Collaborative Oceanography and Virtual Experiments

1 Overview

We propose to develop an online collaboration environment which will support cooperative development and operation of complex environmental field programs by distributed interdisciplinary teams.   Previous work created and demonstrated a data collection and collaboration system tailored for the Adaptive Sampling and Prediction (ASAP) component of the Monterey Bay 2006 Experiment
.  This work will focus on advancing the highly-tailored tools developed for prior field programs
, specifically COOP
 (the Collaborative Ocean Observatory Portal) and MOQuA
 (Metadata-Oriented Query and Access) into a comprehensive set of elements applicable to the ITOP and other follow-on programs.  A central focus will be to provide tools to integrate data and analysis with discussions, and to create visualizations which provide graphical overviews showing linkages between discussions and intersections of data with discussions.  We believe this combination addresses a unique need of scientific collaboration, and will greatly improve the scalability of the collaboration site by enabling investigators to rapidly understand not just data, but data and discussions.
The technologies at the core of the proposed work are:  automated metadata generation for mixed discussion/data threads, efficient indexing of multidimensional heterogeneous data sets, and interactive visual search for exploration of multidimensional information.  Automated generation of metadata will enable exploration techniques currently being developed for data to be extended to data flow, visualizations, and discussions.  Efficient indexing enables a highly interactive system by ensuring that users get near instantaneous response to their exploration queries.  Finally, interactive visual exploration tools are essential to assist with exploration of multidimensional data set.
The collaborative framework for our effort will be the Impacts of Typhoons on Ocean Processes (ITOP) program, which encompasses investigators spanning the continental US and Taiwan.  ITOP will develop its observational plan in a series of virtual pilot experiments.  We envision supporting the general collaborative needs of the team, hosting virtual pilot experiments, and providing a collaboration environment for the ITOP field programs.  As in the ASAP experiment, our intent is to provide an environment to which collaborators can add customized tools and content, encouraging our collaborator participating both in the use of the collaboration environment, and enrichment of its capabilities.
2 Background

2.1 Observatory Experience

A central and well resourced mission of MBARI is to create ocean observing systems that serve the needs of science.  The Packard Foundation, ONR, NSF, and others have funded MBARI to develop observation systems based on mobile platforms (the Autonomous Ocean Sampling Network
), state-of-the art moored observatories (the MOOS system
), and deep cable-to-shore observatories (MARS
) and deep-diving ROVs (Ventana and Tiburon)
.  These systems are accompanied by MBARI-developed software infrastructure, including service-based middleware for moored and cable-to-shore observatories, shore-side data systems
 to automatically acquire, archive, process and distribute data, technology to enable automatic “plug and work” instrument functionality
, and applications to efficiently annotate and archive video data as well as automatically detect salient events in image data
.

Our team, funded through ONR’s AOSN effort, has already demonstrated techniques to enable researchers to conduct collaborative experiments in real time from diverse locations. The Monterey Bay 2006 (MB2006) field exercise saw the development and use of the Collaborative Ocean Observatory Portal (COOP), a web-based tool that allowed the investigators to interact and collaborate as if they were together in a ship-board lab rather than scattered across the continent2. The screenshot from one point in the experiment (Figure 1) shows three of the “portlets” (the tabs at the top of each pane) that the experimenters had at their disposal. (The COOP site, http://aosn.mbari.org/coop/ is open for public viewing.)
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Figure 1, Collaborative Ocean Observatory Portal (COOP)

The “Live Docs” portlet in the lower-left panel shows the real-time status and positions of the experimental assets. The discussion portlet (the wide, top pane) allows the investigators to share data, analyses, and plots easily and informally. Users drag and drop graphics into the discussion portlet, where they are seen as thumbnails. A click on the thumbnail opens the image in a new browser window. Investigators can formally proposal actions in the “Proposals” portlet (not shown); these proposals are ultimately submitted to a team vote. In the “Voting” portlet investigators are encouraged to discuss why they voted as they did, and are able to revise their votes (the top vote shown is a revision, with the original vote available by clicking the “previous” link in the right-hand column). During the MB2006 experiment, the discussion capabilities of COOP, coupled with a daily teleconference, led to consensus decisions in almost every case. 

