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Preface

An environmental database may include an integration of terrain, ocean, weather/atmosphere, space, sub-
surface, and all related data required for Modeling and Simulation (M&S) of phenomena and/or entities.
Production of environmental databases is a significant part of the overall M&S development and deployment
cost. Capitalizing on approaches that reduce the overall cost is an important topic of interest to the broader
M&S community.

Various practices exist that deal with the data production process and/or the subsequent sharing of
environmental data, and they address different aspects of the end-to-end problem. The practices are at
various levels of formalization, ranging from international standards to ad hoc methods. On-going projects
in a number of international government programs, as well as separate initiatives and innovative
approaches from industry, continue to contribute to solutions in this area.

However, activities within and across similar communities, projects, or nations are often fragmented or
disjoint, and sometimes do not or cannot leverage existing capabilities, standards, or lessons-learned.
These activities often vary in scope, breadth, or depth. In some cases, the results that are produced are
driven by the special requirements of specific projects or activities. However, in general, this fragmented
approach reduces the reuse of data and the interoperability of the systems that use them, because it
generates multiple incompatible solutions.

A survey by the RIEDP Study Group (SG) showed that many of these initiatives, a large subset of which
are mainly focused on producing data for aviation-related training applications, use the same geospatial
source data formats and a very similar high level data generation process. Therefore, the RIEDP SG
compared several initiatives against an initial concept version of a process model and a data model to
identify areas of convergence and divergence. Based on these results, the objectives of a next-step
Product Development Group (PDG) were defined.

The RIEDP PDG provides two complementary products to address this.

The first product is the RIEDP Data Model Foundations, which is a SISO Guidance product. Itis composed
of two (tightly coupled) parts, the RIEDP Reference Process Model (RPM) and the RIEDP Reference
Abstract Data Model (RADM). These form the foundations for existing and/or emerging database
generation projects to compare, contrast, and map their database generation process and data model
capabilities to these models. In this regard, use of the RIEDP Data Model Foundations serves as a guide
in establishing database generation process models and their corresponding data models within the
community.

The second product is the planned RIEDP Detailed Features Description (under development). It will be a
SISO Standard product and its concepts will complement the RIEDP Data Model Foundations. It will
provide the required information for identifying and describing specific instances and/or abstracted types of
environmental features that, along with their specific attributes, value ranges, and metadata, will be utilized
in environmental data products. The use of the RIEDP Detailed Features Description as a standard product
will improve data interoperability through the identification of features, their definitions (by using
standardized dictionaries), their corresponding attributes, and any associated metadata.

This document is the RIEDP Data Model Foundations.
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Reuse and Interoperation of Environmental Data and Processes
(RIEDP) Data Model Foundations

1 OVERVIEW

1.1 Scope
This SISO Guidance product:

1 formalizes the high-level process, and the associated data flow stages and tasks, that are used in the
creation of environmental databases for Modeling and Simulation (M&S),

1 provides a reference data model for expressing the data produced through that process, and
1 specifies the organization of RIEDP-compliant data and metadata on media.

These are identified as the RIEDP Reference Process Model (RPM) and the RIEDP Reference Abstract
Data Model (RADM), and together comprise this RIEDP Data Model Foundations product.

Although the initial core focus of the RIEDP products is the Aircrew Training and Mission Rehearsal
community applications, the RPM and RADM are applicable, with extensions, to other communities with
similar processes and data use.

Ocean and weather data requirements are not included in the current RIEDP process and data model, but
may be incorporated in future evolutions of the RIEDP products.

1.2 Purpose

This document promotes reusability of environmental database generation efforts and fosters
interoperability between simulation systems through a standardized understanding of both their
environmental data products and generation processes. The focus is on the harmonization of
environmental database generation processes, and the means to exchange such generated data, at various
points in the process, after the source data collection stage but before the runtime/proprietary database
creation stage, recognizing that there is a broad range within this band. Added to this is the desire to not
introduce specific target application constraints prior to that point in the process (such constraints should
be addressed separately by each target application during or just prior to creating the runtime database).
In addition, it is desirable and valuable to retain the data form (or format) as close to the source data as
possible throughout the data generation process in order to benefit from GIS tools and any intrinsic
correlation factor they may provide.

1.3 Objectives

The combination of the RPM and the RADM will allow different database generation processes and systems
to relate to each other, and compare, contrast, and map their database generation process and data model
capabilities using the RIEDP products.

In this regard, use of the RIEDP Data Model Foundations serves as a guide in establishing common
database generation processes and data models within the M&S community. In addition, it aids in the
development of the RIEDP Detailed Features Description product, which will be a companion standard
product to this guidance document.

1.4 Intended Audience
The intended audience of this SISO Guidance document includes (but is not limited to):

1 Database engineers, systems engineers, program managers, and software engineers involved in the
use or development of M&S environmental database generation products, processes, and systems;
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1 Users and subject matters experts who define and specify requirements for environmental databases
in M&S and distributed simulation applications, as well as those who evaluate and select databases
for reuse.

1.4.1 Users of the document

Users of this guidance document are the environmental database producers who are interested in sharing
their data in the M&S community, facilitating reuse of their data in other database production efforts, and/or
fostering interoperability between different simulation systems through a common understanding of both
their environmental data products and generation processes.

It is not envisioned that the environmental database producers would be required to change their creation
process to conform to this document. Hence, the specifications of the RPM and RADM are primarily a
guidance that aims to help share a common vision based on common concepts.

This guidance also serves to document prospective stages of data reuse in the database creation process,
and thereby educates consumers and end users of environmental data products on reuse potential.

Through the use of this SISO Guidance product, the user community, both data producers and consumers,
will be in a better position to converge on the details of existing practices and concepts in order to reduce
or eliminate divergences.

1.4.2 Targeted community of interest

To facilitate this approach, the core Community Of Interest (COI) initially targeted by RIEDP is the Aircrew
Training and Mission Rehearsal community, where the process and use of data products are already very
similar:

1 based on the COTS / de facto / common formats, with available conversion capabilities;
1 with slight differences where these file/data formats allow user-defined options; and

9 at least through the stage of the database creation process, where most of the database generation
work has been done, but application-specific constraints are not yet embedded in the data.

These similar process and data use practices (areas of convergence) established the foundations of the
RIEDP approach and this document. The areas of divergence (which include differences in approach to
attribution of features and environmental objects, as well as differences in use of attribution dictionaries and
techniques) will be addressed through the specifications provided in the planned RIEDP Detailed Features
Description, which is a SISO Standard product and companion to this product.

1.5 Intellectual Property Rights

The reuse of any data production or creation effort requires the consideration of any Intellectual Property
Rights (IPR) associated with that effort. For environmental data, this covers the entire database generation
process, from the collection of the source data to the creation of the runtime or target application databases.
This SISO Guidance does not contain, nor is intended to claim, any IPR associated with the process or the
data model.

IPR information connected to data products that are produced or shared in accordance with this SISO
Guidance must be identified through appropriate means and are outside the scope of this document. It is
the responsibility of the data producer to identify, declare, and document any IPR issues with respect to the
data being produced.

1.6 Use of Shall Statement

Although this specification is a Guidance document, where appropriate (and in accordance with SISO
Guidelines and Policy), "shall" statements are used to ensure users who comply with the guidance can
reliably exchange RIEDP-compliant according to the rules specified in this specification.
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1.7 Document outline

1. Overview defines the scope, purpose, and objectives that RIEDP Data Model Foundations
addresses.

2. Normative References lists the normative references.

3. Definitions, Acronyms and Abbreviations defines the terms used within the RIEDP Data Model
Foundations document.

4. Concepts defines the fundamental concepts related to the RIEDP, which includes the details of
the Reference Process Model (RPM), and the Reference Abstract Data Model (RADM).

5. Conformance specifies the conditions and criteria by which users of the RIEDP RPM and/or RADM
can claim conformance.

This specification also contains the following Informative and Normative appendices:

1 Bibliography (Informative)

1 RIEDP-exchange Formats - Detailed specifications (Normative)

1 RIEDP Metadata Schemas (Normative) and RIEDP Metadata files (Informative)

2 NORMATIVE REFERENCES

The following documents, in whole or in part, are normatively referenced in this

indispensable for its understanding, use, or application.

document and are

# Reference Date
[NR 1] | ESRI Shapefile Technical Description - ESRI White Paper July 1998
INR 2] (13;02T|FF Format Specification - Rev 1.0 - Specification Version November 1995
[NR 3] igfﬁzloggaznage coding system: Core coding system- ISO/IEC September 2004
[NR 4] (1)6pgnFl|ght Scene Description Database Specification - version January 2017
Portable Network Graphics (PNG): Functional specification -
NR 5
INRSI 1\ SonEc 15948:2004 March 2004
SGI Image File Format - Draft version 1.00 1996
[NR 6]
ftp://ftp.sgi.com/grafica/sgiimage.html
[NR 7] Spatial Reference Model (SRM) - ISO/IEC 18026:2009 (part of the July 2009
SEDRIS family of standards)
[NR 8] Unified Modeling Language (UML) Version 1.4.2 - ISO/IEC April 2005
19501:2005
[NR 9] Data elements and interchange formats - Information interchange December 2004
Representation of dates and times - ISO 8601:2004
INR 10] Codes for the representation of names of countries and their November 2013
subdivisions - Parts 1-3 - 1SO 3166:2013
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3 DEFINITIONS, ACRONYMS, AND ABBREVIATIONS

English words are used in accordance with their definitions in the latest edition of Merriam-Webster's
Collegiate Dictionary [ISBN-10: 0877798095] except when special SISO Product-related technical terms
are required.

3.1 Acronyms and Abbreviations

Acronym Term
3DMA 3D Model Attribute
AFCD U.S. Air Force Common Dataset
ARP Automated Reasoning Profile
ASR Application Specific Requirements
BAP Basic-Aligned Profile
BBP Basic-Baseline Profile
BCP Basic-Cleaned Profile
CAD Computer-Aided Design
CGF Computer Generated Forces
CityGML City Geography Markup Language
COl Community Of Interest
COTS Commercial Off-The-Shelf
DB Database
DBGS Database Generation System
DCR Database Content Requirements
DEM Digital Elevation Model
DFAD Digital Feature Analysis Data
DFDD DGIWG Feature Data Dictionary
DGE Draft Group Editor
DGIWG Defence Geospatial Information Working Group
DTED Digital Terrain Elevation Data
DR Document of Reference
DRM Data Representation Model
EDCS ISO/IEC 18025 Environmental Data Coding Specification
EDS Enterprise Data Services
FA Feature Attribute
FMP Feature-based 2D Map Profile
GIS Geographic Information System
GML Geography Markup Language
GMRP Ground-Mapping Radar rendering Profile
IKONOS Greek word for Image
IPR Intellectual Property Rights
IRS Indian Remote Sensing Satellites
JPEG Joint Photographic Experts Group
KML Keyhole Markup Language
LANDSAT Land Satellite
LOD Level Of Detall
LOP Library-Only Profile
MCP Mission Command Program
MD Metadata
MGCP Multinational Geospatial Co-production Program
M&S Modeling & Simulation
N/A Not Available (or Not Applicable)
NPSI NAVAIR Portable Source Initiative
NVG Night Vision Goggle
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Acronym Term
PDG Product Development Group
PNG Portable Network Graphics
POC Point Of Contact
RADM Reference Abstract Data Model
RDB RIEDP compliant Database
RGB Red Green Blue
RIEDP Reuse and Interoperation of Environmental Data and Processes
RMP Raster-based 2D/3D Map Profile
RPM Reference Process Model
SAF Semi-Automated Forces
SBP Single-Baseline Profile
SE SyntheticEnvironment
SE Core U.S. Army Synthetic Environment Core
SRF Spatial Reference Frame
SG Study Group
SISO Simulation Interoperability Standards Organization
SPOT Satellite Po u Obsknrdation de la Terre
SRM ISO/IEC 18026 Spatial Reference Model
TCRS SEDRIS Transmittal Content Requirement Specification
TIFF Tagged Image File Format
TIN Triangular Irregular Networks
UML Unified Modeling Language
UVMAP Urban Vector Map
VMAP Vector Map
VRIP Visual Rendering with aerial Imagery Profile
VRP Visual Rendering Profile
XML eXtensible Markup Language
WGS World Geodetic System

3.2 Definitions

Some of the terms defined here are described in more detail in 4.1.2.

Term

Definition

Aligned Data

Cleaned data that is coherent among various layers. Example: vector features
that have been aligned with their representation in the Imagery. The features
correlate to an unspecified level with the imagery.

Areal Feature

A feature that can be represented by a polygon conformed relative to the terrain.
Example: forested areas, fields, parking lots.

Attribute A characteristic of a feature.
Attribution The process of assigning values to attributes of a feature.
Catalog A collection of entries, each of which describes (using appropriate metadata) an

environmental data product. A data product may be any number of things,
including a single 3D Model, a Library of reusable data, subset of an
environmental database, or a complete environmental database. .

Class (of features)

A set of features that share the same spatial representation (such as points,
lines, or areas/polygons) and a common set of attributes.
Also see Feature Template.

Class A representation or (software) model of a concept used as a template for
(software/data implementing/creating specific instances of that concept as software objects.
modeling)
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Term

Definition

Cleaned Data

Source data that is free from error. Example: vector data that has been
processed to fix any errors in their attributes and geometry.

Database In the IT sense, a structured set of data, held in one or more files on a computer,
organized so that it can be easily accessed, managed, updated and exchanged.
In this document, this notion is applied to Environmental Database.

Datum A reference system or an approximation of the Earth Surface against which
positional measurements are made for computing locations.

Elevation Distance above or below a given reference location or surface.

Environmental
Data

Data about objects, geography, features, places, or phenomena, as well as their
respective characteristics, which are used in representing, modeling, or
simulating all or part of an environment, whether natural or man-made. The
content, format, attribution, and quality may be changed during the manipulation
and transformation processes of that data.

Environmental

An assemblage of environmental data, which may or may not be integrated, that

Database will be used in modeling or simulating a specified area of interest. The terms
environmental database and database are used interchangeably in this
document.

Feature

A representation of a real-world object, phenomena, or concept.

Feature Template

The unique collection of attributes/characteristics that is common in defining
similar feature instances (also see Class (of features)), which can be represented
by the same geometry (point, line, area). Each Feature Template has a unique
identifier (usually from a standard dictionary). A feature instance refers to a
Feature Template using the identifier as an attribute of that instance, and further
specializes the instance with additional specific attributes. The resulting Feature
Templates are stored in the Library. Feature templates reduce the size of the
database and facilitate its maintenance.

Imagery

Aerial (satellite or airplane) sensed data (e.g., photography) that may be real or
synthetic. Imagery is used both to manipulate and process other data (vectors
and elevation) and to drape onto the terrain as a texture.

Intensified Data

Aligned data that has been enhanced or added to. Example: inclusion of
simulation-related or simulation-specific data, such as scattered buildings in a
built-up area or scattered trees in a treed tract.

Layer

An organizational construct that separates the data by their type, function, or
characteristics for purposes of processing or representation.

Level of Detail

Alternate representations of an environmental data (object) at varying fidelities

(LOD) based on a given criteria. An LOD is said to be coarse if it contains little detail,
and fine if it contains considerable detail.

Library A collection of resources intended to be shared and reused by several databases
or applications.

Light Point A database element used to model a point source of light (e.g., taxiway light,

street light, or collision light on an aircraft).

Linear Feature

A feature that can be represented by a line or set of lines. Example: rivers, roads,
and electric and telecommunication networks are linear features.

Metadata

Data about data. Information that describes the content, quality, condition,
origin, and other characteristics of data or other pieces of information.

Point Feature

A feature that can be represented by a single location in space.

Reference Table

A collection of attributes and/or parameters that can be reused frequently and
are common to many instances of features or 3D models. It is organized in
tabular form and stored in a specific compartment of the Library to be referenced
as needed by various objects or constructs in the database.

Repository

A specialized storehouse of data products, where the data is maintained in an
organized manner and contains pertinent information about those data products,
including content descriptions, origin, usage, format, size, and other product
characteristics.
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Term Definition
Source Data Environmental data provided by an authoritative producer associated with rights
to use. The initial input data used at the start of a database generation activity.
Special Area Complex 3D areas, such as airports and urban areas, that are of special

importance, usually composed of a combination of elevation, 3D models,
features, imagery and textures. Special Areas are stored in the Library.
Specialized Data Intensified data that is transformed, filtered, value-added, or thinned for use by a
specific target system. Example: A system that cannot process areal features
might transform all existing areals to linears or points, or remove them entirely.
Terrain A representation of the surface of the solid portion of a planet, including its shape,
elevation, and other characteristics of interest, where the surface may also
include bodies of water.

Vector Data Representation of a feature using one or more of point, linear (one or more line
segments), or areal (polygon) geometric constructs.

4 CONCEPTS

4.1 Introduction

41.1 Overview

Successful interoperation of simulation systems depends on several factors. Among these is the shared
and consistent representation of the environment in which simulations will interact. Environmental data
products are the result of a production process, usually performed in several stages, accomplished using a
variety of tools and an underlying information system, collectively called a Database Generation System
(DBGS).

Depending on the desired degree of consistency, the magnitude of the requirements, and the complexity
of the data, different methods and database generation systems can be used to arrive at a shared and
consistent representation. However, such different methods depend on several common concepts. These
concepts include an understanding of the key characteristics of the environmental data being generated,
insights into the processes that are used to produce the data, and the logical expression of the data and
the associated relationships through a well-defined form and/or model.

The development of the RIEDP concepts has been influenced by many initiatives and standards. These
include the SE Core, NPSI, AFCD, CDB, DBMS, and EDS initiatives, and the SEDRIS family of ISO/IEC
standards (see Appendix A).

This specification formalizes these concepts and the DBGS process by defining the common stages and
associated tasks in the data production process and by providing a reference model for the expression of
the produced data.

