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Introduction

« DESCRIPTION

e Compact Terrain Database (CTDB) is an optimized run-time format used by the ModSAF and
OneSAF applications. Two complementary converter applications that respectively take STFs to the
CTDB format, and convert existing CTDB databases to STF will be described. The tutorial will
cover the capabilities and use of both applications. The tutorial on the STF to CTDB conversion will
cover the basics of the CTDB format, what the compiler expectsto find in a SEDRIS transmittal in
order to produce a useful CTDB database, and the variety of terrain data types that can be converted
to CTDB. The CTDB to STF portion of the tutorial will cover the conversion process and the
mapping of CTDB datato STF, and how SEDRIS-based analysis and visualization tools are utilized
to examine the content of CTDB databases.

« WHO SHOULD ATTEND

» Thistutoria isintended for developers or users of ModSAF, users of other Computer Generated
Forces (CGF) applications, and those interested in converting terrain datato CTDB through
SEDRIS. One goal isto educate ModSAF users on the CTDB format.
« PREREQUISITE

* Some familiarity with CTDB and ModSAF will be helpful. Prior attendance at either the
"Introduction to SEDRIS for Managers' or the "Fundamentally SEDRIS: The Technology
Components" tutorial is recommended.

 WHAT TO EXPECT

* Theattendees will learn what type of datathe STF to CTDB converter will expect, how to use both
applications, and how the conversions have been implemented.
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Prerequisite

e To get the most out of thistutorial, we assume you
know the following information as a prerequisite
to this session:

» A solid understanding of the SEDRI'S technology
components (including the DRM and SRM) and how
they fit together. We assume you have attended:

e “Introduction to SEDRISfor Managers’ or
* “Fundamentally SEDRIS. The technology components’

o Familiarity with CTDB and ModSAF will be helpful.

e Aninterest in using toolsto convert CTDB to and from
STF.
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Agenda

 |ntroduction to the CTDB format
e CTDB to STF

e STFtoCTDB

e Questions
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CTDB Format: Agenda

| ntroduction to the CTDB format
e Basic Information
» Polygon Attribute Table
o Terrain and Soil Representation

» Feature Representation
o Physical Features
o Abstract Features

« MES
CTDB to STF
STFto CTDB
Questions
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sy CTDB Format: Basic Information

e Compact Terrain Database (CTDB)
e Very space efficient format

e Was created for ModSAF and continues to be
used with OTBSAF, JointSAF, DISAF

e Coordinate System
e Originally UTM based

» Expanded to support Global Coordinate System (GCYS)
» Single Cell or Multi Cell
e GTRS
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CTDB Format: Polygon Attribute
Table

« PAT isa2dimensional lookup table.

o 4 default columns. Mobility Word, Soil Type, Surface Material
Composition, and Surface Wetness Condition.

» Each row has a unique combination of values for the different
columns.

» Additional columns, which store FACC attributes, can be added.

o 1% column, the mobility word is a packed word containing
the following information:

« SIMNET Trafficabilty Code

o CCTT Trafficabilty Code

o Water Flag

 No-Go Flag

* Road Flag
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CTDB Format: Terrain and Soil

e Terran can be stored as

e Elevation Grid Posts

» With accompanying soil grid that references the
PAT for each elevation post.

« Can have polygona microterrain stored with the
features for higher resolution elevation information.

e Triangulated Irregular Networks (TIN)

 Stored as polygonal data with topological
Information to make elevation lookups faster.

 Each polygon references the Polygon Attribute
Table (PAT) for soil and mobility information.
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CTDB Format: Features

 Physical Features

o Stored in patch structures

» Patches are generally 500x500m squares
 Patch size can vary based on post spacing
* 4 o0r 5 posts per patch

o Generdly used for intervisibility and impedance of movement
o Certan features used for route-planning

e Abstract Features

o Stored in quad tree structure
» Used for some route-planning and general information
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Y48 CTDB Format: Physical Features

* Volume Models (Buildings, obstacles)

e Stored in CTDB as aset of 3D vertices
representing the roofline of the volume.

o SAF “drops down” wallsto the terrain for each
pair of vertices.

e CTDB limits number of verticesto 15.
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CTDB Format: Physical Features

 Treelines
o Stored asalinear set of points.

e Additiona information:
e Trunk Radius
» Foliage Height
e Fullness
o Total Height

» Affectsintervisibility and acts as a obstacle to vehicle movement.
e Individual Trees

» Stored astree line with only one point.
 Tree Canopies

» Stored as a set of polygons representing the roof of the canopy.

» Thefullness of the canopy is also stored to represent the density of the
forest area.

» Canopy polygons are used in intervisibility calculations.
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Y48 CTDB Format: Physical Features

e Laid Linears
e Roads and Rivers
e Stored as a set of 2D locations

 Thewidth of linear is also stored with the
feature
e Laid Linears are used in route planning

Copyright © 2002 SEDRIS™



CTDB Format: Abstract Features

o Canopies
e Tree Canopy Footprint

o Storesimpenetrable bit that indicates whether vehicles can
penetrate the canopy

* The Abstract Canopy Feature is used for route planning

o Soil Defragmentation Areas
« Bounding footprint of an area with a uniform soil type

o Storesreference into Polygon Attribute Table to indicate
what the soil type the terrain within the defrag should have
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CTDB Format: Abstract Features

o Steep Slopes
e Bounding footprint of an area with a steep slope
» Storesthe degree of the slope angle

e Political Boundary

« Set of points representing a political boundary such as
country borders or city limits

e Labels
e Single point and a string value representing a map |abel
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CTDB Format: Abstract Features

