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1) ABSTRACT (new projects only)

This is a feasibility study to develop innovative methods to extract scientifically useful data from image collections. The amount of imagery produced by cameras and high-resolution video systems is expected to continue to increase, with the deployment of imaging AUVs, moored sensors, and platforms of opportunity utilizing cameras like self-contained plankton imager (SCPI ) in development. Our approach will be to use a combination of computer techniques and crowd-sourcing. This will both encourage and tap into the public's fascination with deep-sea and ocean imagery. Rather than trying to train an algorithm to recognize the difference between an orange anemone and a sea-star, we can use image processing technology like Automated Visual Event Detection (AVED) to extract images of potential interest, and then use people to interpretation and perform classification of the data. The project will identify existing technology that we could utilize (image recognition and tagging infrastructure used by social media sites), as well as evaluate elements of risk and opportunities. This project is timely and important because generating data is only the first, and most trivial step to performing science. Interpreting the deluge of image data that will be generated by mobile and moored platforms will likely be the rate-limiting step for progress in quantifying environmental and community changes.


2) PROPOSAL

a) New Projects

Statement of the problem, why it is important

Existing oceanographic sensors are limited in their capability to quantify and categorize the biological components of marine ecosystems. Many organisms and important features are detected only by visual imagery. Examples include the abundance of zooplankton including jellyfish, the characteristics of the seafloor, and the detection and quantification of benthic organisms. The CANON 2010 experiment provides an example of our dilemma. We know from ship observations that jellyfish were in great abundance in the experiment domain in October 2010, yet there are no in situ measurements of these organisms. Our goal is to ensure that future field activities will have an option capable of filling this critical observational hole.

MBARI and other institutions have many novel platforms capable of generating scientifically interesting imagery. These include the AUV cameras, Eye-in-the-Sea, ROV cameras, the self-contained plankton imager (SCPI), the Digital Holographic Particle Imaging System (LISST-HOLO), and other plankton imaging systems like the Video Plankton Recorder (VPR). Our current bottleneck in transforming the product images into useful quantitative and qualitative datasets is the ability to interpret imagery. This is a labor-intensive problem requiring a great amount of time from expert viewers. Computer recognition systems can begin to assist in extracting useful portions of an image, and in providing rough categorization, but even the most sophisticated automated system has trouble out-performing a competent human observer.

With this project, we aim to develop an interface and system that will engage citizen scientists in analyzing marine imagery. The resultant data set will have large scientific and societal pay-offs by allowing us to do quantitative studies of important and overlooked dynamics of ocean habitats, and by educating and inspiring the public to appreciate the ocean. The open-source software infrastructure will also provide an inexpensive and scalable way for other researchers to perform analyses on their own data sets, either by collaborating with our installation of DIRAC or installing and running the system on their own hardware.

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

This project addresses these themes of MBARI’s Strategic plan:

· Develop or adapt innovative technologies that allow researchers to identify and resolve important questions and advance our understanding of the ocean: image classification is required for many biological sensing problems. However, our ability to classify images is currently limited by the number of expert classifiers that MBARI can support. By leveraging an enormous pool of enthusiastic and talented citizen scientists, orders of magnitude more images can be classified; this will increase the impact of ongoing MBARI projects including the Mooring time-series, autonomous platforms, and AVED.

· Utilize those developments to explore and understand how natural ocean systems operate and how they respond to natural and anthropogenic change: it is well understood that the ocean is opaque to all but the most local observers. By enabling the classification of any number of images from any number of mobile platforms we can begin to synoptically understand the species and interactions between species in the Monterey Bay. Entirely new ways of supporting efforts like CANON and understanding MBARI’s long-term time-series efforts could be realized.

· Transfer the knowledge gained, solutions devised, and the technology developed to communities outside of MBARI – researchers, educators, policy makers, resource managers, industry, and the general public: perhaps the greatest strength of the proposed work is that is directly engages the public and other stakeholders in MBARI’s science. The resulting classifications will also be made publically available, both adding value to MBARI’s repositories of imagery and allowing citizen scientists to learn and explore the diverse underwater world.

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.)

