
Advanced Application of theAdvanced Application of the
DRM – TerrainDRM – Terrain

SEDRIS™  Technology Conference
Lake Buena Vista, FL

7 January 2004

Kevin C. Trott
Northrop Grumman Information Technology

kevin.trott@ngc.com



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 27 January 2004

Outline

• Raster Data
– Definition, Sources, & Uses
– Raster Data in the DRM – Images

• Gridded Data
– Definition, Sources, & Uses
– Gridded Data in the DRM – Property Grids
– DTED-based SEDRIS Transmittal Structure

• Vector Data
– Definition, Sources, & Uses
– Vector Data in the DRM – Features
– Feature Topology
– VPF-based SEDRIS Transmittal Structure

• Polygonal Data
– Definition, Sources, & Uses
– Polygonal Data in the DRM – Geometry
– Geometry Topology



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 37 January 2004

Raster Data

• Raster Data – a regular multi-dimensional array of intensity values (i.e., pixels)
– Geospatial Imagery – used for ground tex ture and/or feature extraction
– Scanned Maps – used for map background displays (not very accurate)
– Other photos/images – used for generic ground tex ture, model texture, etc.

• Raster Data Sources
– NGA’s Raster Product Format (RPF)

– Controlled Image Base (CIB)
– High-resolution (5-10m) digital imagery

– Compressed ARC Digital Raster Graphics (CADRG)
– Scanned hardcopy maps at a variety of scales

– USGS Digital Raster Graphics (DRGs)
– Landsat, Spot, & other commercial geospatial imagery
– Other miscellaneous satellite, aerial, or ground-based imagery



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 47 January 2004

Raster Data Example – CIB

Airfield

Buildings, etc.

Roads
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Raster Data in the DRM – Images
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Raster Data Summary

• Raster Data is stored in Image objects
• Raster Data content (i.e., pixel values) is accessed using specific Image-related

functions in the Read and Write APIs
• All Image objects in a transmittal are contained in the Image Library
• Images may be geospecific or generic

– An Image can be mapped to a specific location to provide geospecific texture
– A Image can be reused many times to provide generic tex ture information

• Image Mapping Functions are used to register Images to specific locations
• Images can be associated with Features, Geometry, and Data Tables through

Image Mapping Functions
• Each Image object can have a complete set of supporting metadata
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Gridded Data

• Gridded Data – a multi-dimensional array of measured or estimated values
associated with specific locations
– Digital Terrain Elevation Models - height values
– Bathymetry Models - depth values

• Gridded Data Sources
– NGA’s Digital Terrain Elevation Data (DTED)
– NGA’s Digital Bathymetric Data Base (DBDB)
– USGS Digital Elevation Models (DEMs)

• Most atmospheric and ocean data is also in either 2D or 3D gridded form
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Gridded Data Example – DTED

Valleys

Ridges
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Gridded Data in the DRM – Property Grids
Sheet: 6 Data Table, Axis, and Property

Version: 4.0  (10 October 2003)
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DTED-based Transmittal – Transmittal Root
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unique_descendants = true
strict_organizing_principle = true
lod_data_type = spatial_resolution

Level of Detail Related Geometry
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strict_organizing_principle = true
sparse = false
row_count = 6
column_count = 6
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spacing_unit = arc_second
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axis_type = angular_primary_coordinate
value_unit = degree_arc
value_scale = uni
axis_value_count = 1201
interpolation_type = linear
first_value = (integer: 0)
spacing = (float: 1/1200)
spacing_type = arithmetic
axis_alignment = lower
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Gridded Data Summary

• Gridded Data is stored in Property Grid objects
• Gridded Data content (e.g., elevation values) is accessed using specific Data

Table-related functions in the Read and Write APIs
• Property Grids are Data Tables with at least one spatial Axis

– The Axis objects define the Property Grid structure
– The Table Property Description object defines the Property Grid content
– The Property Grid Hook Point object defines where the Property Grid is

located
• All Property Grid objects in a transmittal are contained in the Data Table Library

– Property Grid objects can also be attached to the geometry hierarchy under
the Environment Root

• Property Grid objects can be associated with Features
• Each Property Grid object can have a complete set of supporting metadata
• DTED-to-STF 4.0 software will be available shortly at http://tools.sedris.org/
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Vector Data

• Vector Data – a collection of abstract features (point, linear, areal)
– Spot elevations & contour lines
– Road, rail, drainage, & utility networks
– Vegetation and soil classification
– Cultural features – buildings, industrial facilities, transportation facilities, etc.

