
  

Streamlining The Deployment Of GIS Data For The Synthetic 
Environment (SE) Generation Pipeline 

 
David Nadeau, Director Product Development 

Presagis Canada 

david.nadeau@presagis.com; 

  

Jawahar Bhalla, Chief Technical Officer 
CAE Australia 

JawaharB@cae.com.au  

 

Kenny Hebert, Product Manager Content Creation 
Presagis USA 

kenny.hebert@presagis.com  

 

Abstract.  Most simulation applications and services, whether they are executed locally or remotely, rely heavily on 

synthetic environmental data.  As this trend continues, the representation and sharing of environmental data will play 

a key role in the interoperability of heterogeneous simulation systems and applications that use such data.  Research 

in this area continues and is gradually leading to a more complete understanding of the complex issues associated 

with describing and sharing of environmental data for a wide variety of (simulation) applications.  In order to build a 

complete synthetic environment, dozens of Synthetic Environmental (SE) layers, each with their own data model, 

must be gathered and reconciled into a single, all-encompassing data model.  During this production process, data 

from various sources and formats is collected, managed, validated, harmonized, referenced, attributed, decimated 

(sometimes intensified), and then re-targeted to the simulation application(s).   Much of the effort expended in the 

modeling process stems from the fact that current simulation standards offer only a partial solution to the 

representation of the global synthetic environment.  Going forward, the need for a globally standardized synthetic 

environmental model will only increase as additional types if simulations (weather, hydrography, hydrology, human 

activity, etc.) are developed and offered as SE simulation services.   The use of a global synthetic environmental data 

model is critical if an industry is to automate and manage SE data as a resource/services and integrate into various 

information systems. In this paper, we will demonstrate how a standardized, global SE data model can improve the 

effectiveness of SE tools, the SE assembly process and the SE deployment procedures, all this with minimal impact to 

current workflows.  The paper will also examine how such capabilities will scale with the greater availability of data, 

increased capabilities of SE tool platforms and higher-performance simulators.  We will discuss how these objectives 

can be achieved with today’s source data and formats and how users will benefit from a standardized global SE data 

model. 

 

1. INTRODUCTION 

Over the last decade, the amount of geospatial data 

collected by commercial and Government entities has 

increased at a phenomenal rate.  Everything from 

inexpensive portable devices to complex earth imaging 

satellites are contributing to this rapid increase and 

providing users with a variety of data sources and 

formats at an ever increasing rate.  As can be expected, 

this data is then used as the critical foundation for 

creating the synthetic terrain databases used across a 

variety of simulation applications and services in the 

Modeling and Simulation (M&S) community.  

However, this same increase in data availability also 

creates many challenges for the M&S community to 

collect, manage, attribute, assemble, validate, and 

process for shared simulation applications.  Because of 

the diversity in the different types of available 

geospatial data, and the disparity between the numerous 

data models employed, the use of a global standardized 

data model becomes critical as more data is collected 

and more simulation databases are created. 

In order for a user to build a complete synthetic 

environment from geospatial data, dozens of Synthetic 

Environmental (SE) layers, each with their own unique 

data attributes, must be gathered and reconciled into a 

single, all-encompassing data model.  These SE layers 

cover many different types of data.  Everything from 

digital elevation files of the earth’s surface to Ultra-

High Resolution Building (UHRB) interiors are 

interconnected by their spatial relationship; yet, can 

differ in all other aspects.  Organizing these SE layers 

within a common logical data model can optimize the 

efficiency and effectiveness of collecting, correlating, 

and managing these incongruent datasets for use in 

simulation applications.  The need for improvement in 

environmental data management is perhaps most critical 

in the defence simulation domain. Current approaches 

of high coupling between the representation of 

environment data and its use are placing significant 

limitation on interoperability and agility of 

reconfigurability of simulations and their synthetic 

environments.  Moreover, a common data model also 
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allows for efficient reuse of the SE layers and proficient 

incremental updates with new data. 

