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OBJECTIVE OF PROJECT:

While existing COTS products can generate high quality above ground structure and building models, modeling other aspects of a complete urban environment still presents challenges. For a variety of M&S domains, including mobility analysis, a key aspect of a realistic simulation is the ability to navigate between and within structures. In an urban environment, this implies the ability to enter multi-story buildings, navigate between floors, and look through windows, as well as tunnels, subways, and sewage systems. However, creating these structures is a difficult, labor-intensive, and costly task, requiring significant manual effort with current manual 3D modeling tools.

We believe that exploitation of existing urban GIS information is a significantly more powerful and effective approach for urban environment construction, as demonstrated by TerraSim’s Phase II SBIR work sponsored by U.S. Army and DARPA.  This recently completed SBIR was awarded a 2002 Tibbetts Award for excellence. We propose to augment these existing capabilities with easy-to-use and powerful tools for modeling two ubiquitous features of urban environments: building interiors and underground structures. We propose the use of available GIS data with appropriate attribution as a basis for automatically creating building interiors and underground structures, and seamlessly integrating these into an urban environment using defined Urban Terrain Zone (UTZ) characterization in a rules based approach.  

TerraSim, Inc. will work with technologists at USAMSAA (Fordyce) to insure that generation capabilities developed are applicable to ongoing UTZ developments.

Sample visualizations of existing UTZ organizations will be produced and delivered to AMSAA and PEOSTRI-OneSAF for evaluation and feedback. The use regionally typical building appearances will be based World-Wide construction practices also developed at ERDC. This contract will partially fund the interactions with technical personnel at AMSAA and ERDC.

A secondary objective of this project is to support robust and rapid modeling of building interiors and urban infrastructure to support a full range of physical effects models for realistic urban environments. These include structural weapons effects using material and structural attribution that support the use of the ERDC Weapons Effects API. This contract will partially fund interactions with ERDC-WES (Nelson, Pace) to accomplish this information exchange.

The techniques developed under this project will deliver improved approaches for rapidly constructing and representing synthetic environments for M&S applications in MOUT. Currently available tools require significant amounts of manual modeling, and do not scale to large and densely populated urban environments. The proposed COTS approach, based on recent methods developed under SBIR Phase II funding, provides a clear path towards implementation of these approaches, using geospecific and geotypical building interior algorithms as a basis for modeling geospecific interiors, and existing low-polygon extrusion algorithms as a starting point for modeling complex underground passageway networks.

Combined with our COTS technology for integrated terrain generation, the resulting solution will enable timely generation of realistic and accurate synthetic MOUT environments.

PRODUCTS/DELIVERABLES AND ESTIMATED COMPLETION DATES:  

The existing TerraSim process can generate databases supporting both Compact Terrain Database (CTDB) format in support of Combat XXI and OneSAF. Both geospecific and geotypical databases will be delivered in support of modelers for mobility, sensors effects, structural weapons effectiveness, routing, etc.:

1. PEOSTRI will deliver a test database covering 10 km X 10 km for initial models development and testing to TPO OneSAF and Combat XXI. 2Q/FY03

2. TerraSim will deliver algorithmically generated urban terrain databases for three geographic regions each covering 10km X 10kmin SEDRIS Transmittal Format (STF) to STRICOM OOS and to AMSAA (for validation) with supporting inspection tools. STRICOM will deliver runtime databases in CTDB and OOS runtime formats and to TPO OneSAF and Combat XXI. 3Q/FY03

3. TerraSim/PEOSTRI will iterate based on ASMSAA and developer comments to redeliver three geotypical terrain databases. OOS will deliver corresponding geospecific urban terrain databases corresponding to algorithmically generated databases to AMSAA (in support of validation) and to Combat XXI. 4Q/FY03.

