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OBJECTIVE OF PROJECT:  

The newest emerging simulation war-fighting environments such as COMBATXXI and OneSAF will allow opposing forces to engage and fight with closed loop and operator-in-the-loop scenarios and experiment with new tactical doctrine using conceptual equipment and organizational structures.  These experiments are developed in an environment that presents users with real life operational situations and allow the user to evaluate the applied doctrine. As the future battlefield will most likely contain complex urban settings, emerging simulations will have to model these environments at a much higher fidelity and resolution than that currently available.  The objectives of this project are to characterize geo-typical urban footprints with pertinent features and attributes for the environmental data model, produce algorithms to depict and assess structural damage, including rubble, in urban terrain subjected to conventional weapons attack, and develop path finder routines to determine routes for ground vehicle platforms through the urban environment with consideration for risks posed by potential threat forces.  As a major component of this project, these algorithms will be incorporated into Application Programmer Interfaces (APIs) using COMBATXXI as a demonstration platform.  The scope of this project for FY03 includes ground vehicles based on representatives from the standard vehicle bins identified in the standard mobility API, urban templates and routing within these template boundaries, static conditions for rubble generation, rubble produced from a limited set of weapons vice craters, air blast impacts, targets located outside buildings, basic obstacle descriptions based on standard non-deformable objects.  Proposed future work will address engineer effort in obstacle crossing, dynamic rerouting, other structural weapons effects, and targets and weapons inside structures for example.  

Models and simulations do not currently depict or characterize rubble resulting from conventional weapons effects.  Rubble is, however, a consideration and potential detractor to mission accomplishment, particularly in the area of movement and maneuver.  Identification of urban/structural features and attributes is a key component for structural weapons effects algorithms needed to generate a rubble footprint.  Based on this construct and the integration of structural weapons effects, a debris-field overlay can be developed, replicating the degree of damage caused to a building or set of buildings and the resultant rubbling and obstruction.  That information can in turn be fed into a node-arc generator that is used to determine the best possible route for a vehicle to take given its obstacle crossing capabilities.  

This is a new process that brings with it a series of technical barriers to overcome.  The development of geo-typical urban templates will be addressed based on recognized urban terrain zone classification systems.  Insertion and compatibility of geo-typical urban areas within geo-specific terrain will also be addressed.  The mapping of structures within urban templates to building components and structural properties is a technical challenge that will be met by leveraging on-going research development test and evaluation (RDTE) for global construction practices.  Characterization of mobility based on rubble obstacles will be linked to standard obstacle crossing descriptions and extension of the standard mobility API.  Generation of the node-arc structure will be technically challenging but lessons learned from the JWARS ground movement infrastructure generation algorithms will be leveraged. Linkage with M&S will provide technical challenges in the areas of data models, data management, and interface development.  Experience within the COMBATXXI program, including prior interface development with the standard mobility API, should provide a solid basis for meeting the technical challenges in these areas.

PRODUCTS/DELIVERABLES AND ESTIMATED COMPLETION DATES:  

1. 7 additional templates - 4Q03

2. Algorithms for predicting cratering and generating a crater field - 2Q03

3. Algorithms for handling overlap of debris and crater fields - 4Q03

4. Incorporate engineer effort/bypass for mobility - 3Q03

5. Expand mobility model to include multi-vehicle, multi-lane movement - 4Q03

6. Methodology to modify urban terrain network from original data created for urban templates (to account for dynamic changes to the debris field, environmental conditions, etc.) - 2Q03

7. Interface between environment, STNDMobAPI Pathfinder API to accomodate expansion - 2Q03

8. Route selection algorithms (objective function and constraints) for dynamic conditions - 4Q03

9. Methodology to insert urban templates into COMBATXXI SNE - 1Q03

10. Expanded architecture for calling Urban Mobility related APIs from COMBATXXI
 - 3Q03

11. Dynamic state implementation with ongoing and cumulative effects - 4Q03

TECHNICAL APPROACH:  

As previously stated, rubble impacts mission accomplishment, particularly in the area of movement and maneuver. To affect studies and analyses associated with future systems, organizational structures, and doctrine, it is important that realistic urban environments and movement and maneuver in urban areas, to include rubble, be portrayed in M&S. As such, COMBATXXI has been chosen as a demonstration platform for interface or incorporation of geo-typical urban environments, associated realistic structural weapons effects, ground vehicle movement characteristics, and routing with consideration of movement rates and threat locations.  
 
