2006 Proposal Process – Internal-Only Projects

Submission Deadlines: Phase I – August 25th, Phase II – October 5th 


	Project Number:
	900609


	Project Start: Jan. 1,
	2006
	Project Duration (in years):
	2


Please indicate what type of project is being proposed (mark only one).
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1) ABSTRACT (new projects only)

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 take on the challenge of flying close to the seafloor.  This effort is important because we should be using the limited ROV/ship resources for more interesting and valuable intervention missions than routine benthic imaging. 
[image: image1.png]



Dorado LS with Benthic Imaging Package
AUVs are ready
1. Accepted and used by MBARI’s scientists (upper-water column)
2. Routine un-attended operation anywhere in the bay for 19 hours and 100 km
3. Have been launched from the dock, towed by a small boat for launch and recover outside the harbor   
4. AUVs can precisely navigate to homer beacons
New Capabilities 
1. Benthic imaging
a. Routine high resolution imaging fly-overs
i. Random locations for benthic time-series

ii. Marked sites of interest, e.g. whale fall, instrument deployment site
b. Classification of mapping anomalies
2. Stop and hover

a. Slow response sensors, e.g. pH, methane, mass spec

b. Precision sample capture

i. Sample incubation
c. Animal following, e.g. jellyfish tracking
3. Data mule

a. Retrieve data from autonomous sensors e.g. seismometers, heat probes

Problems to be solved
1. No ability to detect and avoid obstacles ahead of the AUV
2. No ability to image with the AUV

3. Four kg of fixed positive buoyancy impedes low-speed control and precludes stopping
Path forward
1. Add obstacle avoidance sonar and develop the vehicle controllers to avoid obstacles it detects – This has been demonstrated elsewhere and  we are collaborating with researchers at NPS who have a working system.
2. Add a camera and light – Low risk
3. Trim AUV neutral and add a low-pressure buoyancy tank to hold AUV on surface for comms and recovery.  This type of system is routinely used by gliders and is technically simple.
4. Add a small volume, high-pressure variable buoyancy system and controllers to allow neutral trim at all depths. Used by gliders; more difficult than LP ballast
This is a proposal for the second year of a two year project to adapt MBARI’s existing Dorado AUV to support benthic studies.  This project comprises the following sub-tasks: (1) the addition of a downward-looking digital still camera and lights, (2) the development of a ballast tank that will allow the AUV to be safely operated at neutral buoyancy, (3) the refinement of the AUV flight controllers for low-speed flight, and (4) the addition of an obstacle avoidance sonar and the development of the associated vehicle controllers. 

Status of the Project

While this project began in January 2006, very little work (4 days as of 8/15/06) was performed during 2006 because Hobson and McEwen’s time was dominated by the AUV Docking project.  In addition, we had planned to leverage the digital still camera that Mark Chaffey was developing for the MOOS benthic node, but unfortunately, that camera development has 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. 
While the delay is unfortunate, it has not affected the target science application but 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.
Background
While operational demand for MBARI’s AUV’s is rapidly increasing, those scientists addressing questions near the seafloor are not being served by this new asset.  Cv 
The existing Dorado-class AUV can be upgraded to greatly enhance their utility and increase the user-base of MBARI scientists. 
 Developing a low-speed capability for Dorado, termed Dorado LS,  c
ould help achieve a number of important tasks.  For example, a Dorado LS that could fly at 1.5 to 2 knots within 3 meters of the seafloor would be immediately put into service by Jim Barry capturing high resolution still images of the seafloor along existing benthic time-series tracks on smooth ridge.  By decreasing the speed below 1 knot, and still maintaining control, Dorado LS to 
could stop and slowly move vertically in the water column allowing for the use of slow response sensors (e.g. mass spectrometry and pH) as well as the investigation of vertical stratification with much higher vertical resolution than is currently possible with other platforms. WHOI’s ABE has been used with success in environments where low-speed control and the ability to translate vertically allowed it to operate where no other AUV could.  Unfortunately, ABE’s range is less than 20 km.  A future Dorado LS would retain its long range capabilities (60+km) yet still maneuver safely in complex terrain.  We envision Dorado LS that can fly 30 km along the axis of Monterey canyon at an altitude of 40 meters performing an event response survey for the canyon dynamics program, a task no other AUV could perform.  
The first step towards this goal is to push the limits of low-speed control with minimal modifications.  We propose developing a simple surface-deployed soft ballast tank.  Currently, Dorado is trimmed prior to the dive with at least 8 lbs of positive buoyancy.  While this ensures visibility and stability on the surface, this buoyancy must be offset during the dive, which reduces the vehicle’s range and slow-speed control because the vehicle must travel through the water in a nose-down attitude.  With a soft ballast tank that can be blown whenever Dorado comes to the surface, the vehicle can be trimmed to neutral prior to operation, allowing the vehicle to fly straight ahead in a low-drag configuration.  Such a feature enhances Dorado’s low-speed performance plus enables future longer- range missions since energy is not wasted offsetting positive buoyancy.  





