Tools for the Creation of Semantic Information for Modeling and
Simulation

Thomas Stanzione
Kevin Johnson
MAK Technologies
68 Moulton Street
Cambridge, MA 02138
(617) 876-8085 x109, x132
tstanzione(@mak.com, kevinj@mak.com

Keywords:
Terrain Reasoning, Semantic Information, Geographic Information Systems

ABSTRACT: Current combat simulations use polygonal representations of the terrain, augmented with vector data,
for terrain reasoning. Algorithms such as vehicle movement and line-of-sight use these data to determine vehicle speed
and orientation, as well as for targeting and navigation. While these data provide the basic terrain representation
needed for vehicle dynamics and weapon system effects, they do not provide the semantic information needed for higher
level reasoning, especially for modeling of human behaviors within a combat environment. Semantic information goes
beyond the physical characteristics that most terrain databases provide, and includes relationships between terrain
features and how they can be used in the performance of specific combat missions. Humans can interpret this additional
semantic information and make decisions based on it, but human behavior algorithms need these data to be represented
within the combat simulations. This paper will discuss current work MAK is doing for the US Army Soldier System
Center to generate semantic terrain information for the Infantry Warrior Simulation (IWARS), a constructive simulation
being developed for analysis of infantry tactics and equipment. Geoprocessing models are being developed in C/JMTK
to generate mobility, cover, and concealment features for use in planning and movement behaviors. Scripts for
Autodesk 3ds Max are being developed to automate the generation of semantic information for building interior
representations. These tools are being developed to allow the semantic information to be used in other simulation
systems, using the geography markup language (GML).

1. Introduction

Under a Phase II SBIR contract with the Natick Soldier
Center, MAK Technologies is developing tools to
generate semantic information for modeling and
simulation systems. ESRI’s ArcGIS is a component of
the Commercial Joint Mapping Toolkit (C/IMTK). It is
used in the modeling and simulation (M&S) terrain
database generation field mostly for source data
preparation, but it also provides -capabilities for
semantic information generation. For example, the
Spatial Analyst and 3D Analyst extensions can be used
to classify elevation data and create geoprocessing
tools to create new features for mobility, cover, and
concealment. These features can be used by combat
models to change movement behaviors or in planning
algorithms. Three dimensional modeling programs,
such as Autodesk 3ds Max, can be used to generate
geometry and attributes for movement within building
interiors. This paper discusses current work MAK is
doing to generate semantic terrain information using
ArcGIS and 3ds Max for simulation applications.

2. Terrain Database Representations in
M&S Systems

Typical terrain databases for modeling and simulation
come in two varieties — those for 3D visualization and
those for computer generated forces (CGF)
applications. The 3D visualization databases need to
“look good”, especially in relation to the real world.
These databases consist of a terrain skin represented
with polygons that are generated from a digital
elevation model (DEM). These polygons can be based
on a regular grid or based on a Triangulated Irregular
Network (TIN). TINs allow databases to be load
balanced, utilizing polygon budgets where they are
most needed in areas of highly varying terrain.
Integrated TINs take this one step further and integrate
feature data into the tinning process, such as cutting
roads and rivers into the terrain skin. Figure 1 is an
example of the integrated TIN process.
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Figure 1: Road, TIN, and Integrated TIN

Along with the terrain polygons, visual databases
include texture information to provide a visualization
of ground and material types. These databases include
3D models for buildings, trees, and other cultural and
natural point features, as well as 2D linear and area
features with specific textures for roads, rivers, lakes,
etc. These databases may also have aerial imagery
draped over the terrain skin for a realistic visual
representation.

