SONet Core Observation Model
As part of our effort towards developing and refining the SONet core observational model, we have continued efforts to analyze a number of existing models that have been developed to describe observational data across earth and environmental science communities. Over the past year, we have primarily focused our comparison efforts on OBOE and the Entity-Quality (EQ) models, as well as by looking at a large number of existing domain-specific ontologies (including SWEET, and various efforts within the OBO Foundry). One outcome of this work was that at the May 2011 SONet workshop we clarified approaches (with Hilmar Lapp) to incorporate EQ data within OBOE via measurement type characteristics and values (used within OBOE). This approach of combining EQ types with OBOE types would allow a broader range of EQ “qualities” (e.g., as modeled in PATO) to be used in data annotation and discovery of a wide range of environmental data (as opposed to the more narrow use cases of EQ).  We also added support in OBOE for formally referencing concepts from other domain ontologies within OBOE-compatible ontologies, which provides support for programmatically accessing external terms from other (non-OBOE compliant) ontologies, without incurring reasoning costs or consistency issues. This also allows for terms defined in non-OWL ontologies (e.g., as used in a number of geographic markup approaches) to be easily incorporated and referenced from within OBOE extensions. Since OBOE is still being used as a provisional core observation model for SONet – especially given the work in SONet on aligning O&M and OBOE –we have explored incorporating additional OBOE constructs to align OBOE with other models (e.g., by including specific domain ontologies used within other projects, and by including notions such as instruments, data types, and observation collection types). This will not only improve the interoperability achievable across different observation modeling approaches, but also provides the ability of other groups to leverage O&M and OBOE within their own work (a major goal of SONet’s interoperability efforts). We intend to further develop strategies for extending OBOE in upcoming SONet workshops.

Within SONet we have also further been involved in developing ontologies that are compatible with OBOE for plant traits and common measurements used in the marine science research carried out through the SBC LTER.  We have also spent considerable time working with the JMX project, which is actively using OBOE to model common measurements of various species of salmon. We anticipate continuing and expanding these activities as well over the coming year.

SONet Demonstration Projects
Over the last year, we have continued to focus the SONet demonstration projects on enabling scientists to create semantic “field observations” (ontology-based descriptions of common measurements) and for managing observational data represented within the OBOE observation model. The latter efforts have led to prototypes for data discovery and querying (based on measurement types), and the use of simple exploratory data analysis over heterogeneous observational data. One advantage of using a core observation modeling approach is that by registering data sources to the core model it becomes possible to access these sources directly through the core model (as opposed, e.g., to determining the format and schema of each source individually and then posing queries against these sources, etc.). This is a major advantage for enabling interoperability across systems and providing general services for using a wide range of structurally heterogeneous observational datasets.  By working closely with the Semtools project, we have further extended these capabilities recently by developing an interface and annotation language targeted at registering tabular data sources (marked up in EML) to domain-specific ontologies that are compatible to the OBOE model. This results in a formal specification of how to represent an underlying tabular dataset as a common observation data structure (which can be represented, e.g., as a set of RDF triples).  Over the last year, we have developed a number of extensions to the annotation language to support a wider variety of data sets and the attribute and value structures used within these data sets, as well as focused on approaches for efficiently representing and querying data that is marked up using our semantic annotation approach. 

We have also continued our work on developing efficient approaches for converting tabular datasets marked up using semantic annotations into a database of observations (where the database has a generic, unified observation schema). Such a database can contain observations from many heterogeneous sources and can be queried directly using the general OBOE observation structures (as opposed to the underlying data formats).  Our prototype system allows queries to be expressed and performs a number of optimizations for querying datasets. These optimizations are targeted at making the approach feasible and scalable. We have developed two query evaluation strategies: one strategy queries datasets in place by rewriting observation queries into queries over the underlying data sources; and another strategy in which all data is converted to a “data warehouse” that follows a generic observation based on the OBOE model. We have further performed an experimental evaluation of the approaches using a corpus of 1,000 (synthetically generated) datasets, each with approximately 25 attributes and 5,000 rows of data. This work was recently published in the DEXA conference, and we intend to further extend this work. In particular, we are exploring additional ways to scale the query algorithms for much larger dataset sizes, and we have recently developed an initial prototype to efficiently materialize annotated data into RDF to support a Linked Open Data. Adopting Linked Open Data standards enables interchange operability among observational data systems.   We intend to further explore exchange approaches through additional SONet workshops and meetings over the next year. We also published a paper in e-Science on the ObsDB system prototype that combines a number of the above ideas on data querying and discovery with additional support for performing analytics over data modeled using OBOE. This work leverages R scripts to perform various types of analyses and visualizations over heterogenous data collections mapped to the OBOE model. 

Also as part of the SONet demonstration projects work, we have extended the Protégé plugin prototype developed last year for allowing users to easily and quickly develop OBOE compatible domain ontologies. The plugin provides a new Protégé tab (and corresponding frame) that supplies a set of forms that users can fill in depending on the type of ontology term the user is creating (e.g., an entity, a characteristic, a measurement unit, a measurement protocol, or a measurement type). The information entered into the form is then converted by the plugin into appropriate OWL-DL axioms for the term being created. This considerably simplifies the task of a domain scientist trying to describe their standard measurement attributes using OWL, since it does not require an understanding of how to formulate various DL axioms (which is challenging for most users, especially to do correctly). The plugin also captures and exposes standard OWL “design patterns” for creating OBOE ontologies, ensuring a certain level of “quality” in ontologies created using the plugin. Our extensions have included a number of refinements of the initial forms, additional entries for describing details of measurement types, and updates for the various changes made to OBOE. This work led to a publication in the OWLED workshop series. We are currently developing user documentation for the plugin, adding additional features to support versioning and more complex measurement type definitions, and deploying the plugin for broad use. 

Outreach Activities

Outreach activities for the project have principally been through SONet workshops, through a number of presentations and meetings attended by SONet participants, and through papers reporting on findings through the SONet and Semtools projects. 

Papers
Huiping Cao, Shawn Bowers, Mark Schildhauer. Approaches for Semantically Annotating and Discovering Scientific Observational Data. Proceedings of the 22nd International Conference on Database and Expert System Applications (DEXA), 2011, to appear.

Wesley Saunders, Shawn Bowers, Margaret O’Brien. Protégé Extensions for Scientist-Oriented Modeling of Observation and Measurement Semantics. Proceedings of the OWL Directions and Experiences Workshop (OWLED), 2011, to appear. 

Shawn Bowers, Jay Kudo, Huiping Cao, Mark Schildhauer.  ObsDB: A System for Uniformly Storing and Querying Heterogeneous Observational Data. Proccedings of the 6th IEEE International Conference on e-Science, pp. 261-268, 2010.
Funded Students
The following undergraduate students at Gonzaga University were funded in part through the SONet project: Wesley Saunders (Protégé extensions), Jay Kudo (ObsDB), and Josie Hunter (Analysis of measurement types defined within datasets of the KNB).



















































PAGE  
3

