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Prose for Strategic Plan

MBARI is well positioned to provide leadership to the oceanographic community in Data Systems technologies. 

The oceanographic community is increasingly focused on observing systems such as those championed by the MBARI MOOS project. The NSF and other funding agencies recognize the importance of data systems problems to the community. MBARI operates (or will operate) and derives data from most of the classes of observing platforms used within oceanography (e.g. ROVs, AUVs, moorings, cabled observatories), and so efforts to work with MBARI’s large, diverse datasets are directly relevant to the problems faced by the oceanographic community as a whole. 

The ocean technology community benefits from and welcomes leadership on truly collaborative projects. Many technologists and developers at commercial and academic institutions are eager to partner on real, interesting problems. Through community collaborations, MBARI is capable of serving as an integration house for both point (specific) technologies and broad initiatives (e.g., observing systems, system of systems architectures, standards and protocols). MBARI is already involved with most or the entire major ocean observing initiatives. 

Large external developments exist in industry (XML, grid computing, Cyberinfrastructure, semantic frameworks) that can be exploited in the oceanographic setting. Several MBARI engineers have connections to people and activities in Silicon Valley.

More Prose for Strategic Plan

In accordance with the institution’s strategic plan, MBARI Engineering will focus on opportunities to advance technology-limited science, including both development of new technology and the integration and adaptation of externally developed technologies to the special needs of oceanography.

One group of data systems-related opportunities relates MBARI’s longstanding efforts to develop long-term ocean observing systems. There is a fundamental need for standard interfaces to allow interoperability of instruments and data systems. MBARI can also make significant contributions by developing solutions to the logging, real-time distribution, archiving and dissemination of observatory data streams. There is a great need for understanding the appropriate time and space sampling scales for various oceanographic processes. In many cases, real-time decision making for observatories or field programs requires an improved integration of modeling with observations. Finally, effective automated quality control processes are required to deal with very large continuous data streams.

Several important opportunities exist for MBARI to contribute to how scientists analyze and interpret data. There is a clear need for improved data mining and data query algorithms. Similarly, considerable improvements can be made in the techniques by which divery data types are integrated into useful data products. Also, data archives from multiple institutions can be integrated so that products derive from all of the archives without duplicating data between the archives. 

The emergence of successful artificial intelligence technology opens opportunities to apply this to oceanographic problems. Adding an intelligent, or adaptive capability can improve data quality control tools. Adaptive analysis of real-time observatory data relative to historical archives and data from other platforms may reveal previously unknown patterns and relationships. Event detection and response applications are required to meet the goals of the observatory programs. Automated interpretation of video data could enhance use of the data and provide for automated control of vehicles.

Leadership

MBARI is well positioned to provide leadership to the oceanographic community in Data Systems technologies. 

The oceanographic community is increasingly focused on observing systems such as those championed by the MBARI MOOS project. The NSF and other funding agencies recognize the importance of data systems problems to the community. MBARI operates (or will operate) and derives data from most of the classes of observing platforms used within oceanography (e.g. ROVs, AUVs, moorings, cabled observatories), and so efforts to work with MBARI’s large, diverse datasets are directly relevant to the problems faced by the oceanographic community as a whole. 

The ocean technology community benefits from and welcomes leadership on truly collaborative projects. Many technologists and developers at commercial and academic institutions are eager to partner on real, interesting problems. Through community collaborations, MBARI is capable of serving as an integration house for both point (specific) technologies and broad initiatives (e.g., observing systems, system of systems architectures, standards and protocols). MBARI is already involved with most or the entire major ocean observing initiatives. 

Large external developments exist in industry (XML, grid computing, Cyberinfrastructure, semantic frameworks) that can be exploited in the oceanographic setting. Several MBARI engineers have connections to people and activities in Silicon Valley.

Observatory Data Logging and Archiving

Solutions for the logging,  real-time distribution, archiving, and dissemination of data from ocean observing systems, including long-term observatories, are an essential component of platform and observatory development efforts. MBARI has invested considerable effort into handling the data from cabled observatories, moorings, and other platforms, and is thus in a good position to complete and disseminate solutions to the community.

Integrating Modeling with Observations

Many oceanographic topics involve complex phenomena and systems that are being investigated using large and diverse datasets, and modeling is an essential component of the science. However, no satisfactory system exists for connecting real-time data to models, or vice-versa.

Integrating Diverse Data Types into Useful Data Products

MBARI produces and archives a diverse group of large datasets. In many cases, integrated views or visualizations derived from disparate data enable new insights and new science. In order to take full advantage of our data, MBARI needs to develop interfaces to the data that integrate all types (e.g. a common portal for all datasets using consistent interfaces for each) and provide access to useful data products.