The Packard Foundation’s Ocean Vision includes a monitoring activity, for which our citizen science approach provides a powerful tool, both for entrainment of the public and for processing image data. For example: Long-term monitoring programs require comparatively simple observational programs in order for them to be sustainable and affordable. The Coral Health Index, currently a topic of interest by the Packard Foundation, is an example of a monitoring program that depends of three types of observation, one of which is an evaluation of the state of the benthic habitat, and one of which is an analysis of which fish in the vicinity of the reef. Both are evaluated by bottom imagery, for which DIRAC could provide an analysis framework.

Approach to the problem

By the end of the first year, we will have identified risks and strategies for the social-networking aspects of the system, developed an approach to the user interface which will allow for effective categorization, enhanced MBARI's knowledgebase with concepts that allow them to be processed through DIRAC, and deployed a beta-version of the web interface, using a test dataset of VARS frame grabs.

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 and through a series of choices, allowing the user to improve the categorization of what they see. Different users may opt to do different forms of description. Some may just pre-filter the series of images by labeling whether an image contains anything “interesting” or if it is a clear and useful picture. Others may opt to categorize the interesting features in more detail, e.g., does it appear to be a life form; does it have eyes; does it have appendages, etc. A few with relevant expertise may even be able to classify the image using the full taxonomy of what they see to the species level. 

Social dimensions

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A unique (for MBARI) and important aspect of this project is the social element. 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. People will play video games or work on sudoku and crossword puzzles for hours, because they are getting intangible rewards of solving a mystery. These same human tendencies can tapped to generate scientific data, as has been ably demonstrated by projects like the Protein Folding at Home project (folding.stanford.edu), where the public outcompetes complex algorithms.

Social considerations include several interesting factors:

· Gauging credibility of the user
· Encouraging the user, both to continue and for good classifications
· Providing feedback to the user
· Training users to work effectively
· Responsiveness of the system
· Scalability to lots of users
· Retaining expert users
· Anonymity and security
· Invoking aspects of competition
· Providing intangible rewards

More specifically, 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.”

The system will be deployed with an open data model, so that the resulting data sets will be available to all.

The other social dimension is related to encouraging scientific adoption of the system, provided it is effective. To entrain scientists with great data sets, we will ultimately need to address:

· Tools for putting data online
· Constructing training sets
· Access to annotation results
· Annotation framework and backbone
· Progressive annotation options
· Degrees of freedom per annotation
· Expanding to include video or even acoustic data?

Drawing on existing infrastructure

This will not be the first such system to be developed (see examples from Galaxy Zoo and bird-related work at CalTech.) Therefore, we will draw on other efforts, as well as internal MBARI resources, particularly the Video Annotation and Reference System (VARS), the Automated Visual Event Detection (AVED), and the VARS Knowledgebase (KB). By leveraging existing technologies this project will go from being a many FTE project to something manageable.

The Knowledgebase contains concepts (which are used to model relationships, such as phylogeny) as well as descriptions of each concept (e.g. surface-color| self | red), but it does not yet have a populated set of features for each concept (e.g. does this entity have eyes, fins, etc). It does, however, include the fields to add these features. Part of the project will be to expand and underlying KB database to include a set of features that can be used by annotators through our DIRAC interface. We are requesting 80 hours of video lab time to accomplish this task. This future version will therefore include a way to enable a “twenty questions” approach to allow naïve users to make subtle classification distinctions. The taxonomy program Lucid (see http://www.lucidcentral.com) uses this approach to identify the next most informative question for distinguishing a particular entity. In other words, what is the most important question to present to the annotator to help discriminate this entity? In the classic game of Twenty Questions, 20 dichotomous choices allows discrimination of more than 1,000,000 concepts, and three options (animal, vegetable, mineral) provides nearly 3.5 billion different states.


Figure 1, DIRAC Software Conceptual View

The underlying 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 collection of images. Initially, we will leverage the 37,616 publically available VARS frame-grabs, but eventually we will add in additional images and video streams as they become available, such as the 187,629 currently embargoed VARS images, imagery from AUV-mounted cameras, photos from the Jelly-cam, and perhaps images that AVED has found “interesting” from other sources such as Eye-in-the-Sea.
· Training Image Database. Stores images with VARS Knowledgebase cross-reference for training supervised computer vision classification algorithms. This would be used to compare human versus machine classification performance and would require expert oversight.
· VARS Knowledgebase. 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: A description...][image: A description...]
Figure 2, Developing an effective user interface will be an important element of this project. Here we show two notional interfaces; 2a) one for characterizing features, and 2b) one for characterizing the taxonomy of an item in an image.