RIEDP products, including this specification, aim to serve a specific set of users and applications in the
broader environmental database generation community. These applications share the following common
traits:

1 They use specific data formats (some of which are also used in Geographic Information Systems) as
source material during the production and sharing of terrain-related data;

1 They use commercial off the shelf tools for editing the terrain data and for converting the data to and
from the formats used during the production and sharing process; and

1 They support the Aircrew Mission Training and Rehearsal (and similar) systems.

In this context, the concepts formalized by this specification are comprised of two coupled products:
1 The RIEDP Reference Process Model (RPM); and

1 The RIEDP Reference Abstract Data Model (RADM).
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The complementary nature of the RPM and the RADM is, in general, similar to how the process view and
the data view are traditionally used in establishing requirements for the development of information
systems. The RPM and the RADM are a generalized process model and data model, respectively, and the
RADM may be applied to the entire spectrum and all stages of the database generation lifecycle.

The primary objective of the RIEDP is to use these products as guidance tools in communicating,
comparing, and contrasting different database generation systems and their shareable data up to the stage
where the runtime databases are generated. The consistency, and subsequently the interoperability,
among simulation systems using these runtime databases rests heavily on the understanding of the
database production process and how the key data components are organized.

4.1.2 Common RPM and RADM Concepts

The RPM and RADM products are complementary and share a number of concepts that are important for
understanding each of these products. Adherence to these concepts is required for successful RIEDP-
based data exchange and semantic communication. Although they may be relevant and/or applicable,
these concepts are not intended as requir emenhes
RPM and RADM shared concepts are:

1 Environmental Data: The term environmental data signifies the data about objects, features, places,
or phenomena, as well as their respective characteristics, that are used in representing, modeling,
and/or simulating all or part of an environment, whether natural or man-made. The content, format,
attribution, and quality of the environmental data may be changed and/or improved during the
manipulation and transformation processes of that data.

1 Environmental Database: The term environmental database refers to an assemblage of
environmental data, which may or may not be integrated, that will be used in modeling and/or simulating
a specified area of interest. An environmental database may or may not use any formal relationships,
organization, or constructs to integrate, relate, or bind its various environmental data. In some
applications, the concept of database acts as a notional construct and only represents a logical
container for an otherwise seemingly disjoint data. In those cases, the explicit relationships between
various components are not provided and the only thing that binds different types of data (such as
terrain and features) together is that they are used for the same project and represent different aspects
of the same area. For those cases, someti mes the term
applications, the database explicitly integrates the various components and provides structure and
specific constructs that allow concrete expression of the relationships between different but related
types of data. However, at a minimum, an environmental database logically collects and contains the
data that are to be used for describing the specified area of interest. RIEDP uses the term
environmental database, or database to convey this notion. The term is not used to refer to the
runtime database.

1 Process and Stages: The process of generating environmental databases is composed of multiple
stages, which progressively transform the source data until the required databases for the target
applications are created. The RPM embodies this process. The RADM may be used to represent the
shareable data, using the appropriate formats identified in this specification, at the output of specific
stages of the RPM.

1 Layers: The collection of source terrain data is usually organized in various layers. These layers include
the Elevation layer, the Feature layer (which itself may be organized in additional sub-layers), the
Imagery layer, and sometimes other layers such as the material composition layer. The Elevation layer
represents the shape of the terrain, but typically does not include the continuous surface that comprises
the terrain. Such surfaces are produced near the final stages of the database production, when the
elevation, in conjunction with other data, is converted to polygons. The Feature layer provides
information on objects that are placed on or integrated with the terrain. The feature information includes
the position, the abstract shape, and the characteristics of the object, but not the 3D geometry of the
object itself. The Imagery layer usually provides an aerial or satellite photograph of the terrain surface
(which may be real or synthetically generated). Often these layers are inconsistent with each other,
and the information found in one layer does not align or match with the information from another layer.
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Examples of inconsistencies include: mismatches between feature data (e.g. roads) and the
corresponding imagery; mismatches between the terrain shape and features, such that rivers or bodies
of water do not follow the lowest terrain contours; and others.

1 Tiles: When the extent of the specified area of interest is large, and to allow ease of manipulation
and/or transfer, the data may need to be split into smaller parts, called geographic tiles (typically one
square degree in size). Additional or separate tiling may also be needed to support application-specific
operations, including incremental loading or access to the database during runtime.

1 Region: If tiling is not needed, the data may be included in a single region with a specified size. A
region may be larger or smaller than a tile.

1 Objects and Textures: 3D objects, both man-made (e.g. structures, equipment) and natural (e.g. rock
formations, trees), are represented as 3D models, which usually use corresponding imagery as texture
maps to provide additional visual detail. These 3D models, and their textures, are represented
separately from the terrain layers. This allows different resolutions between objects and layers to be
used (if needed). It also allows the reuse of 3D models developed in other database production efforts.
The features represented in the Feature layer need to reference their corresponding 3D model to allow
the fuller 3D representation (this is often done either at the final stages of the database production
process and/or during runtime).

1 Special Areas: These represent complex 3D areas such as airports and urban areas that are of special
importance to the application. The Special Areas are usually composed of a combination of elevation,
3D models, features, imagery and textures. The Special Areas are unique, but are stored in a library
for reuse in other databases or projects.

9 Data content: Independent terrain layers, modified features and terrain regions, and in general the
output of each processing stage of the RPM (which may include Reusable objects and Library), form
the data content, which is logically contained in the database manipulated by the DBGS.

1 Reusable objects and Library: 3D models, Special Areas, textures, and other constructs that may be
instanced one or more times, and/or used in other databases or projects, are the reusable objects in
the environmental database. These reusable objects are stored in their corresponding part of a Library.
Feature Template and Reference Table, although not instanced in a database, are other types of
reusable constructs that are stored in the Library. The Library is usually an independent and separable
componentofap r o] databaSes

1 Spatial Referencing: For the environmental data that represents a real or fictitious area of the Earth,
the elevation data, Imagery data and feature data shall be geo-registered using the
GEODETIC_WGS_1984 Spatial Reference Frame (SRF), as specified in ISO/IEC 18026. If the data
uses a reference frame other than the GEODETIC_WGS_ 1984, it will need to be converted and/or
transformed to conform to this spatial reference frame. The environmental data that represents 3D
models of real or man-made objects shall use the LOCAL_SPACE_RECTANGULAR_3D SRF, as
specified in ISO/IEC 18026. The orientation values of a 3D model that is instanced at a specific position
on the Earth shall be with respect to the LOCAL_TANGENT_SPACE_EUCLIDEAN SRF (specified in
ISO/IEC 18026) placed at that position. The orientation values shall be expressed as Euler angles
with the Z-Y-X intrinsic rotation sequence.

1 Categories of attribution: Attribution can serve different purposes and plays a key role in
understanding boththe A wh a t the famalw 0 . -cBriplal Bata exchange and semantics rely on
three distinct categories of attribution: those related to describing environmental objects; those related
to the data that represent environmental objects (but not the object itself); and those related to
processing methods. The RPM and the RADM, as well as the planned RIEDP Detailed Features
Description standard [BR 17], utilize these three attribution categories to various degrees. Examples
of attributes in each category include: characteristics of environmental objects such as weight, depth,
surface material, characteristics of data such as types of features in a file, histogram of an image,
number of 3D models in a database; characteristics related to processing methods such as order of
rendering (in visualization), whether a feature was modified to conform to the terrain surface, when to
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swi tch an obj e cSodeoftheatiribution mformatientinane lor.more of these categories
could be considered equivalent to metadata.

1 Metadata, Catalog and Repository: Information about the data and its various states during the
generation process is captured through metadata. Such information is usually embedded in the data
constructs and/or stored in a catalog. In addition, specific information about the overall characteristics
and quality of the database is stored in the catalog. This information includes metadata about the
creation/acquisition date of the database, its format, extents, quality, and the stage of the RPM from
which the data was exported. The catalog allows search and identification of the data, and supports
analysis for determining whether or not the data may be usable for a specific application. Data products
of a project can be stored in internal or external repositories. Libraries with content that can be reused
in other projects may also be independently incorporated in the repository.

4.1.3 RIEDP-exchange Formats

To accomplish the interoperability and data exchange goals, and to support the user community, the RPM
and the RADM use an existing set of formats for communicating the data produced and/or exchanged in
accordance with this specification. RIEDP users are not required to use these formats in their internal
database generation systems. Use of these formats is, however, critical when users exchange (export or
import) RIEDP-compliant data products (see 5.5).

The data formats used for RIEDP-based data exchange are collectively referred to as the RIEDP-exchange
formats. Consistent RIEDP-based data exchange requires the use of RIEDP-exchange formats whose
specifications are publicly and openly available to all users, and free of any intellectual property rights (IPR)
restrictions. If a format is not free of IPR restrictions, it may only be listed as a recommended format to
ensure compliance with the SISO patent policy.

The following RIEDP-exchange formats are required:
1 GeoTIFF (revision 1.0 October 1995), for terrain elevation data.

1 GeoTIFF (revision 1.0 October 1995) or JPEG 2000 (ISO/IEC 15444 7 Part 1) for terrain imagery data,
as well as other raster-based data.

1 PNG (ISO/IEC 15948:2004), SGI RGB or SGI RGBA, image formats for texture maps, used in
portraying object surfaces and some terrain surfaces.

The following RIEDP-exchange formats are recommended:

1 ESRI Shapefile (technical description White Paper July 1998), for instances of terrain features and
vector data such as transportation networks, hydrology, physiography, and terrain areas.

1 OpenFlight (version 16.0 or higher), for 3D models, both natural and man-made, placed on the terrain
or dynamically included in the environment.

In addition, XML (and associated XML schema) is used to provide any RIEDP-required data that is not
supported through the above formats. XML (and associated XML schema) is also used to represent the
RIEDP Feature Templates.

Although these RIEDP-exchange formats are in common use, the organization or semantic of their content
are not fixed. Users of these formats can introduce unique or specific variations in how the data expressed
in a given format is arranged, organized, or identified. To avoid the need for interpreting the variable
semantics of a given format, RIEDP defines specific criteria for each of these formats. Adherence to these
criteria ensures consumers of RIEDP-compliant data can rely on consistent use of these formats, when
data is obtained from data providers who conform to RIEDP. The details of these criteria and rules for each
of these formats are defined in 4.4 RIEDP-exchange Formats - Rules and Criteria.

In addition, in the future it may be desirable to use other formats in place of one or more RIEDP-exchange
formats, while remaining conformant with the RPM and the RADM. Such other formats shall:

1 Support the core capabilities, content, and intent of the corresponding RIEDP-exchange format(s);
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1 Support the concepts and principles of the RIEDP for representing and sharing the data; and
1 Be supported by appropriate and commonly available conversion tools.

To ensure the use of other formats will produce successful RIEDP-compliant data exchange, specification
of appropriate criteria is required to avoid any syntactic and/or semantic ambiguities. It is difficult to make
universal assumptions about all suitable formats and to provide a sufficiently detailed set of criteria for each
potential format, but it is possible to provide appropriate guidelines for evaluating candidate formats.
Therefore, determination of suitability of future candidate formats can be conducted when such formats are
proposed as amendments to this specification and/or through a registration process. These guidelines for
evaluation of suitable formats are specified in 4.6 Guidelines for Evaluation of Candidate Formats.

The detailed concepts of the Reference Process Model, its multiple stages, and the typical tasks associated
with each stage, as well as the detailed concepts of the RIEDP Abstract Data Model and how the data
components are organized and may relate to each other, are specified in 4.2 and 4.3, respectively.

4.2 Reference Process Model

421 Overview

The Reference Process Model (RPM) is composed of several stages, as shown in the following two figures.
Figure 1 depicts the process and activity flow between the stages, and Figure 2 highlights the data flow
between them. Both views of the RPM identify the stages from which RIEDP-compliant data can be made
available for external sharing and reuse (through an export process). In both figures, the shaded area
identifies these stages. The results of the last stage, which produces the runtime database(s), can also be
provided for external sharing and reuse.

However, the format and structure of runtime databases are unique to specific target platforms and
outside the scope of RIEDP.

Two core concepts are shared in all stages of the RPM:
1 Adherence to the requirements for the database content;
i Cataloging of data produced at the completion of each stage.

Developing a Database Content Requirements (DCR) document at the onset of a database generation
effort, then subsequently following, maintaining and updating the DCR document throughout the process,
ensures an end-to-end continuity and consistency. The DCR document serves the critical role of setting
the requirements at the input of RPM stages, and may be updated to refine the requirements during or at
the output of those stages.

Successful sharing of the data products from the various stages of any database generation process
requires a clear description and cataloging of the core content of that product. An inherent characteristic
of each RPM stage is the required cataloging of the output data product at that stage.

Figure 2 shows separate catalog icons at each stage of the data generation process, where in fact these
represent the same catalog. The repeated icons are used solely to simplify the diagram, by not having
extra crossing lines. A similar convention is used to reduce the lines for the DCR icon.

An overview of each stage is provided in the following subsections. Details of each stage are specified in
4.2.3.
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4.2.2 Summary Description of the RPM Stages

4.2.2.1 Define requirements

The environmental database requirements are usually defined collaboratively by both the customer and the
database producer. The requirements establish the characteristics of the database, which include the
extents of the specified area of interest, types of content that must be present in the various layers or in
special areas, levels of detail for the environment and/or the various objects in it, type and number of 3D
models, as well as other requirements that may impact performance or use of the database.

In most database generation efforts, the requirements are captured in a Database Content Requirements
(DCR) document, which is used by subsequent stages during the production of the database.

In addition, for some applications specialized considerations are required to meet specific runtime hardware
and/or software requirements (these may be for graphics or other specific target platforms). The
requirements for such applications are related but distinct from the core database content requirements.
Such requirements may be known at the start of the database generation process, during the Define
Requirements stage, or may be developed when the target applications are identified near the final stages
of the RPM. In either case, the results are typically captured in an Application Specific Requirements (ASR)
document, and used only in those stages that address target application needs.

Details for this stage are provided in 4.2.3.1.

4.2.2.2 Collect Source Data

Source data collection activities are usually performed by the database producer, based on the
requirements defined in the DCR. Collection of source data includes identifying the available potential
sources for the various database contents and ordering/requesting the data from authoritative sources,
gathering them from open sources, and/or capturing the needed data directly through various methods (e.g.
photographing, surveying). Once the source data is acquired, it is cataloged and provided as-is to the
subsequent stages for processing. Missing data are also identified during this stage.

The DCR document may be updated to reflect the results of the collection and any impacts they may have
had on any specific requirements.

Details for this stage are provided in 4.2.3.2.

4.2.2.3 Clean Source Data

Using the source data obtained during the previous stage, the database producer processes the data to
make the data compliant with the DCR. This processing includes initial adjustments to make the data
consistent and conform to the internal data model and/or rules of the DBGS, to apply uniform rules or
properties across the various data elements, and to eliminate any inconsistencies within a given layer.
Examples can include correcting disjoint networks and ensuring all data conforms to the data model
constructs used by the DBGS. The resulting Cleaned Source Data is cataloged and provided to the
subsequent stages for alignment across layers.

Details for this stage are provided in 4.2.3.3.

4.2.2.4 Create/Modify Library Data

Data for some of the reusable objects specified in the DCR may not be obtainable and will need to be
created, or the data may be available, but require additional modifications to meet the DCR specifications.
During this stage, the database producer creates and/or modifies the reusable data, which includes
producing new textures, 3D models, classes of feature (henceforth called feature templates) and associated
reference tables, as well as modifying existing ones. The data is then cataloged, stored in the Library, and
provided for use in subsequent stages.

Details for this stage are provided in 4.2.3.4.
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4.2.2.5 Align Source Layers

Using the Cleaned Source Data and the appropriate reusable data from the Library, the database producer
aligns the various elements within and across the data layers in accordance with the DCR. This includes
ensuring that transportation networks (such as roads) properly align with terrain imagery and elevation,
placement and alignment of bridge models, and/or the hydrographic networks (such as rivers and
waterways). The resulting Aligned Source Data is cataloged and provided to the next stage.

Detalils for this stage are provided in 4.2.3.5.

4.2.26 Establish Baseline Data

The database producer uses the Aligned Source Data, the data from the Library, and the DCR to establish
the Baseline Data, merging all the data gathered or developed by using different tools and/or through
separate paths, into a consistent logical database. This combination becomes the consolidated baseline
on which additional operations can be performed. The Baseline Data is cataloged and provided to the next
stage for intensification.

Details for this stage are provided in 4.2.3.6.

4.2.2.7 Intensify Baseline Data

During this stage, the database producer starts with the Baseline Data and intensifies the content according
to the additional requirements specified in the DCR. Intensification may include populating the environment
with additional natural features (such as trees, bushes, or rocks), adding man-made objects (such as
buildings or other structures), and relating specific 2D features in the environment with appropriate 3D
models from the Library for conversion into their polygonal form during the runtime target database(s)
generation stage. The Intensified Baseline Data is cataloged and provided to the next stage for specializing
the data for target applications. The data product output of this stage is usually the most commonly shared
data of interest, since the product contains all the necessary data without any target-specific specializations,
which can make limit its use by a broader range of users.

Details for this stage are provided in 4.2.3.7.

4.2.2.8 Specialize Data for Target Applications

In accordance with the specifications of the DCR and the ASR, the Intensified Baseline Data may need to
be further organized or modified to meet specific performance requirements for a given target platform.
The typical actions in this stage may include selective filtering and data re-organization for improved
streaming of the data at runtime. The resulting Specialized Data is cataloged and is provided to the next
stage for the generation of the runtime database. Some Specialized Data can be reused in other
applications that have similar performance and target platform runtime requirements, in which case it may
be shared externally.

Depending on how significantly the Specialized Data may have deviated from the Intensified Baseline Data,
and whether such specialized data can be readily used by data consumers with different target platforms,
the Specialized Data may be outside the scope of the RIEDP specification, in which case it will not be
shared as a RIEDP-compliant product.

