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1. ABSTRACT 
This is a continuing project to upgrade MBARI’s AUVs for safe, low-speed operation near the seafloor in support of high resolution benthic imaging. We should be doing this work now because our AUVs and their operators have demonstrated competence in the open ocean and are now ready to increase their science user-base by taking on the challenge of flying close to the seafloor.  This is an important effort because we should be using the limited ROV/ship resources for more interesting and valuable intervention missions rather than routine benthic imaging. 
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Dorado LS with Benthic Imaging Package
2. PROPOSAL
a) The problem addressed 

DMO can deploy and operate our AUVs without a ship and with a range of 100 km, they can explore anywhere in the bay.  We have also shown that our vehicles can precisely navigate with a nose mounted USBL to any of the over 100 homer beacons that mark sites of interest in the bay.  Unfortunately, because we haven’t equipped the vehicles with forward looking sonars, they effectively fly through the pitch dark without headlights, and cannot therefore safely fly close to the seafloor where all the homer-marked sites of interest lie.  

MBARI, and most AUV operators operate their vehicles in a fail-safe positively buoyant state.  To fly level while submerged, these ~ 10 pounds of positive buoyancy must be offset by a negative angle of attack.  Unfortunately, this nose-down attitude robs the AUV of valuable range, though increased drag.  In addition, low speed vehicle control stability deteriorates because as speed decreases the downward angle must be increased.  This is a reasonable price to pay if the operators are not pushing the limits of endurance or control.  This has recently become a problem for MBARI since Jim Barry, and others have expressed a desire to slow the AUV down to fly close to the seafloor to capture visual images.  

Today, seafloor imaging at MBARI is only possible with an ROV.  Sea time with MBARI’s ROVs is becoming even more limited as the ROVs are increasingly being used for observatory maintenance.

The AUV Mapping Vehicle is now running routine missions and the breathtaking data is exposing many seafloor anomalies that require visual classification.

Also, MBARI’s ROVs can not be operated on other vessels; therefore, MBARI scientists do not have visual access to the seafloor outside the range of MBARI vessels, unless they use one of the few alternative assets, e.g. Alvin, Abe, Jason, Ropos, etc.

Why it is important

In addition to benthic imaging, we plan for this effort to benefit from the technology being developed under the Precision Control project.  In the near future we envision an AUV that can stop and hold station in mid water column. Minor high pressure ballast adjustments will be necessary to maintain neutral buoyancy at an arbitrary depth.  Even if a vehicle is perfectly trimmed neutral at the surface, different components change buoyancy under pressure at different rates, so we expect the AUV to be slightly out of trim while at depth unless it carries employs an active system to compensate for these changes.  Such a system will allow an AUV to carry slow response sensors or perhaps even perform simple wet chemistry to allow incubations within a captured water sample.  

The visual station-keeping routines perfected under Precision Control could be employed by a hover-capable AUV.  Such an AUV could be used to follow mid-water animals for long periods or launched just outside the harbor and programmed to swim to a seismometer or heat-probe instrument and hover within range of our new, high-speed wireless communication system developed under AUV Docking, to download large datasets that it carries back to shore.
The ocean is immense and largely un-explored; therefore, there are many exciting discoveries waiting for MBARI to explore and visual imaging is a valuable medium to interrupt and share these discoveries.

Present state of art/understanding

Many ROVs and hovering AUVs exist, though only a WHOI’s ABE and ECA’s Alistar can hover and have a range greater than 10 km.  While ABE has produced impressive seafloor images, it’s relatively short range is perceived as a limitation since it is limited to a small area during each dive.

How it relates/contributes to MBARI’s mission and strategic plan

If MBARI’s AUVs could be modified to not only capture seafloor images but also travel over 30 km between imaging areas, we should be able to ease the demand of the ROVs, generate exciting new discoveries and provide a valuable new tool to MBARI’s scientists who need seafloor images.

b) Approach to the problem 
Status of project

While this project began in January 2006, very little work (8 days as of 8/15/06) was performed during 2006 because Hobson and McEwen’s time was dominated by the AUV Docking project.   The planned cancellation of the docking project at the end of this year has motivated us to push even harder on docking this fall to bring the project to a successful stopping point. This institute imposed change will require the postponement of work on this project that was planned during the fall. In addition, we had planned to leverage the digital still camera design that Mark Chaffey was spearheading for the MOOS benthic nodes, but unfortunately, that camera development has also been postponed until 2007.  These delays have forced us to abandon, for now, our second-year pursuit of developing a zero-speed, full hover capability for the AUV under this two year effort. 