* Rallroads and Pipelines

» Both stored aslinear sets of points
e Tactical Sign

» Areaidentified astactically dangerous
o Off road segment

» Allowsfor traffic networks that don’t follow any roads
« Used for route planning
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CTDB Format: MES

« A CTDB MESisa3D Structure that has interiors and
apertures. The interiors are used to represent the complete

structure, while the apertures are used to provide entrance
and exit portals.

o Typeof MES modelsinclude:
* Bridges
e Tunnels
e Buildings
e Caves
o Complex Data Structures
o Geometry information
» Topology information
 Interior and Exterior representations
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CTDBtoSTF Agenda

e Introduction to the CTDB format

e CTDB1to STF
o Software Architecture
o DataMappings (CTDB Data Structures to DRM Classes)
o Geometry/Feature Classification
» Geometry Coloring
« GCS
* Performance
 Rea-World Use
o Limitations
o Software Availability
e STFtoCTDB

e Questions
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Software Architecture
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libCTDB
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Software Architecture (cont.)

 CTDBtoSTF isacommand line program that is linked
against the CTDB Import/STF Export Library.

e Thecommand linetakesina CTDB database, alist of
options for what should be consumed, and afilename for
the STF that will be exported.

o Example:

CTDBtoSTF /GRID /TIN/LAID_LINEAR/MESmy_ctdb.c7l
my_sedris.stf

« A GUI may be provided in the future.
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Data Mappings

 PAT (Polygon Attribute Table)

 Elevation and Soil Grid

o Geometry/Feature Organization

* Tree, Treeline, Lad Linear and Volume Model
e Derived Geometry

 TIN, MicroTerrain and Canopies

* Abstract Features

e Topology




Data Mappings:

PAT (Polygon Attribute Table)

The CTDB PAT isstored in a

SEDRIS <Data Table Library>.
Each CTDB PAT entry is

Data Table Libraray I

stored in a separate SEDRIS A———
<Property Table>.
Reaular Axis I
I(’]:l]-er]bBeil:’oOSlef Aaépépg(;}lsjranngs | N Table Property Description I (SIMNET)
the PAT Table Property Description I (CCTT)
The graph totheri ght shows Table Property Description I (Soil Type)
the defaUIt FA CC attrl bUteS: Table Property Description I (Surface Material Category)
Soil Type Table Property Description I (Soil Wetness Condition)

Surface Material Category | =
Soil Wetness Condition
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Data Mappings:
Elevation Grid and Soil Grid

Elevation and Soil Grids are stored

In a S ngl e SEDRI S <Pr0perty (Elevatiog?gizgﬁgzgation and
Grid>. component indices)

The <Property Grid> has three Regular Axis
element types Regular Axis

EAC_ELEVATION_OF SURFACE
EAC_GRID DIAGONALIZATION
EAC_INDEX_TO COMPONENT

Table Property Description

Table Property Description

Table Property Description

Property Table (two DTL indices)

Property Table (two DTL indices)
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Data Mappings:
Elevation Grid and Soil Grid (cont.)

The CTDB Soil Grid stores two indices for Property Grid
each post (each index corresponds to one (Flevations, diagonalzation and
triangle in the quad).

.. . Reqular Axis

To mimic this, each _
EAC_INDEX_TO_COMPONENT Attribute Reqular Axis
Enumerant in the <Property Grid> refers Table Property Description
to auni que <Pr_0pe_rty Tabl e> component Table Property Description
that stores two indicesinto the Data Table ;- —

. able Property Description
Library.

Property Table (two DTL indices)

These two indices correspond to the .

appropriate PAT entries. '

Property Table (two DTL indices)

| NW_SE
i i
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Data Mappings:
Elevation Grid and Soil Grid (cont.)

e Anoption alows CTDBtoSTF to convert CTDB
elevation data into SEDRIS <Polygons>.

e The conversion ison patch basis and the
converted<Polygons> are stored under the proper
patch.

o <Polygons> of the same soil type will be grouped
together, and that group will store, as a component,
the <Property Table> corresponding to the appropriate
PAT entry.

o CTDBtoSTF will not build <Polygons> from the
CTDB Elevation/Soil Grid for patches that are flagged
as being TINed.
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Data Mappings:
Geometry/Feature Organization

 CTDB stores Physical Features on a patch-
basis.

e This patch organization is maintained in the
generated STF, using <Spatial |ndex
Related Geometry/Features> objects.

o <Spatia Index Related Geometry/Features>
provides a meansto organize its
components into tiles.




