AUV Docking Proposal 2004 (900393)


AUV Docking Proposal Milestones (900393):

· Evaluate reliability of AUV platforms

· Demonstrate AUV homing at sea

· Demonstrate AUV docking/undocking (power transfer, data exchange, latching, unlatching) in test tank

· Demonstrate AUV undocking at sea to perform a survey, in response to a request from a scientist

· Prepare and convene a preliminary design review (PDR) based on Concept Review results and bench testing

Text for general MOOS section:

The oceanic environment is unstructured, uncertain and dynamic in nature. Therefore, every system (robotic or non-robotic) faces various types of limitations when employed in this complex environment. Limitations include poor mobility, poor spatial and temporal resolutions, susceptibility to weather condition, hazards in frequent deployment and recovery, incapability in long-term operation, poor event response, lack of flexibility and availability, high operating cost, to mention few of them.  Science missions such as mid-ocean ridge observations and event responses require both continuous monitoring and prompt deployment. To address this requirement and enhance the capabilities for exploration of the larger oceanic environment, the AUV Docking program plan avoids frequent deployment and recovery while also supporting the ability to respond to any event promptly. The MBARI AUV docking system will allow an AUV to home and transfer data and power, as required for long-term underwater operations which the science users have requested and is expected to be the best available tool for various scientific missions. 

Another vital issue is the cost involved: for example, the daily operating cost of Western Flyer is ~$25K, and that of Zephyr+AUV is ~$9K [Rehkopf et al., 2003 <\\polarbear\docking\Background_Materials\2003_ShipRate.xls>]. Although AUVs and ROVs perform different missions, both are quite expensive if deployment, recovery, and tracking happen on a daily basis. Once the AUV and docking system are deployed at sea, missions will be run by scientists at their desks on shore, rather than on a ship with a crew. A ship will only need to intervene with docked AUV operations during maintenance periods.

The weather conditions at sea affect deployment and recovery of the AUV with the Zephyr today. A docked AUV will not be affected by weather conditions at the surface, nor will the scientist who is directing the mission. A majority of the science missions, if not all, can be significantly benefited from new and/or improved sets of data and samples that will be collected by using a docked AUV.

By the end of 2003 the ALTEX AUV’s refurbishment will be complete so that the Docking project will have a fully functioning test platform to use. The subsystem trade-off studies will be completed, risk identification and mitigation planning will be complete, and a review on the functional requirements will have been held.

In 2004 we plan on starting off with a concept review after some design work is compleleted. After the AUVUC and the greater MOOS community approve the concepts, work will be begin on building a prototype docking system for use in the test tank and out at sea on day long deployments. During the year, the AUV’s reliability will be understood, homing will be demonstrated at sea, and AUV docking and undocking will be demonstrated in the test tank. 

There is a demonstration goal for 2004 to show event response working at sea. The prototype docking system will be deployed in shallow water near MBARI with the AUV attached to the dock. A scientist will download a mission to the AUV from MBARI and initiate it. The AUV will run the mission and rest on the surface over the docking station when complete.

By the end of 2004, we plan on holding a preliminary design review for the actual docking system that will run on the MARS network.
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The WBS for 2004 AUV Docking activities including ship days and dollar budgets –


2. Task Descriptions

a. Concept Review – Trade studies for each of the docking sub-systems will be performed which will lead to the system concept. Rough solid models, block diagrams, and network topologies will be presented at the review. The review will point out which case studies are feasible with the proposed concept.

b. Test reliability of AUV (long runs) – Batteries would go into extensive long-term cycle testing where the AUV is placed in the test tank and set to turn the prop at a nominal speed. Battery cell balance will be monitored. Oil filled volumes will be watched for leaks. Seals will be studied on moving parts.

c. Demonstrate homing at sea – A homing algorithm will be developed so that the AUV can locate the dock and travel towards it. The algorithm will be tested in simulation first, then on the AUV at sea with the Zephyr.

d. Demonstrate power and data transfer – A method to transfer the power and data between the AUV and the dock will come out of the trade studies. This demonstration will focus on prototype bench testing with nominal currents and data rates.

e. Demonstrate latching and unlatching system – After designing and modeling the latching and unlatching systems, the prototypes will be demonstrated on deck. The AUV will be modified with the appropriate hardware.

f. Build prototype dock – A structure needs to be designed and assembled to mount all docking subsystems for use in the test tank and possibly at sea for day-long deployments. All subsystems should have housings rated for 100m depth of water.