2. BACKGROUND AND RELATED WORK 

The requirements to support Modeling and Simulation 

applications vary widely based on the training system 

function or use-case. For instance, while a command 

staff trainer may require low resolution data but cover 

an extremely large geographic area, an individual 

combatant virtual trainer would likely require a very 

high fidelity environmental representation that 

correlates to the real world.  As such, the methods used 

to develop and deploy these databases also vary widely. 

One of the most common strategies for the production 

of terrain databases is to automate parts of the process 

using database generation tools that employ parametric 

algorithms to produce large areas of dense detail 

(Wiesner et al. 2011).  Following this strategy, database 

generation tools (such as Terra Vista from Presagis) 

ingest Synthetic Environmental data and apply 

procedural processing rules to control the mapping from 

SE data to database representations (such as 

automatically generating roads and crosswalks at 

intersections).  After processing, the terrain data can be 

output in a variety of correlated formats, for both 

visualization and simulation.  

However, this approach to terrain database generation is 

a static process that generates compiled ‘off-line’ 

formats which have to be reprocessed if changes are 

made.  Thus, if there are any changes to the SE layers 

used to generate the database, the entire process must be 

regenerated consuming precious time and resources. 

Another strategy for creating terrain databases that is 

rapidly gaining momentum is the concept of generating 

the content “direct from source” at run-time.  This 

strategy takes the SE source data and is used directly 

within the simulation and visualization applications.  

Loading terrains directly from source data can be both 

very rapid—allowing simulations to be performed on 

new areas very quickly—and very dynamic—new or 

updated source data can be loaded to augment existing 

source data that is already in use.  However, because 

this process also relies heavily on the native use of SE 

data layers, without a common standard or schema, this 

could lead to correlation problems and ineffective 

training. 

Furthermore, most simulation applications and services, 

whether they are using compiled offline formats or 

direct from source, rely heavily on SE data.  As this 

trend continues, the representation and sharing of 

environmental data will play a key role in the 

interoperability of heterogeneous simulation systems 

and applications that use such data.  Research in this 

area has been extensive in recent years and is gradually 

leading to a more complete understanding of the 

complex issues associated with describing and sharing 

of environmental data for a wide variety of simulation 

applications.  Much of this research has resulted in the 

emergence of different standards and mediation formats 

that offer a representation of geospatial source data. 

However, the various standards and mediation formats 

have also resulted in various methods for describing the 

data (that are not always mutually compatible) and are 

often constructed to fit a specific use-case or user 

community. 

In fact, a study conducted in 2010 by the US Joint 

Training, Integration, and Evaluation Center identified 

93 different types of geospatial data used in Live, 

Virtual, & Constructive (LVC) simulations with 10 

different active standards and mediation formats in use 

by the M&S community (Morse, K., et al., 2010).  This 

same data is also immensely heterogeneous that is 

available in various file formats, processed by a wide 

range of users (with varying levels of skill and 

experience) and stored by numerous organizations in 

diverse media (flat files, relational databases, etc).  The 

sheer number of data types and standards further 

contribute to the complexity, cost, and susceptibility for 

introducing errors (particularly during processing and 

translation).   

Geospatial data used for simulation applications is 

comprised of an extensive list of SE layers used to 

describe everything from the shape of the terrain surface 

for ground simulation to the reflective properties of 

cultural features for sensor applications.  In many cases, 

the various SE layers used for M&S applications is also 

used in other non-M&S applications without any further 

modifications.  However, due to the unique (and often 

varying) requirements of simulation applications, it is 

often the case that M&S users must first modify the 

original source data to meet the requirements of the 

target device.  During this production process, data from 

various sources and formats is collected, managed, 

validated, harmonized, referenced, attributed, decimated 

(sometimes intensified), and then re-targeted for a 

specific simulation application(s).  Once this data has 

been processed, the various SE layers that are to be used 

in the simulation are often further translated into a 

number of different formats or repositories that are used 

by the various organizations with the M&S community 

(Figure 1). 

 

Figure 1:  Example Workflow of Non-Standardize SE 

Data 

As Morse, et al., (2010) note, this state of affairs results 

from the discrepancy between the needs and capabilities 

of the data producers with the needs and requirements 

of the end-user applications.  Much of the effort 

expended in this process stems from the fact that current 



  

simulation standards offer only a partial solution to the 

representation of the global synthetic environment.   