COOP provides a minimalist, easy-to-use flexible tool for viewing data in near real time and collaboration. Many improvements can be made to COOP, but the key to its success is that it creates a positive feedback loop -- the site provides enough value to get investigators to use it, and encourages them to add content, raising the site’s value, and increasing its visibility.

2.2 What Makes ITOP Different than the ASAP and AOSN field experiments?

Unlike the ASAP and AOSN field experiments, ITOP has little flexibility to move assets around to adapt to an evolving situation.  The typhoons move so fast, and are so big, that ones observational assets are where they are.  While this may change if aircraft become available, the majority of assets will be in fixed positions or on fixed courses. Consequently, the virtual experiments are much more important from the perspective of advance planning. 
ITOP participants have indicated their desire to keep the web site secure, in contrast to the ASAP participants, who wished to share their progress with the communities local to the experiment site.  Finally, the ITOP observational data emphasizes remote sensing more intensively than the previous programs.  

These differences do not pose fundamental challenges to our existing or planned future architecture.  Our experience in ASAP was that the virtual experiments were very important for advanced planning – they allowed the researchers to come to consensus early on approaches to dealing with and displaying data in the real experiment, and even predicted the possibility of a glider being unable to stay in the observation area due to strong currents – a scenario that became reality in the actual experiment.  In terms of security, the existing infrastructure can already hide content from anyone except signed-in, registered users. Finally, to deal with the immense quantity of data associated with remote sensing, we plan to serve only derived products from remote sensing, rather than raw data.  
2.3 Use of Existing tools

A wide variety of web-based applications utilize the pervasive nature of internet access to support collaboration, usually in the context of a monolithically managed project with a distributed team.  However, scientific collaboration is very different from collaboration in the context of a tightly managed project.  For example, science collaboration typically has flexible goals (it is hard to predict what one is going to discover) and imprecise allocation of responsibility.  Individuals might have diverging objectives for the overall project, and might even be in direct competition with each other.  The challenge is to structure this project to leverage existing capabilities to ensure intellectual energy is focused on unique aspect of our collaboration challenges. 
Mechanisms for making processes transparent and resources attributable are central to mitigating the problems and realizing the promise of collaboration.  A collaborative environment should provide documentation of intellectual and material contributions, ensuring individuals get credit for sharing ideas, resources, and data.  Decision-making processes must encourage participation, but in a framework which encourages convergence rather than endless digression.  Most importantly, the collaborative framework must make collaboration easy –in terms of accessing common resources (e.g. data), sharing results (e.g. data synthesis, interpretations and/or visualizations), and fruitful participation an ongoing discussion. 

The challenge is that while vendors do offer many of the features needed for ITOP collaboration, no vendor offers an integrated suites of features that can be linked with features that we will need to provide.  Some examples of existing tools which might be incorporated or provide a starting point include:

· For project management, Project.net
 offers a lot of what BaseCamp
 has to offer, while being entirely configurable on our end, since it is open source.  It could conceivably serve as the "dashboard" to contain some other applications.

· For web-meetings, Dimdim
 is one such application.  They offer an open source web meeting (whiteboard, PowerPoint, shared desktop) application that we can host.  Since it's open source, we can tweak it for our needs, for example, integrating it into a larger dashboard.

· For document sharing, an application that allows searching within files (such as word or pdf docs) is Contineo
.
Perhaps the greatest challenge is then dealing with log-on log-off with multiple vendors.  We assume that users only want to maintain one username and password.  Google is somewhat ahead of the pack and accommodating in this regard.  If we need to provide services from other proprietary vendors (i.e. BaseCamp), then users will be forced to maintain accounts with multiple authorities.  These trades will be prototyped and tested in the first year of the program.

3 Development

Development work will focus on two interdependent categories: data system tools and human collaboration tools, both of which will be provided as a set of portlets that can be used in a web-accessible portal. Portlets are user interface components that are managed and displayed in a web portal. 

Typically, following the desktop metaphor, a portal page is displayed as a collection of portlet windows. Hence a portlet (or collection of portlets) an analogous to a desktop application. The portal/portlet metaphor was used successfully in the COOP tool used in the ASAP program, and we anticipate that it will be even more useful for the collaboration tools that will be generated for the ITOP program, which will likely have many more user interface components.  