• Vector Data Sources
– NGA’s Vector Product Format (VPF)

– VMAP/UVMAP – features extracted from scanned maps
– VITD – features extracted from 1:50,000 TLMs & overlays
– FFD/MSDS/DTOP – features extracted from stereo imagery

– USGS Digital Line Graphs (DLGs)
• Topology is a mandatory component of vector data in SEDRIS

– Location information is stored within the feature topology objects
– Topological relationships support efficient terrain reasoning computations

(e.g., route finding), and helps to maintain the consistency of vector data
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Vector Data Example – FFD
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Vector Data in the DRM – Features
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Topology

• Explicitly stores boundary, co-boundary, and containment relationships
– Allows higher-level adjacency and connectedness relationships to be

efficiently derived
• Advantages:

– Eliminates redundant storage of coordinates
– Accelerates geometric calculations by eliminating ex tensive searching and

coordinate comparisons
– Provides “glue” that ties primitives together and helps ensure consistency

• Disadvantages:
– Requires a modest amount of additional storage space
– Topological errors can disrupt algorithms that rely on topological

relationships
• The SEDRIS DRM currently supports 2D topology, with two extensions that

provide limited 3D support:
– The Edges connected to a node can be organized into an ordered collection of

ordered groups
– An Edge can bound zero or more faces
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Topology Hierarchies
Sheet:  11  Feature Topology Hierarchy and Geometry Topology Hierarchy

Version: 4.0  (10 October 2003)
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Feature Topology

Sheet:  12  Feature Topology
Version: 4.0  (10 October 2003)
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Feature Nodes

• Feature Node – a zero-dimensional spatial entity that defines a single location
in 2D or 3D space
– Location of each node must be unique – multiple nodes cannot be co-

located (Exception:  Feature Topology Level 0)
• A node cannot be located in the interior of an edge (Exception: Feature

Topology Level 0)
• A node may be located within the interior of a face or a volume

Connected
to Edges

Contained
within a Face

Contained
within a Volume

Multiple
Relationships
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Feature Edges

• Feature Edge – a one-dimensional spatial entity that defines a path through 2D
or 3D space
– The shape of an edge is defined by a sequence of two or more distinct 2D or

3D coordinate tuples
– The orientation of an edge is defined by the order of its coordinate tuples

• An edge is bounded by a node at each of its two endpoints  (conceptually, the
endpoints are included in the edge, but they are not stored with it)

• Edges may meet only at common nodes
– Edge interiors may not intersect one another (Ex ception:  Feature Topology

Levels 0 & 1)
• An edge may be completely contained within a volume

Start
Node

End
Node

Orientation

Interior Points
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Feature Faces

• Feature Face – a two-dimensional spatial entity that defines a closed area in
2D or 3D space
– The shape of a face is defined by the edges that bound the face, as well as

any nodes contained within the interior of the face – in 3D, a face need
not be planar

– The orientation of a face is defined the order of the edges in its outer
boundary (counterclockwise as seen from above)

• A face is bounded by one or more ordered collections of edges, defining its
outer boundary, and zero or more inner boundaries (i.e., “holes”)

• Faces may meet only along common edges
– Face interiors may not intersect one another (Exception: Feature

Topology Levels 0 through 2)

Face Orientation Outer Boundary
Edge Order
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Feature Volumes

• Feature Volume – a three-dimensional spatial entity that defines a closed region
of 3D space
– The shape of a volume is defined by the faces that bound the volume

• A volume is bounded by one or more (unordered) collections of faces, defining
an outer boundary and zero or more inner boundaries

• Volumes may meet only along common faces
– Volume interiors may not intersect one another  (Exception:  Feature

Topology Levels 0 through 4)

Outer Boundary
Faces
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Node-Edge Relationships

• Each edge is associated with an ordered collection of two nodes:  a
starting node and an ending node
– When an edge forms a loop, its starting and ending nodes are the

same node
• Each node is associated with an unordered collection of zero or more

connected edges
– In 2D, the connected edges are ordered counterclockwise around the

node (starting with an arbitrary edge)
– In 3D, the connected edges cannot, in general, be ordered, since they

can connect to the node from any direction in 3D space

Connected Edges
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Node-Face Relationships