Details for this stage are provided in 4.2.3.8.

4.2.29 Generate Runtime Target Databases

The database producer compiles the Specialized Data to produce the runtime database(s) for the specific
target applications or simulation systems, in accordance with any additional performance requirements
specified in the DCR and the ASR.

Details for this stage are provided in 4.2.3.9.

The runtime databases are outside the scope of the RIEDP specification and the details of the methodology
for sharing or disseminating them are not included in the RIEDP specification.

Copyright © 2018 SISO. All rights reserved Page 27 of 235
This is an approved SISO Guidance Product.



SISO-GUIDE-007-2018
Reuse and Interoperation of Environmental Data and Processes (RIEDP) Data Model Foundations

4.2.2.10 Export

The database producer can export the appropriate data in accordance with the RIEDP specification. This
requires conversion of the database to one or more of the RIEDP-exchange formats. RIEDP-compliant
data can be shared from five stages of the RPM as identified in Figure 2.

Detalils for this stage are provided in 4.2.3.10.

4.2.3 Detailed description of the RPM stages

Each of the stages presented in the previous section is described in detail in the subsequent sections. The
complete view of the RPM, including the sub-stage details, is provided in 4.2.4.

Readers familiar with the detailed concepts of the RPM may proceed to the description of the RADM 4.3.

4.2.3.1 Define Requirements

The requirements are defined collaboratively between the customer and the database producer. These
requirements are captured in the Database Content Requirement (DCR) document, and in accordance with
t he c¢ ust ommavideshe keg characteristics of the desired database, which include, but are not
limited to:

1 The extent of the area of interest;
1 The types of content that must be present:
U in the various layers: Elevation, Features, Imagery, and others;
U in Special Areas;
1 The levels of detail for the environment and the objects in it;
1 The various 3D models, their types and quantity in the environment;
1 Other requirements that may impact performance or use of the database.

The DCR may be updated based on the results from subsequent interactions between the customer and
database producer, as well as any results from further processing of the data during any stage of the
process that necessitate changes to the content requirements.

The DCR may be documented using any appropriate and defined form. This may include use of existing
forms such as a structured MS Word document, a KML file format, or the SEDRIS Transmittal Content
Requirements Specification (TCRS) [BR 7]. Using a standard dictionary to express data content
requirements and to identify items/objects in a DCR document will ensure the semantics of those
items/objects will be consistent and standardized.

In addition to producing the DCR, for some applications it is critical to consider specialized runtime hardware
and/or software requirements. Such requirements may include considerations for visual systems,
constructive systems, or other specific target platforms. The requirements for such application-specific
runtime systems are usually in addition to the core database content requirements. In some cases, these
additional requirements may be known at the start of the database generation process. In other cases,
they may be developed when the target applications are identified near the final stages of the RPM. In
either case, the results are captured in an Application Specific Requirements (ASR) document, and used
only in the subsequent RPM stages of Specialize Data for Target Applications and Generate Runtime
Target Databases, which address specific target application needs.

The DCR is an input for all subsequent stages of the process.

4.2.3.2 Collect Source Data

Collection of Source Data is performed by the database producer. It may involve several tasks, including
the research, acquisition, cataloging, updating, and disposition of source data to satisfy the requirements
defined in the DCR.
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This includes searching for data using the catalogs of any repositories (internal or external), relevant
authoritative data producing organizations, or other appropriate data sources. When needed, various
resources for source data are identified, source data inventories are reviewed, data products are retrieved
and evaluated for usefulness and applicability (fitness for use), and are then cataloged and made available
to the subsequent stages of the database generation process. Data rights and/or intellectual property rights
for using and/or redistributing the data are also verified during this stage.

The various types of source data that may be collected are shown in Figure 3 and are described in the

following sub-sections.
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42.3.2.1 Collect Terrain Source data

The terrain source data is composed of several geographical layers (Elevation, Features, Imagery) and
may be organized as tiles, as described in the RADM (see 4.3). This data may be available from various
commercial or governmental providers and/or repositories. If available, it will be discovered through
appropriate metadata, and subsequently retrieved. If not available, or if the data is not what the metadata
claims, appropriate data may have to be created (as described in 4.2.3.4).

The collected source data is reviewed and a suitable subset is selected. The selected data is prepared and
partitioned by type (e.g. elevation, feature, etc.) for the remainder of the process.

Specific types of terrain-related source data can be available from national data providers, repositories,
data production organizations, commercial sources, other projects, or any other appropriate data sources.
The data may include, but not be limited to, some or all of the following:

1 Elevation:
U Worldwide Digital Terrain Elevation Data (DTED), USGS Digital Elevation Model (DEM), EURO
DEM, TerraSAR-X DEM,;

1 Features:
U0 Worldwide feature data in formats such as: Digital Feature Analysis Data (DFAD), Vector Map,
Urban Vector Map: DFAD/VMAP and VMAP levels 0, 1, 2 and UVMAP, GML or CityGML
formats;

1 Imagery:
0 Worldwide imagery data from observation satellites such as: LANDSAT, IRS, Quick bird, SPOT,
IKONOS, WorldView2, as well as airborne and ground-based imagery in their respective
formats.
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4.2.3.2.2 Collect 3D Model Source data

The DCR identifies the 3D models required in the final database to represent static and moving objects.
These 3D models may be available from various sources, including:

1 Previous database creation efforts;
1 Commercial or governmental providers and/or repositories.

If available, it will be discovered via appropriate metadata and subsequently retrieved and assessed. If not
available, or if it does not comply with the requirements, appropriate data may be created or modified in a
subsequent stage of the database generation process.

Creation or modification of such data requires the availability of reference material, which can include:
pictures/photographs, plans, 3D CAD data, articulated parts, behavior rules.

4.2.3.2.3 Collect Texture Source data

The customerés requirement s andnothdr eharacseristi finferl the coaetall
requirements for textures. The DCR may identify the textures to be used for specific appearance of the 3D
models as well as appropriate textures for terrain. Depending on the requirements, appropriate textures
may be representative of generalized or typical appearance for similar areas of the world, specific locations,
appropriate seasons, or may be generic.

Available textures may be discovered in repositories through appropriate metadata. If not available or not
compliant with the DCR requirements, textures will be created or modified during the database generation
process. The development of texture data requires availability of reference material, which can include:
description and/or photographs of the objects and/or the terrain areas, or the rules or guidelines for the
generation of imagery.

4.2.3.2.4 Collect Special Area Source Data

The DCR identifies the Special Areas as areas having higher degree of importance and/or value to fulfill
specific task or mission requirements for which the database is being created. These may include urban or
built-up areas, factories, airports, flight or maneuver path areas, and any other areas with specific
requirements that are in addition to what is available in usual source data.

Data for Special Areas may be discovered in repositories through appropriate metadata. If not available or
not compliant, Special Areas may be developed during the database generation process.

Development of Special Area data requires availability of reference material, which can include: pictures,
plans, 3D CAD data, and behavior rules.

4.2.3.2.5 Ensure Quality Controls

The Quality Controls task in this stage has several purposes:

1 Ensuring that collected data are usable. This is based on compliance-checking to the GIS formats using
COTS tools.

Identifying missing elements.

1 Ensuring that the customer and the database producer fully agree on what source data will be used for
the specified database creation relative to the DCR.

1 Adding to the appropriate metadata descriptions to capture Quality Control results.

The DCR document is updated to reflect the results of the collection and any impacts they may have had
on any specific requirements.

42.3.2.6 Generate Metadata

Appropriate metadata that describe the source data are included with each type of terrain data. However,
if such metadata is not available, it is generated as the source data are being collected and evaluated.
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Metadata include descriptive information such as source data rights, pedigree, projections, Earth datum,
feature capture criteria, accuracies, tessellation strategy, rules regarding multiple levels of detail for terrain,
culture, models, and other similar information. Metadata includes Quality Control information as well as the
stage of the RPM from which the data was exported.

To ensure maximum compatibility across the broader community of users, metadata generated or included
with the database shall adhere to the metadata specifications defined in the RADM section (see 4.3.3.4).
4.2.3.3 Clean Source Data

Using the Source Data obtained during the previous stage, the database producer processes the data to
make it compliant with the DCR. Such processing of the data may involve initial adjustment tasks identified
in Figure 4 and described in the following sub-sections.
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4.2.3.3.1 Convert to internal formats

The data in a source format that differs from the internal DBGS representation needs to be converted to
internal data format(s) of the DBGS for subsequent data operation and processing steps.

NOTE - itis not the intent of the RIEDP to impose RIEDP-exchange formats forusewithinad at a pr oducer 6
internal processes.

4.2.3.3.2 Process Feature Data

This step includes preparation of the data to conform to the internal conventions of the DBGS tool and
schema. This includes:

T Mapping and translating the feature identi fntereat s and t
data model, as well as

1 Converting feature format and/or coordinate values to the spatial reference frame used by the DBGS
data model.

4.2.3.3.3 Process Elevation Data

Elevation data is usually in the form of a grid of elevation values. While elevation source data is usually
available in a number of common formats, in some applications multiple sources may have to be combined
to meet specific terrain elevation requirements.
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The elevation data is transformed to conform to the spatial reference frame used by the DBGS data model.

The elevation data is reviewed to verify that any anomalies that may have been present have been
corrected and other errors were not introduced.

4.2.3.3.4 Process Imagery Data

Simulation applications make use of satellite and/or aerial photography, as texture maps for the terrain
surface, to better represent the real-world terrain. Such imagery may be obtained from government sources
or acquired from commercial suppliers.

Once obtained, the individual images are adjusted and assembled into a single image (or multiple
specifically-partitioned images) that covers the database area. Adjustments and changes to imagery may
include the subtasks described in the following sub-sections.

4.2.3.3.4.1 Spatial Referencing

The Imagery data should be re-projected if needed to conform to the spatial reference frame used by the
DBGS data model.

4.2.3.3.4.2 Orthorectification

Source imagery may be manipulated to convert it to a vertical viewing perspective, remove the perspective
distortion common to lenses, compensate for Earth curvature, and remove the distortion caused by changes
in terrain elevation within the image. Orthorectification produces an image with map-like accuracy and
scale.

Although most government-furnished imagery already has incorporated these corrections, the database
producer may need to process other (non-government-furnished) sources of imagery to achieve equivalent
results.

4.2.3.3.4.3 Geopositioning

Geopositioning is performed to ensure the corrected image and the terrain are aligned, using control points,
and more precisely relate to the E a r t shrfase. Geopositioning may also be performed to address
differences in geometric accuracies, such as a road in one image that is not geometrically continuous with
the same road in an adjoining or inset image and requires spatial readjustment.

4.2.3.3.4.4 Contrast and Color Balancing

Contrast and color discontinuities are often present in photographs taken at different times, and can be a
distraction during training applications, especially along the seams adjoining multiple images. Various
methods exist to adjust and minimize these discontinuities, and the database producer may employ one or
more of these to generate the proper contrast and color balanced imagery.

4.2.3.3.4.5 Colorization

Many forms of imagery source data may be available only in panchromatic/monochrome. Colorization of
monochrome imagery may be performed as required by the database producer. If colorization is achieved
through the merging of color source imagery with the monochrome imagery, both the monochrome and the
color source imagery (prior to merge) must be provided separately.

4.2.3.3.4.6 Feathering

When merging or mosaicking adjoining images, or when inserting high-resolution imagery into an area of
lower resolution imagery, a smoothing algorithm or feathering of the boundaries is often used to avoid a
sharp, high-contrast line where one image ends and another begins. If required, the database producer
may utilize feathering techniques to improve the appearance of the imagery.

4.2.3.3.5 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all available data have been appropriately
processed.
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This is mostly based on checking the imagery data using COTS Visualization tools.

Simple checking of Elevation and Feature data may also be done to identify inconsistencies. Such
inconsistencies or conditions may require further analysis (e.g. unintended buildings/roads/trees in the
water, or trees or other objects incorrectly placed on roads). Tools exist to assist in this process.

The DCR document is updated to reflect the results of the cleaning and any impacts they may have had on
any specific requirements.

4.2.3.3.6 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been passed;

1 The improvement in quality metrics. Metrics may include counts for types of features, resolution and
storage size for elevation and imagery, imagery type, and any other pertinent data that can be useful
in subsequent stages of the database generation process and/or in assessing productivity measures.

4.2.3.4 Create/Modify Library Data

Data for some of the requirements specified in the DCR may be unobtainable or not compliant. During this
stage, the database producer may create additional reusable data. This may be done by producing new
3D models, textures, feature templates, or Special Areas; or by modifying existing ones. Missing Feature
instances are addressed in the Aligned Source Layers Stage.

Based on the DCR and the initial cleprocesamayiovolvetséverald at ab as
tasks identified in Figure 5 and described in the following sub-sections.
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Figure 51 Create/modify Library Data
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4.2.3.4.1 Create/Modify 3D Static Models

3D static models are used to represent the three-dimensional representation of a given feature as specified
by the DCR, and may include factories, houses, power plants, trees, rocks, or other man-made or natural
objects.

One of several alternate versions of the same 3D model may be selected when appropriate. These typically
include:

1 Basic, damaged and destroyed versions;
1 Alternate polygons for sensor effects (e.g., hot spots);
1 Several levels of detail (LOD).

3D static models may be built from scratch or reused and modified from an existing repository or library of
models. The development of 3D models may be performed using COTS tools. The resulting 3D models,
at all levels of detail and/or states, as well as any requires sensor representations, are stored in the
Database Library for reuse in later stages of the process.

4.2.3.4.2 Create/Modify 3D Moving Models

3D moving models are used to represent air vehicles (e.g., airplane, helicopter, UAV), ground vehicles (e.g.,
tanks, cars), weapon systems or components (e.g., missiles, SAM sites), ships (e.g., CVN-68), and
personnel.

Similar to 3D static models, 3D moving models may be built from scratch or reused and modified from an
existing repository or library of models. The development of 3D moving models may be performed using
COTS tools. The resulting 3D moving models, at all levels of detail, states, and sensor representations
(such as IR or out-the-window) including articulated parts, shall be stored in the Database Library for reuse
in later stages of the process.

4.2.3.4.3 Create/Modify Textures

Textures are used to provide specific appearance for the 3D models as well as appropriate representation
of the terrain. Similar to 3D models, textures may be built from scratch or reused and modified from an
existing repository or library of textures. Based on the DCR requirements, the development of texture data
requires availability of reference material, which can include: description and/or photographs of the objects
and/or the terrain areas, or the rules or guidelines for the generation of imagery. The development of
textures may be performed using COTS tools, such as Photoshop or equivalent. The resulting textures
shall be stored in the Library.

4.2.3.4.4 Create/Modify Feature Templates

Feature Templates are used to factor out common characteristics from similar feature instances. Creating
these templates also reduces the size of the database and facilitates its maintenance. A Feature Template
is then defined as a collection of attributes, the first of them being its identifier (usually from a standard
dictionary). A feature instance refers to this Feature Template, using the identifier as an attribute of that
instance, and further specializes the instance with additional specific attributes. The resulting Feature
Templates shall be stored in the Library.

4.2.3.45 Create/Modify Reference Tables

Reference Tables contain combination of attributes and/or parameters that can be reused together and are
common to many instances of features or 3D models. Reference Tables often contain many columns, each
representing a specific attribute, and rows that identify the combination of the various attributes as a single
entry. The cells of a table contain the unique values (or value ranges) associated with that row for each of
the attributes used for that entry. Different types of Reference Tables may be created for specific and
unique purposes, which may include assigning complex material characteristics to an object, assigning
illumination characteristic to light points, switching texture modes, and others. Various objects or constructs
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in the database reference the appropriate entries in a given Reference Table. Once Reference Tables are
created they shall be stored in the Library.Create/Modify Special Areas

Special Areas are defined in the DCR according to their training value. They are often complex 3D
representations, and may include airfields, urban or built-up areas, and others. Special Areas are
composed as a combination of elevation, specific (point, linear and areal) features with their attributes and
their corresponding 3D models (if any), textures and Imagery. They may be built from scratch or reused
and modified from an existing repository or library.

As the name implies, each Special Area is unique and is modeled individually. Special Areas often
represent details found in:

1 Airfields, such as runways and tarmacs with unique markings, lighting systems, buildings, towers, and
beacons;

1 Urban areas, such as streets, specific urban objects, buildings, and others.

Components of a Special Area are modeled with their absolute coordinates in order to accurately position
them in the database. Special Areas are usually used once in a database, but are stored in the library to
allow reuse and sharing with other databases of the same arear.

4.2.3.4.6 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all created/modified data have been appropriately
processed:

1 3D Models and textures are checked (may be done with the preview functions of the creation tool, if
available);

1 Feature Templates and Special Areas are checked to identify inconsistencies.

The DCR document is updated to reflect the results of the creation/modification and any impacts they may
have had on any specific requirements.

4.2.3.4.7 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been passed,;

1 The new objects and their characteristics declared in the Library;

1 A thumbnail that may be produced, and referenced by the metadata, for each new element added in
the Library.

4.2.3.5 Align Source Layers

In accordance with the DCR, and using the Cleaned Source Data obtained in an earlier stage, the database
producer aligns the Source Layers.

The primary goal for this alignment is to ensure that the data from all layers are correlated with each other,
for instance roads as features are aligned with their corresponding position in the imagery.

This process may involve several tasks identified in Figure 6 and described in the following sub-sections.
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Figure 6 1 Align Source Layers

4.2.3.5.1 Check Feature Attribute Coding

Feature data describes the cultural and natural features that are on the terrain. Three types of features are
considered: point features, linear features, and areal features. These features are described with
information that includes, as a minimum, 2D coordinates (longitude and latitude) and feature identification
codes.

