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1) ABSTRACT (new projects only)

Our project goal is to provide an optimized underwater imaging solution for use on multiple platforms, including our ROVs, AUVs, Rovers and Observatories.  We have identified several key imaging technologies that could be used simultaneously to provide superior underwater imagery for both human users and automated software systems.  

We certainly see that the AUV’s potential capabilities as an unattended surveying platform provide a unique advantage for both midwater and benthic research projects. Automating the survey and transecting tasks that presently use ROVs will expand the scope of these measurements while increasing their resolution. Edie Widder’s work with the Eye-in the-Sea has readily proven how advantageous an imaging solution can be for benthic science, and how unexpectedly rewarding the results of reviewing the imagery may be.

Most importantly for scientists, the ability to gather underwater images can be applied to a variety of difficult oceanographic problems. Recent developments in highly sensitive mega-pixel imaging sensors, high-intensity LEDs and video storage, and the capability to reduce the size of existing imaging systems will allow us to capture high-quality images for ecological studies of community composition and structure, as well as dynamic aspects related to behavior patterns.

We would like to adapt some of these new imaging systems for use on MBARI’s platforms.  We plan on developing a system that can be directly connected to an embedded computer to allow streaming the video to a storage device or existing network, like MARS, for real-time viewing. Such an imaging system may be mounted on other autonomous, moored or cabled platforms with little modification.

To simplify our solution and make the best use of MBARI’s resources, we will develop our imaging solution on the ROV initially.  Since we will be using the ROV, we won’t need any AUV resources or AUV engineers in the first phases of the project.  Once we have a satisfactory imaging module we can transition it from the ROV to other platforms.  

2) PROPOSAL

a) The problem addressed (new projects only)

Statement of the problem

Typical underwater imaging systems are range limited and can’t see farther than a meter or two.  We want to extend that viewing distance.  

.Across the industry, imaging systems are limited to the analog video resolution available on ships and other platforms.  We just want to tap into these platforms’ networks to provide high resolution digital imagery.  

Finally, current imaging systems are typically pieced together from components to form a generically good solution.  They aren’t fully optimized for identifying animals.  We want to optimize an imaging solution for identification.  

Why it is important

“This imaging system will give "eyes" to the AUV and thus will make it useful to our midwater research program for the first time.  The new imaging capability will enable us to automate much of our field work and will expand the scale and scope of our surveys while also improving their resolution.” – Bruce Robison
“AVED hinges on having the objects of interest in the image represented with as many pixels as possible. The accuracy of detection and recognition improves as the quality of the image improves. Thus, this project directly impacts AVED, by developing higher resolution imagery. The focus of the project on delivering images that are machine vision friendly, as opposed to ones that look good (or acceptable) to the human eye is of obvious benefit to AVED and related machine vision systems. This focus makes sense moving forward; "fixing" images after the fact is both expensive in time and computing, and not always successful. Particularly for animals and features that are currently hard for humans to annotate (ones that are relatively small, low contrast, or highly variable) the proposed imagining systems may well enhance human annotation as well as machine analysis.” – Duane Edgington
“Benthic ROV video transects presently require 5-7 days of ship / ROV time per year for a single visit per depth (5-6 depths) for each 2 km transect.  An AUV-based camera system capable of high resolution, color, digital still images along each transect could save quite a bit of ship time, depending on the capabilities of the system.  Initially, a system capable of covering a single transect per day / dive with frequent seafloor images might be a suitable replacement for ROV transects.  A critical requirement is the ability of the imaging system to obtain high resolution images covering a ~1-2 m wide section of the seafloor.  This would presumably require the vehicle to transit quite close to the seafloor using a conventional camera system.  A range gated camera, which may become available at a later date, would probably make easier the task of obtaining good seafloor imagery, since the vehicle could fly higher over the seafloor.”  – Jim Barry

Will provide statement by Phase II proposal – Steve Haddock

Will provide statement by Phase II proposal – Ken Smith

Will provide statement by Phase II proposal – Edie Widder
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How it relates/contributes to MBARI’s mission and strategic plan

This project is about developing a better instrument, and making it available so that we may ultimately develop a better system.  Across the industry, imaging systems are limited to the video resolution available on ships and other platforms.  We just want to tap into these platforms’ existing computer networks to do a better job.  
b) Approach to the problem (new and continuing projects)

Our project goal is to provide an optimized underwater imaging solution for use on multiple platforms, including our ROVs, AUVs, Rovers and Observatories.  We have identified several key imaging technologies that could be used simultaneously to provide superior underwater imagery for both human users and automated software systems.  

While we see the potential impact these solutions will have on changing MBARI’s current video infrastructure, our intent is only to develop the front end, the camera, of this system.  Our long-term plan is to provide high-resolution imagery in a network-compatible format, so that in the future the imagery can be reviewed from any computer inside, or outside, the MBARI computer network.  Imagery in this digital format can easily and inexpensively be converted to tape for distribution to traditional studios and news agencies.  (DVD, Tape, etc.)