While the delay is unfortunate, it has allowed the quickly evolving technology of digital still cameras and high intensity LED lighting to mature.  

During the remainder of 2006 we expect to establish the functional requirements and refine the work plan and system design.

Results to date

One of the chief deliverables for this effort is a digital underwater still imaging system.  We have identified that a new breed of digital still camera featuring ethernet connectivity is ideal for our ethernet enabled, computer controlled application.  Over the eight months we’ve been searching for candidate cameras we’ve seen many new COTS options coming to market.   While this is exciting, we are hesitant to be an early adopter of this new technology so the planned postponement will provide more time to carefully select a camera.  

We did spend some time comparing the Cool Pix currently used by the ROVs with a Nikon N-70 SLR and a candidate ethernet camera that features an 11 M-pixel imager.  This comparison highlighted the obvious improvements as you add resolution to the imaging sensor.  Nonetheless, it was a useful exercise to showcase several candidate cameras to our potential science users, which in turn will help us to define the functional requirements we’ll be working towards.
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Camera Comparison L-R: MBARI Cool Pix, Nikon N70, Imaginant

A similar situation exists with high intensity LED lights.  Lance McBride has been spearheading LED illuminators and we’ve recently seen the introduction of large, 5 watt LEDs that can be ganged together.  Norm Farr at WHOI has recently mounted 400 of these lights in a custom machined reflector plate to create a low-profile, 2 kW light that can be quickly triggered like a strobe light.  This effort is part of the 11km – deep rated HROV program that is funded by NSF.  The design of the system’s mechanical mounting, reflector and control circuitry seems to work well and the specifications are a near perfect fit for our requirements; therefore, we’re planning to have Norm build a set of lights for this project.
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Plans for 2007
Engineering/technology development

1. Add obstacle avoidance sonar and develop the vehicle controllers to avoid obstacles it detects – There are mature sonars available for relatively low-cost from commercial vendors.  The vehicle-based software would have been challenging, but our teaming arrangement with NPS has mitigated that risk. 
2. Add a camera and light – These items are available for a reasonable price elsewhere so we consider this a low risk

3. Trim the AUV neutral and add a low-pressure buoyancy tank to hold AUV on the surface for comms and recovery.  This type of system is routinely used by gliders and is technically simple.

4. Modify the vehicle’s dynamic controllers to account for the zero-angle of attack, neutrally buoyant flight that will be possible after the addition of the ballast tanks.  We’ll also have to modify the vehicle mission software to be sure the vehicle powers to the surface, where it can inflate it’s LP ballast tanks and not rely on simply floating to the surface as we currently do if a fault is detected.  This change may result in the jettisoning of more emergency drop weights than we normally see with positively buoyant vehicles.
Field programs

We have scheduled six days of field operations with the CTD AUV.  The first four days will be focused on tuning the new systems and during the final two days we’ll collect benthic images along smooth ridge for inclusion in Jim Barry’s benthic time-series data set. 
Data (availability outside project team, uniqueness)
The systems developed under this project will be available to DMO in support for projects sponsored by other MBARI scientists, e.g. Paull, Robison, Haddock, Clague, Caress and Vrijenhoek
Significant changes from previous project proposal 
We’ve abandoned the pursuit of full hovering under this effort.  This includes active hovering with the proposed hovering modules as well as with a high pressure variable ballast system.
Last year we proposed to build quick and dirty systems to demonstrate the basic concepts on the AUV Docking vehicle.  This year we have upgraded the design proposal to produce a higher quality package that can be used by DMO for other applications on into the future.