The first task before correlating the features and the other layers is to ensure that features are properly and
consistently identified. To do this, a feature and attribute coding schemaisusedi n t he producer 6s I

Principles for sharing the data in compliance with RIEDP are addressed in the Export Stage. Attribution
concepts are further detailed in the RADM section (see 4.3.3.3), and will be treated in full in the planned
RIEDP Detailed Features Description standard ([BR 17]).

4.2.3.5.2 Correlate Features to Imagery

A significant problem with feature data stems from the lack of correlation between the defined features and
the appearance of those features in satellite imagery or aerial photography. These discrepancies occur for
a number of reasons, including:

1 the feature data itself is an approximation of the real-world object (e.g., a curved road is represented
as a series of straight line segments);

1 the position or orientation of the feature is not accurate;
1 the feature data was collected some time ago and is no longer valid;
1 corrections made on various sources are not consistent.

Correcting these discrepancies may require additional adjustments, depending on the database fidelity
requirements. In general, these adjustments are performed manually, as the task does not currently lend
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itself to automated tools. It is important that these manual adjustments be properly captured in the refined
version of the feature data file to ensure the same manual adjustments are not repeated in subsequent
production efforts.

Modifications shared in accordance with the RIEDP specification shall use the GEODETIC_WGS_ 1984
Spatial Reference Frame, as specified in ISO/IEC 18026.

4.2.3.5.3 Correlate Elevation with features

In some cases terrain elevation data must be edited or corrected. Such modifications can include, but are
not limited to, the following:

1 flattening the terrain for lakes;

1 ensuring that edge conditions match at the boundaries with neighboring tiles;
1 flattening the terrain for airfields or helicopter landing pads;

9 detecting and correcting missing elevation data and spikes.

In some database generation processes, incorporating cut and fill for roads and correlating terrain to rivers
is performed at this stage, requiring the use of polygonal meshes or Triangular Irregular Networks (TIN) for
representation of the terrain surface. The RPM assumes such changes and modifications to the database
will be done as part of the compilation task (Generate Runtime Target Databases stage), in order to
preserve the correlated and modified data, when shared in accordance with the RIEDP specification.

4.2.3.5.4 Correlate Special Areas with Other Layers

Special Areas, which are used to represent complex 3D representations (such as airports or built-up areas),
need to be merged and correlated with the other terrain layers in order to:

1 ensure continuity between features from the Special Area and those in the Feature Layer;
1 ensure smooth transition between textures from the Special Area and the Imagery Layer; and

1 match the areas flattened for the inclusion of Special Areas.

4.2.3.5.5 Create/Modify Additional Georeferenced Raster data

In accordance with the requirements in the DCR, data needed by specific target application, such as sensor
or CGF simulations, may need to be integrated into the database. Such data may include sensor-based
imagery, material classification, dedicated textures (e.g. light-maps), trafficability areas, or other specific
raster-based data. The data may have to be derived from other existing data in the database to ensure
consistency and/or because no other data source is available. The newly created data provides additional
content in the raster data layer, which have to be georeferenced to ensure they align with other layers. In
addition, existing raster data may have to be modified to maintain consistency with the data in other layers,
where those data have been modified.

The development of raster data may be performed using COTS or proprietary image processing tools. The
resulting georeferenced raster data are stored in the database.

4.2.3.5.6 Create Additional Georeferenced Feature data

Based on the requirements in the DCR, and/or because of lack of appropriate source data, feature
instances that were identified as missing (at any stage of the RPM) will need to be provided and integrated
into the database. Such features, along with their identifiers and appropriate attributes, will be created and
georeferenced to meet the database requirements. The resulting feature data are stored in the database.

4.2.3.5.7 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all data have been correctly aligned. This is
mostly based on checking the superposition of all data in all layers using COTS Visualization tools;
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The DCR document may be updated to reflect the results of the alignments and any impacts they may have
had on any specific requirements.

4.2.3.5.8 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been passed

1 The improvement in quality metrics.

4.23.6 Establish Baseline Data

In accordance with the DCR, and using the Aligned Source Data obtained from the previous stage, as well
as the data in the Library, the database producer establishes the Baseline Data. The primary purpose of
the Establish Baseline Data stage is to merge all the data, some of which may have been developed using
different tools or through separate paths, within a consistent logical database. Several checks are
performed at this stage to verify the consistency of the database content. These verification tasks are
shown in Figure 7, and since their titles make clear what the task is, separate sub-sections are not needed
for each.
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Figure 71 Establish Baseline Data

The combination of the Library content and the completed Aligned Source data is used in subsequent
stages to further modify and/or specialize the database content.

4.2.3.6.1 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all data have been correctly integrated,;

1 This is mostly based on checking that all data required in DCR are present;
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The DCR document may be updated to reflect the results of the cleaning and any impacts they may have
had on any specific requirements.

4.2.3.6.2 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been passed

1 The improvement in quality metrics. Metrics may include counts for types of features, resolution and
storage size for raster data, counts for models and textures, and any other pertinent data that can be
useful in subsequent stages of the database generation process and/or in assessing productivity
measures.

4.2.3.7 Intensify Baseline Data

In accordance with the DCR, and using the Baseline Data obtained from the previous stage, the database
producer intensifies the data by procedurally adding content to the data in terms of features and objects.

The intensification tasks typically include:

i1 creating feature mappings;

9 scattering (natural) terrain features;

9 scattering buildings or other man-made structures; and

1 de-conflicting networks (transportation, hydrographic, or other networks).

The capitalization of the resulting data is valuable both in terms of reuse of the effort and in terms of
correlation of the runtime databases using the same database. It also allows the database producer to:

1 setthe maximum content of the target runtime databases, and

1 provide a consistent base from which simplified versions of the data will be specialized in the next
stage.

Specific tasks performed during this stage are shown in Figure 8, and described in the following sub-
sections.

NOTE - Given the added content and the commonalities with all target applications, the Intensified Baseline
Data is of the utmost interest for capitalization and reuse.
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4.2.3.7.1 Create Feature Mappings

Features need to reference objects from the Library to provide an appropriate visual representation during
runtime. The models may represent specific real structures, such as the Eiffel Tower or the Empire State
Building, may be generalized or typical representations for a given areas, such as schools, houses, or trees,
or may be completely generic. The non-specific objects may be selected randomly or according to a
dedicated rule so that all of the features, such as houses or factories, are not identical in the same area.

Referring to an object from the Library allows each feature to inherit additional attributes and attribution
rules attached to that Library object. Several cases may occur:

1 Point Features: A feature, such as a water tower, is defined as a point feature, with attributes that
include its location, height, type, and other characteristics. The point feature must be mapped to the
appropriate 3D static model in the Library, which itself may have various LOD representations, each
with additional attributes defining its 3D shape, orientation, textures, sensor representation, lights and
other characteristics.

1 Linear Features: A feature, such as a road, is defined as a linear feature, with attributes that include
its path, type, and other characteristics. The linear feature must be mapped to the appropriate feature
template from the Library. The feature template itself may have additional attributes defining cross
section, median, material, texture and other characteristics, including rules for use in subsequent
stages and/or at runtime that define how to deploy the feature along its path, taking into account the
underlying and surrounding terrain surface.

1 Areal Features: A feature, such as a forest, is defined as an areal feature, with attributes that include
its extent, height, vegetation type, and other characteristics. The areal feature must be mapped to the
appropriate feature template from the Library. The feature template itself may have additional
attributes defining the types of 3D static models (such as trees) it may contain, as well as rules for use
in subsequent stages and/or at runtime that define how to populate the areal feature with specific 3D
model scattering density, taking into account the underlying and surrounding terrain characteristics.
Some Areal Features may be outlines/footprints of objects, such as buildings. These may be converted
to point features, which in turn refer to specific 3D models that cover the outlines/footprints area.

Special Areas, which are often composed of a variety of features, also inherit from mappings of the features
to 3D models. Attribution rules governing the compilation and/or runtime phases are addressed in the
RADM section (see 4.3) and in detail in the planned RIEDP Detailed Features Description standard [BR
17].

4.2.3.7.2 Scatter Terrain Features

Source feature data is usually provided as point, linear and areal features. The point features are sufficiently
described in terms of their type and location, allowing them to be represented as 3-dimensional objects,
once the mapping between the point feature and 3D model has been established. Depending on whether
off-line or runtime procedural scattering technigques are used, linear and areal features may need to be
further transformed with respect to their positioning and/or the type of feature they represent, to allow their
best representation. This may include:

9 scattering trees in an area with a certain density to represent a forest;
9 scattering trees or bushes on the sides of a river, and
1 scattering (power or other types of) poles on the sides of a road.

In the case of adjustments to road, river, and other networks, the intensification must consider the
interaction with the terrain surface. This is usually done at the polygonal level, which does not occur until
later stages. This means the scattering phase is expected to define the rules governing the compilation
and/or runtime data generation phases. This is related to the attribution rules, which are addressed in the
RADM section (see 4.3) and in detail in the planned RIEDP Detailed Features Description standard.
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4.2.3.7.3 Scatter Buildings

Similar to the terrain features, scattering buildings is the process of procedurally placing required buildings
or other man-made structures according to the attribution rules of the point and/or areal feature.

Attribution rules governing the compilation and/or runtime phases are addressed in the RADM section (see
4.3) and in detail in the planned RIEDP Detailed Features Description standard [BR 17].

4.2.3.7.4 De-conflict Networks

When two or more linear features (e.g. roads, rivers, power lines) cross at the same position, the correct
representation needs to be included. This may involve determining which feature is above or below the
other, or what is the proper structure or junction model at the overlap. In some cases, such as the
interaction of power lines and terrain, the position of pylons may need to be adjusted to avoid the lines
touching the terrain. In other cases, it may be necessary to:

1 add a cross section to a linear feature to represent a type of road or other network; or
9 add crossroads or bridges at intersections of roads, rivers, and other networks

Similarly, some point features, such as bridges, may require, including the rules that specify how a 3D
model may be adjusted to the terrain. Typically, the feature model Library includes a bridge section or
prototype. The tools, and/or the database producer, will then adapt the bridge model to the specific location
and for that case. This includes rotating the bridge to align with the transportation networks that the bridge

supports, and fAstretchingo tneteorkbsegments.eStretcloing mayanvolvé he end s
changing the geometry of the model or repeating the bridge segment until it is long enough to cover the

gap between the ends of the feature it is spanning.

4.2.3.7.5 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all data have been correctly intensified. This is

mostly based on checking the database using COTS visualization tools to assess relevance of the results

from the execution of intensification rules. A preview function may be helpful. Individual data quality

metadata will assist in determining the correction to be made; such corrections are added to the respective

feature metadata.

The DCR document may be updated to reflect the results of the intensification and any impacts they may

have had on any specific requirements.

4.2.3.7.6 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been completed

1 The improvement in quality metrics. Metrics may include counts for types of features scattered.

4.2.3.8 Specialize Data for Target Applications

In accordance with the DCR, and using the Intensified Baseline Data obtained from the previous stage, the

database producer can specialize the data for specific target platforms or applications. Such application-

specific specialization is captured in the ASR document, which is developed to address the specific needs

of a given target applicationbs f orTheaspeciadizatobrd ppacesshar dwar e

involves creating specific data representations for each target application, preparing for the generation of
the runtime databases in the next stage.

The resulting Specialized Data for Target Applications allows:

1 Maximizing each target application run-time execution without creating undesirable conditions such as
scene overload;

1 Managing correlation across differing target applications; and
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1 Improving interoperability between simulation systems when it comes to use of the same environment.
The specialization tasks typically include:
1 Filtering feature data;
1 Filtering or reducing the number of 3D models;
1 Generating additional data;
l

Reorganizing the data structure ( t i | e s i z ® facilita® Pagingé&iiring runtime depending on
the specific requirements from the simulation applications. This should be captured in the ASR.

NOTE - Given the diversity and specific representations of the resulting data, the Specialized Data for
Target Applications stage may not be of interest to all users. However, producers and users that share
similar target applications will benefit from reuse at this stage.

Specific tasks performed during this stage are shown in Figure 9, and described in the following sub-

sections.
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4.2.3.8.1 Filter Feature Data/Reorganize

The number of feature instances can be a significant overload factor during runtime. It can also be a
significant factor for interoperability issues between various target applications. For such cases, providing
a version of the database with a limited number of feature instances can be part of the solution. Filtering
the feature data consists of several optional tasks:

1 Reducing the total number of features from the Intensified Baseline according to a specific rule for a
particular target application, taking into account quality parameters that ensure any original/geo-
referenced features take precedence over any randomly scattered features;

1 Modifying the structure of the data, typically changing the size of paging area (domain) for improved
streaming of the data at runtime.

The resulting Feature Instances will be stored in the database.

4.2.3.8.2 Filter 3D Models/ Reorganize

For similar reasons to the filtering feature instances (see 4.2.2.8.1), 3D models may have to be modified to
meet specific target application database requirements.

Filtering or reducing the number of 3D models consists of several optional tasks:

91 Defining new Levels of Details for existing 3D models.
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1 Providing alternate 3D models.

The resulting 3D Models, including appropriate identifiers and attributes, will be stored in the Library.

4.2.3.8.3 Generate additional Data

Generating additional new terrain-specific data that can replace parts of the terrain or features, and
therefore reduce load, may be another possible solution for specializing the data for specific target
applications. This may include substituting synthetic imagery for the source imagery.

The resulting data will be stored in the database.

4.2.3.8.4 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all data have been correctly specialized. This is
mostly based on checking the database using COTS Visualization tools to assess relevance of the results
from the intensification rules execution. A preview function may be helpful.

The DCR document may be updated to reflect the results of the specialization and any impacts they may
have had on any specific requirements.

4.2.3.8.5 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been passed,;

1 References to any new sources used for generating the additional data, or changes to quality as a
result of any data substitutions;

1 The targeted application for each database;
1 The related ASR.

4.2.3.9 Generate Runtime Target Databases

In accordance with the DCR, while also conforming to the ASR, and using the Specialized Data for Target
Applications obtained from the previous stage, the database producer generates the runtime target
databases, which requires compiling the relevant data for each target application. The general process is

shown in Figure 10.

Runtime
Target
Databases

| DCR | Catalog

From Ensure [
« Sﬁs:f!f;e?m Compile Data »  Quality
Applications » " Controls
stage H
1 Generate
i : Metadata —P@—b To Execution
\j
to any previous
stage
Figure 101 Generate Runtime Database
Copyright © 2018 SISO. All rights reserved Page 43 of 235

This is an approved SISO Guidance Product.



SISO-GUIDE-007-2018
Reuse and Interoperation of Environmental Data and Processes (RIEDP) Data Model Foundations

4.2.3.9.1 Compile data

The target application databases may include one or more of the following:
1 Visual database;

1 Sensors database,

1 CGF/SAF database, and

1 Soft- or hard-copy Maps.

In addition, and depending on the application and system requirements, other data such as configuration
files and look-up tables that will be used by the simulation system may be generated at this stage. The
structure and format of the runtime and target databases are often proprietary and as a result are outside
the scope of this specification.

However, the execution of the tasks at this stage can provide final information on the database products,
allowing insights into the overall quality of the production process. The feedback from the database
products of this stage may require going back to the previous stages to correct mistakes or missing
elements, which may include additional data collection, cleaning, alignment, or further tuning of the data
during the specialization or other stages.

The runtime databases generated during this stage may be shared through an external repository with
others that use the same runtime format. Appropriate metadata, which conforms to the requirements of
external repositories, shall be added before disseminating the runtime database products.

4.2.3.9.2 Ensure Quality Controls

The Quality Controls task in this stage aims to ensure that all database generation processes have been
successful. This is mostly based on checking the database data using preview functions, and/or if available,
the target applications from the simulation tool.

The DCR document may be updated to reflect the results of the intensification and any impacts they may
have had on any specific requirements.

4.2.3.9.3 Generate Metadata

Metadata from previous stage (see 4.2.3.2.6) are improved to capture:

1 The fact that the stage has been passed,;

1 The targeted application for each database.

4.2.3.10 Export

During the database generation process the data from various stages may be exported directly to other
users or made available through external repositories. RIEDP-compliant data, excluding runtime target
databases, may be exported to external users from five of the stages of the RPM. These stages are
identified in Figure 1 and Figure 2 as: Clean Source Data, Align Source Layers, Establish Baseline Data,
Intensify Baseline Data, and Specialize Data for Target Applications.

Depending on the requirements and/or the importance of the data resulting from a specific stage, the
database producer may decide to export from any one or more of these five stages. In the domain of
RIEDP applications, the data outputs that are of most common interest are usually from the Intensify
Baseline Data stage. In addition, applications with similar capabilities or system requirements are often
also interested in the output of the Specialize Data for Target Applications stage.

NOTE - The data from each of the five stages will vary in content, density, and completeness, but the export
process and requirements for all five stages are identical.

Figure 11 shows the data content that needs to be converted.
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Figure 111 Export data

This includes:

1 Raster data (terrain and imagery),

Feature data (instances and their attributes),

3D models (both static and moving) and their attributes,

Texture data,

=A =4 -4 =4

Data for Special Areas (which further references specific instances of features, 3D models, and texture
data),

1 Feature Templates and Reference Tables, and
1 Metadata from the Internal Catalog.

Data shall be convertedf r om t he DBGS6 i nter nal RfEDR-erchangesfgrmats,o t he
which are identified in 4.1.3. Feature attribution conversion shall adhere to the RIEDP Attribution concepts,

which are detailed in the RADM section (see 4.3.3.3), and will be treated in full in the planned RIEDP

Detailed Features Description standard [BR 17].

Export of catalog data requires the conversion of internal catalog information and metadata to the form,
structure, and standards supported by the external repository. Metadata may be extracted automatically
during this stage, if the metadata content is available and auto-extraction tools exist. This specification
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requires adherence to the metadata specification defined in the RADM section (see 4.3.3.4), in order to
ensure maximum compatibility across the broadest community of users.