Data Mining and Query Algorithms

MBARI, and the rest of the oceanographic community hold vast and diverse stores of data but use crude methods to find and extract information relevant to any particular topic. MBARI has an infrastructure (in SSDS) that can be used as a basis for developing more advanced, useful, and easy to use systems. MBARI can also take advantage of the considerable progress in this topic that has been made external to oceanography.

Integrating Data Archives from Multiple Institutions

MBARI has considerable data complementary to other institutions’ holdings and of interest to the oceanographic community. However, MBARI, like most other institutions, operates its data archives with little linkage to external archives. The increasing Internet bandwidth available now makes it possible to integrate data archives from multiple institutions so that data products derive from all of the sources without a need for duplicating data between the archives. Developing these sorts systems will require standard system interface protocols and application of semantic computational tools now starting to mature (e.g. Marine Metadata Interoperability effort). Some of the needed infrastructure software has been developed externally, but only limited useful implementations exist. MBARI also has some reference software (VARS, SSDS, possibly SamplesDB) that can take advantage of existing or proposed interface protocols.

Developing Standard Interfaces for Interoperability 

MBARI has invested considerable effort into developing standard interfaces to allow interoperability of instruments and data systems (ISI and SIAM and SSDS). Interoperability is necessary in order to facilitate multi-institution use of high cost platforms and observatories.

Developing Quality Control 

Effective quality control processes are necessary for handling vast data streams deriving from long-term observatories. MBARI needs to develop capabilities for integrated, automate real-time quality control checks on data streams. Tools for manual quality control are also required, including improved interfaces for identifying and flagging errors for future users.

Understanding Optimum Sampling Scales in Time and Space

MBARI holds datasets from many platforms that sample processes over a variety of time and space scales. These datasets are appropriate for developing optimal strategies for using our limited platform resources.

Automated Data Interpretation

Advances in Artificial Intelligence technology external to oceanography provide an opportunity for MBARI to advance automated data interpretation techniques. Use of vision technology for automated interpretation of video data could enhance use of the data and provide for automated control of vehicles (ROV and AUV). There is also interest in real-time analysis of observatory data relative to historical archives and data from other platforms. The communities long term goals for observatories include oceanographic event detection and response applications. Finally, there is a need for adaptive quality control software.
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MBARI is well positioned to provide leadership to the oceanographic community in Data Systems technologies.

· The oceanographic community is increasingly focused on the sorts of observing systems that MBARI has been working on for several years.

· MBARI operates (or will operate) and derives data from most of the classes of observing platforms used within oceanography (e.g. ROVs, AUVs, moorings, cabled observatories).

· Working with MBARI’s own large, diverse datasets attacks the problems faced by the oceanographic community as a whole.

· Funding agencies (e.g. NSF) have major initiatives intended to address data systems problems.

· The ocean technology community benefits from and welcomes leadership on truly collaborative projects. 

· Many technologists and developers at commercial and academic institutions are eager to partner on real, interesting problems. Collaborations already exist with external groups.

· Through community collaborations, MBARI is capable of serving as an integration house for both point (specific) technologies and broad initiatives (e.g., observing systems, system of systems architectures, standards and protocols).

· MBARI is already involved with most or all of the major ocean observing initiatives. 

· Large external developments exist in industry (XML, grid computing, Cyberinfrastructure, semantic frameworks) that can be exploited in the oceanographic setting.

· Access to people and activities in Silicon Valley

Here are some specific Data Systems topics for which MBARI could develop (or could participate in the development of) solutions that would be high profile and high impact within the oceanographic community. Of course, in many respects these topics are inter-related. Considerable research is needed to accurately assess state of the community’s development in these areas.

· Logging, real-time distribution, archiving, and dissemination of data from ocean observing systems, including long-term observatories.

· An essential component of platform and observatory development efforts.

· MBARI has invested considerable effort into handling the data from cabled observatories, moorings, and other platforms.

· Integrating modeling with observations.

· Necessary for making sense of complex phenomena and systems investigated using large and diverse datasets.

· Needed for real-time decision-making for observatories and large-scale field programs (e.g. MUSE and AOSN). 

· No satisfactory system exists for connecting real-time data to models, or vice-versa.

· Integrating diverse data types into useful data products

· MBARI holds large and diverse datasets

· In many cases, integrated views of data enable new science.

· Need a common portal for all datasets

· Need consistent interfaces

· Data mining and query algorithms

· MBARI, and the rest of the oceanographic community hold vast and diverse stores of data but use crude methods to find and extract information relevant to any particular topic.

· MBARI has an infrastructure (in SSDS) which can be used as a basis for developing more advanced, useful, and easy to use systems.