This project offers relatively low technical risk and has already received enthusiastic encouragement from a large number of MBARI’s science staff including Robison, Barry, Haddock, Clague, Caress and Vrijenhoek.

2) PROPOSAL
a) The problem addressed (new projects only)
Statement of the problem

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.  DMO is currently unwilling to program the vehicles to fly within imaging range, especially at speeds below 2.5 knots where control authority is diminished.
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.
Beginning in Fall ’05 the AUV Mapping Vehicle will begin running routine missions and we expect there to be many seafloor anomalies that require visual classification.

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

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 (new and continuing projects)
Status of project

The project team is working to reduce risk on this effort by interviewing other teams (WHOI, Bluefin, FAU, U-H, Stanford) who have developed similar systems.
Results to date

Rob McEwen has determined the minimal controllable speed (MCS) of the Mapping AUV is 2.5 knots.  It appears that if the AUV were neutrally buoyant, the MCS could be lowered to around 1.5 knots, or the vehicle could be operated at 2.5 knots with the control authority to easily avoid obstacles or follow rough terrain.  Additional controller tuning would be needed to push this limit.

Steve Rock has significant experience controlling hovering and low speed vehicles and is confident we can transfer significant components from the Precision Control program to this effort.

Brett Hobson has developed a retrofit hovering module for FAU’s Morpheous AUV and will apply many of the lessons learned on that project to this effort.

Several candidate designs for a low pressure (near-surface only) variable buoyancy system have been identified and well as the design of the thruster modules for Dorado we plan to develop in year 2.
Publications (from the last 5 years)

Hobson B., Kemp M., Le Goff I., Leonessa A., 2003, Oscillating Fin Thrusters for

Multi-View Classification Maneuvering on MCM UUVs, Proceedings of Oceans 03
Rife, J. and Rock, S.M., “Segmentation for Visual Tracking,” IEEE Journal of Oceanic Engineering, Vol.

28, No. 4, pp. 595-608, October 2003.

2. Plotnik, A. and Rock, S.M. Improving Performance of a Jelly-Tracking Underwater Vehicle Using Recognition of

Animal Motion Modes, Proceedings of the Unmanned Untethered Submersible Technology Conference (UUST),

Durham, NH, August 2003.

3. Richmond, K., Black-Schaffer, D. and Rock, S.M. “Automatic determination of vision lock on the seafloor in the

presence of dust,” Proceedings of the Unmanned Untethered Submersible Technology Conference (UUST), Durham,

NH, August 2003.

4. Huster, A. and Rock, S.M., “Relative position sensing by fusing monocular vision and inertial rate sensors,”

Proceedings of the 11th International Conference on Advanced Robotics, Vol. 3, pages 1562--1567, Coimbra,

Portugal, July 2003.

5. Plotnik, A. and Rock, S.M., “Quantification of cyclic motion of marine animals from computer vision,”

Proceedings of the IEEE OCEANS Conference, Beloxi, MS, pp. 1575--1581, August 2002.