3.1 Data Handling

While the exact set of data handling components will be defined after discussion with the ITOP partners, several are very likely to be needed. Some of the following capabilities were provided for the Monterey Bay 2006 experiment, and were appreciated by the program participants, others were identified by program participants as "must haves" for the next experiment:

· Data Collection and Storage. Both field data and model outputs ultimately need to get into a place where the program investigators can easily access the data.  Our best success in 2003 and 2006 was having the central data system periodically poll other servers that contain source data, although in some cases we had to allow principal investigators to upload the data at their convenience.  With the advent of distributed data storage services such as Amazon's S3 service, we will investigate whether use of such options will lead to greater data availability and security.

· Conversion to Common Formats. In both 2003 and 2006, it was also necessary to convert the data to a common format -- this was especially important if the data was generated outside of the project.  The common format allowed investigators to quickly manipulate data, and also eased the assimilation of data into models. The conversion in many instances added missing descriptive metadata such as a description of the measurement or analysis and acknowledgements of the data generator.

· Data Stream Editor. A missing component in 2003 and 2006 was the capability for investigators to identify and describe new data streams so they can be integrated into the system.  Such a capability was identified as desirable in the next set of field programs.

· Data Discovery & Data Retrieval. An active area of AOSN research, funded by both ONR and the Packard Foundation, is the data discover and data access tool called the Metadata Oriented Query Assistant (MOQuA).  We expect to continue MOQuA development, and expect it to operate in the same portal environment as 

· Executive Scheduler/Planner. Another missing component in the 2003/2006 experiment was an executive scheduler and planner to control and monitor the progress of the system in real-time, ensuring that data products were being collected at the right time, and notifying operators of any problems in the process. 

· Visualization. Several ASAP investigators considered the periodic standard visualizations to be one of the most valuable contributions of the MB2006 data systems.  However, many expressed a desire to perform ad-hoc visualizations within the context of the data system.  

3.2 Human Collaboration – Integrating Discussions and Data

An important step in designing the human collaboration systems will be to examine how ITOP investigators currently make collaborative, operational decisions. In designing COOP for the 2006 ASAP experiment, we closely examined how investigators interacted in the 2003 AOSN-II experiment.  In the 2003 experiment investigators held “Real-Time Operations Committee” (RTOC) meetings every 24 to 72 hours, depending on the state of the experiment and conditions in the field. The agenda was fixed and progressed from providing routine situational data, to reports on observation, to model results, to discussions of observational alternatives. These meeting provided the team updates on logistical issues such as ship and asset availability and evolving atmospheric conditions, as well as reviews of accumulated observational data, synoptic ocean forecasts, evaluation of performance and reports on specialized studies. The RTOC meetings were held in a common meeting room whereby researchers orally and visually presented their reports, usually in the form of PowerPoint briefings. It was during these meetings that results were discussed, model needs were recognized, and adaptive sampling plans were made. Observational assets were then redeployed based on decisions made during the RTOC meeting. These meetings were a focal point of the experiment, and grew in size as the field program progressed.

The challenge for the 2006 experiment was to replicate and improve on the function of the RTOC meetings with a distributed team. Efficient and effective decision-making depends on maintaining a common situational awareness of the distributed team. At the same time, leveraging the considerable diversity of expertise represented on the distributed team demanded an environment flexible enough to allow specialized products produced by individual team members to be efficiently shared. The give and take of the RTOC discussions had to be supported, as must more formal proposals of action and voting methods intended to build consensus. 

While the exact set of researcher collaboration components will be defined after discussion with the ITOP partners, several are very likely to be needed. Some of the following capabilities were provided for the Monterey Bay 2006 experiment and were appreciated by the program participants, others were identified by program participants as "must haves" for the next experiment:

· On-line discussion. Discussion was the core of the COOP system, and its many forms (general discussion, daily summary, proposals, and voting) were facilitated though the on-line discussion system. In response to ASAP experiment feedback, a search capability will likely be added to the on-line discussion capability, as well as the capability to pivot discussion threads off of a variety of themes, not just the date.

· E-mail integration. A major lesson learned in the ASAP experiment was that investigators are often located in places (ships, for example) where they cannot interact with an on-line portal.  Many investigators are also more comfortable with e-mail than on-line portals.  Therefore, we anticipate the need to allow investigators to contribute to discussions via e-mail, and receive collaborative content via e-mail.