While the imagery we see in the video lab and in Power Point presentations are nice, we anticipate that numerical data are a primary product of our current video imagery.  As such we consider machine vision systems specifically optimized to provide those data.  We consider coupling an optimized machine vision camera system to machine vision software, like AVED, a primary product of this project.  We realize that this approach is distinctly different than our current human-centered video annotation system, but that the repository of both systems is the same, VARS.  Our initial conversations regarding integration of such a machine visions system with VARS indicate that the integration will require very little effort.  Here is a summary of the potential differences:

	
	Human Centered
	Machine Vision

	Resolution
	Currently low

(400kPixel – 2Mpixel)
	> 4Mpixel

	Storage
	Videotape
	Hard Disk Drive

	Ultimate Repository
	VARS
	VARS


To simplify our solution and make the best use of MBARI’s resources, we will develop our imaging solution on the ROV initially.  Since we will be using the ROV, we won’t need any AUV resources or AUV engineers in the first phases of the project.  Once we have a satisfactory imaging module we can transition it from the ROV to other platforms.  

Status of project

· Sept 2004: finished VLIC circuit card hardware and started software

· July 2005: deployed midwater low-light camera, withVLIC, on ROV Ventana

Results to date

With direct resource support from the midwater group, we have successfully fielded “MBARI’s best low-light camera” (Robison).  “We finally got it right.”  (Robison) Our recent deployment of the midwater low-light camera system on the ROV allowed us to capture stunning video of both bioluminescent and non-bioluminescent creatures.  The low-noise images revealed siphonophores in stark contrast to the surrounding marine-snow background and fireworks displays given off by bioluminescent creatures stimulated by the SPLAT screen. 

	July 2005 Deployment Images
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	Siphonophore with lasers for sizing
	Abandoned larvacean house (sinker) in front of splat screen.


Publications (from the last 5 years) 

Here are the papers related to quantitative video imagery stored in the VARS repository.  Some are the work of the co-PIs and some are just using the imagery obtained by the continuous time-series collection.  
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Plans for 2006


Engineering/technology development

· Integrate pulsed laser with existing midwater camera to prove range-gating concept

· Integrate machine video camera in place of existing midwater camera


Field programs

· deploy range-gated midwater system using midwater dive days

· deploy range-gated machine video system using midwater dive days


Data (availability outside project team, uniqueness)

· In 2006, our data will be primarily of interest to engineers and imaging technologists.  It will be made available in the form of papers and presentations.

· Following our success, the data will be available to anyone who can access our existing video repository.  

Significant changes from previous project proposal (continuing projects only)
· Not applicable

c) Specific deliverables (new and continuing projects)

· Pulsed laser compatible with range-gating capable cameras

· Machine vision camera system compatible with range-gated solution

· Integration of machine vision digital video to VARS

d) Project team (new and continuing projects)
Kim Reisenbichler – Project Manager

Lance McBride – Lead Engineer / Electrical Engineer

Unspecific Software Engineer

Unspecific Mechanical Engineer

Hanumant Singh – External Advisor

“I'd love to help in whatever way you need.”
Allan Jansson – Potential Commercial Partner

“For your info I am interested in this combination for larger depths. This can be a good reason for cooperation between us.” (AquaLynx)

Tom Olkowski – Potential Commercial Partner

“Sure I’m interested in licensing your camera technology”  (Insite Tritech)
e) Project lab space (new and continuing projects)

We  would like to continue to use a 4’x8’ space in the EE lab and the optics lab.  


3) BUDGET JUSTIFICATION (new and continuing projects)

	Price
	Description

	$15k
	Pulsed laser packaged in a deep-water housing with optimized optics

	$25k
	Machine Vision camera packaged in a deep-water housing with optimized optics

	$10k
	Computer with Machine Vision hardware for direct interface with camera and large disk storage

	$5k
	Misc. cables/connectors

	$3k 
	Misc. interface circuit cards

	$3k
	Misc. mechanical bracketry

	$61k
	Total


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
	+6 wks
	+8 wks
	+2 wks
	Se;pt 2006
	
	

	Milestone Description
	Deploy Range Gated System
	Deploy Range Gated Machine Vision System
	Demonstrate Digital Video Integration with VARS
	Present work at IEEE Oceans 2006, Boston
	
	

	EE
	20
	36
	8
	7
	
	71

	SE
	15
	20
	8
	2
	
	45

	ME
	11
	17
	0
	2
	
	30

	Machine Shop
	7
	10
	0
	0
	
	22


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
	
	

	Low
	
	
	X
	X


NOTE: The technical and organizational risk levels are directly related.  The machine vision system hasn’t been proven at MBARI, and there is some risk that it isn’t a clearcut fit with MBARI’s current vision for video data.  The technical risk isn’t due to the range-gated aspect of the project, as we can buy a shallow-depth range-gated system from a commercial vendor.  







� 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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