6. Rife, J. and Rock, S.M., “Field experiments in the control of a jellyfish tracking ROV,” Proceedings of the

IEEE OCEANS Conference, Beloxi, MS, pp. 2031-2038, August 2002.

7. Huster, A., Frew, E.W. and Rock, S.M., “Relative position estimation for AUVs by fusing bearing and

inertial rate sensor measurements, ”Proceedings of the IEEE OCEANS Conference, Beloxi, MS, pp. 1857-

1864, August 2002.

8. Rife, J. and Rock, S.M., “A Pilot-Aid for ROV Based Tracking of Gelatinous Animals in the Midwater,”

Proceedings of the Oceans 2001 Conference, Honolulu, HI, pp. 1137-1144, November 2001.

9. Huster, A. and Rock, S.M., “Relative Position Estimation for Manipulation Tasks by Fusing Vision and

Inertial Measurements,” Proceedings of the Oceans 2001 Conference, Honolulu, HI, pp. 1025-1031,

November 2001.

10. Rife, J. and Rock, S.M., “A Low Energy Sensor for AUV-Based Jellyfish Tracking,” Proceedings of the

12th International Symposium on Unmanned Untethered Submersible Technology (on CD), Durham, NH,

August 2001.
Plans for 2007

Engineering/technology development


This effort has five components: 
1. Dorado Controller tuning

2. Low pressure variable ballast system

3. Digital Still Camera and strobe acquisition and integration 

4. Single beam altimeter integration 

5. Hovering thruster module development

We propose work on tasks 1, 2 and 3 during 2007.  We will begin development of task 4 in late 2006 and then focus on it in 2007.

Field programs


We will piggy-back on existing AUV Docking missions to begin the low-speed controller tuning.  Two dedicated Dorado LS days will be requested for Zephyr in ’06. 

Data (availability outside project team, uniqueness)

Better Low speed control of the AUV will benefit the AUV Docking project, and since there is 100% overlap in personnel between the two projects, we expect full cooperation.
Significant changes from previous project proposal (continuing projects only)
N/A
c) Specific deliverables (new and continuing projects)

1. We will deliver a prototype shallow water variable ballast system that can be used on any of MBARI’s AUVs.  In addition, 
2. A digital still camera and strobe will be integrated into the AUV for both mid-water images as well as benthic imaging

d) Project team (new and continuing projects)
Engineering:

Brett Hobson is managing the project and working on the mechanical systems.  Rob McEwen and Steve Rock (Adjunct), who is the Principle Investigator, will take care of software and algorithm development.  Mark Chaffey will be helping with the camera acquisition.  
Science:

Jim Barry is our lead scientist, though Bob Vrijenhoek, Dave Clague and Charlie Paull plan to use this technology in the near future.  
e) Project lab space (new and continuing projects)

We will share space in the existing AUV labs and Mechanical Engineering lab.


3) BUDGET JUSTIFICATION (new and continuing projects)
	B1: Low Pressure Variable Ballast (LP-VB) – includes: motor, shafts, bearings lead-screw assy, pressure switch, mounts, materials
	$1,600.00



	B2: Digital Stills Camera and strobe – includes: Insite digital still camera and strobe; misc. cables and U/W connectors
	$25,150.00



	B3: Single Beam acoustic altimeter
	$4,700.00

	B4: Misc. underwater connectors
	$600.00

	Total
	$32,050


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
	5-1-06
	6/16/06
	
	9/12/06
	
	

	Milestone Description
	Build and test
LP-VB
	Demo low-speed
	Integrate Camera and Strobe
	Perform Benthic Time Series run
	
	

	EE
	5
	
	5
	
	
	10

	SE
	8
	20
	5
	5
	
	38

	ME
	14
	5
	8
	5
	
	32

	Machine Shop
	3
	
	2
	
	
	5


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/2006_Proposal_Process/Internal-only_Instructions_2006.htm.
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	x
	x

	Low
	
	x
	
	








� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


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