Data Mappings:
Geometry Organization

o <Spatia Index Data> objects _ Union of Geometry Hierarchy
are used to store the row and Spate oo ot oomaves
column index of each tile. Spatel ndex e
Classification Related Geometry
« CTDBtoSTF groups features of |
the same type (meaning they e s s
reference the same PAT entry)
together.

e The groups are then organized
under a <Classification Related
Geometry>.
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Data Mappings:
Feature Organization

e The SEDRIS features
produced by CTDBtoSTF [
are organized in an identical T
fashion to the geOmetry —|__Classification Related Features

Union of Features

Spatial Index Related Features

Spatial Index Data

Classification Related Features
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Data Mappings:
Tree (Feature)

e A Treein CTDB isstored in the

Patch Feature root
generated STF as a<Point e Spatial Index Data | g/—J

Feature> . Classfication Related Features

e A <Feature Node> is created [ Spatial Domain

with a 3D location storing the — Trees
base of the tree. B

Union of Features

e Additional information about _
the <Point Feature> are stored t o
as <Property Values>. .
 Heght
 Radius

* Foliage Height
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Data Mappings:
Tree (Geometry)

e A <Polygon> with stamp

geometry Root ‘I
behavior will be created Spatial Index Data_|
for the tree aS Wel I . Classfication Related Geometry

e A <Union of Primitive Soatal Domain_ | ”
Geometry> is creates that C'Uffte Dat'“t‘ wr—

stores the stamp

Union of Primitive Geometry I
<Polygon> as a t l
CompOnent Union of Primitive Geometry I

e This<Union of Primitive
Geometry> and the <Point
Feature> are associated
with each other.
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Data Mappings:
Tree-Line (Feature)

e ATreeLineinCTDB is

mappedlntoa<Llnear Soatial Index Dat w
Feature> I:i patial Index Data

Classfication Related Features

» A <Feature Edge> is created I

X Spatial Domain
with 3D locations representing —

the base of the tree.

Union of Features

e AddItIOna| |nf0rmat|0n abOUt Linear Feature
the <Linear Feature> is stored '.
i n <Pr0perty Val ues> Linear Feature

 Heght
* Radius
* Foliage Height
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Data Mappings:
Tree-Line (Geometry)

* A <Union of Primitive Geometry>
will be created for the tree-line.

Patch Geometry Root
. . Soatial Index Data
* It Contal ns Vertl Cal p0| ygons thaI Classfication Related Geometrv

are derived from two adjacent
vertices on the tree line and the ~|__Soatial Domain
terrain heights at those locations. ﬂ Classification Data

. Thl S <U ni on Of PI’I mitive Union of Geometrv Hierarchv

Geometry> and the <Linear Union of Primitive Geometrv
Feature> are associated with each S
Othel’ Union of Primitive Geometry
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Data Mappings:
Laid Linear (Feature)

(] CTDB Lal d L | near features are P——— IyPatch Feature root
roads and rivers. J:‘{

() They are Storecl | n the generate(j —I Union of Feature Topoloay I Laid Li(r;f:;dlist)eatures
STF asa<Linear Features>. Clssicaion Date_| ;—J

Union of Features I

 This<Linear Feature> will property Table |
ha\/e a <Pr0perty Val U@ Linear Feature I

Storl ng the WI dth Of roaj Or L:' Foat I Laid Linear Features
] inear Feature (Rivers)
rl Ver 4|:1 Classification Data I >—J

Union of Features I

Classfication Related Features

Property Table I

Linear Feature I

Linear Feature I
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Data Mappings:
Laid Linear (Geometry)

i

e A <Union of Geometry Hlerarchy> Snatial Index Related Geometry
will be created for each Laid Spatial Index Data_|

Linear. r Classfication Related Geometry
. Laid Linear Features
e |t contains polygons (rectangles) Classification Data (Roads)
that are derived from two adjacent B

Union of Geometrv Hierarchy
verticeson the Laid Linear.

 The <Union of Geometry _ _
HierarChy> an d the <Linear —  Union of Geometrv Hiearchy

Feature> are associated with each '

— Union of Geometry Hiearchy
other. Laid Linear Features
I( Classification Data (Rivers)
Union of Geometry Hierarchy

T Property Table

Patch Geometry root

T Property Table

] Union of Geometry Hiearchy

— Union of Geometry Hiearchy
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Data Mappings:
Volume Model (Feature)

« CTDB Volume Models contain only roof-line
vertex information.

e Thisroof-lineis converted into an <Areal
Feature>.

» Each edge of the volume contains a <Property
Vaue> to indicate the height above terrain, unless
the height is uniform, in which case one <Property

Vaue> is used.
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Data Mappings:
Volume Model (Geometry)

e A <Union of Primitive Geometry> is created as
the derived geometry for volume models.

* Only the vertical polygons are created for wallsin
the volume models.

 The <Union of Primitive Geometry> and the
<Area Feature> are associated with each other.

e |nthefuture, CTDBtoSTF will derive the roof
polygons as well.
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Data Mappings: Derived Geometry

e The geometric representations of the CTDB
Elevation Grid, Trees, Tree-Lines, Lad
Linears and Volume Models are derived In
CTDBtoSTF.

* These polygonal representations are not
stored directly inthe CTDB.




Data Mappings:
TIN

' Patch
 TINsin CTDB are converted _ | geometry root
into SEDRIS <Pol ygons> Spatial Index Data I \\,// _______
e Pol ygons that have the same Classification Related Geometry I o
attributes are grouped into one ——
<Union of Primitive —I

Geometry>. Classification Data I

* 'g\n; Iz))li‘:otﬁ’)]eerg ATTabell’let?I’eVS\frI“SCQC;CSI ed Union of Geometrv Hierarchv
under this <Union of Primitive
Geometry> to store the

attributes of these polygons. Property Table (one row in PAT) I
Inline Colour I
Polvaon I

Polvaon I
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Data Mappings:
MicroTerrain

 |nCTDB, there are four types of MicroTerrain:

» Base (Standard Microterrain)
« Multi-Elevation

o Default (only used if thereisn't Base or Multi-Elevation
MicroTerrain)

o Water
e Currently, CTDB to STF isonly supporting Base
MicroTerran.

e MicroTerrain polygons are tagged appropriately
and stored in the geometry tiles as SEDRIS
<Polygons> in the same manner asthe TINS.
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Data Mappings:
Canopy

o Canopies are stored as <Polygon> objects.

o Canopies are tagged appropriately and stored in
the geometry tile as SEDRIS <Polygon> objects.

e Canopiesin CTDB store aflag to indicate whether

a point lies on the canopy edge. Thisflagis
currently not being retained.

