6.
The Research Plan <15 pages, excluding bibliography>

6.1 Aims of Proposal


Problem we are trying to solve

Many recent events have highlighted the vulnerability of civilization to both natural and unnatural disasters. Examples include tornados, floods, agriculture blights and terrorist acts. The Department of Homeland Security (DHS) has integrated the national activity in this area and in its organization, meeting and white papers, clarified the breadth and nature of the problem. We aim to produce the technology to address a broad range of DHS areas in the form of an Information Grid, which we term CrisisGrid. In the two year project, we will develop not only the broad framework but apply to a problem of importance to Indiana; the Flood CrisisGrid aimed at both preventing flood damage (an example of critical infrastructure protection or CIP) and controlling and mitigating damage caused by an actual flood event (emergency preparedness and response or EPR in DHS parlance). We claim that the critical information technology is support both CIP and EPR is a Grid linking people (first responders and command centers, experts) data (both raw real time sensors and data archives) and simulations for strategic planning and what-if studies during an actual event. For example critical DHS focus areas such as radiation and biological attacks can be tackled using a CrisisGrid invoking different sensors from the flood monitors in our particular prototype. The common framework, user interfaces, decision support, GIS services and many of the broad area sensors can be used in systems outside Indiana and protecting other parts of the 11 critical infrastructure sectors identified by DHS. Grids provide managed dynamic distributed resources with standardized interfaces for linking in new resources. We consider CrisisGrid as a set of services corresponding to data sources (e.g. sensors, databases), Grid system services (e.g. collaboration and security) and specific CrisisGrid services (such as overlaying flood sensors on a map). The project will use Grid system services and generic interfaces (such as OGSA-DAI and WS-DAI for databases) and focus on building needed service-interfaced resources (such as Indiana Map and the Purdue Terrestrial Observatory) and CrisisGrid specific services. The latter are highlighted by GIS Grid services developed with the openGIS consortium and will use GIS related ontologies to provide semantically rich Web services. We will also use modern Grid portal technology to develop adaptable user interfaces to CrisisGrid including both high end visualization and handheld clients. Thus this project consists of three technology components: 

1. Identification and customization of core Grid technologies including those like workflow needed to integrate services together
2. Development of CrisisGrid specific services

3. Integration with a decision support framework allowing use in both strategic and tactical situations

4. User interfaces and visualization for CrisisGrid,
and these are used in both the resource development activities 

5. Indiana Map, Indiana View and the Purdue Terrestrial Observatory, Community information resources
and the specific demonstration project

6. CrisisGrid for flooding.
The system will be designed so that it can be generalized both to other critical infrastructures and other locations. Obviously there have been many other projects in this area including many well funded military command and control systems. However the latter for example do not exploit the modern open architectures and tools provided by the Grid. These are needed to provide the adaptability and cost model needed for non military applications. Our team brings experience in developing one of the first web-based command and control system (Tango in 1997), leadership in Grid technology and its application, and leadership in visualization, sensors, and the GIS community. We further have the commitment of Indiana government and communities needed to deliver the particular resources and flood prototype. Further we have good contacts with the DHS technology program through collaborations with Los Alamos National Laboratory and in particular the important NISAC center (National Infrastructure Simulation & Analysis Center).

Overview of Technical Approach
We take a broad definition of Grids including OGSA/GT3 as well as Web Service based approaches. Given the rapid evolution of the field, it seems appropriate to construct CrisisGrid with a Service oriented architecture supporting both OGSA and “pure” Web Service approaches and allowing both Java and .NET implementations. The use of OASIS W3C and GGF standards ensures interoperability for distributed system components built in this fashion. We note that we are working with leaders in both OGSI and Web Service approaches to Grids and have substantial NASA NSF and DoE support in this area. We will build on the application side on our SERVOGrid earthquake simulation Grid and use this as a early testbed of some technologies to be used in the Indiana Flood prototype. Fox is a member of advisory committee for the UK e-Science program and co-chair of Grid Computing Environments and Semantic Grid research groups at GGF.

Our technical effort is divided into several subtasks 
1. Requirements analysis of Grids for both Critical Infrastructure in general and Indiana flood crises in particular.

2. Identification of needed system Grid services and implementations with needed functionality in the timespan of project. Particular capabilities we are certain to need include:

a. Security and privacy
b. Workflow

c. Databases

d. Sensors

e. Simulations 
f. Portals supporting high end visualization and hand-held clients
g. Semantic Grid including annotation and integration of rich meta-data in both the service workflow, portal and decision support system

3. Identification of needed application specific web services that will certainly include a library of GIS Grid services, and flood related simulation and decision support services
4. Development of a CrisisGrid Ontology building on those for other relevant fields including collaboration, database and GIS as well as the rapidly evolving ideas behind data provenance.

5. Identification of infrastructure resources (sensors and databases) and Grid networking and hardware to be part of prototype. Identification of any special client access requirements needing special attention such as increasing performance. This task will certainly build on the new IPGrid linking Indiana University and Purdue

6. Development of sample components for all the key parts of CrisisGrid and design of wizards to support deployment of resources needed in project
7. Development of a GIS library of OGC compliant Grid services exploiting our GIS ontologies built on GML and Semantic Grid standards like RDF.

8. Development of a portlet-based portal which can be rendered on both desktops and PDA’s. The PDA displays will be customized by a Grid service to reduce needed network bandwidth. 
9. Development of high end visualization for GIS Grid services. These will support overlays of both situational data from our sensors and databases and the flood simulations.
10. Development of a decision support framework and a simple instance for the Flood prototype. This will probably based on a case-based reasoning model but we hope to explore more sophisticated ideas based on the work at Los Alamos’s D division. Tools to annotate multimedia and GIS displays will be available for real-time interactions between first responders and command centers.
11. Deployment of critical Indiana resources in the service architecture. This includes

a. Indiana map

b. Indiana view 

c. Purdue Terrestial Observatory

d. Sample Community Information resources needed in the Flood prototype.

12. Real-time collaboration capabilities including shared GIS services and visualization. This will build on our work on Grid-based audio-video conferencing spanning Access Grid SIP and H323 approaches. Shared application technology will be contributed by the Anabas corporation.

13. Testing validation and participation in demonstrations.

High level milestones


Roles of participants refering to longer section 3
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6.4.2 Detailed Milestones


6.4.3 Assesment and metrics


6.4.4 Management Structure emphazing integration and collaboration
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6.4.6 Outstanding Scientific/Technological Quality of Components



Discuss related work


6.4.7 Outreach -- education and government


6.4.8 Outreach to Industry leading to 6.5.2

6.5 Follow Through after 2 year proposal
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Institutional Leverage of Fund Investment



Long Term Sustainability
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