g. Demonstrate docking and undocking in tank – Using the prototype dock, the AUV will go through the process of docking, recharging batteries, transferring data, and undocking. Divers will need to assist in this activity. All software needs to be working at this point to autonomously carry out all docking activities except terminal navigation.

h. Demonstrate undocking at sea – The prototype dock will be deployed at sea in shallow water with the AUV attached to it. A scientist will send a mission script to the dock specifying where the AUV should survey. This will represent an event response with a specific mission directive from a scientist. After the survey, the AUV will home to the docking station, and rest on the surface over the top of it. Terminal navigation and autonomous latching are not scheduled to be completed at this time.

i. Terminal guidance algorithm integration – Algorithms to direct the AUV into the docking station will be developed and simulated. They will be integrated onto the AUV and tested in the test tank with divers assisting.

j. Preliminary Design Review – After demonstrating prototype systems operating in the tank and at sea, the lessons learned can be taken into account to design a permanent (year-long) docking system. The first system shall be capable of connecting to the MARS network and surviving water depths of ~2000m. The designs should have appropriate solid models and wiring diagrams, along with analysis of network bandwidth and power usage.

k. Obstacle avoidance – The need for obstacle avoidance on the AUV is apparent for surveys in the canyon. Algorithms developed from other projects will be integrated into the docked AUV.

3. High Risk Elements and Risk Mitigation Plan

a. Bluefin Smart Batteries are not reliable – The current batteries from Bluefin shrink under pressure, lose buoyancy, and leak oil. Bluefin is diligently working on the problem and should be able to provide a fix or new models. If not, we will need to take a second look at using lithium-ion batteries in a pressure housing. This will require on the order of $100,000 for development and acquistition.

b. Moving parts of AUV break down early – The seals on the motors and mechanical potentiometers on the linear actuators are known to wear out. Through reliability testing, we should be able to put a MTBF number on each of the critical components.

c. The latching and unlatching system does not work reliably – Previous work at other institutes shows many iterations on designs of latches. A prototype system(s) will be designed and tested in the tank before the PDR to increase the chances of reliability in the final design.

4. Integration and Test Plan

a. All sub-systems will be bench tested before integration onto the dock. Extensive testing will occur in the test tank.

b. Integration into the MARS network is not scheduled until 2005 at the earliest when the cable is installed.

c. Each year a demonstration will take place at sea with the docking system. In 2004 AUV undocking and homing will be demonstrated in response to a command from a scientist.

5. Critical Dependancies on Other Projects

a. AUV reliability knowledge will be gained mostly from the AUV-CTD surveys. The multibeam mapping AUV should also provide much data for reliability.

b. Obstacle avoidance is a necessary behavior on the AUV for extended autonomous operations in the canyon. Rob McEwen is proposing to develop this technology in a separate project.

c. Precise control technologies are required for terminal guidance into the dock and for homing. Steve Rock and his students from Stanford will be collaborating with these algorithms.

6. Critical Decision Points

a. When the docking and undocking of the AUV is demonstrated in the tank with a prototype dock, a decision point of a demonstration at sea in 2004 can be made with assurance.

7. Cost

a. Cost is shown in the table above. $200,000 is being asked for to build prototype sub-systems and demonstrate undocking and homing at sea.

8. Shiptime

a. The Zephyr will be required for testing of the AUV homing and terminal guidance algorithms. It will also be needed for the demonstration at sea in late 2004. Eleven days are shown in the table above.

9. Deliverables

a. By the end of 2004, deliverables will consist of working software and designs for a MARS docking system. A prototype dock and the modified ALTEX AUV will be the products.
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				Task		Start/Milestone		AUV Lab days		EE days		SE days		ME days		Techs days		Eng days		Zephyr days		ROV/Lobos days		Pt.Sur days		Boat Days		Equipment $		Subcontract $

		FY2003		Homing		Aug/2003		0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				-Identify Reqs														0								0

				-Identify method														0								0

				-Algorithm development

				-Integrate on AUV														0								0

				-Build test platform														0								0

				-Test in Tank														0								0

				-Test at sea														0								0

				AUV Reliability				0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				-Battery reliability				0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				Cell balancing														0								0

				Oil conservation														0								0

				Tank test for 96 hours														0								0

				-Tailcone reliability				0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				Prop seal life														0								0

				Lin Act Pot life														0								0

				-Connector reliability				0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				Ground fault detection														0								0

				O-ring life														0								0

				-Software reliability				0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				Tank test for 96 hours														0								0