NOTE: CTDB also stores canopies as a footprint with the abstract
features, which are translated into SEDRIS <Areal Features>.
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) Data Mappings:
& MES (Multi-Elevation Structures)

e Unlike standard CTDB volumes
which only contain roofline
vertices, MES volumes contain
complete structure information.

e Roofline and Ground line
 Foor lines

e Enclosures

e Apertures

e Each of these portionsisclassified | ... :
using a <Classification Related Displaying all the MES' apertures
Geometry>.

 The MEStopological information
IS not currently being retained.
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Data Mappings:
 MES (Multi-Elevation Structures)

 Theroof-line and ground-line
are stored in world coordinates L Goomety Model
Inthe CTDB. The enclosure,

aperture and fl Oor_| | ne p0| ygons Classification Related Geometnl I/_E;(;O_SIII’_G_S\]
are stored in |ocal space and Classification Data SO — /
hence can be Indexed' Union of Primitive Geometry [/i ———————— N
* CTDBtOSTF tranSI ateS the Classification Data L~ Ape—rij:e—s-/
vertices for the roof-line and L

Union of Primitive Geometry

ground-line and stores them
with the Enclosures and

Aperturesin a<Geometry P \

M odel> | Floor Line |
. ) Classification Data k;, o !

 The <Geometry Model> isthen — — =

. . . nion of Primitive Geometry

Instanced in the environment G

with the proper world Classification Data o

transformation values. Union of Primitive Geometry |~
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Data Mappings:
Abstract Features

o Abstract Featuresin CTDB are stored in a quad
tree, as opposed to the patch organization of the
Physical Features.

e Thisquad tree structure is not retained in the STF.

* |nstead, all of the Abstract Featuresfor aCTDB
are grouped into one <Union of Features>.

* The quad tree structure will be retained in the
future.
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Data Mappings:
Abstract Features (cont.)

« The CTDB Abstract Feature type is used to determine the
appropriate SEDRIS Class.

« A few examples are shown below.

CTDB SEDRIS Class
Soil Defragmentation Area | <Areal Feature>

Canopy Footprint <Areadl Feature>

Rallroad <Linear Feature>
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Data Mappings:
Topology

 |InCTDB, thetopology of Abstract and Physical Linear Features are
made up by edges and nodes.

* Edge: An edgeis a sequence of Physical or Abstract Linear
Features (sub-edges) that traverse the space between nodes.

* Node: A nodeisthe location where 1 or more edges intersect.
« CTDBtoSTF converts:

« CTDB Edge => <Linear Feature>

o CTDB Sub-edge => <Feature Edge>

e CTDB Node => <Feature Node>
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Data Mappings:
Topology

e CrossBoundary Problem:

e CTDB edge (thusa SEDRIS
<Linear Feature>) may cross

patch boundaries. ®
« CTDBtoSTF solution: “Hard” @/@/.\@\

boundary for <Feature
Edges>, “ Soft” boundary for
<Linear Features>.

o Therefore, multiple tiles may
share the same <Linear
Feature>.

» Each circlerepresentsa CTDB Node.

» Each edge between pointsisa CTDB
Sub-Edge.

« TheentirelineisaCTDB Edge.
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Data Mappings:
Topology (cont.)

 CTDB storesaflag with each Node
Indicating whether a bridge exists at that
point.

 When that flag is set, CTDBtoSTF will
build a <Point Feature> to represent that
bridge.




Geometry / Feature Classification

» Featuresthat are of the same type are stored together and tagged
with an appropriate EDCS Classification Code (ECC).

 The ECC isdetermined by the CTDB feature and soil type.
* For example, alad linear with a soil type of water would be trandl ated
into ECC_RIVER_OR_STREAM.
* A laidlinear with asoil type of road would be trandated into
ECC ROAD.
» A soil defrag, atype of abstract feature, with a soil type of water would
be classified as ECC _LAKE.

 The mappings are stored in an ASCI| file and can be
edited for specific needs.
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Geometry Coloring

* All geometriesin the generated STF are assigned
acolor.

 Thecolor isdetermined by the CTDB feature and
soil type.

» For example, alaid linear with a soil type of water will
have a blue color.

e The colors are specified in the mapping file, which
IS editable.
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GCS (Global Coordinate System)

« CTDB to STF consumes multi- _ — |
cell GCS STFs. |

o Each cell isstored in a separate E——
<Environment Root>. Environment Root

* PAT entriesfrom each CTDB Sonren Reo
cell are stored under the <Data ——
Table Library> sequentially. Data Table Library

o GCS Supportisstill in
development. Viodel Library
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GCS (cont.)

 CTDB Format 7 supports an older version of
GCS, aswedll asthe newer model, GTRS.

 The SEDRIS SRM only uses the newer
version of GCS.

 The SEDRIS SRM provides functionsto
convert from the older style to the new
version.

e CTDBtoSTF will use these routines.