4.2.4 Detailed view of the RPM

As a summary, Figure 12 provides a combined view of all stages of the RPM, representing, in one diagram,
the data flow through both the detailed and the broader relationships between stages.
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4.3 Reference Abstract Data Model

4.3.1 Introduction

The RADM represents the consolidated abstraction of existing data elements and their relationships found
in databases produced for use in Aircrew Mission Training and similar applications (mainly air and some
aspects of ground forces (for SAF)).

As any data model, the RADM identifies the classes and their relationships. Therefore, actual data is not in
its specification, but would be found in an implementation of the RADM (if it were instanced).

As an abstract data model, the RADM does not provide a specific data model of any existing data.

As a reference data model, the RADM is intended for use as a tool to compare, contrast, and map other
existing data models.

The RADM provides a way to express the data at the output of the five stages in the RPM (see Figure 12)
that feed the Export stage, from which RIEDP-compliant data can be exported or shared (the output of the
Create/Modify Library Data stage is implicitly covered in the five stages that feed the Export stage).

At the end of each of these five stages, not all the data that is needed in the final database may be available
or present, and some of the elements in the RADM may be empty or unpopulated, but the RADM can still
be used to identify the environmental data at that point in the process. One of the goals of the RADM,
however, is to provide a model for the entirety of the data that would be found at the end of the database
generation process, just prior to the runtime database creation stage.

Expressing the data for the output of the Generate Runtime Target Databases stage is outside the scope
of this specification, since such data is very application- and platform-specific and is not intended to be
shared using this specification. Similarly, the RADM does not cover the Define Requirements and Collect
Source Data stages, since these are only concerned with defining the requirements and collecting the
source data.

In the remainder of this section, when a RADM concept is introduced for the first time, it is presented in
italic font to distinguish and highlight the concept from the class name or from the ordinary use of the same
term. When used in the text of this specification, class names are surrounded by brackets (e.g. <Tile>).
Courier font is used to indicate a class attribute or a selection value.

4.3.2 Key RADM Concepts and Conventions

The RADM, shown in Figure 13, is composed of several key groups of classes. Some of these are external
to the environmental data itself and relate to concepts such as repositories and catalogs. Others are
common to most environmental data and include such concepts as metadata, position, and spatial
referencing specification. Representation of a terrain area of interest, and its associated data, is logically
arranged in the following different layers: terrain elevation; feature instances (possibly associated with
specific class of feature); terrain imagery; and other raster-based data. The data for these layers are in
turn supplemented by data that describe 3-dimensional objects (represented as 3D models), Textures and
Special Areas. All of the concepts related to the layers and the supplemental information are represented
through their corresponding classes in the RADM. For those cases in which some spatial organization is
essential, the concept of tiling is included as a specific class in the RADM. A library, where reusable
versions of items are stored, is used as a container from which specific instances of an item can be drawn
and reused. All of these are collectively contained in a database.

Figure 13 also identifies areas of commonality and divergence between different environmental
database generation systems (that are within the scope of the RIEDP) by highlighting groups of RADM
classes and constructs using the same color overlay.

1 Some constructs, shaded in pink, are considered common and similar. The details of these concepts
may not be identical or implemented in the same manner between different database generation
systems, but since their concepts do not (significantly) affect the sharing of the desired data, they are
considered in alignment.
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1 The constructs that represent the data that is typically stored in common (RIEDP-exchange) formats
are highlighted in dashed pink. These are also considered common between different systems,
since exchanging the data using the same format(s) is expected to improve and aid data sharing and
data understanding for those specific types of data.

1 The constructs highlighted in yellow represent the most divergence or difference between various
database generation systems. These include concepts related to how metadata is specified and the
specific attribution data and methods used to identify features and their attributes.

To reduce this divergence and to improve interoperability, the RIEDP specifications include the use of
standards-based metadata, and development of a companion standard for defining, identifying, and
specifying features, their attributes, and their valid value ranges. For the latter, the planned RIEDP Detailed
Features Description standard, which is a SISO standard, will address this important area of the RADM.

RIEDP uses the Unified Modeling Language (UML), as specified in ISO/IEC 19501, to present the RADM
classes. The full description of the UML notation is not provided in this document; however, to assist in
understanding the RADM diagrams, the following UML conventions are highlighted:

1 Boxes represent the main classes of the RADM and their components;
1 Grey boxes with italic text represent abstract classes;

1 The following UML notation and symbols for links and relationships are used:

— indicates composition connection
—= indicates inheritance connection
— —and A indicates simple relational connection

0, 1, 0 é 1] Indicate cardinality
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4.3.3 Description of the RADM

At the end of each stage of the RPM, the data that is created and can be shared is logically organized as
an environmental database. The RADM (see Figure 13) is the representation of the structure and
organization of this logical database, which is realized through the Database class and all the classes below
it.

To be strictly accurate, two classes shown in the overview diagram of the RADM are outside the actual
database and not part of the RADM. These are the Repository and Catalog classes, which are included
with RADM class diagram to show how a given RIEDP-compliant data product fits in the broader context.

For brevity and considerations of diagram layout, in Figure 13, all detailed metadata-related classes show
the term metadata abbreviated as i MD 0 . This is not t h-diagmamasoethefactual
class names.

4.3.3.1 Database Organization and Context
The RADM classes organize and represent an environmental database through the following concepts.

1 To manage large areas and/or large volumes of environmental data, a database may be sub-divided
into spatially-organized areas called tiles.

1 While tiles organize a database spatially, they contain the environmental data for that area, which are
further organized by themes or layers. Tiling may not be used or needed in some databases and
instead a non-tiled region is used, which still organizes the data in layers. The data provided in the
layers represent the geographical content of a database. In RIEDP-compliant data products, presence
of tiles and region are mutually exclusive.

i Often some of this geographical content is complemented by reusable content from a library. This
reusable content may be instantiated more than once in the same database, and includes 3D models,
textures, and abstraction of features, called feature templates.

1 Parts of the area of interest being represented in a database may require specialized attention, and
may be thought of as a self-contained region onto itself. These are represented as special areas, which
are also stored in the library. However, unlike the other reusable content in the library, special areas
are unique and their storage in the library is not for reuse within the same database, but rather for
potential reuse in other databases that may require the same special area.

1 The data and objects represented in the database, as well as the processes that can be performed on
them, may be further described or enhanced through general and/or unique characteristics assigned
to them. These are realized using attribution and metadata constructs that are part of, or associated
with, one or more data and objects.

1 Spatial referencing is used to identify the location and position of all spatial objects in the database.
The specific position data is associated with the object, but the overall spatial referencing parameters
are shared throughout the database.

Individual classes and constructs of the RADM that represent these and related concepts are described in
the following subsections. Classes related to metadata and attribution concepts are further highlighted
under specific subsections after all other classes of the RADM have been specified.
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Figure 141 Top-level classes of the RADM
4.3.3.2 Classes

4.3.3.2.1 Repository

To foster interoperability, reuse, and cost reductions, data products resulting from a production effort are
usually storedinap r o d u intermabrepository for subsequent reuse within that specific organization. For
similar reasons, the same data products may also be stored in an external repository for use by the broader
community. Data products placed in a repository may include the specific content developed at the end of
each stage of the RPM, as well as the reusable templates or generic content that are normally stored in the
library containers of a database generation system. Sharing of data and fostering interoperability is one of
the goals of the RIEDP development effort, and encourages use of broader M&S repository portals such
as the Enterprise Data Services (EDS) program.

The <Repository> class, shown in Figure 14, represents this internal or external container, and is not part
of the database, the RADM, or the shared environmental data through the use of RIEDP. Itis included in
the RADM class diagram to establish this important link between data production processes and use of
repositories.

<Repository> may have one or more instances of <Database>and a <Catalog>.

4.3.3.2.2 Catalog

Avalilability of an environmental data product through a repository (or portals to repositories) is not sufficient.
Data products must be made visible to potential users through appropriate and easy search and discovery
mechanisms in order to foster their reuse. This implies that the data product shall be registered in a catalog
with adequate and appropriate metadata to allow for search, selection, and eventual access.

Similar to inclusion of a <Repository> class in the RADM, a <Catalog> class is not usually part of the shared
data through the use of RIEDP, but it is included in the RADM to retain the important connection between
repositories, catalogs, and the database generation processes. The RIEDP-compliant metadata that will
be stored in any <Catalog> shall comply with the metadata specification in 4.3.3.4.

<Catalog> is associated with only one <Repository>.

4.3.3.2.3 Database

The <Database> class is the root class that contains all other classes that when instantiated collectively
provide the database content.
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The components of the <Database> are shown in the following figure.

Spatial Reference| 1 1 Database 1 1 [|Product Summary MD

041

Tile Region Library

Figure 1571 Main components of the Database

<Database> is composed of:

1 zero or more instances of <Tile>, zero or one instance of <Region>; as indicated in 4.3.3.1, organization
of data within <Database> is either by tile or by region, but not both,

9 zero or one instance of <Library>,

1 one instance each of <Product Summary Metadata> and <Spatial Reference>.

4.3.3.2.4 Summary Metadata classes

The concept of summary metadata is used to describe the significant characteristics of each RIEDP-
compliant data product and its components, and shall accompany such products from the RPM stages that
feed the Export stage. Since a product may contain only Library data, only geographic/layers data, or both,
three distinct collections of summary metadata exist, each associated with the corresponding type of
content: summary of Library data; summary of layers data; and summary of the entire product, regardless
of whether the product contains just Library data, just layers data, or both.

Each summary metadata includes various corresponding fields that convey the relevant information about
the specific content of the data product, including any applicable licensing and security classifications, an
indication of the overall organization of the data, points of contact for the data, and other top-level
information. Specific metadata that provide the location of the data files and corresponding thumbnails, file
and/or data formats used, quality assurance data, how to interpret the data for use in the (subsequent
stages of the) RPM, and other detailed information are included with the specific instances of that data and
are not part of summary metadata

The specific metadata fields of <Product Summary Metadata>, <Library Summary Metadata>, and <Layers
Summary Metadata>, along with the specification of all metadata-related classes and their corresponding
fields, are provided in 4.3.3.4 Metadata.

<Library Summary Metadata> is associated with and used by < Library >. <Layers Summary Metadata> is
associated with and used by <Tile> or <Region>. And since an entire product is generally associated with
a database, <Product Summary Metadata> is associated with and used by <Database>, even if the product
contains only <Library> data. Use cases, highlighting different possible combinations of library and layers
data products, are provided in Appendix C.

4.3.3.2.5 Spatial Reference

Correctly understanding and clearly communicating the position and orientation of objects in the
environment is fundamental to any data production and sharing effort. Specification of spatial reference
information is required to correctly position and orient the objects in the environment.

<Spatial Reference> defines the spatial reference frame and the orientation convention used in a RIEDP-
compliant environmental database.
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For the environmental data that represents a real or fictitious area of the Earth, the RIEDP spatial reference
frame is the GEODETIC_WGS_1984 Spatial Reference Frame (SRF), as specified in the ISO/IEC 18026
standard, which identifies a 3D position through the coordinate components of longitude, geodetic latitude
(hereafter referred to as latitude), and ellipsoidal height based on the WGS 84 ellipsoid of revolution.

The environmental data that represents 3D models of natural or man-made objects shall use the
LOCAL_SPACE_RECTANGULAR_3D SRF, as specified in ISO/IEC 18026. The orientation values of a 3D

model that is instanced at a specific position on the Earth shall be specified in Euler angles, as Z-Y-X

intrinsic rotation sequence (also referred to as Body-Fix Z-Y € ¢ @nd with respect to the vector space of

the local Euclidean frame LOCAL_TANGENT_SPACE_EUCLIDEAN SRF (specified in ISO/IEC 18026)

placed at that position. This convention is also referred to as yaw, pitch, roll. All position data is assumed

to be 3D, even if the third component is not present, in which case it is assumed to be zero and the position

is on the surface at that location. Al I 2D and 3D position data, as well as
RIEDP-compliant data product shall be compliant with the RIEDP Spatial Reference specification.

The following <Spatial Reference> data shall be present in each RIEDP-compliant <Database> to specify
the spatial characteristics of the database:

1 Database_ SRF GEODETIC_WGS_1984
1 Database_ Origin :longitude value, latitude value, (and optionally, height value)

9 Database_Spatial  ~ Domain: Coordinate values (longitude, latitude, (and optionally,height)) for the
Lower Left and Upper Right corners of the database, in that order

1 3DModel SRE LOCAL_SPACE_RECTANGULAR_ 3D SRF
1 Orientation  Vector Space _SRF LOCAL_TANGENT_SPACE_EUCLIDEAN
1 Orientation_Val ues _Convention : Intrinsic_Euler ZYXor ZY& X0

For the organization and sharing of RIEDP data on media, this spatial reference information is captured in
the Metadata Folder (see 4.5.5).

One and only one instance of the <Spatial Reference> class is associated with an instance of <Database>.

4.3.3.2.6 Library

A library aggregates all reusable objects within the database. It may be created for the purpose of a given
database generation effort, or be derived from a Reference Library stored in a Repository. A library may
be a complete and sharable data product. Although special areas are unique and not reusable within the
same database, they are stored in the library for reuse in other databases that represent the same
geographic area that include the same special areas.

The components of the <Library> class are shown in Figure 16. .

1 1 *
Library Summary Metadata —<> Library <>
*
K> —m————— *
Reference Table
* *
Special Area *
* * *
* 0.7
Feature Template 3D Model Texture

Figure 16 1 Library main components
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Depending on the RPM stage from which the content of <Library> is provided, an instance of <Library>
may be composed of zero or more instances of the following components that contain reusable content:

1 <Feature Template>
1 <3D Model>

1 <Texture>

1 <Special Area>, and
1 <Reference Table>.

In addition, if a <Library> is present in a database, it shall be composed of one instance of <Library
Summary Metadata>.

The classes for the components of the <Library> are further described in subsequent sections of this
specification. <Library Summary Metadata> is defined in 4.3.3.4.3.11.

The physical implementation of a <Library> class shall contain separate compartments for the following
types of data: textures, 3D static models, 3D moving models, special areas, feature templates, and
reference tables. Appropriate metadata shall accompany each compartment of the library (see 4.3.3.4).

4.3.3.2.7 Tile

The extents of a given area of interest may be too large to manage in a single partition and the data may
need to be divided into manageable partitions. These partitions may be implemented through the use of
geographic tiles (also called geo-tiles). Depending on the extent of the area of interest and on the stage of
the RPM process, the number of tiles may vary. In addition, sub-tiles may also be used for further
subdivision of the area of interest.

The components of the <Tile> class are shown in Figure 17.

Database

Tile 0.1
:|
Layers Summary MD
0.1
0.1 0.1 * *
Elevation Layer Imagery Layer Other Raster Layer Feature Layer
-Type -Raster_Type -Theme

Figure 171 Components of a Tile
If a RIEDP-compliant data product uses tiles, the required size for a tile is an area spanning 1 degree in
both longitude and latitude (a 1x1 degree area).

Each instance of <Tile> is composed of a collection of Layers of different types. Depending on the stage of
the process from which the database is provided, this may include the following layers:

1 O orlinstance of <Elevation Layer> (a raster type data layer providing the value of elevation for each
point of a grid on the terrain);
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1 O or 1 instance of <Imagery Layer> (a raster type data layer used to provide various out-the-window
representations of the terrain);

1 0 or more instances of <Other Raster Layer> (raster type data providing sensor-related and/or surface
material information on the terrain);

1 0 or more instances of <Feature Layer> (a vector type data layer providing information on the roads,
power lines, coastlines, railroad, and other linear, areal, or point features).

NOTE - As Elevation and Imagery are raster data, these two layers could have been generalized under a

<Raster Type> class with a ARaster Typeo attribute to d
the distinction between the two layers of raster data, and to relate the RADM concepts to commonly used

GIS terminology, the RADM shows these as separate classes.

If a <Database> contains more than one <Tile>, the logical arrangement of <Tile> instances shall be based

on their spatial and geographic position according to the latitude and longitude of their respective lower left
corners.

The organization principles for tiling are the following:

1 The area of interest is divided into one or more 1° latitude horizontal strips, and each strip contains one
or more 1° longitude tiles;

1 The origin (or reference position) of the area of interest is defined by its lower left corner.

T HH
s |

7

Reference Point

Area of Interest

Figure 181 Strips and Tiles

9 Strips are identified by their name Axx, where:
U Aisf N i latitude at the lower left corner of the tile is at or abovethe EQu at or , iSO other wi
U xxis the coordinate of the lower left (southwest) corner of the tile in degree for latitude.

1 Within the strips, tiles are identified by their name Byyy, where:

0 BisAAiWo i f htothalgwet laftdoener of the tile is west from the GreenwichMe r i di an, AEO
otherwise (including the Greenwich Meridian).

0 yyy is the coordinate of the lower left (southwest) corner of the tile in degree for longitude.

1 If the content of a tile is too large, the tile may be divided into sub-tiles. The sub-tiles shall be identified
by their name Du_v, where:

U D is the letter used to designate the root for the divisions or domains in the tile,
U uis from 0 to n-1, where n is the number of subdivision in longitude,
U visfrom 0to m-1, where m is the number of subdivision in latitude, and.

0 DO_0 designates the lower left (southwest) corner sub-tile.
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Example: Two areas of interest, one in the northern hemisphere and the other in the southern hemisphere,
are depicted in the diagram (Figure 19) with the numerical designation of their corresponding tiles shown
in relation to the Equator and the zero Meridian.

0 Meridian
Area of Interest n®1

NO7

= -ND5

= -ND4

= -ND3

==ND2

NO2WO005 ;

00 Equator

Area of Ihterest n°2

:

WG
Wi
Wion3
Wonz
W ===
EOn
Eom
Eo0z
B0
[20e%
EOG - -

Figure 191 Examples of tile convention for two areas of interest

4.3.3.2.8 Region

If tiling is not needed in a database, terrain data for the area of interest may be represented as a single
region with a specified size and defined extents. A single <Region> shall be used to represent such an
area of interest.

