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Benthic Imaging AUV
1) ABSTRACT (new projects only)
We propose a two year effort to develop the expertise to capture high quality still images of the seafloor from MBARI’s Dorado AUVs.  By leveraging the the low-altitude, low-speed AUV homing techniques developed under AUV Docking along with the seafloor photomosaic work that Steve Rock and Lonny Lundsten have been doing, we plan to collect and assemble consecutive, overlapping images of the seafloor to form long mosaics.  These 100 m long by 3 m wide images will be valuable tools to understand who’s living there and when repeated in a time series, show the seafloor changes.  We plan to create large area views of unique features and document perturbations, like the arrival and slow decay of a whale fall, or the slow healing of an area long dragged by trawlers that is now part of a Marine Protected Area (MPA).  As we’ve seen with images of Big Red, the Yeti Crab, and the Macon, the public responds well to compelling visual images. With the near term introduction of Google Earth’s Ocean portal, we’ll have an easy way to share the geo-referenced images of the seafloor that we collect under this effort.  The science users at MBARI, who have been patientially waiting for this capability, will be the near-term benefactors of this effort.  While WHOI has several very successful programs that collect images of the seafloor from their AUV’s Abe and Seabed, we rely exclusively on ROV footage.  This effort will leverage the strengths of our AUV’s relatively long range, and modularity to offer our scientists the ability to collect 100 meter long mosaics in areas of interest that can be many miles apart, during a single dive. 
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Figure 1: Model of Benthic Imaging AUV, showing camera field of view in yellow and light pool in white.
2) PROPOSAL
a) New Projects: Project Justification
Statement of the problem

The only way to capture benthic images at MBARI today is to use one of our ROVs.  The close proximity of the lights to the camera limit the stand-off distance due to backscatter from the water colume and therefore restrict how much seafloor can be seen by the camera.  It is also difficult for highly maneuverable ROVs to fly a straight line at the constant altitude needed for photo mosaicing, though the auto-pilots developed under Precision Control have helped tremendously.  Nonetheless it is still difficult to accurately fly along a specific and repeatable 100m long track towards a Homer becon.  This is an important capability if you want to track change.  The AUV solution we are championing in this proposal uses the homing sonar, homing behaviors and low-altitude slow swimming developed in the AUV Docking effort to precisely fly down a 100 meter long line and repeatably fly directly over a Homer beacon.   The images we plan to collect far exceed the resolution available from either still captures from the HD camera or the existing Cool Pix digital still camera.  Because nose mounted, downward looing cameras can be spaced over a meter from tail mounted lights, backscatter is reduced, allowing the AUV to fly higher to allow the camera to see a larger patch of seafloor. 
Why it is important

Jim Barry, Ken Smith, Henry Ruhl, Charlie Paul and Bob Vrijenhoek all want high resolution images of the seafloor.  Whether it is to measure change, or simply quantify who’s living there, digital optical imaging is the best technique available.  While the ROVs and fixed camera tripods are doing a good job of collecting this data now, imaging from an AUV will allow many more missions, due to cost savings, which can either increase the frequency of visits, or provide the imputus to explore new, intriguing sites identified using data from the mapping AUV.
Present state of art/understanding

