Virtual Observatories and Visualization
The Software and Data Systems group would like to propose a direction to build a set of applications that would enable what might be termed a “Virtual Observatory”.  Since we have spent the last five years working on the observatory infrastructure (instruments to data collection), a “Virtual Observatory” would be an ideal extension of our work on observatory systems and would allow us to utilize our investment in them.  These applications would allow users to interact with observatories, models and data, in an easy to understand and intuitive way.  Described as “point-and-click” oceanography, it would enable users to not only access assets, data and models in a simple way, but would provide a unique method of correlating data in a way that only visualization can.
During our strategic planning, several strategies and opportunities emerged that will enable the SDS group to be effective at supporting MBARI’s goals of developing technology for MBARI science as well as the external community.  The virtual observatory project would exercise our strategies and address several of the opportunities that were discovered by talking to scientists and engineers at MBARI.  During our discussions, we heard many scenarios that would be desirable (see Appendix A for examples) and from those, several concrete opportunities arose that would be addressed by a virtual observatory.  A virtual observatory would:
· Provide users with simple, virtual access to the assets and data associated with deployed observatories (hence “virtual observatories”).
· Allow users to integrate model data with real data.
· Integrate diverse data types into useful data products.
· Integrate data archives from multiple institutions.
· Help with quality control (visual quality control is very valuable)
In addition to capitalizing on several opportunities, the virtual observatory project would work very well with the following strategies define for MBARI and the SDS group:
1. Focus on solutions for technology-limited marine-science research

2. Insist on teamwork

3. Ensure optimum scientific use of our assets and capabilities

4. Complement rather than duplicate

5. Demonstrate the worth of our efforts

6. Promote effective communication, cooperation, and COLLABORATION

7. Seek external advice on the quality of our work

8. Expand our relationship with regional institutions

9. Transfer our successes to the marine research community

10. Communicate with the public

There is a large body of work going on in visualization technologies and products that cut across many domains.  Because of this, and the small size of the SDS group, this effort would be integrative and highly leveraged. The first step would be, of course, to define the requirements for this application(s) and then to find an existing technology(s) that most closely meets those requirements. This would be an extensive investigation to make sure we have a firm understanding of all existing technologies available.  With that understanding in hand, we would then have to establish strong collaborations with the best projects/products to determine what steps need to be taken to produce an application(s) that users will find very engaging and useful.  The tool would have to connect up to the various data sources of concern (observatories, models, video, samples, etc.) and provide intuitive ways for users to find, view, and interact with all the data available.  This effort is also closely linked to the Data Automation proposal as it provides a way to interact with the products produced by Data Automation and in fact, would need some aspects of data automation to meet its requirements.  If successful, a virtual observatory tool would provide the oceanographic user community an invaluable tool and certainly reflect well on MBARI’s ability to create world-class tools for oceanography.
Appendix A

 (User Scenarios that helped define Virtual Observatory Proposal)
Note: These were created by combining several scenarios that were expressed in our discussions
· Back at their desks, a group of science users bring up the 3D model of the observatory in Monterey Bay.  They visually browse temperature data coming from the moorings and notice some anomalous readings from one of the sensors.  They turn on the SST temperature maps coming from satellites and pull up animation of the last 24 hours of “nowcasts” to see how the differences between the model temperatures and the real data.  To investigate further, they then download all the combined data and open in Matlab (or excel, etc.) for further analysis.  They find that something interesting appears to be happening, but to really find out what, they need to turn on some instrument that collects and analyses water samples in-situ.  They go to the virtual observatory, query for instruments with such a capability and find one on a nearby mooring.  They browse the 3D view of the mooring and discover that the sampler is too deep for the water samples they are interested in so they move to the next likely instrument on another mooring.  It fits the criteria so they submit a request to have a sample taken by the instrument at its next available time and then retrieve and analyze the data.

