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Project Title:

Ocean Research and Biodiversity Explorer Scoping Project

Lead Engineer: Danelle Cline

Lead Scientist: Steve Haddock

Team: Judith Connor, Duane Edgington, Linda Kuhnz, Lonny Lundsten, George Matsumoto, Nancy Jacobsen Stout, Brian Schlining, Kyra Schlining

1) ABSTRACT (new projects only)

The MBARI video annotation archive, which has been steadily growing for over 16 years, is fast approaching its next evolutionary phase. An essential first step to meeting future MBARI science goals will be scoping the feasibility of implementation of a full-resolution video digitization system to archive existing ROV dives as well as all future footage. While VARS is the “card catalog” to our library of video data, the tapes themselves (image sequences, unannotated organisms) must still be taken off the shelf and viewed on a tape deck. To access the full power and depth of the data set would require queries to be placed to retrieve any images or series which meet particular criteria. A digital video library given the appropriate metadata, would enable new lines of inquiry which are presently impossible or too labor-intensive to consider. 

A simple system might include a searchable catalog of a low-resolution video clips from a corporate library, but may still include a master stored on tape. Fully-automated systems that preclude tapes altogether, might include many terabytes of MPEG-2 archive high-quality searchable video with sophisticated equipment for streaming multiple resolution formats of video on-the-fly. In either case, these systems are expensive and require careful analysis.  The cost of these systems varies widely, but even modest systems start at $100,000, and the cost of mass storage in larger systems and high-quality compression raises the costs even further. Therefore, formulating realistic approaches that ascertain benefit for the significant cost is paramount to this study. It is the technical aim of this study to identify key requirements and different approaches for a system to ingest, index, organize, and preview digitized video using only off-the-shelf commercial equipment.

The results of this study may include an incremental approach to allow us to start modest, and then grow into a fully-automated system that stores full-resolution digital video for all of our current and future video assets.  An incremental approach has the benefit of allowing us to assess what kind of features are needed and gauge how useful it is internally before jumping in too far with the investment. Although storage and compression technologies are changing rapidly, an initial effort to digitize our video data will be an investment that will not become devalued, since the digitized data can be used with any future media.

The dissemination of data and technology has been one of MBARI’s goals since its inception. There is no other research institute in the world with such a wealth of underwater video that has been meticulously archived and annotated. We see the digitization of the video archive as the logical next step in continuing MBARI’s tradition as the leader in management and dissemination of underwater video data.

2) PROPOSAL

a) The problem addressed (new projects only)

Statement of the problem

The MBARI video annotation archive, which has been steadily growing for over 16 years, is fast approaching its next evolutionary phase. We have documented millions of individual observations and are continually enriching this data set as we gain more knowledge about the deep-sea environment. Time and again, this has proven to be an extremely valuable resource for both our internal and external scientists. Years of experience have enabled software engineers and annotation technicians to produce a highly specialized and powerful annotation and reference tool, the Video Annotation and Reference System (VARS). We are now poised to take full advantage of VARS and other technologies to advance the usability, accuracy and distribution of our annotation database. In doing so, we will provide the research community one-of-a-kind data sources and novel state-of-the-art tools. These resources will be employable across a variety of disciplines with uses ranging from long-term ocean observatories to scientific teaching tools. An essential first step to these goals will be scoping the feasibility of implementation of a full-resolution video digitization system to archive existing ROV dives as well as all future footage.

Why it is important

Science applications and considerations

While VARS is the “card catalog” to our library of video data, the tapes themselves (image sequences, unannotated organisms) must still be taken off the shelf and viewed on a tape deck. To access the full power and depth of the data set would require queries to be placed to retrieve any images or series which meet particular criteria. In the same way that amazon.com and Google Scholar have made literature and scientific papers instantly viewable, a digital video library, given the appropriate metadata, would enable new lines of inquiry which are presently impossible or too labor-intensive to consider.

Example 1: John Ryan is interested in recognizing krill swarms as well as sediment plumes coming off the shelf edge. The former are annotated in VARS, so frame grabs could be retrieved of many examples. However, to identify the presence of sediment plumes through image analysis would require an overwhelming effort of searching for appropriate sequences (depth, location), pulling tapes from numerous dives, identifying time codes, and digitizing the appropriate frames. In a digital dataset, a search could rapidly generate a set of files containing representative images from a particular location every 100 meters through the years: a complete seasonal study done in retrospect.