Terrain database for CGF systems are quite different
from these visual databases. While CGF systems may
use their terrain information for 2D visualization, the
main use is for terrain reasoning. CGF terrain contains
the geometry and attribution of elevation, cultural and
natural features, used for vehicle placement, movement
algorithms, and line of sight. Movement algorithms
include path planning, obstacle avoidance, and vehicle
dynamics models, while line of sight algorithms are
used for targeting and communications. CGF terrain
databases have a terrain skin, similar to the 3D
visualization databases, but include more attribution
data instead of textures. This attribution data allows the
computer models to reason about the terrain explicitly,
without having to infer information. Terrain skin
attribution may include soil type (including water),
mobility characteristics, and vegetation characteristics.

In addition to the terrain skin, CGF terrain databases
also include point, line, and area features, which are
also attributed for computer reasoning. These attributes
include feature type, geometric characteristics like
width and height, and more semantic information like
road network topology. These databases may also
include 3D models associated with point features,
which run the gamut from high fidelity building
models with interior structure to low fidelity
“overturned shoe boxes”.

Other key aspects of CGF terrain databases are
compactness and spatial organization. In order to
provide optimal performance, CGF terrain database are
kept as compact as possible so that they can be stored
in computer memory in whole, eliminating the need for
costly disk access. They also include a spatial
organization so that all of the terrain data around a
location can be found quickly. Spatial organization

schemes can be grid-based or hierarchical, like
quadtrees or octtrees. [1]

3. Semantic Information for Modeling and
Simulation

Terrain databases for modeling and simulation do not
contain much semantic information, which a person
looking at the actual terrain or a map would be able to
deduce about the terrain. This includes information
such as how roads can be used to cross rivers at
bridges, areas of the terrain that would have mobility
restrictions for different vehicle types, how depressions
or elevations in the terrain could be used for cover and
concealment, or how small units can navigate within
urban features such as buildings and sewers. This
semantic information could also be used for predicting
enemy movement and locations, and is required for
higher-level terrain reasoning and human behavior
modeling, especially in urban environments.

We started this project by determining what semantic
information is needed for M&S and what tools are
available that could help generate it. We investigated
existing simulation combat model requirements to
determine the types of semantic information
capabilities required to improve their realism and
performance. We focused on dismounted infantry (DI)
and vehicle combat model requirements. We worked
with the combat model developers to prioritize the
requirements and develop a strategy for generating and
representing  this  semantic  information. We
investigated availability of source data for this
information and how it can be incorporated into
simulation terrain representations.

The types of semantic information needed fell into two
categories — semantic information for building interiors
and semantic information for cross country mobility,
cover, and concealment [2]. For building interiors,
MAK is using 3D modeling tools to develop complex
representations. For the other areas, we are using
ArcInfo and extensions. Table 1 shows an initial list of
semantic information requirements.

4. Semantic Information in C/JMTK

ArcGIS products are used in the M&S terrain database
generation field mostly for source data preparation, but
they also provide capabilities for semantic information
generation. One such capability is the ability to
perform thematic mapping, based on source data
attribution. For example, DFAD data provides feature
and attribute information, but is provided as one big
file with everything included. ArcView allows one to
very quickly sort feature data by feature type (point,
line, area), and more importantly, by feature



Table 1:

Semantic Information for M&S

Point
Features

Cover

Direction (N, NW,
etc.)

Unit Size (DI,
Vehicle, Platoon, etc.)
Topology (Nearest
points of same type)

Concealment

Direction (N, NW,
etc.)

Unit Size (DI,
Vehicle, Platoon, etc.)
Topology (Nearest
points of same type)

Bridges

Weight limit
Overhead clearance
Length

Width

Linear
Features

Integrated
Road &
River
Network

Segments
Intersections
Crossing Points
(Bridges, Fords, etc.)

Ridge and
Valley lines

Segments
Intersections

Linked military crest
and valley areas

Linear
Danger
Areas

Examples - Roads and
Trails, Rivers and
Streams, Wire
Obstacles

Segments

Type

Height or depth, width
Current speed and
direction

Trafficability | Slope

Soil Composition
Vegetation Type
Topology (Network

between similar areas)

Military
Crest

Highest elevation
from which contour
base can be seen
without defilade
Linked ridge lines

Valleys Linked valley lines

Width and depth

An area where an
entire unit can be
destroyed in an
instant.

