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Summary
The Semantic Wave 2008: Industry Roadmap to Web 3.0 (1) explains the evolution of the Web in simple terms as: Web 1.0 connects documents; Web 2.0 connects people; Web 3.0 connects knowledge (data); and Web 4.0 connects intelligence. The Data Web (aka Semantic Web) will come about in three basic ways, namely, reuse (repurposing) of existing Web content (2), middleware to provide RDF Access to Relational Databases (3) and Spreadsheets (4) on the Web, and by connecting devises (e.g. sensors) to the Web that deliver their data directly. Experts predict that the flood of data on the Web to be analyzed will come from devices connected to the Internet (6). Clearly emergency management and sensor data require an enterprise information architecture and data management strategy and the work of SICoP (7) for the Interagency Sensor Standards Harmonization Working Group and of others (8, 9) needs to be integrated to this end for the Federal Government.

The work of SICoP to support the Interagency Sensor Standards Harmonization Working Group (SSHWG) has evolved from sensor standard harmonization - to modular ontology - to multiple sensor standards interoperability demonstrations - to doing this within the broader context of a semantic interoperability information architecture and data management strategy. The SICoP Sensor Standards Harmonization Knowledgebase contains examples using multiple approaches, namely: Common Subject Index (See Figure 3), Data Model (see Figure 4), Most Basic Concepts from Upper Ontologies, Commonality / Variability, Model (or Ontology) In Mind, and Concept Maps. The Knowledgebase is a semantic model built on top of the full text of the multiple standards and is essentially a mashup that supports enhanced search of sensor metadata for harmonization! Specific recommendations are provided to help the SSHWG achieve its goals.
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1. Introduction

The Semantic Wave 2008: Industry Roadmap to Web 3.0 (1) explains the evolution of the Web in simple terms as: Web 1.0 connects documents; Web 2.0 connects people; Web 3.0 connects knowledge (data); and Web 4.0 connects intelligence. The Data Web (aka Semantic Web) will come about in three basic ways, namely, reuse (repurposing) of existing Web content (2), middleware to provide RDF Access to Relational Databases (3) and Spreadsheets (4) on the Web, and by connecting devises (e.g. sensors) to the Web that deliver their data directly. This supports the Federal Enterprise Architecture Principle 6 (5) which states that “Information is a national asset (actually a global asset - my words) needed by citizens and leveraged across the government to improve performance” because “A well informed citizenry is necessary to our constitutional democracy.  Further, accurate information is critical to effective decision making, improved performance, and accurate reporting.” The implications of this principle are as follows:
• The federal government will improve its information sharing environment to better disseminate information to the public.

• This requires Government to identify authoritative sources of high quality information, and agencies to provide access to specified data and information.

• Authoritative data sources may need to be restructured and catalogued for easy dissemination, access and management.

• To realize this principle requires a federal government strategy to promote cost effective data sharing with other levels of government.

Experts predict that the flood of data on the Web to be analyzed will come from devices connected to the Internet: “In the next century, planet earth will don an electronic skin. It will use the Internet as a scaffold to support and transmit its sensations. This skin is already being stitched together. It consists of millions of embedded electronic measuring devices: thermostats, pressure gauges, pollution detectors, cameras, microphones, glucose sensors, EKGs, electroencephalographs. These will probe and monitor cities and endangered species, the atmosphere, our ships, highways and fleets of trucks, our conversations, our bodies--even our dreams.” (6)
Clearly emergency management and sensor data require an enterprise information architecture and data management strategy and the work of SICoP (7) for the Interagency Sensor Standards Harmonization Working Group and of others (8, 9) needs to be integrated to this end for the Federal Government. The suggested architecture and management strategy are outline in the next section, examples are provided in Section 3, and recommendations in Section 4. The Appendices contains some demonstrations and questions and answers specific to the needs of the Interagency Sensor Standards Harmonization Working Group.
2.  Information Architecture and Data Management Strategy
The history of SICoP support for the Interagency Sensor Standards Harmonization Working Group hosted by NIST (10) is summarized in Table 1. A recent summary of the SSHWG, lead by Kang Lee at NIST, is reflected in this table below and his suggestions for the sensor standards to be harmonized and the possible use of ontology are shown in Figures 1 and 2, respectively.
Table 1. SICoP Participation in the Sensor Standards Harmonization WG at NIST
	Date
	Name
	Purpose
	SICoP Contributions