· Annotation. Falling midway between on-line discussion and data visualization, annotation will allow investigators and operators to tag data with comments, so that others that explore the same data collections can learn from the experience of others, as demonstrated in the Figure 2 mock-up.
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Figure 2, Example Data Annotation Mock-Up

· Document management.  A document management system (DMS) is a computer system used to track and store electronic documents.  Such a system could be  used to ensure that all users are ready access to important observatory management documents, and may also facilitate the sharing of analyses and images generated by observatory users.

· Event notification. Another lesson learned in the ASAP experiment was that users want to know what has changed since they last looked at the system, or may want to know if something important is happening, even if they are away from the system.  

3.3 Indexing for Responsive Queries

Indexing is the process of abstracting and sorting the records of a database so that when a user needs to search for a term, or a data value, or perhaps a term related to a data value, that search goes quickly (in a second or two, as opposed to taking several minutes).  

The current crop of data exploration and collaboration tools, including those generated by MBARI for the MB2006 field experiment, employ a static indexing paradigm, in which indices are generated by the application developer, based on the developer's vision of the kinds of searches that users will want to make.  The current approach is powerful, and especially suited to creating convincing demonstrations that get users excited about the possibilities and potential of the application.  However, as users become familiar with the application, they may need or wish to optimize their searches for information.

We believe that we can take what the "wiki" concept has added to the concept of word processing, and apply it to the domain of structured content (data, messages, and situational awareness).  Much as a wiki allows users to dynamically change the content of a textual web page, we believe we can allow users to add to the dynamic structure of a database.  The challenges lie in ensuring that users do not "break" existing data relationships and rules, and in providing a visual paradigm (graphical user interface) to make the operations intuitive. 

In the realm of adaptive databases, some tools exist that we can use for inspiration.  For example, the OpenRecord
 project has been exploring the concept of allowing users to add fields to a database dynamically.  However, their user interface is far from intuitive, and does not allow for index generation.  The DBpedia
 project has mapped the semantic content of Wikipedia into RDF triples hosted in a database that can be accessed via SPAQL queries.  A collection of query tools have developed around this project that can inspire our user interface development.

For on-demand indexing, we envision users being able to drag and drop tables of data together so that they can form an "interaction bond".  To the user, the tables will just behave as if they have data in common.  Behind the scenes, however, the database will define a query on-the-fly to generate the data for the interaction, and simultaneously form an index to speed up the generation of the interaction data.

4 Example Virtual Experiment Scenario

While the actual research topics and participants in the virtual experiments will depend on the needs of the participants, an outline of a notional VE follows below (this was generated at the ITOP meeting in Taipei, early in 2007).

Virtual experiment science goals:

· Characterize air-sea interaction processes and impact.

· Characterize wind-wave interaction for air-ocean fluxes (coefficients, sea spray effects), to understand the evolution of Typhoon intensity and path.

· Characterize atmosphere/wave-ocean interaction (radiation stress, Langmuir turbulence, wave breaking) to understand the evolution of hydrography via vertical mixing, pumping, SST--return effect on typhoon.

· Characterize the growth of the cold wake. 

· Characterize the effect of ocean features on typhoon development.

Notional virtual experiment areas of expertise (as discussed in Taipei):

· MBARI: 
· Hosts collaboration site for discussing process below. 
· Hosts virtual ocean and virtual atmosphere, and provides web services and client tools for interpolating values from the collections. 

· Hosts data generated during the virtual experiment, and provides web services and client tools for accessing the data. 

· Harcourt: Aggregates External Models for virtual atmosphere and ocean

· NCEP/WWIII from NOAA 

· HYCOM from Chassignet et al. 

· ECMWF, 

· SIO Experimental El Nino Forecast

· Shouping Wang: Runs hi-resolution COAMPS for virtual atmosphere.

· Experimentalists: Interpolate virtual atmosphere and virtual ocean to provide realistic vehicle output files, and provide those files as they will be provided in the real experiment.