Over the past decade, there have been numerous 

initiatives within the M&S and Geospatial Communities 

to develop standards and specifications to meet very 

specific requirements.  Initiatives such as the Synthetic 

Environment Data Representation and Interchange 

Specification (SEDRIS) and the Open Geospatial 

Consortium (OGC) standards have been presented as 

solutions to solve the problem of representing correlated 

geospatial data and extensive research has been 

conducted on their use. 

SEDRIS is one of the most widely known initiatives 

within the M&S domain.  This project was designed as 

an open industry standard that primarily addresses (1) 

the representation of common environmental data and, 

(2) the interchange of environmental data.   

To achieve a common environmental data model, 

SEDRIS was instrumental in developing the 

Environmental Data Coding Specification (EDCS) 

(Richbourg, et al., 2002) and a Spatial Reference Model 

(SRM) that allows users to standardize on a dictionary 

of common unit measures, semantics, and conversions.  

The EDCS catalogues environmental features into 

defined categories with certain values or enumerations 

to describe each feature.  The SRM establishes a 

common mathematical model for the spatial reference.  

In essence, the EDCS and SRM were designed to enable 

a common understanding and interpretation of the SE 

layers.     

To enable the interchange of data, SEDRIS provides an 

Application Programming Interface (API) to create and 

convert standard geospatial data into a defined SEDRIS 

Transmittal Format (STF).  However, while the STF 

format uses a common definition for SE data attributes 

and interchange, it is not a data repository or a run-time 

(“direct from source”) format.  Much like other static 

formats, any changes to the original source data results 

in a recompilation to the STF.   

Another initiative that has been established to achieve 

standards in interoperability and interchange of GIS 

data has been the efforts of the Open Geospatial 

Consortium (OGC).  This organization was established 

by various research organizations, government 

agencies, and geospatial data experts to define a set of 

open standards and schemas to support the 

interoperability of Synthetic Environmental Data.  Their 

efforts have resulted in the implementation and 

management of several standards for the GIS 

community.  Similar to the goals of the SEDRIS 

initiative, the OGC has developed the Geography 

Markup Language (GML) to describe geographical 

features and act as an interchange, primarily over the 

Internet.  It has further established standards and 

protocols for the streaming of SE layers with a simple 

HTTP interface with Web Feature Service (WFS).   

In 2011, Weisner et al. reported on research that 

undertook to demonstrate how applications can stream 

elevation, imagery, and features using Open Geospatial 

Consortium (OGC) standards and Web Feature Service 

(WFS).  Using this method of providing geospatial data 

to simulation applications, applications subscribed to 

web servers using open standards based protocols and 

received geo-data in real-time.  This approach to terrain 

database generation uses source data that is available 

from anywhere on the Internet that supports the OGC 

and OSGeo standards.  However, while the OGC 

standards offer common protocols and processes, the 

users of this data are left responsible for the definition 

of their own schema.  Therefore, without common 

schemas, information exchange and translation can be 

affected by misinterpretation of the features being 

presented. 

In addition, this data and process also comes with 

potential performance and quality issues.  As Weisner et 

al. (2011) explain, “because of the lower amount of 

detail in the terrain, Open Streaming Terrain (OST) is 

best suited for applications that are not close to the 

ground or require very large area coverage, such as 

global missions, moving map displays, air combat, large 

scale constructive simulations, theater  level 

simulations, and applications that require fast 

turnaround prototyping without a high amount of 

detail”.  However, while OST may be a suitable method 

for terrain database generation when users need to 

quickly develop synthetic environments for any place 

around the world, it is not an effective technique for 

applications requiring greater visual quality, a high 

degree of correlation, and specific geographic features. 