Performance

Copyright © 2002 SEDRIS™

Database Name CTDB Size STF Size STF Processing Time
Size (with derived
(with derived Geometry)
Geometry)

Bellevue 845 KB 60 KB 429 KB 4 seconds

McKenna 583 KB 470 KB 563 KB 6 seconds

Philly 2.39 MB 3.8MB 7.55MB 2.9 minutes

NTC 2.17 MB 2.2MB 13.7 MB 3.3 minutes

Hunter 524 MB 51MB 19.2 MB 4 minutes

Bosnia 9.61 MB 13.4 MB 57.1 MB 9 minutes

Windows 2000

PII1 700, with 256 Megabytes of RAM

STF to CTDB and CTDB to STF Conversions

SEDRIS3.1
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Real-World Use:
STFtoCTDB

e By using STFtoCTDB in conjunction with
the CTDBtoSTF, one can have around trip
conversion.

 Thismakesit possibleto use SEDRIS
editing tools, such as Focus and SEE-IT, to
Indirectly edit CTDBSs.
e Convert CTDB to STF.
e Modify resulting STF with SEDRIS tools.
e Convert the modified STF back into CTDB.

e Continue CTDB usage.




Real-World Usage:
SEE-IT

o SEE-IT can evauate
terrain databases to
locate conditions (e.g.,
road and river
Intersections that do
not have bridges).

By using CTDBtoSTF
you can use SEE-IT |

the CTDB.
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Real-World Usage:
Side-by-Side

. . I Side-by-Side Viewer BEX]
Fle Edt View ‘iewers Importers Exporters  Miscellaneous  Hel
o Side-by-Side, developed  iisreicE o
b y A CUSOft1 Provi des . lﬁ. E \+ GUSRENR-
- - P P et w1 Y e e L L
correlation, conversion *-
2D Yie
» » » - 1-
and intensification

:nw—;!+sr
features.

e The screen-shot shows a
comparison between an
STF (created from o ~. B
CTDB) with the r—
OpenFlight version of
the database.
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CTDBtoSTF Limitations

 Abstract Features Organization: the quad
tree structure Is not maintained in the
generated transmittals.

* Not all formsof MicroTerrain are being
stored.

e Only supports CTDB Format 7.
o GCS support is not yet complete.




Software Availability

o CTDBtoSTF isstill inthe process of beta
testing.

* The softwareis currently available to
SEDRIS associates.

 Vigit http://tools.sedris.org for the latest
Information about the software.




STF to CTDB Agenda

e |ntroduction to the CTDB format
e CTDB1toSTF

« STFtoCTDB

 Mapping STF Datato CTDB
» Understanding the DRM and EDCS to map data
» Effective Handling of Multiple Representations
 STFto CTDB Data Mappings

* Overview of Operation

« Tool Status

 Rea World Usage

e Questions
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Mapping STF Data - DRM

o Compiler understands certain primitive DRM Classes

o Geometry
» <Polygons>
* Terrain, Canopy Roofs
* <Geometry Models>
e Buildings
* <Property Grids>
e Terrain Elevation
e Features
* <Point Features>
* Trees, Buildings, Bridges, etc.
* <Linear Features>
* Roads, Rivers, Bridges, etc.
» <Ared Features>
» Soil defragmentation areas, canopy footprints, etc.
e Compiler understands certain organizational DRM Classes

» <Levd of Detall Related>
e Canchose HIGH or LOW level of detail

e <Spatial Index Related>
» Used to cut out smaller CTDBs efficiently
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Mapping STF Data - EDCS

o Compiler uses EDCS Classification and
Attribution to interpret object meaning.

 EDCS Classification found in <Classification
Data> DRM object as component to primitive
DRM object.

o EDCS Attribution is found in <Property
Value> DRM aobject as component to primitive
DRM object.

e Can be:
» Floats, Integers, Booleans, EDCS Enumerants, or Intervals

Copyright © 2002 SEDRIS™ STF to CTDB and CTDB to STF Conversions 23 August 2002 60



Mapping STF Data — Putting it
Together

 DRM Primitives combined with EDCS
Classification and EDCS Attribution represent a
specific object with real properties.
o <Linear Feature>

» <Classfication Data> ECC_ROAD
o <Property Value> EAC_WIDTH of 10 meters

e <Polygon>
« <Classification Data> ECC_TERRAIN

« <Property Value> EAC_SURFACE_MATERIAL_TY PE of
SAND
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STF to CTDB Data Mapping Topics

» General Requirements
* SRF Requirements
* Requirementsfor CTDB Terrain Data
o Gridded Terrain Elevation Data
» Polygonal Terrain Elevation Data
o Terrain Soil / Mobility information
. Reqw rementsfor CTDB Feature Data
Buildings and Obstacles
* Roadsand Rivers
* Bridges
 Treesand Treelines
o Canopies
o Soil Defrags
» Railroads, Pipelines, Power lines
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Data Mappings: General
Requirements

 SRF Requirements

* Thefollowing SEDRIS SRM SRFs are currently
supported:
« SRM SRF 3D GD (Geodetic)
« SRM _SRF 3D AUTM (Augmented Universal Tranverse
Mercator)

« SRM_SRF 3D ATM (Augmented Tranverse Mercator)

» Support of additional SRFsis possible, if needed

« But only if SRM supports conversion from that SRF to the
AUTM SRF

o Other issues:
o CTDB extents may not cross UTM zone boundaries
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Data Mappings: Gridded Terrain
Data

Used to fill CTDB elevation grid posts and corresponding soil grid.
* Can also be used to create CTDB TIN data.

e Contained in a<Property Grid>

» SRFssupported are the same listed on previous slide.