	December 13, 2005
	SSH Meeting (10)
	Initial Discussions
	

	March 7, 2006
	SSHWG (10)
	Prepare for March 14 Meeting
	

	March 14, 2006 
	SSHWG (10)
	Develop Framework
	

	June 21, 2006
	SSHWG (10)
	Plan Future
	

	August 2-3, 2006
	Conference (11)
	Share Interests
	Wiki Page (12) and Presentation (13)

	September 12, 2006
	SSHWG (10)
	Use Cases
	Presentation (14) and Demonstration (15)

	November 28, 2006
	SSHWG (10)
	Identify Other Communities
	Presentation (16) and Demonstration (15)

	February 27, 2007
	SSHWG (10)
	Sensor Metadata Harmonization
	Presentation (17) and Demonstration (15)

	June 26, 2007
	SSHWG (10)
	Other Communities
	Presentation (18) and Demonstration (15)

	October 16, 2007
	SSHWG (10)
	Reports & Plugfest
	Presentation (19) and Demonstration (15)

	January 15, 2008
	SSHWG (10)
	TBA
	Presentation (20) and Demonstration (15)


The work of SICoP to support the Interagency Sensor Standards Harmonization Working Group has evolved from sensor standard harmonization - to modular ontology - to multiple sensor standards interoperability demonstrations - to doing this within the broader context of a semantic interoperability information architecture and data management strategy. This was the same approach taken in an earlier SICoP Pilot that lead to the recent formation of the Integrated Response Services Consortium (IRSC) (8), namely, the actual information and data from a disaster event was organized into an event ontology that made the emergency services of multiple vendors semantically interoperable during a simulation of this event and showed how new sensors (e.g. detection chlorine tanker car train derailment) could significantly improve the first response. The SICoP Sensor Standards Harmonization Knowledgebase contains examples using multiple approaches, namely: Common Subject Index (See Figure 3), Data Model (see Figure 4), Most Basic Concepts from Upper Ontologies, Commonality / Variability, Model (or Ontology) In Mind, and Concept Maps. The Knowledgebase is a semantic model built on top of the full text of the multiple standards and is essentially a mashup that supports enhanced search of sensor metadata for harmonization!
Figure 1. Sensor Standards Harmonization Framework (Kang Lee, NIST) (10)
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Figure 2. Sensor Standards Harmonization Using Ontology? (Kang Lee, NIST) (10)
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Figure 3. Semantic Wiki Knowledgebase of Sensor Standards Harmonization (15). Harmonization by Common Subject Index.
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Figure 4. Semantic Wiki Knowledgebase of Sensor Standards Harmonization (18). Harmonization by Data Model (CBRN)
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The Semantic Sensor Web Data Management Strategy (9) includes several different approaches that are being pursued simultaneously, namely … using Semantic Web annotations and extending the Open Geospatial Consortium (OGC) standards (21). SICoP has gone one step further by recommending in essence that each sensor needs to have its own data model, expressed as an Ontology in the Ontology Web Language (OWL) (22), and deliver its data stream in the Resource Description Language (RDF) markup language (23).

The Semantic Sensor Web Data Management Strategy (9) states: “Effective automation of sensor data fusion requires ability to translate heterogeneous sensor data into a common format, to register data accurately within a common spatiotemporal reference frame, and to identify and associate cross-modal phenomenal attributes. To accomplish this task, SAVig is extending state-of-the-art sensor data representation languages, SensorML and TransducerML, to integrate semantic associations into sensor models. Semantic descriptions of concepts and associations within sensor data representations will enable entity and event detection and sensor data fusion in multi-level, multi-modal streaming sensor data. SICoP also concurs with this approach.
3. Examples

Examples of sensor standard harmonization, modular ontology development, multiple sensor standards interoperability demonstrations, the broader context of a semantic interoperability information architecture and data management strategy were compiled for the Interagency Sensor Standards Harmonization Working Group (see Appendix I).
Initial discussions with Spatial Ontology Community of Practice (SOCoP) (24) and the OGC revealed the need to first harmonize Google’s KML and OGC’s GML, but further investigation found these two standards have little overlap (also see Appendix I).
The contents of Figures 1 and 2 contain the core data elements for a Sensor Standards Harmonization data model and following “Data Modeling and OWL: Two Ways to Structure Data” (25) the objectives of a data model are to:

A. Capture the semantics of an organization.

B. Communicate these to the business without requiring technical skills.

C. Provide an architecture to use as the basis for database design and system design.
Then:
D. This provides the basis for designing Service Oriented Architectures.
E. Both data modeling and ontology languages represent the structure of business data (ontologies).

