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OBJECTIVE OF PROJECT: STRICOM and Lockheed Martin Information Systems recently developed Environmental Data Models (EDM) for the Terrain and Ultra High Resolution Building (UHRB) components of the OneSAF Objective System  (OOS). Over a dozen SMEs representing the TEMO, ACR and RDA domains participated for over a year in helping to define the military requirements for environmental entities, attributes and relationships. In the  UHRB EDM, buildings have a hierarchical decomposition: buildings have layers, layers have rooms, rooms  have walls, floor and ceiling, walls have windows and doors, ceilings have trap doors and skylights. Each object is attributed with material composition, construction type, color, emmisivity and its geometric dimensions (including thickness). Research was conducted to ensure that the attribution and attribute enumerations are representative of construction types worldwide. 

Also for STOW 97, LMIS integrated several physics-based models of weapons effects into the dynamic terrain simulator (DTSim) in a cooperative effort with the Defense Threat Reduction Agency (DTRA). These included BLASTX, which calculates overpressure and overtemperature, SAMPLL for terrain and structure penetration, ConWep for cratering from penetrating munitions and High Explosive Blast (HE) Computational Aid for shock wave propagation and pressure profiles. Input variables included munitions type, fusing delay, terminal velocity, soil type and impact angle. Other key inputs needed to be manually derived from engineering drawings of the building, which was time consuming and difficult to scale to a realistic MOUT environment. 

We propose to couple physics-based models of weapons effects on structures with the fully attributed, hierarchical representation of ultra high-resolution buildings using the OOS EDM, leveraging proposed extensions to the dynamic terrain software—this is what is being done in F2P and EXTRA SNE actually The EDM would be extended to provide abstract representations of the effects as well as to support additional attribution required in the analytical domain – this is needed. An API and the underlying software will be developed to return a representation of the damage – this intersects with the EXTRA SNE proposal and I believe was brokered with them (e.g., given up by this proposal). Using an EDM representation of a structure offers a new paradigm in modeling weapons effects on buildings and other urban structures (again—being done in F2P this year; already have had several working meetings with OOS and CBTXXI). We believe it provides the ideal level of abstraction and will be computationally less expensive than previous techniques, e.g., solid geometry modeling. 

The objective of the proposed project is to develop a rigorous yet computationally efficient methodology for damage assessment to buildings and their contents from munitions, including both tactical targets and collateral damage caused by engaging tactical targets in an urban area. The specific intent of the base proposal is to develop an EDM-based building model (not sure might be – redundant with RDTE work and other PEO-STRI funded work ongoing), EDM-based descriptions of weapons effects on building components, and software based on the DT Architecture to damage the building in a real time, HLA-based simulation.

PRODUCTS/DELIVERABLES AND ESTIMATED COMPLETION DATES: 

Assuming a start date of May 03:

1. Bimonthly status and management report. 

2. Source code for all software developed (UHRB-Sim, DTAgents) (Apr 04)

3. Relational database of building model  (Aug 03)

4. Final Report (May 04)

5. User manual (Feb 04)


TECHNICAL APPROACH: 

Key to the technical approach is the building representation paradigm proposed. An EDM defines the features, attributes and relationships of an environmental domain. Tools were developed for OOS to automatically generate a template Microsoft Access database compliant with the schema defined by the EDM. Each table in this database represents a feature type, and each record in this table, once populated, represents an instance of the feature. Each field (column) of the table represents an attribute of the feature, and each field entry represents a value of an attribute for a particular feature instance. In the relational context, each instance of a building would be included in an Access database. The relational technology provides efficient responses to queries such as "get me all he walls in this room", "get me all the rooms which share this wall", or "get me all the polygons which comprise this wall". (While the EDM itself is silent on polygons, we would extend the Access database to contain tables of polygons with relationships to the feature they represent.) All relationships defined in the EDM are instantiated via a primary key / foreign key. The basic geometry and layout of the building is defined by the set of features, attributes and relationships. 

Base Proposal Concept: A new HLA application called the UHRB-Sim will be developed that interfaces to the building model database via SQL. The user will select a structural damage effect and feature(s) to be affected, and the UHRB-Sim will generate a request to the Repolygonization Service, which generates the polygons to be added, modified, or deleted. The UHRB-Sim will then package the description of the feature changes describing the structural damage effect with the polygonal changes into an Environmental Interaction, which it publishes using the RTI. Upon receipt of the corresponding validated interaction from the DTScribe, the UHRB-Sim's DTAgent will modify the features, attributes, relationships and polygons affected in the building model relational database. With very minor modification to the existing DTAgent for the ModStealth visualization system, the polygonal changes can be viewed in 3D for validation and demonstration purposes. 