Examples - Large
field or open flat area
where no cover and
concealment exists,
Vegetation area that
does not provide cover
(i.e. spindly
vegetation),
Minefield, Villages or
urban areas.

Type

Danger
Areas

Area Features

Cover

Direction (N, NW,
etc.)

Cover Level (Good,
Fair, Poor, etc.)

Unit Size (DI,
Vehicle, Platoon, etc.)
Topology (Nearest
areas of same type)

Concealment

Direction (N, NW,
etc.)

Concealment Level
(Good, Fair, Poor,
etc.)

Unit Size (DI,
Vehicle, Platoon, etc.)
Topology (Nearest
areas of same type)

classification (See Figure 2). Separate layers can be
created for road, river, and railroad linear features,
which can be retained in the terrain database generation
process as thematic layers. Similar classifications can
be performed for point and aerial features. This tool
could also be used for semantic culling — for instance
removing features that are not relevant for the combat
models or level of fidelity of the simulation.

There are two ArcGIS extensions that provide
additional capabilities for semantic information
generation, 3D Analyst and Spatial Analyst. With these
extensions, one can classify elevation data and create
aerial features based on slope and aspect (direction of
slope). These features can be used by combat models to
change movement behaviors or in planning algorithms.

ArcInfo provides even more capabilities for semantic
information generation, by adding higher-level
processing, particular the ability to generate topologies
within and between features. This topology information
can also be retained in the terrain database generation
process, providing semantic information for planning
algorithms. The topology rule enforcement and editing
capabilities within ArcInfo allow source data to be
cleaned up prior to importation to database generation
systems. Some examples include checking road
networks for connectivity at intersections or overlaps




that do not have an associated intersection, checking
aerial features for overlapping areas that should not
overlap or gaps where they should be adjacent, and
checking line features that represent linear boundaries
to line up with aerial features that they are associated
with.

The ESRI ArcGIS products were chosen for this
project because of their large number of internal spatial
data processing and analysis functions, and because it
is one of the components in the C/JMTK suite of tools.
The Army’s Battlespace Terrain Reasoning and
Awareness (BTRA) program is also using this tool to
develop visibility and mobility maps, and we can
leverage that work as well. We are developing
geoprocessing models and scripts that automate the
steps needed to generate semantic data.
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Figure 2: Thematic layers from DFAD data
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Figure 3: Mobility Map Generation using Spatial
Analyst in ArcGIS

5. Mobility Feature Generation

The Spatial Analyst extension in ArcInfo was used to
generate polygonal mobility features from vegetation
feature and raster elevation data. Three raster data sets
were created representing vegetation, slope, and aspect.
The vegetation data set was created by converting a
vegetation layer containing polygons to a raster, which
was reclassified to represent six mobility types.

The Slope tool was run on a DTED data set to create a
slope layer, which was reclassified to represent six
slope ranges. The Aspect tool was run on the same
DTED data set to create an aspect layer, which was
reclassified to represent six aspect ranges. These three
layers were combined using the Raster Calculator to
generate a single raster data set. Different weights were
used for the three layers, with slope being the highest
weight, aspect second, and vegetation being the lowest
weight. The resulting raster was generalized using
neighborhood statistics to eliminate very small
features, and the generalized raster was converted to
polygonal features. Figure 3 shows the process and the
intermediate results.

We further refined this process, utilizing USGS data
around the Boulder, Co area. Using ArcInfo with the
Spatial Analyst and 3D Analyst extensions, the Slope
tools was run to generate a slope raster, then the
Reclassify tool was used to reclassify the slopes into
six categories based on the standard Army slope
categories from FM 5-33 Terrain Analysis [3]: 0-3%,
3-10%, 10-20%, 20-30%, 30-45%, greater than 45%.
These slope areas were generalized with the
Generalization tool, and reclassified again to three
categories for use in the simulation — GO (0-10%),
SLOW-GO (20-30%), and NO GO (greater than 30%).
Finally, the Raster to Feature tool was used to generate
polygons of the raster areas, which were exported as
Shape files. Figure 4 shows the polygons that were
generated.

