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1) ABSTRACT (new projects only)

   [Paste abstract here]   


2) PROPOSAL

a) New Projects

Statement of the problem, why it is important

   [Click here to enter text]   

How does it relate/contribute to MBARI’s mission and strategic plan?

   [Click here to enter text]   

How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)

   [Click here to enter text]   

Approach to the problem

DIRAC will be a web-based collaborative science tool that will allow the public to help scientists annotate the immense quantities of underwater images and videos that will soon be collected by MBARI and collaborating institutions.  The tool will present the user with an image or video clip and ask the user to describe what they see in a meaningful way.  Different users may opt to do different forms of description.  Some may just label an image or video clip as “interesting” or “boring”.  Others may opt to describe where in the image or when in the video interesting stuff appears.  Users may opt to describe the interesting stuff in more detail, e.g., does it appear to be a life form; does it have eyes; does it have appendages, etc.  A few may even want to describe the full taxonomy of what they see to the species level. Maybe a user will want to annotate at all of the levels described above.  

Keeping users interested and involved in DIRAC will be critical to the system’s success. If users are not happy with DIRAC, they will not use it. If they don’t use it, the project will fail. Therefore, the user interface must be fast, and the user must be rewarded for their involvement.


[bookmark: _Ref299372097][bookmark: _Ref299372106]Figure 1, DIRAC Software Conceptual View

The overall system architecture is shown in Figure 1.  Users interact with the system with their web browsers, via an interactive web page served by the DIRAC Servicing Logic.  That logic sits on top of a two-way database caching system that allows DIRAC to respond to users’ interfaces very quickly.  For instance, when a user logs in, they will not have to wait for the system to query the database for the next image – it will be ready and waiting in the queue. Likewise, when they make an annotation, that annotation can be quickly stored in the queue, allowing the user to be prompted for the next annotation before the previous one has been stored in the VARS database.

The system relies on several databases, including:
· Images and video. Our approach will start with a stream of images.  Initially, we will leverage the hundreds of thousands of publically available VARS frame-grabs, but eventually we will add in additional image streams as they become available, such as AUV-mounted cameras, the Jelly-cam, and perhaps images that AVED has found “interesting” from other sources such as Eye in the Sea.
· VARS Knowledge Base. Contains the taxonomy of species and objects that can be described by the system.  Can relate each species or object with one or more exemplar images. May be expanded to include trees of descriptive attributes.
· VARS Annotation. Where every user’s annotations are stored. Each object described on each image will have multiple annotations by multiple users. It is likely that as the annotation collection for each image builds, the knowledge will be used to direct who views the image next. 
· User Database. Stores statistics about each user, which are used to both reward users for their efforts and to help select which item to show that user next.

[image: ]
[bookmark: _Ref299372199]Figure 2, User interface for characterizing features.

Multiple public participants will annotate each image in multiple ways.  Each participant will determine the level of classification they wish to pursue. Some may just say an image is interesting or uninteresting. Some will be able to draw a box around what they see and say it is something worth studying more, or maybe even make the first call – i.e., is it a fish or a worm or some kind of detritus.  Others may characterize the features they see, i.e., it has 4 fins, 2 eyes, a tail, it’s red on top and blue on the bottom, and has whiskers (see Figure 2).  Some may wish to label the taxonomy of what they see, much as the video lab experts do now, but aided with visual cues along the way (see Figure 3). Overlapping, multi-technique annotation on each image will statistically improve the odds of good science.  It will also improve our understanding of what kinds of images are difficult to classify.  

[image: ]
[bookmark: _Ref299372391]Figure 3, User interface for labeling taxonomy

Other citizen science efforts have had great success by rewarding users for their efforts. Rewards that have been successful have included:
· Usage rewards – i.e., for making X annotations, your status is now “Expert Annotator”
· Noting the value users are adding, i.e., “You are the first person to view this image”, or “Your annotation is unique – it will be noted and reviewed by an expert”, or “You are the first person to observe species Y in area Z”.
· Providing positive feedback, e.g., “The last image you annotated was also annotated by an expert, who came to the same conclusions!”
· Promoting users: “Would you like to describe yourself and why you use DIRAC? Your story could appear on the DIRAC front page.”


Publications (from other projects over the last 5 years)

   [Click here to enter text]   

b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date

   [Click here to enter text]   

Significant changes from previous project proposal 

   [Click here to enter text]   

Publications based on the results of this project only

   [Click here to enter text]   

How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)

   [Click here to enter text]   

a) 
b) 
c) New and Continuing Projects: Plans for 2012

Research Activities

   [Click here to enter text]   

Engineering/technology development

In addition to developing new user interface and back-end code, engineering development of DIRAC will heavily leverage and contribute to the existing VARS and AVED efforts. To the extent that is possible, development will be kept as modular as possible so that the code can be scaled up from a small number of developers to several developers in the future.  Unique code contributions will include:
· Database queuing and messaging system that will speed up interactions with underlying relational databases and image repositories.
· DIRAC logic which will manage the process of feeding images to users for annotation and collecting those annotations from users.
· User interface logic that will allow users to quickly and easily interact with images to provide their unique classifications and also will provide users with positive feedback as they progress.
· User database that will store statistics about each user, that can be used to both reward users for their efforts and to help select which items to queue up for each user.

The existing VARS software back-end can serve well as a basis for data collection.  It already can handle the multiple layers of annotations by multiple users that is anticipated for this project, and it has a proven usage history.  Leveraging the VARS back-end has several other benefits.  The knowledge base can be used without modification and the "expert" VARS annotations can be directly loaded into the citizen science database for comparisons and training.  Would even allow citizen science annotations back into the main VARS database, even if that feature is never actually used.

For back-end data management, DIRAC will also leverage the AVED metadata model that, at its core, defines an "Event" that has descriptive information about that event, e.g. "Bounding Box", "Size", "Saliency", "PredictedClassName", "ClassName", etc.  In video, these "Events" can persist over many frames, and in still frames, they do not. Also, thanks to Brian Schlining, there is an AVED-VARS import Java module that can do the mapping of AVED data into VARS.
 
Using AVED as a bottom-up model, we can scan images and present "here is what the machine found interesting", "what do you find interesting?" to the user.  In this use scenario, the user can focus on things they may otherwise miss.  There is also the novelty of using machine vision - based on human vision - that some might find interesting. Another advantage of leveraging AVED metadata is that the AVED classifier uses supervised learning in the form of images, and these images need to be labeled by human experts. 

Development methodology will be tight-cycle agile development, which will be aided by the fact that most deliverables are user interfaces.  Anticipate that a significant amount of feedback can be garnered by usage analytics, rather than burdening users with surveys, etc.

Field programs (detail ship requirements/deployments/diver requirements)

   [Click here to enter text]   

Specific deliverables

April 2012: Public VARS available for limited annotation via alpha-release interface
May 2012: Public VARS available for public annotation via beta-release interface
June 2012: Public VARS available for public annotation via v 1.0 release interface
July 2012: Summary report on information collected from public annotation of VARS data.

Milestones (see last page for personnel classification list)

   [Click here to enter text]   

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources[footnoteRef:3] for each resource category for all milestones listed here [3:  This number should be the same number you entered on the resource requests for this particular resource.] 
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Budget justification

   [Click here to enter text]   

Project team

   [Click here to enter text]   

Project lab space

   [Click here to enter text]   

Data availability outside project team, uniqueness

   [Click here to enter text]   

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	






Personnel Classifications

	Engineer - 
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Electrical Engineer
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