* Required <Table Property Descriptions>

« EAC_TERRAIN_ELEVATION

» Trafficabilty Information
« EAC_TERRAIN_TRAFFICABILITY_COARSE (SIMNET) or
+ EAC_TERRAIN_TRAFFICABILITY_MEDIUM (CCTT)

EAC_GRID_DIAGONALIZATION
EAC SOIL_TYPE
EAC_SOIL_WETNESS
EAC_SURFACE_MATERIAL_TYPE

e STF Structure

@ 4 Property Grid: ECC TEREAIM ELEVATION PROPERTY SET

Tabkle Property Description: EAC QREID DlACORALISATIOM

Table Property Description: EAC TEREEAIM TEAFFICABILITY COARSE
Table Property Description: BEAC SURFACE MATEELAL TYPE

Table Property Description: EAC 501 TYPE

Table Property Description: EAC 501 WET MESS

iy Classification Data: ECC_TERREAIN_ELEVATION_PROPERTY_SET
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Data Mappings: Polygonal
Terrain Data

o Usedto create CTDB TIN and microterrain
* Microterrain only created where elevation grid is valid, otherwise TIN is used.

o Stored as <Polygon> objects.

* Required Attribution in <Property Value> objects
o Trafficability
« EAC _TERRAIN_TRAFFICABILITY_COARSE (SIMNET) or
« EAC _TERRAIN_TRAFFICABILITY_MEDIUM (CCTT)

- EAC _SOIL_TYPE
- EAC_SOIL_WETNESS
« EAC_SURFACE_MATERIAL_TYPE

« Attribution used to create entriesin CTDB Polygon Attribute Table
e Can also be used to create CTDB gridded elevation data.
e STF Structure:

@ 9 Polygon: ECC TERREAIN
i@ Classification Data: ECC_TERREAIM
& FPropertwyvalue: EAC TEREAIN TREAFFICABILITY COARSE
& Property walue: E&ACZ SURFAZE MATERLAL TYPE
& Property walue: E&Z 5OIL TYPE
@& Property walue: E&Z 5OIL WETMESS
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Data Mappings: Buildings and
Obstacles

e Usedto create CTDB volume models

o Stored as <Point Features>, <Areal Features> or <Geometry Models>

o <Point Feature> Requirements

 Point represents exact center of volume model roofline, and the actual rooflineis
derived from the given attribution.

* Required Attribution:
* Length, Width, Height, and Angle of Orientation
o <Ared Feature> Requirements
» Each point represents one point in the volume model roofline.
» Required Attribution
* Height
e STF Structure;
¢ &4 Areal Feature: ECC_BUILDIMNG

W@ Classification Data: ECC_BUILDIMG
& FPropertyvalue EAC HEIGHT ABOWE SURFACE LEVEL
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Data Mappings: Buildings and
Obstacles

o Special Case: <Geometry Models>
» No attribution required
* Building Algorithm:
» Computes aroofline by finding all vertical or near vertical polygons

(within 15 degrees) and attempting to find a path that traverses along
them to create aroofline.

* Obstacle Algorithm:

» Computes a simple bounding box by finding the x,y, and z extents,
and encodes the top of the bounding box as the roofline. Useful for
small obstacles (fire hydrants, signs, vehicles) and unusually shaped
buildings that fail the building algorithm.

* When <Geometry Model> is associated to a <Point Feature> or
<Area Feature>, the feature is considered an aternate
representation and processed instead.
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Data Mappings: Roads and
Rivers

e Stored as <Linear Features>

e Required Attribution
* Width

* Roads and Rivers are both stored in CTDB as Laid Linear
segments, and all topology information is created by the
backend compiler.

» If specified viaa command line argument, implicit bridges can be
created at Road and River intersections during the topology creation
process.

e STF Structure:

© <A Linear Feature: ECC_RIVER
i@y Classification Dara: ECC_RIWEFR,
& FPropertyalue: EAC WIDTH

© <= Linear Feature: ECC_ROAD
i@y Classification Data: ECC_ROAD
& FPropertyalue: EAC WIDTH
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Data Mappings: Bridges

e Stored as<Linear Features>
* Required <Property Value> Attribution
« Length, Width, Height, Angle of Orientation
« 3D MES Bridge structure is created using these attributes.
 MES bridge worksin DISAF 8.0
* Does not work in any other SAF

o Users should consider mapping bridges as roads and
allowing the backend to implicitly create bridges at
Intersections.

e STF Structure:

@ <4 Linear Feature: ECC_BRIDGE

@, Classification Dara: ECC_BRIDGE
& Propertyyalue: BEAC WIDTH
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Data Mappings: Trees and Tree
lines

e Stored as <Point Features> or <Linear Features>

* Required <Property Vaue> Attribution
« Height — Total Height of Tree
» Foliage height — Height of foliage in meters measured from the top of tree.
» Opacity — Fullness of foliage.
» Diameter — Diameter of foliage

 All CTDB trees are stored as Tree lines, individual <Point Feature> trees are
stored as a Tree line with only one vertex.

e STF Structure:

& <2h Linear Feature: ECC_TEEE

¥y Classification Data: ECC_TREE

& Froperty value: E&C HEICGHT ABOWE SURFACE LEVEL

& Fropertwwalue: EAC BEUSH DEMSITY

& Fropertyswalue: EAC MEAM STEM DLAMET ER

@& Property walue: E&C TREEE CAMOPY BOTTOM HEICGHT
$ <=4 Point Feature: ECC_TREE

& Classification Data: ECC_TREEE
Fropertvw vwalue: EAZ HEIGHT ABOWE SURFACZE LEWEL
Fropertw vwalue: EAZ BREUSH DERSITY
Fropertw vwalue: EAZ MEAR STEM DLAMET ER
Fropertvwwalue: EACZ TEEE CAMNOPY BOTT OM HEINCGHT
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Data Mappings: Canopies

o Stored separately as both <Areal Features> and <Polygons>

» <Area Features> describe the boundary of the canopy, and whether or not it can be seen
through and/or driven through. Thisinformation is used to create both abstract and
physical feature canopy objects.

* Required <Property Value> Attribution
Density — used to determine the transparency and penetrability of the canopy.
» Transparency information stored in physical feature canopy
Penetrability stored in abstract feature canopy

» <Polygons> describe the roof the the canopy.

* Required <Property Value> Attribution
None

» Stored only as physical feature canopy object.
e STF Structure:
@ &4 Areal Featyre: ECC_TREED_TRACT
%y Classification Data; ECC_TREED_TRACT
@ FPropertyalue: EAC BRUSH DEMNAITY
® 4 Palygon: ECC TREED TRACT
7§ Classification Data; ECC_TREED_TRACT
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Data Mappings: Soll
Defragmentation Areas

e Stored as <Areal Features>
»  Used to describe the mobility and soil information for the represented areain the CTDB.

* Required <Property Vaue> Attribution

» Some Trafficabilty Information
EAC_TERRAIN_TRAFFICABILITY_COARSE (SIMNET) or
EAC_TERRAIN_TRAFFICABILITY_MEDIUM (CCTT)

» Desired <Property Value> Attribution
+ EAC SOIL_TYPE
+ EAC _SOIL_WETNESS
+ EAC _SURFACE_MATERIAL_TYPE

o Specia Notes:

» Soil defrags are used by the compiler to attribute soil/mobility information to those polygons
that have none specified.

e STF Structure:

© <A Areal Feature: ECC_GROUMD _SURFACE_ELEMEMNT
i@y Classification Data; ECC_GROUMND _SURFACE_ELEMENT
& Fropertyvalue: EAC TEREEAIN TEAFFICABILITY COARSE
& Fropertyvalue: EAC SUEFACE MATERLAL TYPE
& Fropertyvalue: EAC 50IL TYPE
& FropertyWalue: EAC 500 WETMESS
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£ Data Mappings: Railroads, Pipelines,
' Power lines

e Stored as <Linear Features>

* Required <Property Vaue> Attribution
* None

e Stored as abstract features in CTDB.
e STF Structure:

@ 4 Linear Feature: ECC_RAILROAD

W&y Classification Data: ECC_RAILEOAD
@ <4 Linear Feature: ECC_POWER_TRAMNSMISSION _LIME

W@y Classification Data: ECC_POWER_TRAMIMISSION_LINE
@ <4 Linear Feature: ECC_PIPELINE

i@y Classification Data: ECC_PIPELINE
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Data Mappings: Multiple
Representations

* With the power of the SEDRIS DRM, data can be stored in avariety
of different representations

e Insome cases, STF to CTDB can handle multiple representations

* For buildingsit can understand <Areal Features>, <Point Features> and
<Geometry Models>

* However, it cannot possibly handle every representation

» For example roads could be stored as:

» <Linear Features> representing the route of each road with a <Property
Vaue> to give the width.

» <Area Features> representing the outline of the complete road, where width
would have to be reasoned from the width of the <Areal Feature> itself.

» <Polygons> stitched into the terrain tagged as ECC_ROAD.
« etc.

« STFto CTDB canonly handle <Linear Feature> representation

* The set of data mappings described here documents which
representations the STF to CTDB does handle

o Aninformal Transmittal Contents Requirement Specification for the STF
to CTDB compiler.
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Overview of Operation

Config File

Config File Config File

Features ] Attribution Defaults

Command-line
arguments

STF Object
Extraction

Front end
Processing

Temporary
Object data

_______________

. Temporary
. Metadata

ey
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Overview of Operation (cont)

o Configuration Files

e Features File

 Maps DRM and EDCS Classification Code
combinations to CTDB concepts

o Attribution File
e Maps EDCS Attribute Codesto CTDB concepts

e Defaults File

* Provides ability to specify default values for
attribution when none exists in the input data
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Overview of Operation: Features File

o FeaturesFile Entry Example:

* Map any <Linear Feature> with any of the three given EDCS Classification Codes
toaCTDB laid linear road.

* Map <Geometry Models> that are classified as ECC_BUILDING, <Aredl
Features> that are classified as ECC_ADMINISTRATION_BUILDING, and
<Point Features> that are classified as ECC_BARRACK or ECC_BARN to CTDB
Buildings.
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Overview of Operation: Attribution File

o Attribution File Entry Example:

e “width” entry instructs the compiler that any <Property Value> with EAC WIDTH
or EAC_ROAD _TOTAL_USABLE WIDTH can beinterpreted as width.