				Power Transfer		Sep/2003		6		11		6		26		2		51		0		0		0		0		$   - 0		$   - 0

				-Identify Reqs				2		1				1				4								0

				-Identify method				2		5		1		5				13								0

				-Prototype on bench				2		5		5		20		2		34								0

				Data Transfer		Sep/2003		6		11		6		26		2		51		0		0		0		0		$   - 0		$   - 0

				-Identify Reqs				2		1				1				4								0

				-Identify method				2		5		1		5				13								0

				-Prototype on bench				2		5		5		20		2		34								0

				Infrastructure		Sep/2003		0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				-Refurb ALTEX vehicle														0								0

				Latching System				0		0		0		0		0		0		0		0		0		0		$   - 0		$   - 0

				-Identify method														0								0

				-Prototype														0								0

				Acomms														0								0

				-Identify protocol and use														0								0

				-Collaborate with mapping AUV														0								0

				Terminal navigation														0								0

				-Identify method														0								0

				-Design solution														0								0

				-Prototype														0								0

				Docking Station		Jan/2004												0								0

				-Concept design		Jan/2004												0								0

				-Concept prototype design		Feb/2004												0								0

				-Concept prototype build		Apr/2004												0								0

				-Test concept prototype in tank		Jun/2004

				-PDR		Aug/2004												0								0

				-Detailed design		Aug/2004												0								0

				-Build		Oct/2004												0								0

				-Test in tank		Jan/2005												0								0

				-Integrate with RIN		Feb/2005												0								0

				-Test in shallow water with AUV		Mar/2005												0								0

				-Install on MARS		Jul/2005												0								0

				Sensor reliability														0								0

				-How long before sensor re-calibration

				-How long before biofouling?														0								0

				Host network connection (MOOS/MARS)														0								0

				-Specify req's														0								0

				-Specifiy protocol														0								0

				Sensor interface (CANbrick)		Mar/2003												0								0

				-Prototype development																								$   5,000

				-Vehicle interconnect concept

				Capturing mech. system (cage/cone/etc.)

				Obstacle Avoidance

				-Algorithm development

				-Tests at sea

				Task		Milestone		AUV Lab days		EE days		SE days		ME days		Techs days		Eng days		Zephyr days		ROV/Lobos days		Pt.Sur days		Boat Days		Equipment $		Subcontract $

				2003 WBS

				ALTEX AUV refurb		Oct/2003		20		0		0		0		2		22		3		0		0		3		$   1,000

				Subsystem Trade-off Studies		Dec/2003		60		20		20		20		0		120		0		0		0		0

				Risk Identification & Mitigation Planning		Dec/2003		20		2		2		2		0		26		0		0		0		0

				Functional Reqs Review		Dec/2003		20		2		2		2		0		26		0		0		0		0

				2003 workload totals:				120		24		24		24		2		194		3		0		0		3		$   1,000		$   - 0

				What we have left:				120		30		90		160				400				0		0		0		$   120,000		$   80,000

				Task		Milestone		AUV Lab days		EE days		SE days		ME days		Techs days		Eng days		Zephyr days		ROV/Lobos days		Pt.Sur days		Boat Days		Equipment $		Subcontract $

				2004 WBS

				Concept Review		Feb/2004		60		10		10		10		0		90		0		0		0		0

				Test reliability of AUV (long runs)		Feb/2004		10		0		2		2		2		16		0		0		0		0		$   15,000

				Demonstrate Homing at sea		Mar/2004		20		0		20		6		3		49		3		0		0		3		$   50,000

				Demonstrate Power & Data Transfer		Jul/2004		15		35		10		20		2		82		0		0		0		0		$   20,000

				Demonstrate latching & unlatching system		Aug/2004		15		10		2		40		2		69		0		0		0		0		$   30,000

				Build prototype dock		Aug/2004		50		5		5		20		10		90		0		0		0		0		$   35,000

				Demonstrate docking & undocking in tank		Oct/2004		30		4		4		5		2		45		0		0		0		0		$   15,000

				Demonstrate undocking at sea		Nov/2004		30		2		2		2		2		38		5		0		0		5		$   15,000

				Terminal guidance algorithm integration		Dec/2004		45		4		15		5		2		71		3		0		0		3		$   20,000

				Preliminary Design Review		Dec/2004		45		10		10		10		0		75		0		0		0		0

				2004 workload totals:				320		80		80		120		25		625		11		0		0		11		$   200,000		$   - 0

																FTE:		3.90625
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