• Node-Face Relationships
– Each face is associated with a collection of zero or more contained

nodes
– Each node may be associated with zero or more containing faces

(Note that multiple faces can meet at a common node that is not part
of the boundary of any of the faces)

• Node-Volume Relationships
– Each volume is associated with a collection of zero or more contained

nodes
– Each node may be associated with zero or one containing volume

Containing
VolumeContaining

Face
Contained

Node
Contained

Node
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Edge-Face Relationships

• In 2D, each edge is associated with with exactly two faces:  its left face and
its right face

• In 3D, each edge is associated with a collection of zero or more bordered
faces, ordered counterclockwise relative to the edge, starting with an arbitrary
face

Start
Node

End
Node

Bordered
Faces



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 287 January 2004

Example: “Curtain” Face under a Bridge

Edge bounds two River faces
as well as “curtain” face under Bridge
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Face-Edge Relationships – Rings

• Ring – a sequentially connected set of edges that bound a face
– Outer Ring (counterclockwise) – defines the outer boundary of a face

– Includes any edges within the face, but connected to the outer boundary
– Inner Ring (clockwise) – defines an inner boundary of a face (i.e., a "hole")

– A collection of edges that are connected to one another, but not
connected to the outer boundary, form an inner ring, even if they do not
enclose an area

– An inner ring need not contain any faces - it may represent a real hole
• An edge can appear twice in the same ring, once in each orientation

Outer Ring
(Counterclockwise)

Inner Rings
(Clockwise)

Not a
Face
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Edge-Volume Relationships

• Edge-Volume Relationships
– Each volume is associated with a collection of zero or more contained edges
– Each edge may be associated with one containing volume

Containing
Volume

Contained
Edge
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Face-Volume Relationships

• In 3D, each face is associated with exactly two volumes:  its upper volume
and its lower volume
– The upper and lower volumes of a face may be the same volume

Top
Volume

Bottom
Volume

Face
Orientation
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Volume-Face Relationships – Shells

• Shell – an unordered collection of two or more faces that bound a volume
– Outer Shell – defines the outer boundary of a volume
– Inner Shells – define any inner boundaries of a volume (i.e., “bubbles”

within the volume)
– A collection of one or more faces that are connected to one another,

but that are not connected to the outer boundary of the volume, form
an inner shell even if they do not enclose a space

• A face can appear twice in the same shell, once in each orientation

Inner
Shells

Outer
Shell



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 337 January 2004

Feature Topology Levels

• Level 0 (2D or 3D coordinates)
– One or more pairs of Feature Nodes are collocated

• Level 1 (2D or 3D coordinates)
– No Feature Nodes are collocated
– One or more pairs of Feature Edges have intersecting interiors

• Level 2 (2D or 3D coordinates)
– No Feature Edges have intersecting interiors

• Level 3 (2D or 3D coordinates)
– 2D topological surface completely partitioned into non-overlapping faces

• Level 4 (3D coordinates)
– Edges and perhaps faces “sticking out” of 2D topological surface

• Level 5 (3D coordinates)
– 3D topological space completely partitioned into non-overlapping volumes
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Feature Topology Example
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lake trees
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VPF Database Directory Tree
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Transmittal Root
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unique_descendants = true
strict_organizing_principle = true
union_reason = collection_of_classified_objects
ordering_reason = none

Union of Featues

tag = object_set

Classification Data 1

1..*

tag = lookup on VPF feature code
Classification Data

1

1..*
feature_topology_level = level_3
Perimeter Related Feature TopologyDescription Data Quality

meaning = (EDCS_attribute_code: object_set_type)
EDCS_attribute_value = (enum: lookup on VPF coverage name)

Property Value

Keywords

VPF-based Transmittal – Feature Hierarchy

One for each VPF
Coverage included
in the transmittal

One for each
unique EDCS
classification

code within the
VPF Coverage

All features in a
VPF Library

EDCS attribute value
is a function of the

VPF Coverage name

Each VPF Coverage is
a separate topological
complex (i.e. surface)

VPF Coverage data
quality info, if any

VPF Coverage
name
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unique_descendants = true
strict_organizing_principle = true
union_reason = collection_of_classified_objects
ordering_reason = none

Union of Features

Point Feature Linear Feature Areal Feature

unique_descendants = true
strict_organizing_principle = true
union_reason = classified_object
ordering_reason = none