Example 2: Plankton biologists are continually recognizing new species in the deep water-column, and often the discovery of new ecological importance is only a matter of prioritizing and targeting the specimens of greatest interest. Numerous siphonophores, ctenophores, and radiolarians remain to be described so that they can be appropriately quantified. The progression of discovery is typically as follows: On early dives, some fraction of these new species are annotated to a very approximate level (physonect siphonophore or radiolarian), and frame grabs are not taken. Once it is recognized as a distinct organism, the species is “baptized” with a working name (i.e. green siph or spider rad), and a few serendipitous frame grabs are generated. When a scientist recognizes that it is an interesting species, they begin taking more detailed video and frame grabs. 

At this point in the procedure, armed with their new knowledge, the scientist would benefit greatly from being able to examine occurrences of that animal before it was recognized as a particular species. This is not currently possible, since many generic annotations do not have an associated frame grab. Given a digital dataset, the scientist could quickly examine frame grabs from generic observations. Once the species is described, this same capability would allow the “back annotation” of species to improve the quality of the VARS annotations.

In a similar manner, benthic organisms and geological features (e.g., chemotrophic communities) could be identified and quantified.

Example 3: In the archived videos, which essentially represent the return from investment in many ROV dives, features which are not annotated properly are essentially lost. With improvements in automatically detecting and classifying frames of interest (e.g., AVED and the software for WHOI’s Video Plankton Recorder) it is becoming increasingly feasible to go into a digital archive and automatically re-extract frames of interest from particular depths or locations. Although it will be a long time before computers are identifying closely related species, the technology is certainly capable of noting “large white siphonophores” for example, which the scientist could then quickly examine.

In general, providing the ability to randomly access the video archive will open avenues of innovative and important science that are currently cumbersome or unavailable. A complete, digitized archive of MBARI video footage should be the next technological goal in managing the vast video archive. It will allow scientists to capitalize upon MBARI’s unique video resources and data. Once a digitized video library is available, users could access visual data from their desktops using VARS as the primary portal. This will enhance MBARI’s data mining capabilities by using VARS, the Automated Visual Event Detection (AVED) system, the Deep Sea Guide (DSG), and additional components to create a package which would allow scientists to discover new data patterns (e.g. interactions, seasonality, geological formations). The eventual product of this system could be to create a public web portal, adopting internationally recognized data schema standards and providing external access to the software tools, non-embargoed video and images, and related data. 

Present state of art/understanding

Systems that digitize, organize, and preview video are commonly referred to as Media Asset Management (MAM) systems. These systems can vary from modest video catalogs to online systems that fully automate every aspect of the video processing. A simple system might include a searchable catalog of a low-resolution video clips from a corporate library, but may still include a master stored on tape. Fully-automated systems that preclude tapes altogether might include many terabytes of MPEG-2 archive high-quality searchable video with sophisticated equipment for streaming multiple resolution formats of video on-the-fly. In either case, these systems are expensive and require careful analysis.  The cost of these systems varies widely, but even modest systems start at $100,000, and the cost of mass storage in larger systems and high-quality compression raises the costs even further. Therefore, formulating realistic approaches that ascertain benefit for the significant cost is paramount to this study.

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

In MBARI’s MDUC video core data review, the committee recommended a feasibility study for digitizing MBARI’s video archives. The dissemination of data and technology has been one of MBARI’s goals since its inception. There is no other research institute in the world with such a wealth of underwater video that has been meticulously archived and annotated. We see the digitization of the video archive as the logical next step in continuing MBARI’s tradition as the leader in management and dissemination of underwater video data. 

b) Approach to the problem (new and continuing projects)

Status of project

N/A

Results to date

N/A

Publications (from the last 5 years)

N/A

Plans for 2006


Engineering/technology development


It is the technical aim of this study to identify key requirements and different approaches for a system to ingest, index, organize, and preview digitized video using only off-the-shelf commercial equipment. We would first gain a general understanding of current and emerging technologies. This would include attending conferences and other related venues to learn about different storage technologies (optical drives, SCSI, Fibre channel drives), encoding options (Motion-JPEG, MPEG-2, MPEG-4, Wavelet), and storage architectures. 

We acknowledge that we are not experts in this field, thus the approach for this study is to hire a video consultant who specializes in MAM systems to analyze our entire workflow from video ingest to playback and recommend solutions. We would then pursue quotes for the solutions and have vendors demonstrate their products for hands-on evaluations. 