4. AMSAA will deliver validation report on adequacy of algorithmic approach for generating representative urban terrain databases. 4Q/FY03

Data Requirements:

1. Urban Vector Map (UVMap) or Mission Specific Data Sets (MSDS) for geospecific "benchmark" test databases (OneSAF assumes responsibility) Note - test sites will be identified by OOS before construction begins and selection will be based on availability of authoritative source data to support construction of benchmark databases.

TECHNICAL APPROACH: 

OneSAF and Combat XXI cooperated in the Common Data Modeling Framework (CDMF) project sponsored by AMSO and DMSO to define the complete range of terrain data requirements for participating programs. The objectives of this project include:

· Reconcile the parametric characterization of the urban templates and worldwide construction practices against the respective EDM's.

· Extend the existing process to algorithmically replicate the AMSAA urban templates. Test cases will be chosen where geospecific "real world" data exists and templates will be validated against the actual data.

· Utilize AMSAA Worldwide Construction Practices to define default attribution WES Rapid Building Generator (RBG) production process to provide the OneSAF building runtime compiler source models.

Figure 1 shows an overview roadmap of the various technologies and information sources required to advance the state of the art in automated urban database generation. 

[image: image1.png]Urban Terrain Regional
Zones Appearance Model

Partition city into areas Object models +
of nearly homogeneous texture appearances,
structures with frequency ground textures,

distributions and basic seasonal variations,
default building densities + variations

interior organization based on region of
the world

Environmental
Data Model (EDM)

Partitions world into Provides common

classes of materials, language and vocabulary
structural descriptions, to describe and match

suitable to support source data content

physics-based models and end-user
requirements





Under MOUT-FACT funding we propose two basic thrusts, geospecific building interior generation and underground structure modeling. A problem common to both tasks is the need to generate MES equivalent representations suitable for use in SAF. Once the geometry generation algorithms for building interiors and underground passages are developed, establishing a mapping from this geometry to the appropriate MES representation will be negotiated between RBG, OOS and TerraSim.

Several aspects of building interiors must be considered, the most basic of which are its points of egress. The second problem can be solved via attribution to describe sensor and structural characteristics initially, but the implementation must be extensible to support more sophisticated interactions between the weapons effects models and the environmental representations. The enhancements to the environmental representation must be negotiated iteratively and defined in the terrain API. OneSAF, TerraSim and RBG will cooperatively support these negotiations. Models will be iteratively refined and enhanced over the life of the project to extend the data representation required by MOUT FACT and OOS modelers. Enhanced runtime representations will be incorporated by OOS and delivered to Combat XXI as required.

In the proposed automated underground structure modeling tools, simple GIS-style specifications of geometry combined with descriptive attribution will be used to generate realistic and fully integrated underground passageways, representative of those commonly found in urban environments. Current terrain representation is limited to the terrain surface, but OneSAF is investigating techniques for describing subterranean characteristics. These characteristics must also be negotiated with Weapons Effects modelers to extend the Terrain API.

MILESTONES: 

First Year:

1. Deliver representative JRTC MOUT database for initial delivery to MOUT FACT models developers. 2Q/FY03

2. Negotiate three representative geographic regions and define test urban zone in each. 1Q/FY03

3. Acquire geospecific GIS data for representative test databases and integrate Urban Terrain Zone Characterizations for each area. 1Q/FY03

4. MES equivalent support for multi-level buildings, negotiated by WES (RBG), OOS and TerraSim and represented in SEDRIS/OOS (3Q/03).

5. Initial implementation of geospecific building interior generation based on a selected CAD format. 3Q/FY03

 Second Year:

6. Initial implementation of geospecific integrated underground models (subways/tunnels) 1Q/FY04

7. Support for underground structures, represented in SEDRIS/OOS. 3Q/FY04

8. Integration and connectivity between buildings and underground infrastructure. 4Q/FY04

EXIT CRITERIA:
Our project will be complete upon the delivery and successful usage of urban databases incorporating building interiors and underground structures generated using the technology developed for this project. Upon successful completion, the Army will be able to generate large geotypical urban databases for training and simulation purposes with a minimum of effort. 