* “height” entry instructs the compiler that any <Property Vaue> with
EAC HEIGHT _ABOVE _SURFACE LEVEL or
EAC _PREDOMINANT_ HEIGHT can be interpreted as height.

o “density” entry instructs the compiler that any <Property Vaue> with
EAC BRUSH DENSITY or EAC_ WOODY_VEGETATION_DENSITY can be
interpreted as density.

* Where more than one <Property Vaue> is found when searching for attribution,
the first one in the list that matches will be used.

(( width ( WIDTH ROAD_TOTAL_USABLE_WIDTH ))
( height ( HEIGHT_ABOVE_SURFACE_LEVEL PREDOMINANT_HEIGHT ))
( density ( BRUSH_DENSITY WOODY_VEGETATION_DENSITY ))

)
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Overview of Operation: Defaults File

o Defaults File Entry Example:

» When searching for “height” attribution of building, if no <Property Value> is
found for “height” as described in the previous slide, then the default value
specified here as“10” will be used.

o Likewisefor trees and treelines, if no “foliage height” attribution is found, the
default value of 8 specified in thisfile will be used.
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Tool Status: Topics

o Release Information & Schedule
e Testing

e Limitations

e Performance

e Future Enhancements
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Tool Status: Release Info

e BetaRelease

» Betareleases availlable to SEDRIS associates and on request to
non-associates. Email help@sedris.org to request beta software.

o Last 3.0 based beta was on 6/25/02
o First 3.1 based beta release will be shortly after STC

e Release 1.0
» Based on SEDRIS 3.1 baseline
o Scheduled for the end of thisyear

* Will Contain
* GCS Support
o Limited MES support

* Rigoroustesting before release
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Tool Status: Testing

e Testing Strategy

 How to test for total correlation?
o Coordinate systems differ.
« Storage techniques differ.
* Begin with elevation correlation and move on to features.

 CTDB to STF loop back testing.

o Goal: CTDB created from an STF that was created by the
CTDB to STF tool should be identical to the original CTDB.

o Likewisewith STF loop backs.
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Tool Status: Limitations

o Current Limitations.
 No GCS Support
« No MES Support
e Only supports CTDB format 7
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Tool Status: Performance

‘ Statistics for Bellevue STF ‘ Statistics for VERTS Philly STF

Database Size (Meters) 10000x10000 Database Size (Meters) 2000x1000
Database Type Rural Database Type Urban
3.1 Input STF Size (MB) 3.8 3.1 Input STF Size (MB) 15.7
3.1 Output CTDB Size (MB) 0.6 3.1 Output CTDB Size (MB) 2
3.1 Total Running Time

(minutes) 00:18.9 3.1 Total Running Time (minutes) | 01:35.9
3.1 Temp File Size (MB) 4.2 3.1 Temp File Size (MB) 50.7

* All statistics collected on Dual 1.7 GHz P4 Xeon with 768 MB of physical RAM running Linux Red Hat 7.2
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Tool Status: Performance

‘ Statistics for DTED Level 0 e Notes

Database Size (Meters) 90500x110000
Terrain
Database Type Elevation
3.1 Input STF Size (MB) 16.7*
3.1 Output CTDB Size (MB) | 8.9
3.1 Total Running Time
(minutes) 0:30.17
3.1 Temp File Size (MB) 6.87

* STF contains Level O, Level 1, and Level 2 DTED data
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e STF contains
Information that cannot
be stored in resulting
CTDB

e |Information is not
converted
* Running time not solely
aresult of database size
but Is also affected by
database content
* Processing geometry
models takes longer
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Tool Status: Future Enhancements

« GCS/GTRS support
 MES Building support

 |Integrate refinementsto TCRS and use future
TCRS Tools
 TCRSIlanguage
e Development of TCRS Checker
e Graphical user interface
« Easier configuration options
e Add ahelp system
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Real World Usage

« DTED, VPF native data
o Create STFsviathe DTED to STF and VPF to STF programs.
o Use STFto CTDB to combine the two STFsinto asingle CTDB.

o Converter assumes VPF and DTED are correlated prior to being
converted to CTDB.

« VERTS

o Used TerraToolsand STF to CTDB, aswell asthe DISAF MES insertion
process to create urban environment CTDBs with MES structures. (New
Y ork and Philadelphia).

« CTDB maintenance and improvement
 Usethe CTDB to STF to extract the CTDB datainto an STF.

o Use SEDRIS based tools, such as SEE-IT, Side-By-Side, and Focus to
make improvements to the STF or add new content

o Use STFto CTDB to create the new and improved CTDB.
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Summary

e Introduction to the CTDB format
e Basic Information
*  Polygon Attribute Table
* Terrain and Soil Representation
»  Feature Representation
e MES
d CTDB to STF
Software Architecture
 DataMappings (CTDB Data Structuresto DRM Classes)
*  Geometry/Feature Classification
*  Geometry Coloring
« GCS
e Performance
* Rea-World Usage
e Limitations
Software Availability
. ST FtoCTDB
* Mapping STF Datato CTDB
*  Overview of Operation
* Tool Status
 Rea World Usage

Any Questions?
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Where to go from here

Avallable mailing lists
o http://www.sedris.org/

* Click on E-mail Conference link
» ctdb@sedris.org
» tools@sedris.org

* Previous CTDB Papers

o http://www.sedris.org
« Click on SEDRIS Papers link

 Previous CTDB Presentations

o http://www.sedris.org
» Click on Presentations link

* Request beta versions of software
 Email: help@sedris.org

o Watch for release of both tools as well as other SEDRIS tools
o http://tools.sedris.org
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