The project is divided into seven principle tasks that are described in greater detail in the milestones section:  
 
(1) Modification and expansion of urban templates  
(2) Development of rubble footprint 
(3) Characterization of threat overlays  
(4) Development of urban mobility modeling for rubble and craters  
(5) Development of dynamic urban terrain network capability for use by movement model 
(6) Creation of routing or pathfinder algorithms (w/ STNDMobAPI) 
(7) Integration into COMBATXXI  
 
The current state will be linked with the environment representation to include the urban template and associated rubble and craters. The environment is directly linked with structural weapons effects algorithms (API) and the rubbling algorithms (API). The mobility API communicates with the environment to determine where vehicles can traverse based on information about roads and rubble obstacles. The pathfinder algorithms incorporate the output of the mobility API and risk associated with threat lay down to determine the best route for a given vehicle or unit.  

	Milestone
	Primary
	Sub-Task
	QTR
	FY

	1.  Modify/expand Urban Templates
	AMSAA
	Complete development of currently defined template set
	4Q
	03

	
	
	Develop an aggregate template from base templates
	1Q
	03

	2.  Develop rubble footprint
	ERDC/AMSAA/TRAC WSMR
	Develop algorithms for predicting cratering and generating a crater field
	2Q
	03

	
	
	Develop algorithms for handling overlap of debris and crater fields
	4Q
	03

	
	
	Baseline development of algorithms to handle cumulative structural damage effects on debris field algorithms
	3Q
	03

	
	
	Incorporate new development into Structural Weapons Effects API
	4Q
	03

	
	
	Develop algorithms for structural damage from indirect/direct fire munitions
	3Q
	03

	3.  Characterization of threat overlays
	AMSAA/NGIC/USAFAS
	Define threat level hierarchy 
	2Q
	03

	
	Coord. With USAIC and USAAC and USAF
	Threat database to feed threat overlays to urban templates
	3Q
	03

	
	
	Improvement of environmental scalars for urban combat (lethal areas)
	4Q
	03

	4.  Develop urban mobility modeling for rubble and craters
	ERDC/AMSAA
	Expand STNDMobAPI to incorporate turning for standard vehicle bin representatives for use in routing algorithm 
	4Q
	02

	
	
	Incorporate engineer effort/bypass for mobility
	3Q
	03

	
	
	Expand mobility model to include multi-vehicle, multi-lane movement
	4Q
	03

	5.  Develop dynamic urban terrain network capability for use by movement model
	AMSAA/ERDC/TRAC-MTRY
	Describe attribution of the road intersections to determine how to account for entity (vehicle) maneuverability characteristics (highly dependent on urban terrain network approach)
	1Q
	03

	
	
	Define data structure for urban terrain network (coordinate data structure with network damage states / debris field tasks)
	1Q
	03

	
	
	Develop data set to characterize the urban terrain network for initial set of urban templates
	1Q
	03

	
	
	Develop capability to modify the urban terrain network from the original data set created for urban templates (to account for dynamic changes to the debris field, environmental conditions, etc.)
	2Q
	03

	6.  Routing Algorithms (w/ STNDMobAPI)
	TRAC-MTRY
	Define the interface between the environment, STNDMobAPI and Pathfinder API to accommodate expansion
	2Q
	03

	
	
	Develop route selection algorithms (objective function and constraints) for dynamic conditions
	4Q
	03

	7.  Integration into COMBATXXI
	TRAC-WSMR
	Identify methodology to insert urban templates into COMBATXXI  SNE
	1Q
	03

	
	
	Investigate use of CTDB with MODTERRAIN API to ingest the urban templates and have an urban terrain in COMBAT XXI
	1Q
	03

	
	
	Expand the architecture for calling Urban Mobility related APIs from COMBATXXI
	4Q
	03

	
	
	Create dynamic state implementation with ongoing and cumulative effects
	4Q
	03


MILESTONES:

EXIT CRITERIA: Success for this project will be defined as the integration of engineering-level models for structural response and route planning algorithms through an urban environment replete with impediments to movement processes into COMBAT XXI.  The structural response model will provide damage assessments for typical structures from the effects of a specified set of threat weapons.  Generalized footprints for the rubble from structural damage will result.  The pathfinder model will include new obstacle override capabilities that will predict the ability of a vehicle to override collateral damage from weapon effects in urban areas.