Union of Features

unique_descendants = true
strict_organizing_principle = true
union_reason = classified_object
ordering_reason = none

Union of Features

Feature Node

CD Surface
or 3D Location

CD Surface
or 3D Location

Feature Edge Feature Face

1..* 1..*

1..*

1..*1..*

2..*

0..*

1

1
0..*

{ordered}

1..*

Edge Direction

0..*

1..*
{ordered}

Face Direction

0..*

1..*

Classification Data

Property Value

0..*

1..*

VPF-based Transmittal – Primitive Features

Surface or 3D,
depending on
VPF product

VPF Compound Line Features
may be decomposed

EDCS
Classification
Codes mapped

from FACC

VPF Feature
Attributes

Linear Feature Edges
must be sequential

VPF Compound Point
Features are decomposed
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VPF-Based Transmittal –Topology Hierarchy

One for each VPF Coverage,
each represents a separate

topological complex

One for each tile within
a VPF Coverage

Sequence of locations
describes the tile shape

All Feature Topology objects
contained within the tile

feature_topology_level = level_3

Perimeter Related Feature Topology

feature_topology_level = level_3

Union of Feature Topology

Feature Node Feature Edge Feature Face

CD Surface
LocationPerimeter Data

1..*

0..*1..* 0..*

3..*
{ordered}
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Feature Node

Feature Edge

Feature FaceFeature
Face Ring

*

2
{ordered}

0..10..*

1..*

2
{ordered}

1
1..*

{ordered}
2

1..*
{ordered}

Edge Direction
Edge Direction

VPF-Based Transmittal – Feature Topology

Zero or more Nodes may be
contained within a Face

Each Edge is
bounded by two
(not necessarily
distinct) Nodes

(start & end)

Each Node
bounds zero or

more Edges

Each Face is bounded by an outer Ring,
and zero or more inner Rings, each

consisting of a sequence of Edges (CCW
for outer Rings, CW for inner Rings)

Each Edge bounds
two (not necessarily
distinct) Faces (left

& right)

Outer Ring is first,
then any inner Rings
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Vector Data Summary

• Vector Data is stored in Feature objects
• Primitive Features include Point, Linear, Areal, & Volumetric Features
• Features can be hierarchically organized in many different ways, including

spatially, temporally, by classification, etc.
• Feature attributes can take many forms, including Property Values, Property

Tables, etc., and can be associated with both primitive and aggregate Features
• Feature Topology objects contain both the geometric properties (based on

location) and topological relationships of Features
– Feature Topology objects are organized into topological complex es (i.e.,

tiles), represented by Feature Topology Hierarchy objects
• Feature objects can be associated with Images, Property Grids, Geometry, and/or

other Features
• Each Feature object can have a complete set of supporting metadata
• VPF-to-STF 4.0 software will be available soon at http://tools.sedris.org/
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Polygonal Data

• Polygonal Data – a collection of primitive geometric elements (points, lines,
polygons)
– Terrain surface (e.g., a TIN)
– Features integrated into the terrain, including roads, streams, etc.
– Models of buildings & other cultural features

• Polygonal Data Sources
– Existing Visual, Sensor & SAF Environment Databases (from projects such

as STOW, CCTT, WARSIM, OneSAF, etc.)
• Polygonal data is analogous to vector data, but with simpler primitive elements

and optional topology
– Edges are limited to single line segments
– Faces are usually limited to triangular or quadrilateral planar polygons
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Polygonal Data Example – From FFD & DTED

Database and image by TEC

Roads

River

Railroad

Trees
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Polygonal Data in the DRM - Geometry

Sheet 4

Sheet: 3  Geometry, Geometry Hierarchy, Geometry Model Instance, & Property Grid Hook Point
Version: 4.0  (10 October 2003)