· Out on the ship, the ROV is working in conditions of low-visibility due to the presence of smoking chimneys in the area but the pilots can get a realistic picture of where they are in a 3D environment.  Meanwhile, the scientist can be using the same environment to query for organisms by gene sequences that are similar to those just found by in-situ analysis of microbes.  The query returns all similar organisms found in the area by any past expeditions (not just MBARI) and displays them in the 3D environment.  The pilots can now easily navigate to these locations so more samples of similar microbes can be taken.
· During an AUV mission, the AUV goes missing.  The ops crew brings up a 3D representation of the environment that it was operating in.  The last transmitted data from the AUV is brought in to visualize the last known direction and speed of the AUV.  A “nowcast” of the currents in the environment are then folded in to help narrow the search pattern for the AUV.

· Query for organism and view its spatial distribution patterns (numbers/concentrations/etc.) and look for patchiness. Then bring in hydrographic data from that same area and time and overlay to find correlations. Construct and save “habit” maps in 3D space.  Be able to view these habit maps and how they have evolved over time.

· As the ROV transects the bottom, the scientist brings up the live video feed in the 3D model showing their current location.  He then queries for past video transects that cover this area and thumbs through the video to see how the terrain they are currently covering has changed over time.

· During a dive, the 3D model of the current vehicle position is being displayed.  A collaborator on the cruise makes an annotation about something that was viewed during the dive.  Later, as the dive is being replayed in the virtual observatory, another scientist finds the annotation and then quickly wishes they had taken a rock sample at that location.  A quick query of rock samples in the area visually shows that two other expeditions by other institutes had taken samples from nearby areas and shows where those samples are being kept and who to contact.

· The AUV has just returned from a multi-beam mapping mission and a scientist brings up the virtual observatory and queries for all the mapping data from the same area that the AUV just covered.  The previous mapping data can all be overlaid so that geologic changes over time can be highlighted quickly.

Appendix B
(Existing Efforts and Technologies that could be related/leveraged for a Virtual Observatory)

· MBARI’s 3D Replay:  Developed in VRML using in-house expertise. http://www.mbari.org/staff/mccann/vrml/ROVDataVis/papers/w3ds2004Paper-Rev4_submitted.pdf
· LOOKING Project’s Workbench: Will be developed using WorldWind as a prototype, but does not have to be final product.  The architecture developed during the LOOKING project is possibly the architecture to be used on cabled observatories, so effort to visualize data from LOOKING should extend to future observatories.  MBARI is already a collaborator on this project.

· Google (maps.google.com): This is an example of easy to use navigation, query, and data integration, but only works in 2D.  We could possibly foster a relationship with them for the geospatial query technology through Kanna Rajan’s contact at Google?
· X3D (& XJ3D): MBARI already has working relationships with Don Brutzman at the Naval Postgraduate school and Alan Hudson from XJ3D. Don’s group is working on an AUV Workbench which is going to be integrating mission planning with ocean models (models from Peter Flynn at NRL).
· OPeNDAP: Data serving technology (http://opendap.org/) that we currently use in house.
· NOAA Server: http://esdim2.esdim.noaa.gov/cgi-bin/NOAAServer?stype=home
· NVODS: http://www.po.gso.uri.edu/tracking/vodhub/vodhubhome.html
· NVO: http://www.us-vo.org/
· WorldWind: See LOOKING above. http://worldwind.arc.nasa.gov/
· NASA’s EarthSLOT: http://www.earthslot.org 
· Larry Matthies real-time 3D navigation: 
· VisAD: http://www.ssec.wisc.edu/~billh/visad.html
· Live Access Server: http://ferret.pmel.noaa.gov/Ferret/LAS/ferret_LAS.html
· Java Ocean Atlas: http://odf.ucsd.edu/joa/jsindex.html
· IDV: http://my.unidata.ucar.edu/content/software/IDV/index.html
· Ocean Data View: http://www.awi-bremerhaven.de/GEO/ODV/
· Virtual Surgery Simulators: 
· Virtual Architecture Walkthroughs: Alias Wavefront’s Maya, SoftImage, etc.
· Media industry developments: There has been a large body of work here in real-time, 3D interactive environments that are running on very efficient/fast graphics engines.
· Data Visualization on the GRID: SGI’s Visual Area Networking.
· Fledermaus: http://www.ivs.unb.ca/products/fledermaus/

· vGeo: http://www.vrco.com/vGeo/OverviewvGeo.html
