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Overview
The overall goal of this proposed ASTEP project is to perform a robotic mission to map and explore the submerged surfaces of free-drifting icebergs looking for life as well as attempt to quantify the chemical and biological effect these icebergs have on the surrounding ocean they’re drifting through. measure the chemical gradients and sample the communities of organisms that occur around and beneath large, free-drifting Antarctic icebergs.  The science objectives have been chosen to complement the work MBARI scientists Ken Smith and Bruce Robison have been conducting in Anarctic water,  emphasizing the relevance to the exploration for life in extreme environments.  The new technology element is the development and deployment of an AUV that is able both (1) to survey a large “halo” around an iceberg to measure chemical and biological gradients, and (2) to collect images of and water samples near the iceberg’s submerged surfaces.  
The benefits to MBARI for participating in this project are twofold.  First, the project will add a new Dorado-class AUV to MBARI’s fleet that is able to hover (or at least fly slowly) enabling operation near hazardous terrain (e.g. along canyon walls).  This vehicle will be equipped with a multibeam sonar comparable to the unit currently used on the Mapping AUV.  Further, being a Dorado-class vehicle, all current launch and recovery operations will be unaffected.  A description of the proposed AUV is included below.
Second, the project will produce new technologies focused on enabling this new AUV to operate safely in hazardous terrain.  These technologies are logical extensions of previous work at MBARI.  Key components include Hobson’s BIAUV, Caress’s mapping work and Rock’s terrain-aided navigation work.  
Much of this new technology will be specifically relevant to MBARI’s goals to extend the capabilities of AUVs to perform survey missions which currently require an ROV (i.e. operation in rough and hazardous terrain).  This new technology will enable precise, low-speed control, the ability to return to specific sites selected by the science team, and the ability to image the terrain.  The development and test of the vehicle and its new navigational capabilities will be done in the canyons of Monterey Bay

Only one component of the technology will be ASTEP specific.  This will be the ability to navigate with respect to a “terrain” that is moving – i.e. an iceberg.  Developing these algorithms will be a Stanford task.  Note that a proof-of-concept of mapping and navigating with respect to a moving iceberg was performed by Rock during Smith’s NSF cruise in June 2008 using a sonar mounted to the side of the Palmer.  That effort was funded under an NSF SGER grant.
Budget (preliminary):
This is a three year effort.  The anticipated start date is January 2011.  A rough statement of tasks is presented below.
The expected MBARI level of effort is (in days)
	
	
	Year 1
	Year 2
	Year 3
	Total

	Brett H.
	ME1
	65
	65
	50
	180

	Hans T.
	AUV Specialist
	65
	65 
	50
	180

	Dave C. 
	Mapping Specialist
	40
	40
	80
	160

	Rob M.
	SE1
	65
	65 
	50
	180

	Rich H.
	SE2
	65
	65
	50
	180

	Paul M.
	EE1
	20
	20
	
	40

	John F.
	ME Tech
	40
	40
	20
	100

	Tom M.
	EE Tech
	40
	40
	20
	100

	Duane T.
	AUV Technician
	10
	40
	50
	100

	Doug C.
	AUV Technician
	 10
	 40
	 50
	100

	Totals
	
	440
	495
	430
	1365


The expected requirement for ship days

	
	
	Year 1
	Year 2
	Year 3
	Total

	Zephyr
	
	5
	20
	5
	30

	
	
	
	
	
	


Participation by Smith and Robison is expected to be less than 20 days/year.  

MBARI Tasks (preliminary):  
Task 1:  Science (Smith and Robison) 
MBARI will provide the lead for all science-related activities on this project.
(1) Work with engineers to develop the science mission requirements for the AUV.

(2) Work with engineers during the design, construction, and testing phases of the AUV development, providing input based on field experience.

(3) Develop an iceberg survey plan for the AUV, based on results and experience from the previous iceberg research field programs.

(4) Plan the iceberg research program around the deployment of the AUV, along with the ancillary projects necessary to make the AUV-derived results significant.

(5) Conduct the AUV-based, iceberg research program in the Weddell Sea, Antarctica.

(6) Process the data, analyze and write up the results, present them in professional publications and at scientific meetings.

Task 2:  3-D Sonar Modeling (Caress)
MBARI will lead the development of the multibeam data processing and display capabilities required for this project.  The results will be incorporated into MB-System.
(1) MBARI will work with Stanford to develop an optimization technique for estimating iceberg reference frame navigational data for the AUV.  This optimization strategy will then be incorporated into MB-System.   

(2) MBARI will work with Stanford to develop a capability to derive fully 3D representations of iceberg morphology from the multibeam data and to incorporate this capability into MB-System.  Currently data products derived from MB-System are largely based on 2D grids that cannot fully represent the 3D morphology. 
(3) MBARI will develop an MB-System i/o module for reading and writing the AUV multibeam data stream. 

Task 3:  AUV Build (Hobson lead)
(1) MBARI will be responsible for designing the AUV to meet the mission goals.

(2) MBARI will be responsible for building the AUV.  
Task 4:  AUV System Test (Hobson lead)

(1) MBARI will perform a series of sea-trials to debug and test the AUV and the supporting technologies.  These tests will be conducted in Monterey Bay.

Task 5:  Field Campaign (Robison, Smith, Reisenbichler, Caress, Hobson, McEwen, Thomas, Thompson, Conlin, Henthorn)
(1) MBARI will ship the AUV and supporting equipment to the appropriate staging area in Port Hueneme, CA.

(2) MBARI will maintain and operate the AUV during the Antarctic field campaign 

(3) MBARI personnel will participate in the Antarctic field campaign 

The Vehicle

Accomplishing the mission objectives requires a vehicle that can both transit large distances quickly, maneuver slowly, and hover.  High speed transit is required for synoptic hydrographic surveys that will be performed as the AUV circumnavigates and maps large (e.g. multiple km square) icebergs.  Low speed and hover maneuvering will be required for operation in close proximity to the iceberg as the AUV generates high resolution acoustic maps, builds image mosaics and collects water samples.  

The vehicle we propose to build is a derivative of the MBARI Dorado AUV.  Key components that will be included in our new vehicle include (1) a vehicle section which contains the mapping sonars, (2) a ring laser gyro inertial navigation unit, identical to that used successfully in the arctic and now incorporated in our operational seafloor mapping vehicle, (3) a forward looking sonar for obstacle avoidance, and (4) two doppler velocity logs (DVLs) to measure range and speed of the AUV with respect to the iceberg surface and aid the inertial navigation.  Note that the orientation of the DVLs and mapping sonars will be adjustable to optimize alignment to the substrate.  It will be possible to rotate this section to provide a side or upward facing field of view for icebergs and to the side or downward facing for submarine canyons.

In addition to the above components, we will develop a tunnel thruster package inserted between sections of a Dorado vehicle that will enable the vehicle to fly slowly and/or hover.  With this package, the AUV will be capable of stopping, and hovering with five degrees of freedom: surge, heave, sway, yaw and pitch.  The two cross-body tunnel thruster modules will provide the necessary forces to safely control the position the AUV against moderate currents. 

[image: image1.jpg]



Figure 1:  Low-Speed/Hover components that will be added to the Dorado