Geometry

Classification Data

Property Value

Property Table

Time Constraints Data

Property Set Index

Property Table Reference Primitive Geometry
Geometry
Hierarchy

Cross Reference

Access

FeatureDescription

Data Quality

Sound Instance

Geometry Model

Feature Hierarchy

Reference Surface

Geometry
Model Instance

Expression

Model
Instance
Template
Index

Property Grid
Hook Point

Aggregate
Geometry

Property Grid

Location

LSR
Transformation

Rendering Priority Level

Overload Priority Index

Conformal Behaviour

Stamp Behaviour

Transformation

*

*

Sheet 8

Sheet 16

*
0..1

0..1

Sheet 15

Sheet 7

Sheet 6
1..*

Sheet 22

0..1

**

Sheet 7

Sheet 5

*

*

**

*

0..1

*

*

*

0..1

Sheet 6

Sheet 6

Sheet 20

Sheet 18

0..1

Sheet 19

Sheet 9

Sheet 20

*

*

0..1

0..1

{ordered}

*

0..1

*

*

*

0..1

Sheet 20

0..1

0..1

0..1

0..1

0..1

Sheet 7

*

*

Sheet 7

Spatial Extent

*

Property Value
*

*

Sheet 20

Sheet 8

Hierarchy Summary Item 0..1

Abstract
Geometry object

Feature-Geometry &
Geometry-Geometry

associations

Ge
om

et
ry

 m
et

ad
at

a,
 e

tc
.
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Primitive Geometry

Sheet 21

Sheet: 5 Primitive Geometry
Version: 4.0  (10 October 2003)

Geometry

Point Geometry Node Linear Geometry

Conformal Behavior

Location

Geometry Edge

Primitive Geometry

Rendering Priority Level

Image Mapping Function

Light Rendering Properties

Rendering Properties

Colour

Property Set Index

Classification Data

Property Table

Property Table Reference

Property Value

Volume Geometry

Geometry Node

Reference
Vector

Line ArcEdge
Direction

Vertex

EllipsePolygon

Reference
Vector

Geometry Face

Polygon Control Link

Location

Elliptic Cylinder

Geometry Node

Reference
Vector

Surface Geometry

Tack Point

Location Texture CoordinateUnion Of
Primitive
Geometry

Time Constraints Data

Texture Coordinate

Morph Point

Location

Sheet 13
* 0..1

*
0..1

{ordered} *

0..1

*

0..1

{ordered}

0..1

*

0..1

*

*

*

*

{ordered}

**

*

* Sheet 3

0..1
Sheet 22

Sheet 14
0..1

1..* * *

*

1..* {ordered}

Sheet 18

*

2 2

0..1

0..10..1

Sheet 13
Sheet 15

{ordered}

*

2 {ordered}2..*{ordered}

3..* {ordered}Sheet 18

0..2{ordered}

Sheet 13

*

Sheet 18{ordered} *

0..1

* Sheet 7

0..1

*

Presentation_Domain
0..1

*

*

*

0..1

Sheet 15

* **

Sheet 21

*

1..*

{ordered}
 1..*

Location

Finite Element Mesh
Sheet 18

Polyhedron

Geometry
Volume

4..*

*

*

Primitive
Geometry

objects

Optional
Geometry
Topology

objects
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Aggregate Geometry

Sheet 5

Sheet 9

Sheet: 4  Aggregate Geometry
Version: 4.0  (10 October 2003)