These mobility polygons needed to be refined to create
mobility features for the simulation. The original slope
polygons had some very large areas that included many
interior rings, and some of the areas had a very large
number of vertices. The Aggregate Polygons and
Simplify Polygons tools available in ArcInfo 9.2 were
used to generalize the mobility polygons. We used the
Features To Geodatabase tool to convert these areas to
Shape files, which added Area and Shape Length
(perimeter) attributes, and calculated the values for
these fields. Figure 5 shows an image of the
generalized mobility polygons in ArcInfo.

The mobility polygons needed to be mapped to a
FACC code, so that MAK’s VR-Forces CGF could
identify them. The mobility shape file was updated in



ArcInfo to include a new attribute Mobility Type,
which was set to either “NO_GO” or “SLOW_GO”. In
VR-Forces, the DB170 Slope Category FACC code
was used, which was mapped to the Mobility Type
attribute in the Shape file. The Colorado database with
the imported mobility areas (in purple) is shown in VR-
Forces in Figure 6.

The path planner in VR-Forces was modified to use
these new mobility features, and the new behavior is
shown in Figure 7. The view on the left shows the path
planned for an M1A2 vehicle to Waypoint 3 in the
Southeast. The direct route runs through the
SLOW_GO and NO_GO areas, and the planned path
avoids both these areas, as well as the river, since water
features are included in the impassable list of the path
planner. The view on the right shows the planned path
from the M1A2 to Waypoint 1 in the Northeast.

The direct route again runs through the SLOW_ GO
and NO_GO areas, but this time the planned route goes
through the SLOW_GO area, since this path is less
costly than going all the way around the North of the
SLOW_GO area. If the M1A2 in the left view is tasked
to go to Waypoint 2, which is in the NO_GO area, the
path planner warns that no route could be generated,
since there is no way to avoid the NO_GO area.

When feature information is also available, we have
developed a more sophisticated geoprocessing model
for generating mobility features. This model uses the
Union tool to merge tree areas with SLOW_GO areas
based on slope. It then uses the Clip and Buffer tools to
cut roads into the SLOW_GO and NO_GO areas,
providing access through those areas. We also
generated a tool that removes overlaps between the
SLOW_GO and NO_GO areas.

Figure 4: Slope Polygons from Colorado DEM
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6. Ridge and Valley Feature Generation

In order to generate military crest features, we started
by generating ridge and valley edge features from
digital elevation models. Figure 8 shows the
geoprocessing model for this process. Slope and aspect
rasters are generated from the DEM, along with a raster
of aspects for areas of high slope in the Slope and
Aspect model. The Zero Accumulation model uses the
Flow Direction and Flow Accumulation tools from the
Spatial Analyst Hydrology toolbox to find all raster
areas that would have zero water accumulation. The
Ridgeline Features model finds the zero accumulation
areas that correspond with the high slope aspect areas,
which are converted to polygons and simplified. The
resulting polygons represent ridge line areas. For valley
edge areas, we developed a Toe In Slope model, which
separates the slope raster into a raster of high slopes
and a raster of low slopes. These rasters are then used
to select the original elevation data from the DEM for
each of these slope categories. A 3x3 Mean filter is run
over each of these elevation rasters, and a Map Algebra
expression finds the areas where they overlap, which
corresponds to the valley edges. The Remove Overlaps
model uses the Clip and Erase tools to remove overlaps
between the ridge and valley edge features, and the
Dissolve tool is used on each set of polygons to remove
overlaps within the ridge and valley feature sets.

After this model is run, the ridge and valley edge
polygons are converted back to rasters for
vectorization. We are using the ArcScan vectorization
editing routine to create center lines from each of the
ridge and valley edge areas. The Identity routine then
associates each line with the valley or ridge polygon
they are contained in. Figure 9 shows the resultant
ridge and valley areas and lines.