Another project that highlighted the difficulties in 

combining multiple simulation systems using disparate 

GIS SE datasets was conducted by Stanzione & Johnson 

(2007).  They highlighted that current C4ISR and 

simulation systems use different tools and formats for 

generating and storing geospatial information (while the 

former use geographic information systems (GIS), such 

as C/JMTK, for this information, the latter often uses 

proprietary terrain database formats generated from 

different terrain database generation tools).  As a result, 

this lack of commonality makes it difficult to maintain 

geospatial information as it is updated.  Stanzione and 

Johnson argued that a common geospatial database that 

can be generated with a single set of tools and shared 

across applications would eliminate these problems and 

allow greater integration of diverse military systems.  

They presented the results of their research into 

developing a prototype framework for accessing 

geospatial data from federated geospatial databases 

directly into M&S applications that uses the ESRI 

ArcGIS family of products. 

They present a method for terrain generation that uses 

the set of features included in commercial GIS products 

(such as Digital Terrain Elevation Data (DTED) and 

VPF from NGA) to create a tighter coupling of GIS and 

M&S systems.  Their method promised to provide 

reductions in time and cost for geospatial data 

generation for M&S, increased currency of geospatial 

data for time critical applications, and improved 

interoperability and data correlation between military 

applications.  Early prototyping suggests and 

demonstrates the feasibility of using GIS terrain data in 

a M&S application.   



  

3. STANDARDIZED GLOBAL SYNTHETIC 

ENVIRONMENTAL MODEL 

To achieve a standardized global SE data model that 

can improve the effectiveness of SE tools, the SE 

assembly process and the SE deployment procedures, 

the first step is to standardize the source data into a 

repository.  Therefore, a repository is needed that can 

provide a proper structure, naming convention and 

semantic to ensure that the source data would be 

understood by everyone.  This same structure would 

also enable the easy translation into the necessary 

Simulation run-time database format like VBS2, OTF, 

JCATS and OpenFlight for use on existing or legacy 

system.  

It was also important to ensure that focus is not entirely 

placed on the existing or legacy format, but rather, 

enables customers to use this as a transition point 

between the current/legacy formats, and to start 

benefitting from newer technology and higher 

cooperation across organizations.  

Therefore, to achieve all of these goals, the authors 

propose the use of the Special Operations Command 

(SOCOM) Common DataBase (CDB) format under 

Presagis stewardship to achieve such goals.  The CDB 

format specification (Presagis, 2012) combines the 

following elements under a single format: 

- Source Data repository; 

- Open Standard; and 

- Runtime format. 

Due to the clearly understandable structure of CDB, 

every file is known with a common location and format, 

and every object can be identified with a clear naming 

convention.  These conventions define everything from 

the pixel of a material texture, to the features and all of 

the attributes of a shapefile, to the semantics of 3D 

models including their interiors.  This information is 

what enables the format to be used for visual, radar, 

SAF and the other simulation outputs.  The same 

information is key to enabling the translation of CDB 

into the other simulation run-time formats used on 

current and legacy systems. 

 

Figure 2 

 

The following sections expand on this approach, and the 

benefits that users/organizations can gain by adopting 

such an approach. 

3.1 Efficient Processing of Source Data for 

Simulation Applications  

The core idea is to ensure that all of the available 

sources are made available in a clean repository where 

everything is attributed and known a priori.  In doing so, 

a few initial steps are required to make sure that the 

sources are ready for the necessary automation.   

First, the users must define the location of the sources, 

by defining the directories with or without subfolders, 

and then defining the sources and their assignments.  

This is especially important when the same file format 

can be used for multiple outputs type.  For example, a 

GeoTIFF file can be elevation, imagery or a raster 

material dataset for sensors. 

Second, the user needs to ensure that a proper mapping 

is conducted for the source data; this is especially 

relevant for the vector data.  This is not necessary if 

standard source data is used, such as Vector Map 

(VMAP) or Digital Feature Attribute Data (DFAD), 

since the attribution is standardized.  However, if using 

non-standardized data, such as unique Shapefiles from 

different providers, then the user must define an 

attribution template to map the attribution to the 

repository.  Once this is done, however, all future 

Shapefiles from this vendor can be easily reassigned to 

this template. 