Task B1. Research the outputs of physics-based models of building damage and extend the EDM-UHRB to include descriptions of a range of damage states to building components. This will include collaboration with the Footprint to Pathfinder data model for parameters needed to support structural weapons effects.  (Estimated labor: 200 hours) 

Task B2. Select an existing polygonal model of a complex building with interiors judged suitable for this application, e.g., a VERTS model, the models of the STRICOM IDE or CFTDC buildings, or one of the buildings from the Ft. Benning MOUT database. Develop an EDM-compliant representation of the polygonal building model selected. This will be a relational database compliant with the schema defined by the EDM.  Add the polygons and texture identifiers to new tables in the database. This database will now be a complete repository of features, attributes, relationships and polygons defining the model. Since the purpose of this task is to generate an ultra high resolution building model in the UHRB format, it is considered to be more cost effective to start with an existing 3D polygonal model and reverse engineer the features, attributes and relationships from it. (Estimated labor: 250 hours) 

Task B3. Design the UHRB-Sim and required extensions to the existing Repoly Service. (Estimated labor: 400 hours) 

Task B4. Develop the UHRB-Sim required extensions to the existing Repoly Service. Develop extensions to the DT-BOM and FOM. (Estimated labor: 400 hours) 

Task B5. Develop a DT Agent to add/modify/delete features, attributes and polygons in the building model relational database. (Estimated labor: 200 hours) 

Task B6. Extend the existing ModStealth DTAgent to support repolygonization of building models. (Estimated labor: 100 hours) 

Task B7. Coordinate with and support the Deformable Surfaces and Footprint to Pathfinder MOUT FACT activities. (Estimated labor: 200 hours) 

Task B8. Demonstration of capabilities developed. (Estimated labor: 200 hours) 

Task B9. Engineering management and preparation of deliverables. (Estimated labor: 200 hours) 

Option 1. Integrate with physics based damage models. 

Task O1-1. Select, analyze and install physics based damage assessment model(s). (Estimated labor: 200 hours) 

Task O1-2. Build a library of diverse building models. At this stage, no 3D polygonal geometry is required. This will actually be a relational database compliant with the schema defined by the EDM. These models will be utilized in Task O1-5 to collect data from the physics models on a large variety of buildings. (Estimated labor: 650 hours) 

Task O1-3. Develop tools for converting the database of building models into data required for the physics models. (Estimated labor: 150 hours) 

Task O1-4. Develop a methodology for expressing the results of the physics model(s) in the terminology of the OOS EDM. (Estimated labor: 100 hours) 

Task O1-5. Develop a methodology for efficient implementation of the physics models by tabular means. This is analogous to the modeling of vehicle mobility by off-line runs of NRMM II and using table lookup from data produced by these runs in the simulation. However, it is considerably more complex. One can’t simply model damage to the building components because the configuration of rooms in the structure has a significant effect on overpressure and overtemperature. Perhaps a taxonomy of building types could be defined and the damage models could be run on this large set of representative buildings. Then at run time, a given building would be matched with one in the taxonomy and the precalculated results used.  Alternatively, perhaps the outputs from the physics model(s) could be organized in a relational model, and queries used to navigate the tables to retrieve the appropriate data. Additionally, OLAP (On-Line Analytical 

Processing) technology could be used for analysis of multidimensional information (see http://www.olapreport.com/). (Estimated labor: 800 hours) 

Task O1-6. Run the physics models for multiple munitions types and detonation locations for each of the models in the database produced in Task O1-2. Populate the methodology developed in Task O1-5 with the resulting data. (Estimated labor: 200 hours) 

Task O1-7. Integrate the physics-based building damage assessment into the UHRB-Sim. (Estimated labor: 200 hours) 

Option 2. Develop a capability for the rapid generation of 3D, highly attributed building models with full interiors. In contrast to standard approaches, it would not require level-by-level floor plans of the building or the output of a CAD representation. Rather, the user would interact with the tool at a higher level of abstraction. We envision using a "wizard" approach wherein the user is prompted to enter high-level building information (such as number of floors, number of rooms per floor, etc.), then is successively prompted to enter increasingly granular information down to the individual attribute and relationship information. Since the attributes contain dimensional information (height, length and width of a room; thickness of a wall or door), the envisioned software would automatically create polygonal geometry, applying textures consistent with the material types identified in the attribution. The value of such an approach is that the user is able to interact with the building generation software at a level of abstraction much closer to human perception of buildings as opposed to engineering drawings or CAD representations. This tool could also interface to the World Construction Practices Database developed by ERDC-WES and provide intelligent default values for attributes based on the construction type of the building and its components. (Estimated labor: 2500 hours)

MILESTONES: 

Base Period:

1. Extension of EDB-UHRB to include descriptions of structural weapons effects on building components, 2 months after start. 

2. Building model in relational database compliant with the EDM-UHRB schema, 2 months after start. 

3. UHRB-Sim design documentation, 6 months after start. 

4. DT-BOM and FOM extensions, 7 months after start. 

5. Software development complete, 11 months after start. 

6. Final demonstration, 12 months after start.

EXIT CRITERIA: 

1. Executable software for Army operational or development systems.

2. Validation Prototype that works in OOS or OTB.

3. Ability to Leverage STF and Other Data Format

4. Composite user feedback/rating

5. Interoperable -  Physics Based API models that are portable to other M&S systems. 