· Ko/Chao: assimilate “experimental” data on MBARI server and provide model nowcast and forecast fields at 9km resolution, including
·  COAMPS Surface Fields (U, V, P, fluxes, etc..)
· 3D NCOM ocean T, S, U, V
· 2D NCOM SSH
· 2D SWAN Wave fields (nowcasts only)

· Price: Assimilate “experimental” data on MBARI server and provide scalable 3DPWP solution for hypothetical typhoon

5 Planned Work

We are requesting support for one full time software developer for two and one half years time.  The developer will be responsible for managing virtual experiments, collecting feedback from researchers involved in the virtual experiments, revising the workbench based on user feedback, and deploying and supporting the workbench during field programs.  

Since many of the tools being developed by this program will be closely aligned with the needs of MBARI, some MBARI-funded developer time will also be used to support workbench development.

5.1 Fostering Collaboration

The success of the ITOP program will depend on the collaboration of a network of institutions geographically spread across the globe. Its objectives require quantitative analysis of interdisciplinary data sets and therefore data must be exchanged between researchers. Therefore, and important and early tasks of the ITOP hire will be to work with the ITOP researchers to develop and gain consensus on an data sharing policy that balances researches' desires to protect and gain recognition from their data with the overall needs of the program.

5.2 Virtual Experiments

Early involvement of users through virtual experiments (VEs) will help to ensure that we are building a data exploration and collaboration site that the scientists want and will use. The project team’s experience has shown that hands-on interactions with a system, even a mock-up system, are very useful in providing insights into how scientist may actually use a new system and to engage scientists in the process of conceptualizing new capabilities. In fact, scientists and operators can formulate use scenarios that they would not have imagined without the hands-on interactions.  These scenarios can guide further development to tailor the system to the scientists' needs.  

However, there is the reality that during a long-duration experiment, users' needs will continue to evolve.  For example, a user may wish the database had another field so they can more accurately describe what their observations.  Traditionally, making such a change requires describing the change to a developer, then the developer must re-write, re-build, re-test, and re-deploy the modified application with the additional field.  Typically, the re-deployment needs to be at "night" -- or during a window of time when few users of the application will be affected. Even in the best of scenarios, such a change would take a day, or maybe two to implement.  By that time, the scientists' urge to "try out" the new feature may have waned, and the effort would have been wasted.  

The project team’s experience has shown that hands-on interactions with a system, even a mock-up system, are very useful in providing insights into how scientist may actually use a new system. In fact, experts and operators can formulate use scenarios that they would not have imagined without the hands-on interactions. To facilitate such interactions, we will generate prototype systems and construct virtual pilot experiments based upon proposed science experiments.  Such virtual experiments will likely use a simulated virtual ocean to provide measurements. Experts and operators will be encouraged to participate in the virtual experiments as part of preparing for the actual field experiments.  For example, in the six months leading up to the Monterey Bay 2006 Field Campaign, MBARI facilitated monthly virtual experiments with scientists from around the country, and feedback from the scientists indicated that the virtual experiments revealed important operational scenarios and experimental opportunities that would not have been otherwise apparent.

We propose to convene three Virtual Experiments in the first year of the program.  In the intervening time, we will incorporate lessons learned from the first experiment into the second experiment.  

5.3 Development

As mentioned in the previous section on development, we will focus on software for data handling, human collaboration (integrating discussions and data), and indexing for responsive queries.  Development will follow a typical engineering development process, although the process will be repeated several times as incremental builds of the system are demonstrated and requirements are refined based upon user experiences with the demonstration systems.

5.4 Field Work Support

At least a month before the start of the typhoon seasons in 2009 and 2010, a new version of the workbench will be rolled out.  This will allow researchers to use the system for at least a month before each field program.  During the field program, the ITOP hire will not only make sure that improvements to the system work, but will also focus on evaluating the system -- examining how it is enabling knowledge discovery -- and where it is falling short, so that follow-on development can address the deficiencies.

5.5 Detailed Timeline

5.5.1 December 2008 - Project Start, System Planning

This time will mainly be used to hire a software developer to perform the tasks outlined in this proposal.  The developer will need to have not only strong web application development skills, but also a good understanding of the scientific process and human interactions within that process, and the desire to bring the software “out of the lab” into a new commercial venture.  