7. Cover and Concealment Feature
Generation

We again used tools from the Spatial Analyst extension
to generate linear features that correspond to cover and
concealment, based on slope/aspect, tree areas and built
up areas. For the slope/aspect features, a raster of
aspect values for areas of high slope is generated. We
developed a model that uses the Focal Statistics tool
with a Wedge neighborhood to shift pixels in each one
of the eight cardinal directions. The tool then performs
a subtraction of the original raster from the shifted
raster, leaving those pixels that corresponded to the
edge of the aspect areas in that direction. Figure 10
shows this process for a shift in the Southwest
direction. The tool then converts the resultant raster to
linear features, and attributes each line with the
direction that the feature provides cover and
concealment from, as well as the type of feature it
came from, in this case Aspect. We developed similar
models for the tree areas and built up areas, but for



these features roads, railroads, and trails are first cut 13 show the intermediate results of this process. Figure

into the tree and built up area features. The Focal 14 shows the combined results, with aspect features in
Statistics tool is again run on these cut features to find red, tree features in green, and built up area features in
the edges in the eight cardinal directions, and the blue.

resultant linear features are attributed with either Tree
Area or Built Up Area accordingly. Figures 11 through
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Figure 8: Ridge and Valley Model



. Kobul.mxd - ArcMap - Arcinfo

File Edit View Insert Selection Tools Window Help

DEE& ¢ BEX oo |imsn o[ &e0|R| @@ moes mokenss |
]_mAna\ystv | Layer: [ValeyRaster2 - %D&j’&m,’:é}%|b\\@i ISpaha\Analyst' | Layer: [ValleyRaster2 -l = m,|

| ar e | > | # = Tk [Eeerienrenee = | e | = ’)|g‘@‘ [T -1+ a8 = 7| o Q‘

e EL R R
-

| coliselecton ~ 2 @, B | &

<
o

El O RidgeWidePolygons

a

=1 M valeyPolygonsToExport

O

=l I RidgePolygonsToExport

S
sl HO
P

G &

Ape 4
g&
LA

o

N

0

[Nl
5 Zzipegpe
&

m

2 @apg B
35E° 8
5

/ﬁ
1}-\
)

f

g
3
ok

isplay | Source | Selection e
rawing > K 3B | O~ A v [ Al Sfit <l B s u|Ar dr g s~

Figure 9: Ridge and Valley Edge Area and Linear Features

Original Pixels

SW Shifted Pixels ‘

Subtracted Pixels

Figure 10: Focal Statistics and Subtraction to find SW Edge



* . ColoradoCoverConcealment.mxd - ArcMap - Arcinfo

| Bie Edit vew Isert Selecton Tooks window tep
Dwae e |sfEE desnwac
| Soatel nalyst = | Layer: [righlpaspect - B ” Davelst v | Lover frichpapect
e
J

Editor ‘ | 3 | & v Task ICrnane Mew Feature =l | Target: I E| |X
Rastarl _I|E|Vemnzahon' m|r"“|Raste({!Earw' |Cel]5ek

m—ﬂ La
[0 CombinedCCFeatures
O BuitUpPolylines
[ TreePolylines
=] AspectPolylines
=] EastAspectPolylines

=] WestAspectPalylines
=] NorthAspectPolylines

SouthAspectPolylines

]

=] NEAspectPolylines

=] N AspectPolylines

=] SwAspectPolylines

=] SEAspectPolylines
= O CutTrecAreas
=
= O CutBUAreas
=

E1 O Projected VPF
= O Traillines_Project

= O RoadLines_Project

= O RailroadLines_Project

= O Treeareas_Project

Figure 11: Concealment From Aspect

. ColoradoCovel cealment.mxd - ArcMap - Arcinfo

| Bl Edt vew Dnsert Selecton Tods Window Hep

|DEE &+ BRx o | & e Az esnv aaa
JSpahaiAnalvst' |Laya|mghslpaspaa = B “ 30 Analyst ‘W:W
| ea
|