There was a flurry of undersea photographic experimentation in the 1960s and 1970s, but eventually the basic techniques were mature and development focused on long range acoustic imaging.  Several long-term times series, e.g. Smith, have documented change on the seafloor using fixed view film cameras with large strobes.  Towed camera sleds that are dragged on the seafloor or use large chains to control height off the seafloor have been successfully used to image long tracks with intermittent images or low resolution video.  These systems suffer from poor navigation and therefore cannot view the same area more than once, and if if they could they would view the drag marks their depth control system left behind.  
The performance of optical imaging systems in water is limited by absorbtion (attenuates), forward (blurs) and backward scattering (limits contrast).  It is fairly easy to illuminate a target and record a high quality image at short range because the absorbtion and scattering effects are small.  As range and field of view increase, new techniques and technology are needed.  Attenuation is solved by simply using more light, though colors are absorbed differently, with red disappearing first and green last.  Scattering is more problematic, but for intermediate distances, simply separating the light souce from the imager, and therefore not illuminating the entire water colume between the light and the camera is helpful.  Imaging at greater distances requires quite a bit more technology, and complexity.  There have been many demonstrations of different methods, but they all essentially use a highly columated light source that can be quickly pulsed and a gated receiver with a narrow field of view and are genericly referred to as Laser Line Scanning (LLS) imagers.  All of the systems consume large amounts of power, are very expensive, and almost all of them produce monochrome images that are of medium resolution.  Our preliminary functional requirements require color imaging, high resolution (ability to resolve a 1 mm target), and an ability to easy integrate into MBARI’s existing AUVs.  Therefore, we are not considering LLS for this application.
Hanumant Singh and Dana Yoeger at WHOI have been very successful capturing digital still images of the seafloor with the Seabed and Abe AUV.  Both systems use standard strobe lights, separated from the camera by about 1m and use stand-off ranges of 2-4 meters.  Hanu maintains the most important feature is the camera’s dynamic range, which is its ability to resolve across a wide spectrum of lighting conditions, e.g. resove detail in both the dark and very light sections of an image.  This parameter is governed by the pixel bit depth.  Hanu uses cameras with 12 bit sensitivity.  The Seabed AUV has a 1.4 meter separation between the camera and a 150 watt-second output strobe.  The system can capture a 3m wide image of the seafloor every 3 seconds moving 0.5 m/s at 3 m altitude.  Seabed is able to hover, and accurately move slowly; therefore it can capture overlapping images along precise tracklines.  Because Seabed is a hovering AUV, it is not suitable for capturing images from more than one location during a single mission.  Nonetheless, we considered simply purchasing a copy of Seabed for our benthic imaging needs, but dismissed the idea because we didn’t want to advocate introducing a new AUV platform for DMO to operate.  Seabed’s camera is impressive, but doesn’t provide the resolution our scientists asked for and the strobe doesn’t cycle fast enough to capture overlapping images from Dorado swimming at 1 m/s.
Xenon strobes have been the standard light source of optical still imaging.   Non-strobe incandecent lights and metal halide lights have also been used, but as the still image acquisition is only 1/60th of a second, much light is wasted and are therefore, not a good choice for a power limited platform like an AUV.  Recent advances in high intensity LED lights are creating a viable alternative to strobe lights.  LEDs can be turned on/off very quickly, efficiently convert electrical energy to light energy (watts to lumens) and there are many different wavelength available.  There is at least one commercial light available, though it is designed as a light and doesn’t have the circuitry to quickly turn on and off.  Dale Graves has built a similar light for Steve Haddocks biolumenicent work.  The most interesting LED light array has been designed and built by Norm Farr at WHOI for the 11 km depth rated Nerus.  The angle of each of the LED reflector can be carefully aimed and the wavelength (color) can be choosen to either minimize attenuation (blue/green) or a mix of red, green and blue for color imaging.  LEDs can be built in a thin panel, which makes vehicle integration easier, and the thin aluminum case conduct heat quickly.  The challenge for the LED panels is generating enough light for large stand-off (>3m) imaging.
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Figure 2: AUV light panel built by WHOI
How it relates/contributes to MBARI’s mission and strategic plan

Since we are working closely with the Imaging Marine Protected Areas group, and Rick Starr at MLML, who is a fishery bioligst charged with performing benthic surveys in the new MPAs, we are fostering research partnerships, handing off our technology to the community and providing information for policy decision makers.

Publications (from the last 5 years)

1) Richmond, K. and Rock, S.M., “Real-Time Visual Mosaicking and Navigation of the USS Macon,”  Proceedings of the Unmanned Untethered Submersible Technology Conference (UUST), Durham, NH, August 2007.
2) Richmond, K. and Rock, S.M., “ An Operational Real-Time Large-Scale Visual Mosaicking and Navigation System,”  Sea Technology, Vol. 48, No. 3, March 2007, pp. 10-13.
3) Richmond, K. and Rock, S.M. “An Operational Real-Time Large-Scale Visual Mosaicking and Navigation System,”Proceedings of the IEEE OCEANS Conference, 2006.

b) Continuing Projects: Current Status
N/A
Status of project

N/A
Results to date

N/A
Publications based on the results of this project
N/A
c) Plans for 2008 (new and continuing projects)
Engineering/technology development

This proposal is based on the following tasks:
1. Work with existing MBARI groups to select a common high resolution color still camera system that meets the needs of a) Benthic Rover transit camera, b) Pelagic Benthic coupling sediment camera on MARS, c) MOOS benthic tripod camera, d) Eye in the Sea whale fall camera.  For this effort, the camera shall have 3000 pixels horizontal resolution (1 mm resolution over 3 m wide image) and have 12-bit sensitivity.  We will have to design and build a camera housing, based on the existing Smith housing, develop electrical and software interface between the camera and the AUV.
 This task is budgeted 5 days for Brett Hobson, 8 days for Jon Erickson, 5 days for Alana Sherman, 5 days of Bob Herlein, and 10 days for Brian Keift and 7 machine shop days
2. Select a lighting system that provides enough light to image a 3m x 3m patch of seafloor from an altitude of 3-4 meters that can be fired every 1.5 seconds, continuously for at least 100 images.  The light shall be suitable for color imaging. Design and build a housing for a COTS light, electrically interface the light to the camera. 

This task is budgeted 5 days for Brett Hobson, 8 days for Jon Ericson, 10 days for Alana Sherman, 5 days of ETech and 5 machine shop days
3. Build a new nose section for the Dorado AUV.  Purchase/fabricate new nose fairing, rings, clams, syntactic foam, bulkheads.  Borrow Jim Bellingham’s USBL (AUV Docking) and install in nose along with an obstical avoidance sonar purchased for AUV mapping.  