The origin (or the reference position) of the area of interest is defined by its lower left corner.

A <Region>, similar to a single <Tile>, is composed of a collection of Layers of different types. Depending
on the stage of the process from which the database is provided, this may include the following layers:

1 Oor 1 instance of <Elevation Layer > (a raster type data providing the value of elevation for each point
of a grid on the terrain);

1 0 or 1 instance of <Imagery Layer > (a raster type data used to provide various out-the-window
representations of the terrain);

1 0 or more instances of <Other Raster Layer> (raster type data providing sensor-related and/or surface
material information on the terrain);
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1 0 or more instances of <Feature Layer> (a vector type data layer providing information on the roads,
power lines, coastlines, railroad, and other linear, areal, or point features).

The components of the <Region> class, which are also shared by the <Tile> and <Special Area> classes,
are shown in Figure 20 and are described in the subsequent sections.

One and only one instance of a <Region> is associated with an instance of a <Database>.

Database

Y

0.1
Region 0.1
1
Layers Summary MD
0.1
0.1 0.1 * *
Elevation Layer Imagery Layer Other Raster Layer Feature Layer
-Type -Raster_Type -Theme

Figure 201 Components of a Region

4.3.3.2.9 Special Area

A special area is a highly detailed compound or complex model, which may include any combination of
terrain surface, multiple features, their respective attributes, textures, and corresponding 3D models (if any),
as well as its own elevation, imagery, and raster layers. A <Special Area> is instantiated to represent
complex areas such as airports and urban areas. For example, an airfield may be represented using point
features for each individual object near or around the runway, with each referencing the corresponding
dedicated 3D model and textures.

Components of <Special Area> are modeled with their absolute coordinates such that they will be
accurately positioned in the database

For a given database, zero or more instances of <Special Area> shall be stored in the <Library>.

The components of the <Special Area> class are shown in Figure 21.

Library

) ?
" *
Special Area
0.1
1

Special Area Metadata
0.1 0.1 * *
Elevation Layer Imagery Layer Other Raster Layer Feature Layer
-Type -Raster_Type -Theme

Figure 211 Special Area
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Similar to a single <Tile> or <Region>, <Special Area> may be composed of a collection of Layers of
different types. Depending on the stage of the process from which the database is provided, this may
include the following layers:

1 Oor1instance of <Elevation Layer > (a raster type data providing the value of elevation for each point
of a grid on the terrain);

1 0 or 1 instance of <Imagery Layer > (a raster type data used to provide various out-the-window
representations of the terrain);

1 0 or more instances of <Other Raster Layer> (raster type data providing sensor-related and/or surface
material information on the terrain);

1 0 or more instances of <Feature Layer> (a vector type data providing information on the roads, power
lines, coastlines, railroad, and other linear, areal, or point features).

1 1linstance of <Special Area Metadata> providing information on the content of the Special Area.

The components of <Special Area> are described in the subsequent sections. The <Special Area
Metadata> is specified in 4.3.3.4.3.6.

The RIEDP-exchange formats for the respective components of <Special Area> are specified in 4.1.3
RIEDP-exchange Formats.

4.3.3.2.10 Elevation Layer

Elevation, represented as raster data, is a grid of points, with a given number of values in columns and
rows, regularly spaced in X and Y axes to cover the extent of the <Tile>, <Region>, or <Special Area>.
Each point of the Grid refers to one data point, providing the elevation value at that position.

This logical representation may be implemented physically according to the file format used. For example,
the notion of grid may be represented by an explicit spacing between individual point data, or by the
definition of the extent (length and width) and the number of points in each direction.

Many formats for the representation of raster elevation data exist (in the GIS and other communities). The
RIEDP-exchange format for elevation raster data is specified in 4.1.3 RIEDP-exchange Formats. COTS
tools allow conversion of other formats to the RIEDP-exchange format.

The components of the <Elevation Layer> class are shown in Figure 22.

Elevation Layer

o..1? Q 1

*

Elevation Data

1

*

Elevation Layer Attribute Elevation Layer Metadata

Figure 221 Elevation Layer
<Elevation Layer> is composed of zero or more instances of <Elevation Data> and <Elevation Layer
Attribute>, and one instance of <Elevation Layer Metadata>.

<Elevation Data>, which contains the elevation values for each grid point, is provided according to the
specification of the RIEDP-exchange format.

<Elevation Layer Attribute> contains the specific attribute(s) for the entire elevation grid. The attributes for
elevation information will be defined in the planned RIEDP Detailed Features Description standard [BR 17].
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<Elevation Layer Metadata>, specified in 4.3.3.4.3.1, provides information on the content of the elevation
layer.

4.3.3.2.11 Imagery Layer

Similar to the representation of elevation data, imagery data for the terrain is represented as a raster grid.
The characteristics of the associated imagery grid may differ from those of the elevation data. An important
difference is the values associated with each point of the grid need to cover the appropriate and relevant
color channels for the out-the-window view.

Many formats for the representation of imagery data exist (in the GIS and other communities). The RIEDP-
exchange formats for terrain Imagery raster data are specified in 4.1.3 RIEDP-exchange Formats. COTS
tools allow conversion of other formats to the RIEDP-exchange format.

The components of the (terrain) < Imagery Layer> class are shown in Figure 23.

Imagery Layer

olepQ *T Q .

Imagery Data

* 1

Imagery Layer Attribute Imagery Layer Metadata

Figure 2371 Imagery Layer

<Imagery Layer> is composed of zero or more instances of <Imagery Data> and <Imagery Layer Attribute>,
and one instance of <lImagery Layer Metadata>. The type of imagery represented by <Imagery Layer> is
identified by the class attribute Imagery T ype, which indicates whether the image is real, synthetic, or
another type. The enumerants of Imagery_Type will be defined in the planned RIEDP Detailed Features
Description standard.

<Imagery Data>, which contains the terrain images, is provided according to the specification of the RIEDP-
exchange formats.

<Imagery Layer Attribute> contains the specific attribute(s) for a given image. The attributes for image
information will be defined in the planned RIEDP Detailed Features Description standard [BR 17].

<Imagery Layer Metadata>, specified in 4.3.3.4.3.2, provides information on the content of the imagery
layer.

4.3.3.2.12 Other Raster Layer

Identical to the representation of terrain imagery data, other types of terrain-related data may use a raster
grid and be represented as other raster layers, which may include: multispectral images, surface material
property, surface reflectivity data, or other data about the given area that can be provided in raster form.
The number of attributes may vary according to the layer.

Many formats for the representation of non-imagery raster data exist (in the GIS and other communities).
The RIEDP-exchange formats for other (non-imagery) raster data are specified in 4.1.3 RIEDP-exchange
Formats. COTS tools allow conversion of other formats to the RIEDP-exchange formats.

The components of the <Other Raster Layer> class are shown in Figure 24.
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Other Raster Layer

-Raster Type
0.1 §> ? 1
*
Raster Data
* *T 1
Raster Layer Attribute Raster Data Attribute Raster Layer Metadata|

Figure 241 Other Raster Layer

<Other Raster Layer> is composed of zero or more instances of <Raster Data> and <Raster Layer
Attribute>, and one instance of <Raster Layer Metadata>. The specific type of raster data represented by
an instance of the <Other Raster Layer> class is specified through its attribute Raster_ Type , which is part
of the class structure and whose values will be defined in the planned RIEDP Detailed Features Description
standard.

<Raster Data>, which contains the raster-based information for the area of interest, is provided according
to the specification of the RIEDP-exchange formats. <Raster Data> is composed of zero or more instances
of <Raster Data Attribute>.

<Raster Data Attribute> contains the necessary attribute(s) for a raster point, as needed. In some cases,
the attribute may be describing the material characteristics associated with that raster point, which may be
a complex set of individual attributes. In such cases, an individual <Raster Data Attribute> acts as a pointer
to that complex pre-defined set of attributes by having a one-way association to a single entry in the table
represented by the <Material Charact> class.

<Raster Layer Attribute> contains the specific attribute(s) for a given raster grid. The attributes for the
raster grid information will be defined in the planned RIEDP Detailed Features Description standard [BR
17].

<Raster Layer Metadata>, specified in 4.3.3.4.3.3, provides information on the content of the specific raster
layer.

4.3.3.2.13 Feature Layer

Feature data includes information of interest about natural and/or man-made objects that need to be
integrated with, and/or represented on, the terrain. This includes objects such as:

1 Individual trees, windmills, poles,é t hat are defined as point features,
f Roads, rail ways, river srfeattiressdandt are defined as | inea
1 Forests, lakes, vegetationareasé t hat are defined as areal features.

Data for all instances of features shall be included in the feature layer of the <Database>. An instance of

a feature shall be described in terms of its unique attributes that provide its locating point(s) (as a minimum

2D coordinates), the elevation (optionally), and a feature identification code. This code may specify the

feature template used as the pattern for the feature instance. This allows referencing a pre-defined feature

from the <Library>, which can carry additional attributes that are applicable to all instances associated with

that feature template. In addition, if needed, each feature instance may refer to a specific 3D model in the

<Library>, whent he equi valent 3D model r e f etereplate & dot sufficienth e i nst
(e.g., since the Eiffel Tower is a unique feature, a generic tower feature will not be sufficient). Such 3D

models will be displayed at run time, possibly with some additional attributes attached that allow unique

adjustments (such as stretching).
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Attribution concepts for instances of features, as well as feature templates, are described in 4.3.3.3.

The components of the <Feature Layer> class are show in Figure 25.

1 0.1
<> Feature Layer Feature Template
0"1<> -Theme -Theme
*
1 Feature Instance 0.1 3D Model
*
—> <> FType
* ,\ *
Feature Layer Attribute
Areal Instance Point Instance *
Feature Attribute
Linear Instance
1 1
—{Feature Layer Metadata| L—Feature Instance Metadata

Figure 2571 Feature Layer

<Feature Layer> is composed of zero or more instances of <Feature Instance> and <Feature Layer
Attribute>, and one instance of <Feature Layer Metadata>. A specific theme of <Feature Layer> (e.g. Road
Network, Hydrography Network etc.) is specified through its attribute Theme, which is part of the class
structure and whose values will be defined in the planned RIEDP Detailed Features Description standard.

Since an instance of a feature may be a point, linear, or areal feature, <Feature Instance> is specified as
an abstract class, which is realized through its respective concrete classes <Areal Instance>, <Linear
Instance>, and <Point Instance>.

<Feature Instance> is composed of zero or more instances of: <Feature Attribute> and <Feature Instance
Metadata>. Each <Feature Instance> has a one-way association with zero or one <Feature Template>
and one-way association with zero or one <3D Model>. The relationship between <Feature Instance> and
<Feature Template> are defined in 4.3.3.2.14.

The constructs and sub-classes of the <Feature Attribute> class are further defined in 4.3.3.3. The
attributes for feature information will be defined in the planned RIEDP Detailed Features Description
standard [BR 17].

<Feature Layer Attribute> contains the specific attribute(s) for a given feature layer, providing
characteristics common to the entire layer or theme of features. One of these attributes identifies the
specific theme for its <Feature Layer>.

<Feature Layer Metadata>, specified in 4.3.3.4.3.4, provides information related to the content of feature
layer. <Feature Instance Metadata> provides specific metadata related to a specific feature instance.
However, <Feature Instance Metadata> is currently included only for data modeling consistency. Feature
instance information and changes are usually not captured in the community.

The instances of the three classes <Point Instance>, <Linear Instance>, and <Areal Instance>, respectively,
contain the data for point, linear, and areal features, which include the necessary constructs that represent
the position and arrangement of a given feature.

Many formats for the representation of feature data exist in the GIS community. The RIEDP-exchange
format for the feature data (the realization of instances of <Areal Instance>, <Linear Instance>, and <Point
Instance> classes) is specified in 4.1.3 RIEDP-exchange Formats. The feature instances are stored in
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separate files depending on the type of features (point, linear or areal) and with references to other files for
the definition of their attributes.

4.3.3.2.14 Feature Template

Feature instances representing the real world objects often have a common set of parameters that may be
factored out for that class of feature. These may be used as templates - called Feature Template - and
stored in the <Library> for repeated use when an instance is needed. The specific instance, represented
by <Feature Instance>, may have specific unique characteristics in addition to what its corresponding
feature template provides. Feature templates provide a number of common elements, including the
following: the attribution structure, the default values, and the authorized values. .

A specific theme of Feature Template (e.g. Road Network or Hydrography Network) is specified through its
attribute Theme, which is part of the class structure and whose values will be defined in the planned RIEDP
Detailed Features Description standard.

Many feature instances may refer to the same feature template, which allows considerable savings in
avoiding repeating information in the database

The RIEDP-exchange format for the feature templates is specified in 4.1.3 RIEDP-exchange Formats.

The components of the <Feature Template> class are shown in Figure 26.

* 0.1
Feature Instance 3D Model
* 0.1 * 0.1
Feature Template
xS Theme e
Areal Template Point Template

Linear Template
*

Feature Attribute

Feature Template Metadataj|—

Figure 26 i Feature Template

Since a feature class may be a point, linear, or areal feature, <Feature Template> is specified as an abstract
class, which is realized through its respective concrete classes <Areal Template>, <Linear Template>, and
<Point Template>.

<Feature Template> is composed of zero or more instances of <Feature Attribute> and <Feature Template
Metadata>. Each <Feature Template> has a one-way association with zero or one instance of <3D Model>,
and may be referenced by zero or more instances of <Feature Instance>. The association to a <3D Model>
may be provided by a specific attribute of the <Feature Template> containing the name or identifier for the
3D model.

The attributes for feature information will be defined in the planned RIEDP Detailed Features Description
standard.

<Feature Template Metadata>, specified in 4.3.3.4.3.7, provides information related to a specific feature
template.

The instances of the three classes <Point Template>, <Linear Template>, and <Areal Template> each act
as the container for the attribute and characteristic data that are common for a given class of point, linear,
and areal feature, respectively.
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Many formats for the representation of feature data exist in the GIS community. The RIEDP-exchange
format for the feature template data is specified in 4.1.3 RIEDP-exchange Formats. The feature templates
(the realization of instances of <Areal Template>, <Linear Template>, and <Point Template> classes) are
stored in separate files depending on the type of features (point, linear or areal) and with references to
other files for the definition of their attributes.

Details of the relationship between <Feature Instance> and <Feature Template> are further defined in
4.3.3.3.
4.3.3.2.15 3D Model

A 3D model is usually a highly structured collection of components with appropriate rules and conventions
providing the proper geometric and visual representation of objects. The rules and conventions may be
used during the simulation execution and can apply to both moving and static objects. For any database
production effort, the 3D models used may be a combination of newly developed models and the
reuse/adaptation of models previously captured in a library or repository.

3D models may represent a variety of objects, including:
1 models of natural objects, such as (2D or 3D) trees, rocks, tree lines;
1 models of man-made objects, such as factories, houses, power plants, street lamps;

1 models for specific static structures or features, such as the Statue of Liberty or the Eiffel Tower, as
well as navigation landmarks (for aid to navigation purposes);

1 models for moving objects and vehicles, such as aircraft, boat, tank;
91 other high detail areas such as airfields and targets.

Alternate versions of the 3D models may be included and associated with the main 3D model. These
alternate 3D models may represent differing paint schemes, damaged or destroyed states, articulated
versions, or other variations of the main 3D model. In addition, 3D models may contain provisions for
animation controls, level of detail (LOD) variations, and control switches.

A 3D model may be provided in various LODs, where each LOD represents the main body or a component
of the object with a specific amount of detail. Parts of a 3D model may be articulated, with specific rules
and limits for the articulation behavior and/or appearance. Additional elements, such as criteria for
switching between states or LODs of a model, defining the footprint of the object, providing connector
locations to attach or anchor two 3D models to each other (such as cable to pylon or missile to vehicle
body), as well as provisions for lights and light points (along with their own rules for switching and
appearance), may also be included with a 3D model.

Rules and conventions for controlling and/or manipulating 3D models during simulation may include:
Control of the states of the 3D model (including LOD, damage state, and other switching)
Material representation (e.g. to effect sensor simulations);

Internal or nested coordinate reference frame(s) for articulated components;

Animation rules;

Light display rules; and

=A =4 =4 -4 4 -

Texture application rules.
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The collection of classes related to <3D Model> represents and embodies all of these capabilities. The
components of the <3D Model> class are shown in Figure 27.
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Figure 271 3D Model

<3D Model> is composed of zero or more instances of <Group>, <3D Model Attribute>, and <3D Model
Metadata>. Additional characteristics of <3D Model> are expressed by using one or more instances of <3D
Model Attribute>. These attributes and their values will be defined in the planned RIEDP Detailed Features
Description standard. In some cases, a single but complex 3D model may be composed of multiple
components, where each of those components may be treated as a separate stand-alone 3D model whose
data is stored in external files. In those cases, an instance of <Group> will collect such components and/or
identify any external files.

Each <3D Model> may be referenced by zero or more instances of <Feature Instance> and zero or more
instances of <Feature Template>.

<Group> is composed of zero or more instances of itself, <Articulation>, <LOD/SWITCH>, <Primitive
Container>, and <3D Model Attribute>. An instance of the <Group> class allows representation of special
geometric characteristics of an object, such as its shadow area or footprint. The specific type of grouping
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represented by an instance of the <Group> class is specified through its attribute Type , which is part of the
class structure and whose values wil be defined in the planned RIEDP Detailed Features Description
standard. When an instance of a <3D Model> class needs to reference components stored in external files,
the file names are specified through the attribute FileRef , which is part of the class structure and whose
values may be the name of a local file or a URI.