Editor ¥ | b | &> Tak Ic.raane New Feature ' | Target; I LI ‘ G ‘
Raster: ‘E‘Vectonzahon' ﬁ‘ﬂl“"kastergeanup' |Ce115&lech‘ou'
= =1

= £F Layers :(_’,J
[0 CombinedCCFeatures
O BuitUpPolylines
=] TreePolylines
= EastTreePolylines

=] WestTreePolylines
= MorthTreePolylines
= SouthTreePalylines

5] NETreePolylines

= N TreePolylines

=l SWTreePolylines

SETreePolylines

.ﬂsped?ulﬁlnas

= O CutBUAreas

=]

Projected VPF

=1 O Trailines_Project

m
O

e S T N Ty

Figure 12: Concealment From Tree Areas



J Fie Edt View Insert Selecton Took Window Help

DEEg  m@x |-~ $@Ew |4 &30/ @A zNOEDE
Spaﬁatgxdvst'|WW@MUEWN'|WW@§«WEE
L) i e EEI R
JR“te’:l—;”Ehemnzamﬂ' ﬂ“T’ *|Rasce(geamp' |Cellselechor_;v e a

Editor ‘ S ‘/ > Task: [create

= £F Layers ~
O CombinedCCRestures

BuiltUpPolylines

EastBuiltLpPolylines

WestBuiltUpPolylines
NorthBuiltipPolyiines

SouthBultpPolylines

NWBuiltUpPolylines

El [ NEBuittUnPalylines
i
SWaLiltpPolyines
£

SEBuiltLpPolylines
TreePolylines

AspectPalylines
CutTrecAreas
1

20

Projected VPF
= O Trailines_Project

1=l [J Roadlines_Project

= O RailroadLines_Project

= O TreeAreas_Project
(]

= O BultpAreas_Project
]

B LakeAreas_Project

Ele Edit View Insert Selection Tools Window Help

& b binedCCFe Al
DEES B @X|o || lesne @aae
> OBJECTID | Shape* | Shape_Length | From_Direction | CC_Type | &
Soatl nalyst ~ | Leyer [ighsloaspect Rl =N U Danalyst = | Layer: [ighspaspect o e S i
- i = iy = & 825 | Polyline 13826354 | W Aspect
Editor. ‘ k| # = Task [Greate New Festre | ‘ Taret: | | ‘f & |+ e a1 faen
= 827 | Polyline 1730.743161 |W Aspect
Raster: ‘ ‘ = = ‘ =
E Vectorizatian ﬂ F ’ " f== Gt (s 828 | Polyline 437983532 |W (Aspect
x| 828 | Polyline 4848.499734 | W Aspect B
= £ Layers A 830 |Palyline: 773725516 |W. Aspect
= 831 | Polyline 586.489787 | W Aspect
<all other values> 832  Polyine: 1811953838 | W Aspect
CC_Type 833 Polyline 540.877284 | W Aspect
— Aspect 834  Polyine: §15.560394 | W Aspect
—BU Area 835 | Polyline 514.385478 W Aspect
— Tree Area 836 Polyline 786.523703 | W Aspest | ==
O BuitupPalyines 837 Polyline 655.715417 |W. Aspect
[ TreePolyines 838 | Polyine: 545585154 | W Aspect
O aspectPolyines 839 | Polyline 437.883438 |W Aspect
= Ml Cutfreeiress 840 Polyline 437.983438 | W/ Aspect
841 | Polyline 487.9889 W Aspect
= M CutBUAreas 842 | Polyline 474239527 | W Aspect
O 843 | Polyline 636697621 | W Aspect
= O Projected VPF 844 Ponvine 414710806 W Asoect =