Aggregate Geometry

Geometric
Centre

Bounding
Volume

Collision
Volume

3D Location

Conformal
Behaviour

Stamp Behaviour

LSR Transformation

Image Mapping
Function

Light Rendering
Properties

Light Source
Property
Description

Overload Priority Index

Colour

Rendering Priority
Level

Rendering Properties

Separating
Plane
Related
Geometry

Classification
Related
Geometry

Time
Related
Geometry

Level
Of
Detail
Related
Geometry

Alternate
Hierarchy
Related
Geometry

Octant
Related
Geometry

Quadrant
Related
Geometry

Spatial
Index
Related
Geometry

State
Related
Geometry

Perimeter
Related
Geometry

Separating
Plane
Relations

Classificatio
n Data

Separating
Plane
Data

Separating Plane

Time
Constraints
Data

Base
Level Of
Detail Data

3D Location

Hierarchy
Data

Octant
Data

Geometry
Hierarchy

Quadrant
Data

Spatial
Index
Data

Location

State
Control
Link

State Data

Union
Of
Geometry

Animation
Related
Geometry

Perimeter
Data

Reference
Vector

Continuous
Level
Of
Detail
Related
Geometry

Union Of
Geometry
Hierarchy

Union Of
Primitive
Geometry

Primitive Geometry

Animation
Behavior

*

0..1

0..1

0..1

{ordered}

*

0..1

0..1

0..1

Sheet 14

Sheet 6

*
1..*

Sheet 9

0..1*

Sheet 22

Sheet 7

Sheet 7

Sheet 21 *

0..1*0..3

1..*

*

* *

*

*

0..10..1
*

*

0..1

1..*

* 1..*

1..*{ ordered}

0..1

0..1

1..*

Sheet 17*
* *

1..2

2..*
1..8

*

1..4

Sheet 3

* *

1..*

1..* { ordered}

*

*

*

Sheet 20

Sheet 9

Sheet 9

*
3{ ordered}

1..*

1..*

Sheet 15

Presentation Domain

Sheet 21

0..1

*

0..1

Perimeter
Data

GeometryTopology
Hierarchy

*

0..1

{ ordered}

Sheet 15

Sheet 9

Sheet 7

Sheet 21

Camera
Point

*

Base Level
Of Detail
Data

Spatial
Extent Geometry

aggregation
mechanisms

Aggregate
Geometry



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 477 January 2004

Geometry Topology

Sheet:  13  Geometry Topology
Version: 4.0  (10 October 2003)

Geometry
Topology

Geometry Edge Geometry FaceGeometry Node

Edge Direction Edge Direction

{ordered}*

0..1*

1..*

*

Geometry Volume
0..1

2 {ordered}

*

Linear Geometry

Face Direction

0..2{ordered}

Polygon

*

*

4..**

Polyhedron

*
Geometry
Topology

objects

Boundary/
coboundary
relationships

Containment
relationships
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Polygon
(Trees)

Geometry Face Geometry Face

Geometry Edge Geometry Edge

Geometry Node Geometry Node

1

9

Union of
Primitive

Geometry
(Lake)

Polygon

1

Geometry Edge Geometry EdgeGeometry Edge

Geometry Node Geometry Node

Edge Direction

Edge Direction

Edge Direction Edge Direction Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Edge Direction

Geometry Topology Example

Lake

Trees

Only objects related to
these two Polygons

are shown

Lake is made up
of 9 polygons Island is a

single polygon

Faces

Edges

Nodes
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Polygonal Data Summary

• Polygonal Data is stored in Geometry objects
• Primitive Geometry objects include Point, Line, Polygon, & Polyhedron objects
• Geometry objects can be hierarchically organized in many different ways,

including spatially, temporally, by classification, etc.
• Attributes can take many forms, including Property Values, Property Tables,

Colors, etc., and can be associated with either Primitive Geometry or Geometry
Hierarchy objects

• Primitive Geometry objects contain their own geometric information
• Optional Geometry Topology objects contain only the topological relationships

between Primitive Geometry objects
– Geometry Topology objects are organized into topological complex es (i.e.,

tiles), represented by Geometry Topology Hierarchy objects
• Geometry Hierarchy objects can be associated with Images, Property Grids,

Features, and/or other Geometry Hierarchy objects
• Each Geometry Hierarchy object can have a complete set of supporting metadata



Advanced Application of the DRM – TerrainCopyright © 2004 SEDRIS™ 507 January 2004

Associations Between Terrain Representations

• Multiple terrain representations can be associated with one another:
– Feature-to-Feature
– Feature-to-Geometry Hierarchy
– Feature-to-Property Grid
– Geometry Hierarchy-to-Geometry Hierarchy

• These associations may have an attached semantic meaning:
– Spatial:

– Alternate Representation – different representations of the same thing
– Spatial Relationships – describes relative positions

– Disjoint/Intersect, Touch, Contains/Contained By, Overlap, Cross
– Above/Below – complete or partial horizontal overlap
– Proximity – within a specified distance of one another

– Functional:
– Controls/Controlled By – acts to influence state or position
– Supports/Supported By – acts to maintains position
– Attached – resist movement relative to one another
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Summary

• The DRM allows terrain data to be represented in several different ways:
– Raster, as Image objects in an Image Library
– Gridded, as Property Grid objects in a Data Table Library and/or in the

geometry hierarchy within the Environment Root or a Model
– Vector, as Feature and Feature Topology objects hierarchically organized

within the Environment Root or a Model
– Polygonal, as Geometry and optional Geometry Topology objects

hierarchically organized within the Environment Root or a Model
• The DRM provides many mechanisms for hierarchically organizing Feature and

Geometry objects that represent terrain:
– Spatial, Level of Detail, Classification, State, Time, etc., etc., etc.

• The DRM allows multiple terrain representations of the same or different types
to be associated, with attaching semantic meanings
– Alternate Representation of the same terrain
– Spatial Associations – Disjoint, Touch, Within, Overlap, Cross, Above/Below
– Proximity