This task is budgeted 5 days for Brett Hobson, 5 days for Jon Erickson and 10 MEtech and 5 machine shop days
4. Re-build old Upper Water Colume AUV mid-body (pre-gulper).  Needs to be re-configured end for end so Bluefin pressure tolerant batteries are in forward section. Adapt and install soft ballast bladder design from LRAUV.
This task is budgeted 5 days for Brett Hobson, 5 days for Jon Ericson and 10 days of MEtech and 3 machine shop days
5. Re-build old AUV Docking tail section. Add WiFi high speed wireless Ethernet, misc. minor upgrades to match current DMO standards.

This tast is budged 5 days for Brett Hobson, 3 days of Jon Ericson, and 15 days of Etech.

6. Retune AUV controllers for low-speed operations. Modify the simulation as necessary to accurately model low-speed flight. Adjust obstacle avoidance algorithm for low-altitude, low-speed operation. Develop any algorithms and software necessary for the buoyancy control system.

This task is budgeted 35 days of Rob McEwen and 8 days of Brian Keift
7. Test and integration.  Test camera system on shared Ventanna dives.  Integrate into AUV and run tests in tank, followed by two engineering tests offshore supported by Zephyr.
This task is budged 15 days for Brett Hobson, 10 days for Jon Erickson, 5 days for Alana Sherman, 10 days of Etech, 10 days of MEtech
8. Demonstrate imaging offshore with collaborators and create mosaics.
This task is budged 7 days of Brett Hobson, 7 days of Rob McEwen, and 10 days for Lonny Lundsten 
9. In year 2 we will integrate the camera nose and midbody with the mapping tail section ( with inertial navigation) to perform benthic imaging on targets that do not have a homer beacon.  We will also conduct repeat imaging of selected MPA areas, whale falls, instrument deployments, e.g. STEDS, and any other target of interest, using the standard tail section.
Field programs

1. First field tests of the camera system will be aboard Ventanna.  We hope to piggyback on somebody else’s cruise for these tests 
2. Two Zephyr supported engineering tests.  This task could be performed with the spare rhib or MLML whaler if Zephyr time is tight.
3. Two Zephyr supported demonstrations at Portuguese Ledge or Soquel Canyon Marine Protected Areas (MPA) in collaboration with MPA Imaging and MLML.  This is planned in for October/November
Data (availability outside project team, uniqueness)
All images and completed mosaics from the MPA areas will be shared with our MBARI scientist partners and MLML collaborators.  All geo-referanced images will be considered for sharing on Google Earth Ocean Portal.  All data will be stored on IS supported data storage computers.
Significant changes from previous project proposal (continuing projects only)

N/A
d) Specific deliverables (new and continuing projects)

1. Complete AUV nose section with foam and mounts
2. High resolution camera and light source.

3. Wifi data radio upgrade, tail section update, and soft ballast system for Dorado

e) Project team (new and continuing projects)
1. Brett Hobson: PM/ME
2. Rob McEwen: Controls/software algorithms
3. Steve Rock: Image processing consultant 
4. Lonny  Lundsten; Image mosaic creater ** not classified in labor matrix below
5. Hans Thomas: AUV operations

6. Alana Sherman: EE for camera integration

7. Jon Ericson: ME

8. Bob Herlein: SE for camera system

9. Brian Keift: SE for AUV integration

f) Project lab space (new and continuing projects)

We will perform the mechanical work in Larry Bird’s ME lab.  We will store the AUV in the DMO blue storage van.  Electrical work will be done in the EE tech lab and software will be developed in the SE offices.
3) BUDGET JUSTIFICATION (new and continuing projects)
1. Camera system. Canon 5D with a 24mm lens, 16 GB CF card, misc. cables: ($4300) Lighting. Hartenberger 625 TTL strobe: ($3000), local controller, hub, server ($625): 

Total: $7925

2. AUV Nose. Nose section fairings with clamps ($4800) and machined floam: ($4400 labor + $3325 material): 

Total: $12,525

3. Misc. AUV upgrades components. MVC connectors, steering actuators, WiFi, J-box extension, soft air ballast bladder, air pump, plumbing, controller  
Total: $4200
4. We hope to secure external funding from Cal Sea Grant in mid ’08 to support VARS and AVED analysis of benthic animals and additional sea deployments.

5. Misc. tools, underwater connectors, components

Total: $ 2500

6. Travel to present at one domestic conference

Total: $ 1500

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
	2/28
	3/30
	7/15
	9/15
	11/15
	

	Milestone Description
	CDR for cam/light
	CDR of AUV 
	Ventanna cam test
	Tank test of AUV
	Ocean Demo
	

	EE
	5
	
	10
	5
	
	20

	SE
	5
	15
	15
	20
	10
	65

	ME
	15
	15
	25
	20
	10
	85

	Support 
Engineering
	
	
	
	
	
	

	EE Tech
	
	5
	10
	15
	
	30

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	20
	10
	
	30

	Machine Shop
	
	
	5
	15
	
	20


(See next page for personnel classification information.)

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/2008_Proposal_Process/Internal-only_Instructions_2008.htm.
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	x

	Low
	x
	x
	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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