F. Data modeling represent data being collected, and filters according to the rules.

G. Ontology languages represent data being used, with the ability to have computer make inferences.

H. So ontology can improve data quality in legacy systems as well!
The later is the subject of an upcoming SICoP Special Conference on Building Semantic Interoperability Applications for Information Sharing and Integration (26).

4. Recommendations

The answers to recent questions from the Interagency Sensor Standards Harmonization Working Group provide the basis for some of the recommendations (see Appendix II). Furthermore, it is recommended that SICoP and others continue to collaborate with the SSHWG to accomplish the following practical steps: Develop a modular data model (ontology) based on (a) Figures 1 and 2, (b) the semantics in the Semantic Wiki Knowledgebase (15), and (c) state-of-the-art ontology development principles (27), in a spreadsheet, like was done for the CBRN Data Model (28) and then import it into a Semantic Wiki (Knoodl), and build a semantic SOA application to demonstration semantic interoperability across multiple sensors and sensor data.
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Appendix I: Demonstrations

Preparations for the October 16th SSHWG Meeting: Potential Demos, August 30, 2007
1. A Semantic Approach to Data Management in Sensor Networks (November 6, 2006)

This published paper describes an application of ontology technology within an architecture for processing sensors that monitor conditions in grain and storage silos. The authors show that historical and streaming sensor measurements can be combined to support expressive SPARQL queries over data modeled in OWL and stored as RDF files.”

See Proceedings of the Semantic Sensor Network Workshop, November 6, 2006, Website: http://www.ict.csiro.au/ssn06/ 

2. CBRN Data Model as an Ontology in a Semantic Wiki (March 28, 2007)

In the Sensor Standards Harmonization WG, we converted the CBRN Data Model spreadsheet to an ontology in one of our SICoP Semantic Wikis (Knoodl.com) for a demonstration to the SSHWG members that asked to see how we could work with it in a "Semantic Web way" because it was made available at the August 2006 Workshop in Oak Ridge and it represented a great example of a spreadsheet-to-ontology conversion. We have removed this because our intent all along was to harmonized the multiple standards and data models in support of the SSHWG so our result will not be the release of “the CBRN data model spreadsheet" but a new semantically harmonized and machine processible ontology. See http://knoodl.com and http://colab.cim3.net/file/work/SICoP/2007-06-26/SICoPSSHWG06262007.ppt 
3. Scalable Semantic Web Applications (TopQuadrant and Franz, Inc.) (July 16, 2007)

An ontology is a formal description of the meaning of the information used by software systems. Just like relational databases use SQL as a query language, ontologies developed using Semantic Web standards are queried with a query language called SPARQL. SPARQL is a simple yet powerful language. A single SPARQL query can combine the selection criteria based on the data values as well as their meaning. Unlike relational databases and SQL which are tightly bound to a specific data model, ontologies are highly flexible making it possible to (1) easily accommodate changes in the data model, and (2) create generic queries that work in multiple situations and don't need changing when the data model must change. These special qualities make semantic applications more agile, flexible, and faster to develop than traditional approaches.

Developing and deploying semantic applications for an enterprise requires both a production strength ontology design and development environment and a robut datastores. By integrating Franz’s AllegroGraph RDFStore (Jans Aasman) with TopQuadrant’s TopBraid Compose (Dean Allemang), users now have the essential foundation to build their semantic solutions with – a scalable, interactive graphical development platform. These components work together to enable developers to build comprehensive, large-scale semantic models (ontologies) that can be stored and queried very efficiently.

The Webinar demonstrated building an ontology model in RDF/OWL and querying RDF data stored in AllegroGraph and discussed the integration of information from disparate data sources and the use of inferencing.  The TopQuadrant Tutorial at the 2007 Semantic Technology Conference (May 20-24 in San Jose, CA) featured a Semantic Web Mashup with Google Maps. Tammera Countryman recommended the July 16th Webinar to the SSHWG members.