Because compression will lower the cost of storage and different users may have different needs for resolution, analysis of different compression technologies (e.g. Motion-JPEG, MPEG-2, MPEG-4, and Wavelet) will be one method used in this study to evaluate qualitative differences . The approach will be to have a small group of end-users evaluate a variety of methods. The output of this study would be simply qualitative (e.g. very good, good, bad) for targeted video clips. This would then be used to determine the amount of storage and encoding schemes required.  We could also leverage work done in a similar study by the low-light imaging module project.

Requirements given to the consultant will be extracted from the science use scenarios.  At the very basic level, these requirements will identify how many users will benefit from such a system and how many hours of video they need access to. We should also gain a better understanding from the use scenarios of what the users will be doing with the video. For example, these requirements might address questions such as: 

1. What kind of resolution is required? 

2. What encoded format is best for post-processing the video? If the user needs to use a third-party tool (e.g. Matlab, AVED, VARS), we should identify the most compatible formats.  

3. Is previewing video in QuickTime or RealPlayer okay, or is a high-quality color monitor required?   

4. How should the video be cataloged to enable users to search most effectively? By dive number? How is time code used and displayed?

5. Is editing the contrast or color required before ingesting the video into the MAMS?

6. Are key frames useful and how should they be generated? From VARS annotations entries?

Task Breakdown
1. Research existing and future technologies.

2. Write technical requirements from use scenarios.

3. Evaluate the qualitative difference in compression technologies.

4. Work with team to generate options.

5. Collaborate with consultant on options and obtain vendor quotes and demonstrations.

6. Estimate the cost breakdown and feasibility of digitizing all video assets into full-resolution versus compressed formats (since full-resolution storage may be impractical due to limitations in available disk storage technologies) .

7. Estimate human-hours to digitize and index existing video assets using off-the-shelf commercial equipment into MAMS system. 

8. Identify different options to ingest MBARI’s existing video into such a system and identify how long this would take. This includes a system to generate video metadata to associate with the video.

9. Write feasibility report.

Likelihood of Success

The results of this study may include an incremental approach to allow us to start modest, and then grow into a fully-automated system that stores full-resolution digital video for all of our current and future video assets.  An incremental approach has the benefit of allowing us to assess what kind of features are needed and gauge how useful it is internally before jumping in too far with the investment.

Although storage and compression technologies are changing rapidly, an initial effort to digitize our video data will be an investment that will not become devalued, since the digitized data can be used with any future media.


Field programs


None


Data (availability outside project team, uniqueness)


N/A

Significant changes from previous project proposal (continuing projects only)
N/A

c) Specific deliverables (new and continuing projects)

The output of the technical study is a report that will include a cost versus benefit breakdown for different approaches. The total cost should not only include the capital costs, but the cost of the labor to maintain a system

d) Project team (new and continuing projects)
Judith Connor, Duane Edgington, Linda Kuhnz, Lonny Lundsten, George Matsumoto, Nancy Jacobsen Stout, Brian Schlining, Kyra Schlining 

Project Manager: Susan von Thun

Lead Engineer: Danelle Cline

Lead Scientist: Steve Haddock

e) Project lab space (new and continuing projects)

We will use space in the team member’s labs (Engineering lab A244 and Video lab A140).


3) BUDGET JUSTIFICATION (new and continuing projects)

The video lab has consulted with video expert Adam Wilt in the past. This going rate is $700/ day. Although Adam Wilt may or may not be the consultant we use, we feel this is a good estimate of cost. We propose to use 10 days of a consultant’s time at $700 per day. This will allow us to look at all options for digital video storage and best estimate the costs of implementing a system in the future. We are requesting $1000 for miscellaneous engineering lab supplies that may be needed for testing equipment. We are also requesting $1000 for an outside company to perform compression evaluation runs since professional compression tools will allow us to make a better decision in this scoping study.  

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
	Q1 2006
	Q1 2006
	Q2 2006
	Q2 2006
	Q4 2006
	

	Milestone Description
	Write use scenarios
	Write technical requirements
	Obtain vendor quotes and demonstrations 
	Identify equipment options and estimate man-hours
	Write Feasibility Report
	

	EE
	
	
	
	
	
	

	SE
	1
	4
	10
	5
	5
	25

	ME
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	


Video lab
2




4

4

5

15








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
	
	
	
	

	Low
	
	
	
	








� 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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