· Considerable progress has been made external to oceanography.

· Integrating data archives from multiple institutions so that products derive from all of the archives without duplicating data between the archives

· Increasing internet bandwidth makes this feasible.

· Requires standard system interface protocols to be developed (or enhanced) and agreed upon.

· Some relevant infrastructure software has been developed externally, but only limited useful implementations exist.

· Requires application of semantic computational tools now starting to mature (reference Marine Metadata Interoperability effort).

· MBARI has considerable data complementary to other institutions’ holdings and of interest to the oceanographic community.

· MBARI has some reference software (VARS, SSDS, possibly SamplesDB) which can take advantage of existing or proposed interface protocols.

· Developing standard interfaces to allow interoperability of instruments and data systems (ISI and SIAM and SSDS and the data itself).

· Interoperability is necessary in order to facilitate multi-institution use of high cost platforms and observatories.

· MBARI has invested considerable effort into interoperability.

· Developing and applying effective quality control processes

· Necessary for handling vast data streams deriving from long-term observatories.

· Integrated, automated (pre-defined), real-time QC checks

· Aids for manual QC (improved interfaces for identifying and flagging errors for future users: visualization, data access, flagging data, displaying flags along with data).

· Understanding appropriate time and space scales for sampling.

· Important for successfully using limited platform resources.

· MBARI holds datasets appropriate for addressing this topic.

· Automated interpretation of data

· Relevant AI technology is available external to the oceanographic community.

· Use of vision technology for automated interpretation of video data could enhance use of the data and provide for automated control of vehicles (ROV and AUV).

· Real-time analysis of observatory data relative to historical archives and data from other platforms

· Developing oceanographic event detection and response applications

· Intelligent (i.e., adaptive) QC software.

Here are the original brainstorming comments from the Software Data Systems group as a whole:

· Uncoordinated ocean technology community needing leadership (technology and collaboration

· Serve as an integration house for point (specific) technologies (work with collaborators)

· Integration house for systems

· Data systems probably an area that will transform oceanography (i.e. important)

· Challenge/opportunity – MOOS, MARS, AUVs, ROVs provide us with large scale data management problems on our own

· Opportunity bridge the gap between large number of scientists and small number of observatories

· Eagerness of technologists at commercial and academic institutions to partner on real, interesting problems

·  Large external developments in industry that address stuff (XML, grid computing, Cyberinfrastructure) that can exploited in oceanographic setting

· Ocean modeling beginning to connect to observational capability

· Ocean observatory data and metadata

· Modeling can add value to existing and ongoing datasets

· Next generation of ocean researchers need training with interdisciplinary data sets

· Vast array of unsolved problems

· Community Focus changing to observing systems puts MBARI in good spot

· Systems level integration of data access and storage for observatories

· Semantic technologies (eg web) primed for use

· Increasing internet bandwidth allows us to work towards integrating multi-institution data archives – requires large external collaborations – agency funding available for this—products from all the archives

· Big research / collaboration initiatives

· Interest in event response (AI systems) in ocean community

· There does not appear to be a good system for easily connecting real  and real-time data to models

· Standard interfaces for data plug and work capabilities are needed (interoperability of instruments and data systems)

· Comparatively large data sets exist in and out of house which are poorly served

· Vision technology approaching level where practical application possible

· Interest in data understanding systems (recognition, data quality) from ocean community 

· Other domains have done some of this (atmospheric, space) (small science to big science transition)

· Quality of external tech-ties increasing

· NASA imploding

· Common technical interests with NASA in some cases

· Well positioned to be a leader in collaboration with SIO, WHOI, etc to provide leadership in the SDS area

· Ties with Stanford

· Opportunities to partner with technologists in Silicon Valley, UCSD, to complement our skills and talents in software and data systems

· OOI program is formulating its data policy and standards for data interchange. MBARI can influence these

· MBARI software engineers can influence and lead open source data management

· Great opportunity for AI / Automatic processing / Data mining applied to vast data stores

· Need to understand appropriate time and space scales for sampling – MBARI has the data sets to figure this out

· Open source movement well established

· Potential for drawing on talent and resources of Microsoft, NASA, NSF, …

· Changing vision of science interface (query vs. visualization) (query is more fruitful for capturing requirements than is visualization)

· Growing interest in CS folks in ocean problems

· Collaborations already formed with international partners (BODC for metadata, Neptune Canada ) that can be exploited

· Ability to learn from experience of communities more advanced than us (astronomers, meteorologists, seismologists, …)

· Technical opportunities:

· Security of access

· 3D/4D/5D visualization and access capabilities (product) that oceanographers use (don’t meet the needs?) (don’t really need it?)