<Articulation> is composed of zero or more instances of itself, <Group>, <LOD/SWITCH>, <Primitive
Container>, and <3D Model Attribute>. The specific level of articulation data represented by an instance of
the <Articulation> class is specified through its attribute Level , which is part of the class structure. The
value of Level is a number, in the range of 1 to n, which signifies the articulation level with respect to the
base of the 3D model that is considered level zero. Other data that indicate specific capabilities or
restrictions related to <Articulation> are expressed by using one or more instances of <3D Model Attribute>.
These attributes and their values will be defined in the planned RIEDP Detailed Features Description
standard.

<LOD/SWITCH> is composed of zero or more instances of itself, <Group>, <Articulation>, <Primitive
Container>, and <3D Model Attribute>. The specific type of level of detail or switch data represented by an
instance of the <LOD/SWITCH> class is specified through its attribute Type, which is part of the class
structure and whose values will be defined in the planned RIEDP Detailed Features Description standard.
In addition, specific attributes related to <LOD/Switch> are expressed by using one or more instances of
<3D Model Attribute>, which will be defined in the planned RIEDP Detailed Features Description standard.

<Primitive Container> is composed of one or more instances each of <Primitive> and <3D Model Attribute>.
Since a collection of instances of the <Primitive> class may share one or more attributes, the <Primitive
Container> class acts as a container/collector for a group of related primitives and their attributes. Common
characteristics shared by components of <Primitive Container > are expressed by using one or more
instances of <3D Model Attribute>, which will be defined in the planned RIEDP Detailed Features
Description standard.

Since various geometric primitives, such as faces/polygons, mesh structures, or specialized points or
connectors, may be used t o r ePdmitees s gpecifiad asSab abstaadadaksd s g e o me
which is realized through its respective concrete classes <Face>, <Mesh>, <Light Point>, and <Connector>.

Each of these (primitive) geometric representations may require attributes. Therefore, the <Primitive> class

is composed of zero or more <3D Model Attribute>, which in turn each of the concrete types of the

<Primitive> class utilize. These attributes and their values will be defined in the planned RIEDP Detailed

Features Description standard.

<Face> represents a single geometric polygon and is composed of three or more instances of <Vertex>. If
an instance if <Face> is composed of more than three instances of <Vertex>, the geometric representation
of that surface shall be planar.

<Mesh> represents a structured collection of polygons that share a common set of characteristics and is
composed of three or more instances of <Vertex>. . The specific type of the structured collection is specified
through its attribute Type, whose values are: Triangle Strip, Triangle Fan,
Quadrilateral_Strip, Indexed_Polygon . The semantics of these values will be defined in the
planned RIEDP Detailed Features Description standard.

<Light Point> represents either an individual light point or a collection of light points, and is composed of
one or more instances of <Vertex>.

<Connector> acts as an identifier for the specific locations of a 3D model that are important to the simulation
system and/or play a unique role in using the 3D model during simulation. The role of a specific location is
specified using the <Connector> class attribute Type, whose values are: Attach Point,
Anchor_Point, Center_of_Gravity, View_Point. The semantics of these values will be defined
in the planned RIEDP Detailed Features Description standard.

<Vertex> contains the Cartesian coordinates for the 3D position of a vertex of a geometric primitive used
in representing a 3D model. <Vertex> is composed of zero or more instances of <Texture Address> and
zero or one instance of <Normal>. When an instance of the <Vertex> class refers to more than one

Copyright © 2018 SISO. All rights reserved Page 66 of 235
This is an approved SISO Guidance Product.



SISO-GUIDE-007-2018
Reuse and Interoperation of Environmental Data and Processes (RIEDP) Data Model Foundations

<Texture Address>, each reference is to a separate texture layer associated with the surface of the same
primitive.

<Texture Address> has a one-way association to an instance of the <Texture> class and contains the
address of that <Texture> instance associated with the <Vertex>.

<Normal> contains the geometric normal vector at the associated <Vertex> of the corresponding primitive.

The constructs and sub-classes of the <3D Model Attribute> class are further defined in 4.3.3.3. The
attributes related to 3D model information will be defined in the planned RIEDP Detailed Features
Description standard [BR 17].

<3D Model Metadata>, specified in 4.3.3.4.3.8, provides additional information on the 3D model and its
components.

Many formats for representation of 3D models exist in the CAD/CAM or simulation communities. The
RIEDP-exchange format for 3D models is specified in 4.1.3 RIEDP-exchange Formats. 3D models are
stored in the <Library>.

The RADM classes for the representation of 3D models provide more flexibility and variation than may be
possible or allowed using the RIEDP-exchange format for 3D models. As a result, the instantiation of the
RADM classes for 3D models require additional and specific business rules that are not shown in the RADM
class diagram, but are needed to ensure the restrictions of the RIEDP-exchange format for 3D models are
not violated. These business rules are:

1 The composition relationships between <3D Model>, <Group>, <Articulation>, <LOD/SWITCH> and
<Primitive Container> allow instances of these classes to represent complex relationship graphs.
Some complex relationships can allow one object in the graph of the instance of these classes to relate
to an object in a different branch of the same graph. This can result in an object being aggregated by
more than one parent object. Despite the fact that the RADM classes permit this, such multi-parent
relationships are not allowed, since the RIEDP-exchange format for 3D models may only contain
objects with only one parent.

1 The RIEDP-exchange format for 3D models allows a 3D model represented and stored in one file to
reference another 3D model stored in a separate file (of the same format). This is permitted in the
RADM through the special use of the <3D Model> class and provides references to external files
through its FileRef  attribute.

1 To specify the articulation relationships between various parts of a 3D model, and to specify any special
limitations or ranges of freedom on how the articulated part can move with respect to its parent body,
the <Articulation> class defines the relations between the parent and child parts of a 3D model through
the use of its Level attribute, which specifies the hierarchical relationship between articulated
components.

91 Alternate versions or states of the same 3D model (e.g. damaged, camouflaged) or alternate states of
a part of a 3D model (e.g. a door, a landing gear) may be represented through the special use of the
<LOD/SWITCH> class that uses its Type attribute to identify alternate versions of a given 3D model.

1 Additional attributes, which may specify restrictions, characteristics, or capabilities of a 3D model (e.g.
degree of freedom for the articulated part, attachment point definitions, shadows, and others), and are
associated with any of the classes or components of <3D Model> are expressed by using instances of
<3D Model Attribute>, whose specific attributes and their values will be defined in the planned RIEDP
Detailed Features Description standard.

1 A 3D model may represent a static or a moving object, however in representing 3D models the RADM
makes no distinction between these two categories. To accommodate ease of use and distinction of
these categories during data exchange, this specification defines conventions for separating the static
and moving model data through distinct media-based data organization (see 4.5.4).

Copyright © 2018 SISO. All rights reserved Page 67 of 235
This is an approved SISO Guidance Product.



SISO-GUIDE-007-2018
Reuse and Interoperation of Environmental Data and Processes (RIEDP) Data Model Foundations

4.3.3.2.16 Texture

Textures contribute to the realistic depiction of 3D models, visual representation of features (as rendering
attributes of point, linear or areal features), and visualization of some terrain surfaces. The components of
the <Texture> class are shown in Figure 28.

Library

R

*

Texture

* *
Texture Mode
0.1 f > 1
* 1
Texture Attribute Texture Metadata

Figure 281 Texture

<Texture> is composed of zero or more instances of <Texture Attribute> and <Texture Metadata>. An
instance of <Texture> may be referenced by zero or more instances of the vertices of a <3D Model> through
the <Texture Address> of the corresponding <Vertex> (Figure 27 shows the details). An instance of
<Texture> may also be referenced by zero or more entries in the table represented by the <Texture Mode>
class, which allows for switching between different textures for the same surface. Such surfaces may
belong to 3D models or features. A collection of instances of <Texture> is stored in the <Library> for
repeated use when an instance is needed.

<Texture Attribute> contains the specific attribute(s) for a given texture. The attributes related to texture
information will be defined in the planned RIEDP Detailed Features Description standard.

<Texture Metadata>, specified in 4.3.3.4.3.10, provides information related to the specific instance of
<Texture>.

Many formats for representation of textures exist in the broader graphics and simulation communities. The
RIEDP-exchange formats for textures are specified in 4.1.3 RIEDP-exchange Formats. The data for
representing textures are provided according to the specification of the RIEDP-required texture format(s).

4.3.3.2.17 Reference Table

The collection of attributes and/or parameters that can be reused frequently and are common to many
instances of features or 3D models can be organized in tabular form and referenced as needed. These
reference tables often contain many columns, each representing a specific attribute, and rows that combine
and name the combination of the various attributes as a single complex entry. The cells of a table contain
the unique values associated with that row for each of the attributes used for that entry.

Because such tables can be used and referenced by various objects or constructs in the database, they
are stored in a specific compartment of the <Library>. The abstract class <Reference Table> serves as a
conceptual representation for a variety of unique reference tables. The information in specific reference
tables may include parameter definitions and valid values/ranges of those parameters and/or attributes
used in the database(s) produced by a provider.

<Reference Table> represents the following specific tables, as shown in Figure 29.
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Ref Table Metadata Reference Table
1 1
Material Charact Light Point Charact Visual Charact Other Charact
Light Point Mode Texture Mode

Figure 291 Reference Table

1 <Material Charact>, contains entries that define unique combinations of materials for representing
surfaces (e.g., steel, water, concrete, meadow). These characteristics are physical properties important
to simulation applications, and may include such attributes as emissivity, reflectivity, opacity, albedo,
temperature, and others.

1 <Light Point Charact>, contains entries that define unique characteristics associated with light points.
Each entry corresponds to a unique light type (e.g., airport white beacon, moving model red siren light,
white lighthouse light). Each entry provides the specific values of the attributes that describe the light
point characteristics relevant to the simulation application. This may include such attributes as primary
color, secondary color, switching and control conditions, as well as an associated light point model,
depending on the simulation application mode (visible mode, sensor modes as IR or NVG). These light
point models are defined in the <Light Point Mode> reference table

1 <Light Point Mode>, contains entries that define specific characteristics of light points according to the
application mode (visible, IR, NVG). For each entry corresponding to a light point model, and for each
mode, the values for the physical and rendering parameters of the light are provided. These may
include directional parameters, brightness parameters, or distance falloff parameters.

1 <Visual Charact>, contains entries that define a unique mix of attributes for representing an object by
the visual system/application. For each entry, attributes define the visual rendering characteristics
such as illumination modes, texture rendering parameters, as well as a texture name that associates
specific texture, depending on the application mode (visible, IR, NVG) and seasonal and time of day
conditions through the <Texture Mode> table.

1 <Texture Mode>, contains entries, corresponding to texture names referenced by the <Visual Charact>
table, that define the specific list of textures associated with an object, depending on the application
mode (visible, IR, NVG) and the seasonal, day or night conditions.

1 <Other Charact>, contains entries that may be special to a database project or application. These
entries can be, for example, physical characteristics associated with an object, such as its kinetic
properties.

<Reference Table> is composed of zero or more instances of <Reference Table Metadata>, specified in
4.3.3.4.3.9, which provides additional information for the specific tables.

The exhaustive and detailed content of these reference tables will be addressed in the planned RIEDP
Detailed Features Description standard [BR 17].
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4.3.3.3 Attribution

4.3.3.3.1 Principles
Attributes are used to express the characteristics of:

1 Environmental objects (commonly referred to as features) i e.g., height of a lamppost, number of lanes
on a road, number of trees per km along a river.

1 The data that represent environmental objects i e.g., dimensions of an image in pixels and color depth,
grid spacing for a raster layer.

1 How the data is, or to be, processed i e.g., whether terrain surface was adjusted to accommodate a
river, the priority order by which objects will be rendered.

During the data generation process, and at different stages of the RPM, the appropriate attributes are
identified and assigned to their respective features and/or their constructs, in accordance with the
requirements of the project and/or the data product. Some attributes are provided with the source data and
may have to be further modified/cleaned (see the RPM stages described in 4.2.3.3 Clean Source Data and
4.2.3.5 Align Source Layers). Other attributes need to be added to meet specific simulation requirements.
Such additions may be done manually or automatically, according to the conventions and rules of the
database generation effort. The assignment of such attributes may be made to instances of features within
the <Feature Layer>, or to the specific types of <Feature Template> stored in the <Library>.

Representation of features, whether an instance or a template, shall specify the relevant and important
attributes of the object being represented. The attributes may be expressed using real, integer, Boolean,
enumerated (list of values), string, or other data types. Attribute values may also require the specification
of valid ranges or allowable values, as well as units of measure. For example, a road may be described in
terms of its width (real value in meters), number of lanes (integer value), and material composition (one or
more values from a list that may include sand, concrete, or other materials). Similarly, a building may be
described in terms of its type (value from an enumerated list), color (value in a list), number of stories
(integer value), as well as geometric details such as footprint.

Many RADM classes require the specification of one or more attributes. Some attributes are direct
constructs of the class itself (e.g., the attribute Raster_Type of the class <Other Raster Layer>). Other
attributes are represented as one or more classes that can be aggregated by a parent class (e.g., the class
<3D Model> aggregates zero or more instances of the abstract class <3D Model Attribute>). The RADM

classes that specifically represent attribute data are:
<Elevation Layer Attribute>
<Ilmagery Layer Attribute>
<Raster Layer Attribute>
<Raster Data Attribute>
<Feature Attribute>
<FA_Value>

<FA_Index>

<3D Model Attribute>
<3DMA_Value>
<3DMA_Index>

<Texture Attribute>

f
f
f
f
f
f
1
1
f
1
1
1

The six classes of type <Reference Table>
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The specific attributes that may be used with each of these RADM classes, along witht he at tvalid but eb s
values and/or value ranges (including default values), will be defined in the planned RIEDP Detailed Feature
Description standard.

4.3.3.3.2 Value and Index attributes

Some classes in the RADM represent immediate-value attributes, including those with real, integer,
Boolean, or enumerated data types. Other classes in the RADM represent attributes that are constructed
by combining predefined values of a set of attributes to specify a more complex characteristic. Since these
combination attributes are usually defined by entries in a given table, they are identified and accessed by
their unique index value for that table. Since these index-based attributes often define a combination of
common characteristics, they are often applied to many similar objects/features.

The RADM distinguishes between immediate-value attributes and index-based attributes. This distinction
is identified through the concrete sub-classes of the two abstract classes <Feature Attribute> and <3D
Model Attribute>, as shown in Figure 30.

Reference Table

Raster Data Attribute Feature Attribute 3D Model Attribute
A A Texture
*
FA_Value FA_Index 3DMA_Value 3DMA_Index 7
-Value -Index -Value -Index
0.1
refers to a record in Table x
Material Charact Light Point Charact Visual Charact Other Charact
*
F‘ \ﬁ/ Texture Attribute
Light Point Mode Texture Mode
*

Figure 301 Value and Index attributes

As their names indicate, the concrete classes <FA Value> and <3DMA_Value> provide the immediate
attribute values, respectively, for their corresponding instance of a feature or 3D model. Depending on the
type of attribute, the data type of the <FA_Value> and <3aDMA_Value> may be any of the allowed attribute
data types, as defined in the planned RIEDP Detailed Features Description standard.

Similarly, the concrete classes <FA_Index> and <3DMA_Index>, respectively, provide an assigned index
(pointer) to the appropriate type of a <Reference Table> for the information that describes their
corresponding instance of a feature or 3D model. Instances of the <FA_Index> and <3DMA_Index> classes
specify not only the index value, but also the specific table that is being referenced, as shown in Figure 29
and defined in 4.3.3.2.17 Reference Table.

4.3.3.3.3 Classes related to rendering attributes

Some attributes define how an object/feature needs to be rendered. These may include attributes that
signify various environmental effects such as day/night state, seasons, wind or sea state. They may also
include attributes that define complex conventions that take into account the capabilities of a given target
application/simulation. Attributes related to visual rendering can select the type of light point, visual
characteristics, appearance, and/or texture of a given object. Once these complex characteristics are
defined they may be realized through instances of the following types of <Reference Table> classes:
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1 <Material Charact>,

1 <Light Point Charact>,
1 <Visual Charact>,

1 <Texture Mode>, and
1 <Other Charact>.

An instance of a <FA_Index> (or similarly <3DMA _Index>) class can specify the name (acting as the index)
of a rendering attribute in the appropriate type of a <Reference Table>. Within that reference table, the
entry associated with that attribute name (or index) defines the appropriate and specific rendering values
for a number of attributes associated with that entry.

Texture switching information, such as selection of a specific texture according to the weather conditions
and/or to the simulation mode (visible or sensor), is part of the entries defined in <Texture Mode>. Since
multiple texture layers can be employed by some visual systems, rules for selecting, merging, or combining
those textures are needed, which may also be included in an instance of the <Texture Model> class.

4.3.3.3.4 Relationships between classes through attributes

The physical implementation of the relationship between <Feature Instance> and <Feature Template> (or
more accurately between instances of any of the sub-types?! of <Feature Instance> and sub-types of
<Feature Template>) may be different than the logical representation in the RADM. Similarly, the physical
implementation of the index-based attributes can vary, and may not follow the logical class specifications
represented in the RADM. The current RIEDP-exchange format for representing features, attributes, and
attribution schemes accommodates a table-based style, as well as use of external XML-based style, for
indexing and indirection.

An example of the physical implementation of attribute sharing between an instance and its template is
shown in Figure 31. The following define the key principles for such physical implementations:

1 Features may be listed as single-line records in a table stored in a Feature Records file.

1 For each feature instance in the records table, a set of attributes is defined in a separate table,
containing their values. These are stored in a Feature Instance Attributes file.

1 Some values may provide a template name, which further references a group of attributes or attribution
rules in a different file that are specific to that template. These are stored in a Feature Template
Attributes file. The Template Name acts as the key for accessing the template-level attributes, or
attribution rules, as defined by the specific sub-type of <Feature Template>, which in the RADM is
stored in the <Library> (shown by link 1).

1 At the instance level, the attributes for a feature instance can be extended to define complementary
attributes or attribution rules that further describe more complex data such as material model or light
point model (shown by link 2). These may be stored in a Feature Instance Attributes or Attribution
Rules Extension file that contains a table format or an XML-based listing.

