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CONTRACTOR(S) SUPPORTING THE EFFORT:  Naval Postgraduate School
OBJECTIVE OF PROJECT:  The objective of this project is to model target detection, tracking and loss in Urban areas using graphs so that analytic methods associated with graph theory and random graphs can be applied to the models to provide insights to support OF/FCS and to suggest aggregate models for future simulation and analysis. The scope of the research is limited to developing graph models and exploring analytic techniques that might provide insights using these models. This supports Objective Force analysis and might provide models of value for future high-resolution simulations. This research has been coordinated with the Urban Acquire project. We have coordinated access to OneSAF and COMBAT XXI. This project proposes a novel approach to analyzing target detection, tracking and loss using graphs. Since directly modeling sensor arrays and networks of sensors is difficult, this project approaches the problem indirectly. Graph models of simple sensor target pairings are developed as building blocks for larger graphs. The graph models rely on random processes. This allows the larger models to be analyzed using techniques associated with graph theory and random graphs.
PRODUCTS/DELIVERABLES AND ESTIMATED COMPLETION DATES:  
1. Technical report to AMSO for inclusion in the MSMR describing the research including documentation of data, models and analysis techniques used and developed. (4Q/03)

2. Briefings, conference papers and prototypes to TRAC for future FCS/OF analysis. (4Q/03)

TECHNICAL APPROACH:  

This research builds on the Urban Acquire project and complements that effort by providing analysis tools for OF/FCS and by suggesting aggregate models for future simulations. Using an approach similar to the model-test-model approach, this research will experiment with aggregate models of sensor suites and sensor networks with the intent of providing analytic approaches. As the Urban Acquire model matures, data from this model will be used for validation and refinement of the graph models. In a similar manner, as the FCS concept matures, data from systems under test can be used for validation and refinement of the models. The models and analysis techniques based on graphs will evolve and mature with FCS.

Initial work will identify high-resolution data and models under development and scheduled for use in COMBAT XXI and OneSAF. Access to those models has been coordinated. The Acquire model is the de facto Army standard and the Urban Acquire project will produce the standard for urban areas; however, other aspects of these future simulations will be relevant for developing graph models. The factors that influence target loss will be examined to select parameters for the graph models, as will factors relating to coordinated sensors and networks of sensors. During this phase, the problem will be scoped and shaped for maximum return on investment and relevance. 

In the second phase of the research we will develop candidate graph models for various aspects of the problem and identify graph theoretic approaches that provide insights for the candidate graph models. Potential approaches include methods from the theory of random graphs that may allow us to make assertions about the collective effectiveness of the sensors. For example, there may exist a threshold probability function (for edge connectivity probability) that ensures information dominance. Also of particular interest when structuring the sensor network are results related to graph structures including those about cliques and graph components.

In the final phase of the research we will develop techniques to analyze the graph models and write the technical report. As an example, if a threshold probability function exists, then parameters related to edge probabilities can be varied to examine their effect on information dominance for various quantities and types of sensors. We will brief the emerging and final research results to COMBAT XXI and OneSAF developers and members of the FCS study team. 

Throughout the research, models and data will be documented to facilitate verification and validation. Any software prototypes will be verified using automated testing procedures. Any models developed using commercial software tools (e.g., spreadsheet models) will be validated with test data and the test methodology and results will be documented. This research will also propose future validation tests to improve both the data and the models as the OF and FCS concepts mature. 

The models developed might be incorporated into other simulations that will be High Level Architecture (HLA) compliant; however, these models will not serve as federates in an HLA federation. The underlying models and data will be documented sufficiently to facilitate inclusion of their relevant aspects in the simulation object model (SOM) of any federate that incorporates the models.
MILESTONES: 

1. Identify available data and models from current research and simulation development programs like COMBAT XXI and OneSAF. (2Q/03)

2. Develop candidate graph models for various aspects of the problem. (3Q/03)

3.  Identify graph theoretic approaches that provide insights for candidate graph models. (3Q/03)

4. Develop techniques to analyze the models using random graphs. (3Q/03)

5. Write the technical report. (4Q/03)

The milestone schedule assumes a 1 January 2003 start date.

EXIT CRITERIA:  The basic nature of the proposed work makes quantitative specification of exit criteria exceptionally difficult. Nevertheless, the potential advancement of the state of the art of modeling target detection, tracking, and loss in urban environments beyond the capability of current legacy models is of obvious value to the Army.  The project will be deemed complete when the graph models are sufficiently defined to allow for analysis to support OF/FCS sensor studies.  
