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Project Manager/PI:  James G. Bellingham

Project Title:  AUV Docking
1) ABSTRACT 

This is a continuing project. In the past two years, it was under MOOS project. This year, we are proposing AUV Docking as a separate project. This project proposes to design, develop and demonstrate an AUV docking system that will be used for sustainable science missions for a variety of scientists at MBARI. Most of the oceanographic platforms face a lot of limitations such as incapability of long-term operation, poor event response, poor spatial and temporal resolutions, poor mobility, susceptibility to weather condition, hazards in frequent deployment and recovery, lack of flexibility and availability, and high operating cost. A docking system will assist an AUV to overcome these limitations and to enhance the capability of data and sample collection in terms of quality as well as quantity. The MBARI’s AUV docking system will allow an AUV to home and transfer data and power, as required for long-term underwater operations and event response capability which the science users have requested and is expected to be the best available tool for various scientific missions. 

In 2005, we will be building test frame for demonstrating homing and terminal guidance algorithms at sea, data and power transfer module will be developed and tested. We will also demonstrate AUV latching mechanisms and dock control module. Event response capability will be developed and experimented at sea.

In 2006, we will be continuing our effort to integrate various subsystems and control modules. By the end of the year a working docking system will be integrated with MARS node for science use.

2) PROPOSAL

a) The problem addressed 

The oceanic environment is unstructured, uncertain and dynamic in nature. Therefore, every oceanographic system (robotic or non-robotic) faces various types of limitations when deployed 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 some 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’s 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. We anticipate that this platform 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 about $25K, and that of Zephyr plus AUV is about $9K (even when operated in an area closer to MBARI, e.g. in Monterey Bay area). Although AUVs and ROVs perform different missions, both are quite expensive if deployment, recovery, and tracking happen on a regular 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 crews. 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 at present. A docked AUV will not be affected by weather conditions at the surface, and neither 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.
b) Approach to the problem 
· Engineering/technology 

Phase I (2003): 

Completed feasibility study for AUV docking system, reviewed various available docking systems, compiled 27 use cases after interviewing scientists at MBARI, identified docking subsystems and performed trade-off studies, derived functional requirements for the docking system.

Phase II (2004): 

Refurbished ALTEX AUV for docking purpose, analyzed reliability growth of CTD-AUV, performed FMECA and FTA analysis for AUV and dock, tested and improved reliability of CTD-AUV (long runs, battery cell balance, oil chambers, seals, etc), identified high-risk elements for docking system, reviewed functional requirements, demonstrated homing at sea, performed concept review, published three papers (in IEEE-ICRA conf., New Orleans; OCEANS’04 conf., Kobe; MTS journal) and two posters (in ORION, Puerto Rico; ASLO conf., Honolulu).

Phase III (Q1-Q2/2005): 

Preliminary design review – A review of the preliminary design will be conducted.

Build test frame (stick figure) – A scaffolding like structure will be designed and assembled to mount some of the docking subsystems for use in the test tank and possibly at sea for day-long deployments. Initially the structure will have a terminal guidance system mounted on it.

Test and improve reliability of AUV – Software of CTD-AUV and ALTEX-AUV will be updated to detect and isolate defects and resolve them autonomously.

AUV modification and improvement – Continuous tracking and incorporation of new/improved technology for various subsystems like batteries, motors, control systems, obstacle avoidance and navigational system, etc. will be pursued. 
Phase IV (Q3-Q4/2005): 

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 assistance. Then the system’s performance will be tested at sea.

Demonstrate power and data transfer module – AUV battery charging module and data transfer module will be developed and tested in the test tank.

AUV latching mechanisms – A latching and releasing mechanism will be developed and demonstrated at sea.

Dock control module – Health monitoring, communication and control module will be developed and tested.

Event response capability – After developing necessary systems, testing at sea will be done by sending commands from lab to release the AUV from the dock to respond a pseudo-event.

Critical design review – Design will be reviewed and appropriate modification will be incorporated in the final design.

Improvement of reliability – Reliability and maintainability improvement effort for the AUV and the dock will be continued.

Technical publication – Papers and poster will be presented and/or published on development and testing of various modules.

Phase V (Q1-Q2/2006):

Subsystems and components will be developed according to final design. Subsystems will be tested and integrated into the docking system. System reliability analysis and improvement will be continued. 

Phase VI (Q3-Q4/2006): 

The final docking system will be integrated into MARS network and the system capability will be demonstrated. Then the system performance will be evaluated and it is expected to be ready for real science missions. New results will be published and presented in conferences and journals.

· Critical dependencies on other projects

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

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.

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.

· Field programs

We are requesting 8 Zephyr days for testing AUV homing and terminal guidance algorithms and event response capability at sea.

c) Specific deliverables 

By the end of 2005, deliverables will consist of working homing and terminal guidance software, demonstration of data and power transfer module as well as latching module, and event response capability at sea. A modified and reliable ALTEX-AUV will be the product. At the end of 2006, a working docking system will be available for science experiments. Technical papers/posters on the development and experimentation of system and subsystems will be published each year in various conferences and journals.

d) Project team 

James G. Bellingham (Project Manage/PI), William J. Kirkwood (Lead Engineer), Tarun Podder (Postdoc, ME), Ed Mellinger (EE), Rob McEwen (SE), Farley Shane (ME), Richard Henthorn (SE), and Steve Rock (Adjunct).

e) Project lab space 

No extra lab space will be required, AUV lab will be shared for this project.

3) BUDGET JUSTIFICATION 
The cost of this project for 2005 is shown in the table below. $50,000 is being asked for acquiring and integrating homing and terminal guidance sensors and hardware for its demonstration at sea. $20,000 is being requested for procurement of data and power transfer hardware and their testing integration. Another $15,000 is being asked for hardware and electronics required to demonstrate latching/ unlatching and event response capability at sea. $8,000 is estimated for conference fees and travel for 2 people to attend conferences and meetings. A total of $100,000 is requested for 2005.

	Build test frame (stick figure)
	 $   2,000 

	Homing and terminal guidance algorithm integration (homing sensors, interface hardware)
	 $  50,000 

	Demonstrate power and data transfer (connectors, sensors, motors, electronics, servos, power supplies)
	 $  20,000 

	Demonstrate latching mechanisms (servos, electronics, materials, sensors)
	 $   5,000 

	Demonstrate dock control module (electronic housing, connectors, PC/104 stack, power supplies, custom electronics)
	 $  10,000 

	Demonstration of event response capability (float, release, anchor, wire, free-wave radio, battery)
	 $   5,000 

	Conferences, papers, collaborations, workshops (2 people for UUST’05 & OCEANS’05)
	 $   8,000 

	Total = 
	 $ 100,000 


4) MILESTONES (new and continuing projects)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	3/15/05
	5/1/05
	8/1/05
	10/15/05
	12/15/05
	

	Milestone Description
	Preliminary design review
	Building test frame (stick figure); reliability testing and analysis
	Demonstration of homing algorithm; testing and integration of terminal guidance algorithms 
	Demonstration of latching and data & power transfer modules
	Demonstration of dock control module and event response capability; critical design review
	

	EE
	10
	
	
	45
	25
	80

	SE
	10
	2
	20
	4
	34
	70

	ME
	10
	2
	6
	60
	22
	100

	Machine Shop
	
	1
	2
	2
	
	5


� This number should be the same number you entered on the resource requests for this particular resource.