5.5.2 Jan-March 2009 - Meet with ITOP teams, adjust existing tools for ITOP

We expect that we will be able to host the data and collaboration tools on the upgraded version of the server used for MB2006 data and collaboration, and with short-term effort, we will be able to adapt the existing tool suite to meet ITOP needs.  
5.5.3 April 2009 - Existing collaboration + data tools used in VE #1

The ITOP hire will monitor the system, ensuring constant data flow and supporting users of the collaboration system. After the virtual experiment, working with ITOP investigators, we will identify areas to expand the collaboration and data collection toolset and prioritize the sequence of further development.

5.5.4 May-July 2009 - Tailor tools for ITOP needs & iterate workbench.

Development on high priority collaboration and data system components will address needs identified in the field experiment. Likely, much of this time will be dedicated to developing systems (such as real-time data + status displays) to be used in the Virtual Experiments #2 and #3

5.5.5 August- October 2009 - Virtual Experiments #2 & #3, Develop next version workbench

We expect that much of the time involved in this task will be dedicated to keeping investigators involved in the process, and assisting with data simulation at data source locations.  One of the two virtual experiments will be a “full team” experiment, while the other will involve a smaller group (likely modelers).

5.5.6 October - Dec 2009 - Merge data exploration tools into collaboration tools

The collaboration toolset will be merged with the Metadata Oriented Query Assistant (MOQuA) being developed at MBARI.  Such a merge will result in a fully-featured experiment/observatory management system, that a researcher could use to perform data-assisted investigation, collaborate with other investigators on the research, and use the results of that investigation to inform and adapt the entire experiment.

The concept of data annotation (discussed in the proposal) will be made a reality, as data annotation capabilities will be added to the data exploration tool set.

5.5.7 Jan - Mar 2010 - Merge "opportunistic" data streams into data pool 

There are numerous data sources (eg., Argos, SeaKeepers, Voluntary Observing Ship (VOS), economic data) that could be useful for an experiment or observatory if made available through a data exploration tool that also handled the data specifically collected for that experiment or observatory.  The emphasis of this phase of the research will be on identifying such opportunistic data sources and making them available through the portal.

5.5.8 Apr 2010 - Deploy final workbench for 2010 field program

In the 2010 field program, in addition to continuing making sure the new improvements to the system work, our focus will be on evaluating the system -- examining how it is enabling knowledge discovery -- and where it is falling short.  

5.5.9 May - Sep 2010 - Ongoing Support for 2010 field programs, tailoring of system for post-experiment analysis.

After each phase of the experiment, we will review the workbench to see if it is meeting needs, and adapt the workbench as necessary.  Our goal is to transfer our developed technology to a commercial entity (perhaps home-grown) that can host future data-intensive collaborations for ONR and other paying customers.

5.5.10 October 2010 – December 2011 – Analysis, Data System Support, Publication

During this phase we will participate in the generation of publications for the ITOP effort.  This will involve providing data system support for analysis efforts, including possibly providing collaboration site.  We will also lead publications of papers on cyberinfrastructure aspects of the project.

6 Budget Justification

Salary:  Our principle expense in this project is salary.  We have budgeted for a full time software engineer for this project, and a month of Mike Godin’s time.  Mike architected both MOQUA and COOP for the previous activity, and will play a similar role for this activity.  We anticipate that his impact will be much greater than the one month budgeted, as we expect him to work on closely related data systems work on Packard Foundation funds.  However, we do believe it is essential to have a full time engineer on the project for the years up to and including the field program, as there will likely be a great deal of interaction with other ITOP members.  We have only budgeted for 6 months of time in the last year, as we expect supporting data analysis will be less demanding given the investment in the prior years.  Jim Bellingham’s time on this project will not be charged.
Equipment:  We have budgeted for one server and two computers for this effort, all in year one.  

Off-site backup:  Costs for off-site backup of our server are included.  We assume a significant growth (tripling each year) of stored data over the lifetime of the project.  
Travel:  Significant travel is budgeted to allow participation in ITOP meetings, and meetings with key ITOP collaborators to coordinate data activities.  Coordination activities are likely to be heaviest in the first year, so we budget 6 $1500 domestic trips in year one.  In year two we budget four domestic trips of the same cost (with 4% inflation adjustment) and in year three we budget for three trips.  We budget for three international trips to Taiwan in both years two and three (but not year one).

Publications:  We have budgeted $1500 to cover publication costs in year two, and $3000 to cover publication costs in year three. 
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