= O Trailines_Project

s Reaxd:ﬂj,—ljﬂ Stow: [[Al_selected Records (0 j

=1 O RoadLines_Project
=1 O RailroadLines_Project
= O TreeAreas_Project
[mm]
= O Buitupareas_Project
O
I B LakeAreas_Project
= [ Extent
O

= O vPF Features
Ralroadlines

RoadLines

Trailines

B
B
B

LekeAreas
=
= B BultpAreas
[}
El [ TreeAreas
=
(= O highslpaspect

<VALUE>
[ Flat (-1)

.n\eui’i‘ »

|pawg~ K ) &0~ A~ Z|@rma |0 -] B 7 g|A- &~ S o~

| [509224.016 4488605.451 Meters

Figure 14: Combined Cover and Concealment Features



8. Building Interiors

The IWARS simulation uses semantic information to
navigate within building interiors. This semantic
information consists of convex enclosures, apertures,
and climbing devices, along with the topology of these
semantic features. We are currently developing scripts
in Autodesk 3ds Max that extend the user interface to
perform automated steps to generate this semantic
information from existing 3D OpenFlight models.
These scripts find each floor and ceiling, along with
stairs that connect them. For each floor, scripts locate
walls, doors, and windows, and then break up the
rooms into enclosures and apertures. There are scripts
that connect apertures to enclosures, and data is written
out in the comment fields of the OpenFlight model.
The semantic data is also written out to a data file.

There are two general processes used to create the
semantic information for building interiors. The first
process is to generate the semantic geometry
information, and the second process is to link the
geometries into a topology. To find the semantic
geometry information, the 3D model is first imported
into 3ds Max. The Slice script is then run, which brings
up the Convert Buildings tools menu. The user selects
the model for the slice script to run on, which then
creates the floor and ceiling schematic shapes for each
level (Figures 15 and 16). The tool than works in the
horizontal plane to find the window schematic shapes
(Figure 17). Polygon objects are then created for each
room, door and window and stored as enclosures and
apertures.
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Figure 16: Create Ceiling Schematic Shape
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Figure 17: Create Window Schematic Shape

The Semantic Connection script is then run to generate
the topology between the created geometric features
(Figure 18). This script assists the user in making the
connections between enclosures and apertures, and
displays the results as they are generated. Figure 19
shows the connections (red arrows) between the
enclosures (blue polygons) and door apertures (black
polygons), and Figure 20 shows the completed
topology. This semi-automated process with visual
feedback to the user allows the creation of building
interior information with much less error and in less
time than generating this information by hand.
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Figure 18: The Semantic Connection Script
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Figure 19: Connections between Doors and Enclosures
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Figure 20: Complete Topology

9. Geography Markup Language (GML)

In order to use the results of these tools in simulations
other than IWARS and VR-Forces, we are providing
the semantic information in a number of different
forms. For some simulations, like VR-Forces, we are
providing the output in Shapefiles, that VR-Forces can
read directly at runtime. For IWARS, we are providing
the output in the Geography Markup Language (GML)
[4]. GML is the XML grammar defined by the Open
Geospatial Consortium (OGC) to express geographical
features. ArcGIS provides a Data Interoperability
extension that allows GIS data to be output as GML.
Two files are output, a .gml file that contains the data,
and an .xsd file that contains the schema. We are
currently working to output the semantic information
from 3ds Max as GML also.

10. Conclusions

Commercial GIS products, like those from ESRI in
C/IMTK, provide a powerful set of features for
generating semantic information for modeling and
simulation. Similarly, commercial 3D modeling tools
like Autodesk’s 3ds Max, with its powerful scripting
language, allows the creation of automated and semi-
automated tools for the generation of geographic
semantic information. We have successfully developed
new feature types based on GIS information that are
enabling higher level behavior models to be developed
in CGF applications. In the future, we envision a
tighter coupling of GIS and M&S systems, providing
reductions in time and cost for geospatial data
generation for M&S, increased currency of geospatial
data for time critical applications, and improved
interoperability and data correlation between military
applications.
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