Architecting the user interface and structuring the multiple user aspects of the system are key elements of the first year. For example, multiple public participants could annotate each image in multiple ways. Each participant might 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 2a). 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 2b). 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. 

There are many existing and future candidate data sets to choose from. Our primary source for training data will be the VARS frame grabs. These have the distinct advantages that they are already in the system, and they have already been subject to expert annotation. 
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New and Continuing Projects: Plans for 2012

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 are anticipated for this project, and it has a proven usage history. Leveraging the VARS back-end has several other benefits. The Knowledgebase 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", "ActualClassName", etc. In video, these "Events" can persist over many frames, and in still frames, they do not. This metadata model can be integrated into the VARS database, reusing work done for EITS on MARS with minor modifications. 

Using AVED as a bottom-up model, images can be processed with AVED, presenting "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. AVED could also be used as a top-down model, classifying common species and presenting to the user “AVED thinks this is a siphonophore”, “what do you think ?”.

[bookmark: _GoBack]The AVED metadata most notably, includes a bounding box description, which cues the non-expert user on what animal is being, or was annotated. This bounding box descriptor is also used to extract the animal that was annotated to train the AVED classifier, or other classifiers. 

The AVED metadata model would also provide descriptive information for use in comparing e.g. expert versus non-expert, or human versus computer performance, which are important in determining whether incorporating a user improves recognition accuracy.

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.

Specific deliverables

Our approach to the problem will be to generate test-bed interfaces, instead of purely conceptual schema. As DIRAC matures, these prototypes will become more usable and effective, and eventually will be deployable within the institute, and externally on a controlled data set. 

Timeline:
Feburary 2012: Functional Requirements Review
March 2012: Conceptual Design Review
April 2012: Updated Knowledgebase ready for use
May 2012: Public VARS available for internal-only annotation via beta-release interface
June 2012: Beta release review.
August 2012: Public VARS available for public annotation via v 1.0 release interface

Milestones (see last page for personnel classification list)

	
	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.] 


	Milestone Date
	2/15/2012
	3/15/2012
	5/15/2012
	6/15/2012
	8/1/2012
	

	Milestone Description
	Functional Requirements Review
	Conceptual Design Review
	Beta Release
	Beta Release Review
	Public Release
	

	EE
	
	
	
	
	
	

	SE
	Cline: 40
Schlining: 40
Godin:40
	Cline: 40
Schlining: 40
Godin:40
	Cline: 40
Schlining: 160*
Godin:160
	Cline: 20
Schlining: 40
Godin:40
	Cline: 20
Schlining: 80*
Godin:80
	Cline: 160
Schlining: 320
Godin:360

	ME
	
	
	
	
	
	

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	



* The work to create the external Knowledgebase and Annotation database is part of the VAAP (901022) project. If VAAP is approved for 2012 then Schlining’s time maybe reduced by up to 80 hours.

Budget justification

Resources for hosting a virtual machine and data on a cloud server are budgeted from July through December.

80 hours of video lab time is requested to help populate feature-specific fields in the knowledgebase. This additional data should not be too cumbersome to produce, and it can help enhance the deep-sea guide and other annotation efforts.

Project team

Jim Bellingham, Mike Godin, Steve Haddock, George Matsumoto, Danelle Cline, Brian Schlining and Video Lab personnel (e.g., S. Von Thun, Kyra, or Lonny)

Project lab space

None required.

Data availability outside project team, uniqueness

A principle of this project is to make data and the software open to the community. Thus all the results will be accessible, and we will have provisions to host the annotation of other data sets.

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	x
	
	

	Medium
	x
	
	X
	x

	Low
	
	
	
	




Risks & Mitigation
· Social engineering new to MBARI, but we can leverage the experience of other groups from other disciplines (i.e., Zooniverse, etc.)
· Risk that this will not provide scientifically useful results, but this is only a feasibility study. If it does not prove useful, it should not be funded in out-years.
· UI design is challenging, but MBARI engineers are gaining experience in both developing web-based UIs (ODSS and AOSN tools, for example), and with out-sourcing elements of UI design.
· Scaling is not something MBARI has a lot of experience with, but expect that this learning experience with scaling will be important to dealing with the scaling issues MBARI will encounter in the near future, from MARS, video lab digitization, and ocean modeling efforts.
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