In last year’s proposal we proposed to use a simple single beam acoustic altimeter to trigger an emergency ascent if an obstacle was detected.  During the last year we’ve established a relationship with Doug Horner, a researcher at the Naval Postgraduate School (NPS), who has been developing obstacle avoidance system for their Aries and Remus AUVs.  Doug had followed a similar path to the one we proposed but had decided to upgrade the sonar to one that could map the entire profile of the seafloor in front of the vehicle so as to allow the AUV to make intelligent decisions as to whether it needed to abort the path and pull up hard, or simply lift off the bottom slightly for a short period.  Doug has offered to help our effort quickly develop a working system by sharing his techniques and algorithms.  We are currently planning to pursue this path.
c) Specific deliverables

1. Drop-in module for the CTD AUV: An open, plastic framework will support  a syntactic foam module, the forward looking USBL purchased under the docking project, a downward-looking high resolution digital still camera, a forward looking low-cost multi-beam sonar, and a 1-atmosphere junction bottle that contains a PC-104 computer, three ethernet to serial converters, an ethernet switch and a 30 volt to 5 volt power supply.
2. Downward-looking, stern mounted lights: One or two lights suitable for high resolution color imaging from an altitude of 3m will be developed that can be easily added to the existing CTD-AUV, without major modification.

3. Low-pressure ballast tank(s): One or two ballast tanks that provide 10 lbs of positive buoyancy and  can be easily mounted near the center of the  CTD AUV.  
4. Instrument driver software: Software will be developed to control the sonar, camera and LP ballast tanks.
5. Obstacle Avoidance control software:  Software will be developed to parse the 2-D intensity data from the multi-beam sonar, identify the bottom profile in front of the AUV, identify and track potential obstacles and finally, behavious to modify the AUV navigation to smoothly fly over the obstacle, if possible.
6.  Updated vehicle attitude controllers for slow flight at neutral buoyancy.
d) Project team
Brett Hobson will manage this effort and perform the some of the mechanical engineering (75% of ME)

Jon Erikson will help with the remaining 25% of the ME tasks
Rob McEwen will work on the obstacle avoidance and vehicle controllers

Rich Henthorn will develop the instrument control drivers, requiring 10% of the SE time

Lance McBride has been working on the electrical engineering tasks, so we assume we’ll try to work with Lance’s replacement next year. 

e) Project lab space (new and continuing projects)

This project will share lab space with Bellingham’s projects.
3) BUDGET JUSTIFICATION (new and continuing projects)
In task 1 we’ve decided to upgrade the OA sonar from a $5k single beam to a $22k Blueview multibeam sonar.  This system is the lowest-cost multibeam option and presents the lowest risk to the project because we are following in the steps of a respected collaborator. A $30k Imagenex sonar is also under consideration.
A separate pressure vessel is needed in the new removable nose section to hold some electronics components.  Instead of designing a housing from scratch, we’ll use a commercially available unit.  The same PC-104, ethernet converters and power supplies used in the AUVs MVC were tentatively selected.  Expensive underwater connectors and wet cabling is needed to connect the USBL, camera, stobes, OAS and  ballast tank to the j-bottle, and a Seacon MINK-10L is needed to interface with the AUV’s primary bus.  A syntactic foam block is needed to ensure all of the added components yield a zero or positive net buoyancy change when added to the CTD-AUV.
We are still planning on using the camera system budgeted in 2006 by rolling over those funds at the end of the year.  We have asked for $4900 to cover estimated cost additions to use the high powered WHOI LEDs.  Unfortunetely, we haven’t received a firm quote on this package yet.

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
	Feb/07
	April/07
	June/07
	July/07
	Sept/07
	

	Milestone Description
	CDR of camera and sonar
	CDR 
	Test Tank Imaging
	Test Tank

Obstacle Av.
	First images
	

	EE
	3
	12
	10
	10
	20
	55

	SE
	3
	15
	20
	42
	15
	95

	ME
	5
	15
	14
	15
	15
	64

	Support Engineering

	EE Tech
	
	
	5
	
	
	5

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	2
	3
	
	5

	Machine Shop
	
	
	25
	
	
	25


AUV Supp.

-

-

-

-

  10

 10


5) RISK MATRIX (development and infrastructure projects only)
Please carefully read Section 5.2.3 in the instructions for internal proposals for an explanation regarding the risk matrix. This table must be completed for ALL development and infrastructure proposals (new and continuing). The instructions can be found at http://mww.mbari.org/resources/2007_Proposal_Process/Internal-only_Instructions_2007.htm.
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	    X
	
	
	

	Low
	    
	        X
	       X
	        X


Reactive path planning obstacle avoidance is very challenging, though a simple, yet useful “pull-up” maneuver should be low technical risk.









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