Third is the assignment of priority.  For this step, the 

user must identify and define the rules for feature 

priorities.  A simple example is the relative priority of 

the different elevation and imagery datasets used.  By 

default, the resolution of the dataset usually defines the 

priority of the different files.  For instance, a finer 

resolution dataset is usually a higher priority than a 

coarser resolution dataset (1m imagery will be 

prioritized over a 5m image).  However, there may be 

instances where this default priority may not be 

acceptable and the user must define the priority 

(examples include when multiple images of the same 

resolution overlap).  

Once all of the data is defined, mapped and prioritized, 

the data is ready to be generated into the repository.  

To ensure minimal duplication of data, and to eliminate 

multiple versions of a data file, a metadata analyzer is 

implemented to identify source data that has been 

change or added.  Once identified, the metadata 

analyzer will determine how the system will 

accommodate the following data types into the system’s 

defined structure: 

 The updated data file version 

 New information and/or data files 

The metadata analyzer will then utilize its collected data 

to set-up the control processes needed to automatically 

convert the information into the CDB repository.  To 

support different use-cases and limit incorrect use of the 

software/hardware asset, the metadata analyzer will 



  

provide 3 pre-defined options for data conversion 

(rather than converting every data source, every time).  

This are: 

1. User Request:  conversion from source to the 

repository happens when requested. 

2. Automated: when source data is updated, 

changed, or new source is added, the metadata 

analyzer will process and generate the 

new/updated source in the repository. 

3. Time based: user defined time based interval 

(every day(s), weeks, etc.) the source data is 

updated into the repository.  

In each case, only the necessary data is updated into the 

repository. 

 

 

Figure 3: Source to repository 

 

3.2 Efficient Data Management for Simulation 

Applications 

The CDB specification provides a well-defined file 

storage structure and versioning mechanism.  This strict 

hierarchy utilizes a CDB version.xml file that makes it 

possible to define and implement a versioning schema 

simply by replicating the structure and telling the CDB 

which version is required for a specific use case or 

scenario. 

The CDB structure is comprised of data layers (as 

illustrated in Figure 4), CDB Structure, and the 

Supporting Dataset Layers. This data structure and the 

corresponding rules governing the implementation 

provide an infrastructure that supports the capability to 

make changes efficiently and effectively.  

 

Figure 4: CDB Structure and the Supporting Dataset 

Layers 

When data is not found in this directory structure, the 

process looks for a previous version(s) in the case of 

multiple versions, or to the BASE version, until the 

appropriate data is found in the directory structure. 

The directory structures between different versions must 

match to maintain CDB compliance with the 

specification. However, the specification does not 

require data to be present in the directory structure. 

Figure 5 demonstrates a change to an elevation file.  In 

this example, note that the folder structure is identical 

and only the file that was changed is present in the new 

version (only the elevation file changed is in the new 

CDB structure: all the other folders remain empty). 

 

Figure 5: Sample CDB versioning 

 

This capability mitigates the duplication and 

propagation of issues and datasets by using the 

versioning capabilities with CDB.  This is accomplished 

through a mechanism in the software that supports the 

automation of versioning whenever a user makes 

changes to the terrain.  When users make changes and 

save those changes, new versions will be created to 

ensure minimal duplication of data. 

3.2.1 Naming Conventions 

CDB data storage solution also automates the naming 

convention process and allows the tools to intelligently 

search, locate, and sort the available data. CDB 

provides a data storage structure that “standardizes” 

data naming conventions and attributes to support real-

time and future automations.  The format is supported in 

multiple COTS products today, including Content 

Creation, Visualization and Simulation. 

3.2.2 Versioning and Data Duplication 

To provide versioning for configuration management 

and data segregation, we propose the use of Terra Vista 

software and CDB together as show in Figure 6.  

 

 
Figure 6: Available Versioning Process 



  

3.2.3 Data Security 

The solution delivers enhanced data security using the 

CDB storage structure. CDB’s dataset layers and 

versioning capabilities provide the users with the ability 

to store different versions of a CDB database in 

multiple locations.  

For example, classified imagery can be placed in a 

separate version of a CDB database and stored using the 

appropriate security mechanisms as required by data 

sensitivity.  

