumed unknown positions of their targets. In other words, a calibrated target is a dock whose position is determined accurately in an LBL grid. An AUV with perfect navigation from the LBL grid would then home to the known dock position. Most people do not solve docking problems in this way.

· Hans & Steve – The XACT system is based on 100kHz acoustics and gives centimeter level precision

· Steve – LBL and/or SBL may be overkill (see previous quote about how docking is not a sensing/navigtation problem). If other systems on the MARS network require LBL/SBL, then we might as well use it. But do not make it a requirement unless absolutely necessary.

· Hans – The low frequency that LBL uses (7-14 kHz) does not work well in shallow water. If we put a dock in shallow waters, this might be a problem if there exists an LBL system.

· Hans – MARS should support a 10km extension cable from the main BIN to the remote nodes including the docking node.

· Rob – Even though the MARS cable and node is being deployed in 2005, it may not work right away. If we are planning on installing a dock at the end of 2005 on this network, we may need to wait until all of the bugs are worked out. What if something devastating happens? 

5. Assignments

· Rob – Calculate the crab angles of the AUV for various cross currents

· All – Fill out the “Where to Mount the Dock” decision matrix so we can decide for sure where to mount the dock for the MARS system. We are all pretty set on near the bottom at an altitude of less than 200m (in DVL range). Next step is to figure out the exact altitude and whether a riser cable will be used or not. Save a copy of the matrix found here: <\\polarbear\docking\Docking_Documents\AUV_Docking_Mounting_LocationDecisionMacroLevel.xls>.