4. July 19, 2007, First Semantic Interoperability Mashup with NCOIC Semantic Interoperability WG, Spatial Ontology CoP, and SICoP

This meeting featured Snoogle Demonstration by BBN. Snoogle is a graphical, SWRL-based ontology mapper to assist in the task of OWL ontology alignment. It allows users to visualize ontologies and then draw mappings from one to another on a graphical canvas. Users draw mappings as they see them in their head, and then Snoggle turns these mappings into SWRL/RDF or SWRL/XML for use in a knowledge base.
See http://snoggle.projects.semwebcentral.org/ and
Semantic Web Tools at http://esw.w3.org/topic/SemanticWebTools 
5. Google Maps Enterprise Webinar (August 16, 2007)

See http://colab.cim3.net/file/work/SOACoP/Demo4/Google08162007.pdf 
SICoP is collaborating with Google, etc. on the Federal Sitemaps Initiative

See http://colab.cim3.net/cgi-bin/wiki.pl?FederalSitemaps
SICoP is also in discussions with Google about “Google 2.0 Embraces the Semantic Web”

See http://www.gcn.com/online/vol1_no1/44290-1.html  
6. Semantic Web, Google Maps, and OGC Sensor Standards Mashup (October 16, 2007)
The presentation at the Net-Ready Sensor Standards Harmonization Meeting at NIST on June 26, 2007, recommended using a “Modular Approach to SSHWG Ontology” and the VK Test Semantic Wiki with its new graphical ontology development module.

See http://colab.cim3.net/file/work/SICoP/2007-06-26/SICoPSSHWG06262007.ppt 

and http://www.visualknowledge.com/wiki/sensors 

Conceptually, an ontology can be developed for each sensor standard by extracting the concepts and their relationships from the standards documents and/or extending the XML Schema for the standard it one exists. Then ontology mapping tools like Snoogle can be used for “harmonization” and even scalable Semantic Web applications can be built using the tools like TopQuadrant/AllegroGraph combination.
Initial discussions with SOCoP and OGC revealed the need to first harmonize Google’s KML and OGC’s GML, but further investigation suggests the need for further clarification (see email on next page).

We need to begin honing in on what is to be reported and demonstrated on October 16th and what are the longer term tasks to support the SSHWG.

On August 25, 2007, at 11:23 AM, Brand Niemann wrote:

Josh, You mentioned on an earlier call that someone had "harmonized" GML and KML and found little overlap. Can you please provide more details? Thanks, Brand 

On Monday, August 27, 2007, at 12:40PM, Josh Liberman wrote:

Brand, 

I do not know that anyone in particular did a study or "harmonization", but a number of people in and around OGC looked at the comparison. Basically, GML is an XML Schema language (created around the ISO general feature model) for creating concrete feature schemas. KML is an XML schema which incorporates a concrete feature schema based on GML 2 for the purpose of describing, exchanging, or altering the state of a geospatial visualization application (namely, Google Earth). 

There is a thread in the present OWS (OGC Web Services) 5 testbed considering the role of KML and its standardization within OGC (as submitted by Google). Two main issues are how to bring the feature parts of KML into conformance with the current GML (3.2.x), and whether there is a reasonable profile of KML which can serve the purpose of OWS Context (an evolving OGC standard for describing / exchanging the state of a client for OGC services (a superset of WMS Context which just describes WMS client state). Raj may be able to comment more or correct my comments on the status of that thread. 

The gist of this is that GML and KML serve and will continue to serve different and complementary purposes. As realized in OWL or some other ontological form, KML would certainly do well to incorporate or subclass concepts from GML, but I'm not sure it would be the case the other way around.  

I hope this clarifies what I spoke about. 

Cheers, Josh

Appendix II: Questions and Answers

(Specific to the needs of the Interagency Sensor Standards Harmonization Working Group)
Problem: Have multiple standards and sensors: 

Solutions (two basic possibilities): 

(1) Custom interoperability interface between each pair (the classic N(N-1)/2 problem. Okay when N is small, but brittle and doesn’t scale for larger N.
Kang Lee: In this case, N is eight standards.  They are IEEE 1451, CBRN Model, OGC’s SensorML, TransducerML, and O&M, ANSI 42.42, OASIS’s CAP and EDXL.  I am not sure where we count the family of IEEE 1451.x standards as eight standards or just one? What do you suggest?
Brand Niemann: N also refers to the number of sensors built to those eight standards which could be very large if each sensor has some non-standard features. Furthermore, if individual sensors are being built to the family of IEEE 1451.x standards then we will have to treat them separately so their sensor data models and data streams will be semantically interoperable for information sharing and integration.
(2) Modular ontologies for each standard and sensor. 