1 In addition, index-based attributes from both <Feature Template> and <Feature Instance> are
described through records of the various instances of the types of <Reference Table> from the
<Library> (shown by links 3a and 3b).

1 Point, linear or areal feature instance / template
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Figure 317 An Implementation Relating Instance and Template Classes through Attributes

In order to ensure maximum interoperability for RIEDP-compliant data products between users, the physical
implementation of the relationships between sub-types of <Feature Instance> and sub-types of <Feature
Template>, as well as the physical implementation of the indexing schemes between attributes and tables
of attributes, shall follow the principles specified in the RADM.

To support both the logical and physical implementation of attributions, the details of the attributes, their
values, valid ranges, data types, and the associated rules of attribution will be specified in the planned
RIEDP Detailed Feature Description standard [BR 17].

4.3.3.4 Metadata
4.3.3.4.1 |Introduction

Successful RIEDP-based data exchange relies heavily on the appropriate use of metadata, during both the
data production and the data exchange activities. During the data production process, nearly all stages of
the RPM (see 4.2) specify the generation and/or use of metadata. Metadata is generated in all of the RPM,
except the Define Requirements stage. The type, quantity, and the specific content of metadata generated
within each of these RPM stages may vary, depending on the specific tasks within a stage (or sub-stage),
the complexity of the data products being produced, and the project requirements.

For the data exchange process, data products shall include the appropriate metadata, as specified by the
RADM (see 4.3), for the specific types of data being exported through the Export stage of the RPM. All
major classes of the RADM specify a corresponding metadata class with appropriate and relevant fields
and constructs. Those metadata shall accompany the content associated with an instance of those major
classes.

To promote interoperability and to ensure users of RIEDP-based data products can process those products
successfully, RIEDP requires a minimum baseline of metadata. These metadata, their logical organization
and relationships, their fields, and their allowed values are specified below.
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4.3.3.4.2 Metadata categories

Three categories of metadata are identified: content metadata, summary metadata, and reference
metadata. The metadata classes within each of these categories are in the corresponding subsections of
4.3.3.4.3.

Content metadata refers to all RADM metadata classes and their fields that provide information related to
the details of individual content provided in a given RIEDP-compliant product. Each specific content-related
metadata is specified in subsections 4.3.3.4.3.1 t0 4.3.3.4.3.8, and 4.3.3.4.3.10 .

Summary metadata refers to the three top-level metadata classes (for Product, Layers, and Library) and
their fields that describe the key characteristics of a given RIEDP-compliant data product. The
specifications of summary-related metadata are provided in subsections 4.3.3.4.3.11 t0 4.3.3.4.3.13.

Reference metadata refers to special fields that convey the technical characteristics common to all parts of
a given RIEDP-compliant data product. These include information about spatial referencing, units, and
reference dictionaries the product relies on. The specifications of these fields are found in 4.3.3.4.3.9.

4.3.3.4.3 Metadata classes

The following RADM classes represent the metadata associated with each of the major RADM classes

<Elevation Layer Metadata>,
<Ilmagery Layer Metadata>,
<Other Raster Layer Metadata>,
<Feature Layer Metadata>,
<Feature Instance Metadata>,
<Special Area Metadata>,
<Feature Template Metadata>,
<3D Model Metadata>,
<Reference Table Metadata>,
<Texture Metadata>,

<Library Summary Metadata>,

<Layers Summary Metadata>, and

=A =4 =4 4 A4 -4 -4 -4 -4 -4 -4 -4 -4

<Product Summary Metadata>.

As the name of each class implies, the class captures and represents metadata relevant to its
corresponding type of data. The relationships between each of these metadata classes and their respective
parent class are defined in the corresponding parent class sections of this specification. The first ten
classes provide content metadata. The last three classes provide summary metadata. The fields of
<Product Summary Metadata> class include reference metadata.

The following subsections specify the RADM metadata classes and their corresponding fields. The
implementation of each class on storage media may take advantage of any available efficiency methods,
as long as the logical representation of that class and its fields are not violated. The field values of some
metadata are also provided in the data itself (examples of this include the resolution of an image or grid
spacing of elevation).

NOTE: In case of inconsistency between any metadata and the actual data, the actual data value shall take
precedence.
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4.3.3.4.3.1 Elevation Layer Metadata

An instance of <Elevation Layer Metadata> shall be provided with each instance of <Elevation Layer>
present in <Tile>, <Region>, or <Special Area>. Table 4.3-1 defines the fields of <Elevation Layer
Metadata> and specifies their data type, their cardinality, any constraints, and their corresponding allowed
values and formats.

NOTE: Presence of <Elevation Layer> in a RIEDP product is indicated by the Layersincluded field of
<Product Summary Metadata> and the ElevationLayerIncluded field of <Layers Summary Metadata>
both set to true,  or by the Librarylncluded field of <Product Summary Metadata> set to true , the
SpecialAreaCount field of <Library Summary Metadata> having a value greater than zero, and the
ElevationLayerincluded field of at least one <Special Area Metadata> setto true .

Table 4.3-1 - <Elevation Layer Metadata>

Field / subfield Name Type Ca.rdn FieldDescription and Constraints Allowed Field Value(s)
ality and Format
Description String 1 Text describing the content of the elevation layer [ free text]

Indicates whether the elevation laydata is from | ThisProvider;
the provider of this product, from another provide

’ ; ) - AnotherProvider;
and included with thigproductunmodified or or
from another provider but has been modifieehd . )
. . h AnotherProviderWit
included in this product. hMod

If the field value ifsnotherProvider , the first
point of contact lised in PoC shall contain the
information for the original provider of the
unmodified data, and its Role field shall be set to

Status Enum 1

OriginalProvider ; otherwise, the PoC shall
contain the information for the provider of this
product.

The name and/or unique identifier of th@riginal | [free text]
Source of thelatathat has been modified.
OriginalSource String 1 A value shall be provided, only if the previous
T A St R QAnott@rPrévidaBvithMad
Otherwise, the field value shall be blank.

One or morePoints of contact (PoC) for the

PoC Struct 1+ .
elevation layer data.
Role of the point of contact. OriginalProvider;
Shall include one or more of the allowed values. | Creator;
Publisher;

Role Enum 1+ Contributor;
MetadataPointofCon
tact; or
PointOfContact

Name String 1 First name of the PoC. [free text]
Surname String 1 Last name of the PoC. [free text]
Position String 0,1 Position of the PoC. [free text]
Email Email 1 Emailaddress of the PoC. {Simg erer I+
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Field / subfield Name Type Ca.rdn FieldDescription and Constraints Allowed Field Value(s)
ality and Format
[0-9K3t \)[0 -
93t -[0-
Phone String 0,1 Phone number of the PoC. 94}l \+?[0 -
9K1,2} \s[O -
9){1,10}
OrganizatioiName String 1 Name of thet 2 /ofyanization. [free text]
Address String 1 Street address of thBoC [free text]
City String 1 City address of theoC [free text]
State String 0,1 State/province of thd?oC [free text]
ZipCode String 1 Postal zip code of theoC [0-9]{5 }
Oneof ISO 3166 two
Country Enum 1 Country wherePoGis located. character country
codes.
License Struct 1 ReStI’ICFIOI’IS and/qr legal prereqwsnes for
accessing and using the elevation data.
. . . List of one or more privacy rights, for use and/or| [ free text]
PrivacyRights|  String 1 dissemination, of the data.
. . List of one or more intellectual property rights, fo| [ free text]
IP_Rights|  String 1 use and/or dissemination, of the data.
. . List of one or more copyrights, for use and/or [free text]
Copyrights String 1 dissemination, of the data.
Handling and security classification restrictions
Security String 1 imposed on thedatafor national security, privacy,
or other concerns.
Highest classification level of the data. [free text]
Classification String 1 Valid identifier of the classification level,
Level corresponding to the schema/system indicated ir
the next field.
Identification of the classification schema/system [ free text]
Classification Stri 1 (e.g., NATO, French MoD, US DoD).
rin
Schema g Document or URI nhame that defines the
classification systerased.
KeyDates Struct 1 List of one or more key dates related to thager.
KeyDateltem Struct 1+ A key date for the layer.
Date associated with the layer data content. YYYY MMDD
Date value shall be based on ISO 8601 format a| or
DateValue Date 1 . .
may include date or datéme. Other date and/or | vyvyy: mm

time valid forms from ISO 8601 may be added.

DDThh:mm:ss.sss
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Field / subfield Name Type Ca.rdn FieldDescription and Constraints Allowed Field Value(s)
ality and Format
Metadata CreationDa
te;
DataCreationDate;
Only one of the allowed date types that describe| PostedDate;
DateType Enum 1 the type of event or activity associated with the | ValidTillDate;
layerdata. InformationCutoffD
ate;
ApprovedOnDate;
DateReleaseDate.
Quality Struct 1 An indication of the quality of the data
Measure of quality associated with tiuata. [ constrained text]
QualityValue String 1 Quality value shall use the approprlgte vgl_ld v_alu
from the references quality method identified in
the next field.
. . Reference to, or an identifier of, the quality [free text]
I h 1
QualitySchema)  String schema/standard.
. . The geographical extent of the Layer, if different
ialDomain r 1
SpatialDoma Struct 0. from the extent of the Product.
. The longitude value of the southwest (SW) spatii d d d A mmNj s s nj
. Constrain .
SW_Longitude ed Strin 1 domain of thelayer.
9 Provided in derges, minutes, seconds format.
. The latitude value of the southwest (SW) spatial | ddd A mmNj s s n
. Constrain .
SW_Latitude ed Strin 1 domain of thelayer.
9 Provided in derges, minutes, seconds format.
. The longitude value of the northeast (NW) spatia dd d A mmNj s s n|
. Constrain .
NE_Longitude ed Strin 1 domain of thelayer.
9 Provided in degees, minutes, seconds format.
. The latitude value of the northeast (NW) spatial | dd d A mmNj s s n|
. Constrain .
NE_Latitude ed Strin 1 domain of thelayer.
9 Provided in degees, minutes, seconds format.
i The el i f the | int of tH . - -9]+.?[0 -9
Min_Elevation Constr_aun 01 ee eva_tlon of the lowest point of tHayer [-+][0 -9]+.?[0 -9]
ed String Provided in meters. m
. . . . ] e ol
Max_Elevation Constrgln 0.1 The glevapon of the highest point tfe layer. [-+][0 -9]+.2[0 -9]
ed String Provided in meters. m
_ _ _ _ [0-9]+ ?[0-9*m
Resolution of theelevationdata (size of the grid or
Resolution String 1 spacing for the corresponding Region, Lay@&ile,
or File specified in meters or arc secand [0 - 9]+ 7[0-9J
arcsec
URI reference (in accordance with RFC 2396 [URI]
. . ificati h f the fil ining th
Thumbnail String 01 speci |caF|c_>n) to the ame of the |e_conta|n|ngt €
thumbnail imageor the layer or region.
Not usedfor individual elevation Tiles andds.
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4.3.3.4.3.2 Imagery Layer Metadata

An instance of <Imagery Layer Metadata> shall be provided with each instance of <Imagery Layer> present
in <Tile>, <Region>, or <Special Area>. Table 4.3-2 defines the fields of <Imagery Layer Metadata> and
specifies their data type, their cardinality, any constraints, and their corresponding allowed values and
formats.

NOTE: Presence of <Imagery Layer> in an RIEDP product is indicated by the Layersincluded field of
<Product Summary Metadata> and the ImageryLayerincluded field of <Layers Summary Metadata>
both set to true , or by the Librarylncluded field of <Product Summary Metadata> set to true , the
SpecialAreaCount field of <Library Summary Metadata> having a value greater than zero, and the
Imagery Layerincluded field of at least one <Special Area Metadata> setto true .

Table 4.3-2 - <lmagery Layer Metadata>

Field / subfield Name Type Ca.rdln Field Description ancConstraints Allowed Field Value(s)
ality and Format

Only one of the allowed@nagerytypes. Referto  [BR 17]

ImageryType Enum 1 (e.g. Reall (with RGB bands), Real2
(with RGBA bands), Syntheticl ).

Description String 1 Text describing the content of tHeagerylayer. [free text]
Indicates whether the imagery laydata is from ThisProvider;
the provider of this product, from another provide anotherProvider:
and included with thigproductunmodified or or
from another provider but has been modifieghd ) )
. . . AnotherProviderWit
included in this product. hMod
If the field value i#notherProvider , the first od.

Status Enum 1

point of contact listd in PoC shall contain the
information for the original provider of the
unmodified data, and its Role field shall be set tg

OriginalProvider ; otherwise, the PoC shall
contain the information for the provider of this
product.

The name and/or unique identifier of th@riginal | [free text]
Source of thalatathat has been modified.
OriginalSource String 1 A value shall be provided, only if the previous
T A St R QA&notirPrévideBvithMad
Otherwise, the field value shall be blank.

One or morePoints of contact (PoC) for the

PoC Struct 1+ .
imagerylayer data.
Role of the point of contact. OriginalProvider;
Shall include one or more of the allowed values.| Creator;
Publisher;

Role Enum 1+ Contributor;
MetadataPointofCon
tact; or
PointOfContact

Name String 1 First name of the PoC. [free text]

Surname String 1 Last name of the PoC. [free text]

Position String 0,1 Position of the PoC. [free text]
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Field / subfield Name Type Ca.rdln Field Description an€Constraints Allowed Field Value(s)
ality and Format
1 Y N
Email Email 1 Email addressf the PoC. EsTng @rer I+
[0-9K3t \)[0 -
93t -[0-
Phone String 0,1 Phone number of the PoC. 9){4} \+7?[0 -
91,2} \s[o -
9){1,10}
OrganizatiomName String 1 Name of thet 2 /ofganization. [free text]
Address String 1 Street address of theoC [free text]
City String 1 City address of theoC [free text]
State String 0,1 State/province of thé?oC [free text]
ZipCode| String 1 Postal zip code of theoC [0-91{5 }
One of ISO 3166 two
Country Enum 1 Country wherePoGis located. charactercountry
codes.
License Struct 1 Restncpons and/qr Iegal prerequisites for
accessing and using timagerydata.
. . . List of one or more privacy rights, for use and/or| [ free text]
PrivacyRights  String 1 dissemination, of the data.
. . List of one or more intellectual property rights, fo| [ free text]
IP_Rights| String ! use and/or dissemination, of the data.
. . List of one or more copyrights, for use and/or [free text]
Copyrights String ! dissemination, of the data.
Handling and security classification restrictions
Security String 1 imposed on thedatafor national security, privacy,
or other concerns.
Highest classification level of the data. [free text]
ClassificationLeve String 1 Valid identifier of the classification Ie\./el,. .
correspondingo the schema/system indicated in
the next field.
Identification of the classification schema/system [ free text]
o ) (e.g., NATO, French MoD, US DoD).
ClassificationSchemé  String 1 )
Document or URI name that defines the
classification system used.
KeyDates Struct 1 List of oneor more key dates related to thiayer.
KeyDateltem Struct 1+ A Key date for the layer.
Date associated with the layer data content. YYYY MMDD
Date value shall be based on ISO 8601 format a| or
DateValue Date 1 . -
may include dater datetime. Other date and/or | vyyv. mm

time valid forms from ISO 8601 may be added.

DDThh:mm:ss.s ss
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Field / subfield Name Type Ca.rdln Field Description an€Constraints Allowed Field Value(s)
ality and Format
Metadata CreationDa
te;
DataCreationDate;
Only one of the allowed date types that describe{ PostedDate;
DateType Enum 1 the type of event or activity associated with the | ValidTillDate;
layerdata. InformationCutoffD
ate;
ApprovedOnDate;
DateReleaseDate.
Quality Struct 1 An indication of the quality of the data
Measure of quality associated with the data. [ constrained text]
QualityValue String 1 Qualityvalue shall use th_e approprigte vqli_d vglue
from the references quality method identified in
the next field.
. . Reference to, or an identifier of, the quality [free text]
QualitySchema|  String 1 schemaystandard.
. . The geographical extent of the Layer, if different
ID 1
SpatialDomain Struct 0, from the extent of the Product.
. The longitude value of the southwest (SW) spatic d dd A mmNj s s n
. Constrain .
SW_Longitude ed Strin 1 domain of the layer.
9 Provided in degrees, minutes, seconds format.
. The latitude value of the southwest (SW) spatial| d dd A mmNj s sn
. Constrain .
SW_Latitude ed Strin 1 domain of the layer.
9 Provided in degrees, minutes, seconds format.
. The longitude value of the northeast (NW) spatia ddd A mmNj s sn
. Constrain .
NE_Longitude ed Strin 1 domain of the layer.
9 Provided in degrees, minutes, seconds format.
. The latitude value of the northeast (NW) spatial | dd d A mmNj s sn
. Constrain .
NE_Latitude ed Strin 1 domain of the layer.
9 Provided in degrees, minutes, seconds format.
. . . ] ol ol o
Min_Elevation Constrgln 0.1 The gleva_tlon of the lowest point of the layer. [-+][0 -9]+.?2[0 -9]
ed String Provided in meters. m
. . . . ] e ol
Max_Elevation Constrgln 0.1 The e.Ieva.tlon of the highest point of the layer. [-+][0 -9]+.2[0 -9]
ed String Provided in meters. m
_ _ _ _ [0-9]+ ?[0-9*m
Resolution of themagerydata (size of the grid or
Resolution String 1 spacing for the corresponding Region, Lay@&ile,
or File specified in meters or arc secand [0 -9]+ ?[0-9]*
arcsec
URI reference (iaccordance with RFC 2396 [URI]
. . ificati h f the fil ining th
Thumbnail String 01 speci |ca_t|c_>n) to the ame of the |e_conta|n|ngt €
thumbnail imageor the layer or region.
Not usedfor individual imagery Tiles andefs
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