3.2.4 Catalog and Display of Geospatial Data 

All of the source data used in this solution will be 

catalogued; meaning that we can link the sources to the 

tiles of generated CDB.  Knowing how each of these 

tiles are generated, and from which source it is 

generated from, enables users to modify the source data 

themselves and investigate what will be generated in the 

CDB.  If a user modifies the CDB directly, this also 

enables the user to see which sources are being 

invalidated by the actions.  

Users will also be able to visualize the CDB data and 

the catalog as they navigate through a proper 

visualization of the source data, per type of data 

(imagery, elevation, material, vector, 3D…); each with 

its proper link to the catalog 

3.2.5 Three Dimensional (3D) Data Viewer 

The existing capabilities of Vega Prime provide users 

with the ability to dynamically create and visualize the 

CDB content in a 3D viewer. Visualization of the 

following datasets using Vega Prime will provide the 

users with an easy way to reference the data in the 

repository: 

 Imagery 

 Elevation 

 Material  

 Vector data  

 3d Models (man-made & vegetation) 

 Metadata 

 

 
Figure 7: Data visualization/selection 

 

The metadata will enable the users to see the links 

between the initial sources and the repository. 

 

3.3 Efficient Production for Simulation 

Applications 

Now that we’ve covered the source data and the 

translation into a repository of clean data, the next step 

is to discuss how a user can seamlessly convert the 

repository into the necessary Simulation run-time 

formats for their applications (such as JCATS, OneSAF, 

CTDB and VBS2). 

The Terra Vista software will enable users to 

select an area of interest and submit the request to select 

the appropriate data, and automatically convert it from 

the CDB repository. This capability will enable users to 

search and automatically import qualified repository 

source data for conversion into the necessary simulation 

output.  

The Terra Vista software application supports the 

construction of multiple formats; however, the process 

of managing multiple representations, and keeping them 

synchronized and correlated, appropriately attributed, 

and versioned remains a complex task. Again, this 

challenge presents an opportunity for CDB as a 

common intermediate representation.   

The solution automates much of the process to improve 

data reusability, accessibility, and to support better data 

to support the faster delivery of the requested data and 

correlated output formats.  Most current workflows with 

Content Creation tools are a manual process (as 

illustrated in Figure 8).  However, with this solution, the 

construction process will be completely automated. 

 

 

Figure 8: Current Workflow Process to Generate 

Multiple Outputs 

 

Some of the resulting key features and capabilities 

include the following: 

- Automatic generation of selected output 

format(s) such as JCATS, OTF, CTDB & 

VBS2 

- Ability to specify data (from CDB Dataset) 

and appropriate resolution (from CDB LOD) 

from the repository and work only with these 

layers 

- Continued capability to extend the tool to 

support additional output format(s) 

 

This capability provides benefit to users through: 

- Decreased effort in terrain production; 

- Reduction in duplication of data; and  

- Reduction in data management.  



  

 

4. CONCLUSION 

A common representation and sharing of  

environmental data is a critical component for the 

interoperability of heterogeneous simulation systems 

and applications that operate in the M&S domain. To 

improve the effectiveness of representing and sharing 

this disparate data, a standardized repository is needed 

that can provide a proper structure, naming convention, 

and semantics to ensure that the data can be understood 

by everyone.  Going forward, this becomes even more 

critical as additional types if simulations (weather, 

hydrography, hydrology, human activity, etc.) are 

developed and offered as SE simulation services.    

In this paper, we have proposed a standardized global 

SE data model that can improve the effectiveness of 

construction tools, streamline the assembly process, and 

expedite the deployment procedures.  Building on the 

principle of separating the representation of 

environmental data from its use, this solution would 

also enable the easy and automated translation into the 

necessary simulation run-time database formats like 

VBS2, OTF, JCATS and OpenFlight for use on existing 

or legacy system.  Lastly, we demonstrated how this 

proposed solution can scale with the increasing 

availability of source data, including the provision of 

effective versioning mechanisms, to meet increased 

capabilities of SE tools platforms and higher-

performance simulators.   
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