Kang Lee: What does modular ontology mean?  Does it mean we treat each standard separately?  I thought that is a must. What other choices do we have? 

Brand Niemann: Yes, we treat each separately but try to harmonize across them using the multiple approaches, namely: Common Subject Index (See Figure 3), Data Model (see Figure 4), Most Basic Concepts from Upper Ontologies, Commonality / Variability, Model (or Ontology) In Mind, and Concept Maps, I have experimented with in building the Knowledgebase.
Kang Lee: By the way, sensors are treated as part of the Transducer Interface Module (TIM) defined in the IEEE 1451.X standard. The TIM output is fed to a network device or gateway, called Network Capable Application Processor (NCAP), which allow application or client software to access the sensor data.  There could be up to 255 sensors and/or actuators in a TIM. I just want to get the terminology clarified.
Brand Niemann: Yes, that is my point in my answer to Solution (1) above.
(2a) The output of each sensor needs to be a discoverable knowledgebase defined as a semantic model/ontology and instances in RDF so one can validate the sensor against standards and make sensor data streams semantically interoperable at run-time. 

Kang Lee: The output of each sensor module (TIM) follows the specification defined in the IEEE 1451.X standard.  If that is the case, the sensor modules from different manufacturers should plug and play or interoperable with different NCAPs.
Brand Niemann: Yes, but more is need than that for a real sensor data management – again see Sensor Data Management Strategy at http://knoesis.wright.edu/projects/savig/sensornetworks_summary_061107.ppt for suggested demo at the January 15th Meeting by Cory Henson – see words at http://knoesis.wright.edu/projects/savig/
(3) Plug-fest creates “one-off” solutions for a particular set of standards, sensors, and data sets. 

Kang Lee: That is a good way of looking at it.  You mean “one-of”.  I see plug-fest is a prelude for interoperability. Plug-fest informally tests against particular one or more criteria. If all criteria specified in the standard are met, then interoperability is achieved.
Brand Niemann: Yes, interoperability of the sensors, but not semantic interoperability of their multiple data streams for information sharing and integration.

(4) Try to simulate a sensor with software that uses an ontology and actually transfers its data model and data to the Internet to support a net-centric (Web 3.0 and 4.0) data management and data integration (see next slide). 

Kang Lee: Can you do a simple example to illustrate this?    

Brand Niemann: Yes, and this is what I am suggesting for a demo at the January 15th Meeting by Cory Henson – see Video on the Semantic Sensor Web at http://knoesis.wright.edu/library/demos/ssw/prototype.htm
Kang Lee: For example a temperature sensor outputs data in degree Kelvin. An example is worth a thousand words.
Brand Niemann: I think the Semantic Sensor Web experts at Wright State University have probably already done this or could do it easily. See http://knoesis.wright.edu/projects/sensorweb/ and they have a number of very talented students, like Cory Henson, working on these kinds of problems – see http://knoesis.wright.edu/about/students/index.html
(4a) Kang Lee: A talented student could probably do this for our future meetings! 

If you can help me to clearly define a project, I can get a student to do it next summer. I can only get students in the summer. By the way, how many days do you think it will take the student to do simple version for a show and tell for future meetings, assuming a student has to learn net-centric web 3.0 or 4.0, etc with instruction from scratch.
Brand Niemann: Please see my answer above and hopefully, a NIST student could work on this with the Semantic Sensor Web students.
(4b) Steve Ray of NIST supports ontology development for standards compliance and testing (see slide 24). 

Kang Lee: Do you think his people with experience in ontology can easily do the example for item 4?  But I have no way to get them to do that for me.  Do you work with them closely enough that you can have such influence?
Brand Niemann: I recently suggested Steve Ray focus the Ontology Summit 2008 on this and/or at least send his staff to your meetings and he has agreed to keep doing the latter.
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