
2006 ESRI International User Conference Paper # 2383 MÄK Technologies 

- 1 - 

Using ArcGIS to Create Semantic Information for 
Modeling and Simulation 

Thomas Stanzione 
MÄK Technologies 

Abstract
This paper describes work MÄK is performing 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. Current combat simulations use polygonal 
representations of the terrain, augmented with vector data, for modeling vehicle movement, targeting, and 
navigation, and basic terrain reasoning such as line-of-sight analysis. Additional “semantic information” is 
required 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, to include relationships between terrain features and how they can be used in the performance of 
specific combat missions. MÄK is integrating multiple geoprocessing tools to create semantic features for 
mobility, cover, and concealment. These features can be used by combat models to change movement 
behaviors or in planning algorithms. 

Introduction
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 (e.g., 
points of cover and concealment) 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.  

ArcGIS 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. 
One such capability is the ability to perform 
thematic mapping, based on source data 
attribution. Semantic culling can also be 
performed, for instance removing features that 
are not relevant for the combat models or level of 
fidelity of the simulation. 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. This paper will 
discuss current work MÄK is doing to generate 
semantic terrain information using ArcGIS for 
simulation applications. 

Terrain Database Representations 
in M&S Systems 
Current computer generated forces (CGF) 
systems have terrain representations that are used 
for many different functions, including vehicle 
placement, line-of-sight calculations, path 
planning, and cover and concealment. Terrain 
surfaces are represented in battlefield simulations 
using either polygons or gridded elevation data.  
These representations are typically the same used 
for visualization of the terrain, and may contain 
feature information as polygons as well. For 
CGF systems these polygonalized features do not 
provide enough information for terrain 
reasoning, and are usually replaced with feature 
representations using point, line, and area objects 
that are overlaid on the polygonalized or gridded 
terrain. These feature objects typically 
correspond to actual objects on the terrain, such 
as roads and lakes, and provide physical 
descriptions. These features do not however 
contain semantic information, which a person 
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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.  

Semantic Information for 
Modeling and Simulation 
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. 
For building interiors, MÄK is using 3D 
modeling tools to develop complex 
representations. For the other areas, we are using 
ArcInfo and extensions, which is the subject of 
this paper. Table 1 shows an initial list of 
semantic information requirements. 

For cover and concealment feature generation, 
we are using guidelines provided by FM 5-36 
Route Reconnaissance and Classification. We 
will be using the following guidelines to 
generate cover and concealment features: 

Rocks, riverbanks, vegetation, walls, and 
buildings provide cover from direct and 
indirect fire.  

For cover from flat trajectory weapons, the 
following classifications are provided: 

Good Cover 
Slope > 30% 
Canopy Closure >50% or stem spacing 

< 5 m 
Vegetation types C3, C4, D3, D4, E3, 

E4 (see manual for definitions) 
Roof coverage > 40% 

Fair Cover 
Slope 10- 30% 
Canopy Closure < 50%  
Vegetation types C1, C2, D1, D2, E1, 

E2
Roof coverage  20-40% 

Poor Cover 
Slope < 10% 
Non forested 
Vegetation types A1, B, G 
Roof coverage < 20% 

Woods, underbrush, tall grass, cultivated 
vegetation, and roof coverage provides 
concealment from horizontal and vertical 
observations.  
Vegetation over roads provides good 
concealment for movement. 

For concealment from aerial detection (summer) 
the following classifications are provided: 

Best Concealment 
Roof coverage > 40% 
Vegetation types C4, D4, E4, F4, I4 

Good Concealment 
Roof coverage 20-40% 
Vegetation types C3, D3, E3, F3, I3 

Fair Concealment 
Roof coverage < 20% 
Vegetation types B2, C2, E2, F2, I2, M 

Poor Concealment 
Vegetation types A1, B1, C1, D1, E1, 

F1, G1, G2, H, I1, J, K, L, N 
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Table 1: Semantic Information for M&S 

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) 

Point Features 

Bridges Weight limit 
Overhead clearance 
Length
Width 

Integrated Road & River 
Network 

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

Ridge and Valley lines Segments 
Intersections 
Linked military crest and valley areas 

Linear Features 

Linear Danger Areas Examples - Roads and Trails, Rivers and 
Streams, Wire Obstacles 
Segments 
Type
Height or depth, width 
Current speed and direction 

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) 

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 

Area Features 

Danger Areas 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
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Semantic Information in ArcGIS 
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 classification (See Figure 1). 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 
(See Figure 2) 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. 

Figure 1: Thematic layers from DFAD data 
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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 
Army’s Commercial Joint Mapping Toolkit 
(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. The topology 
functions within ArcInfo will be useful for 
developing the networks of cover and 
concealment areas. We will be implementing 
additional feature analysis algorithms, such as 
surface topology, through the geoprocessing 
capabilities for generating cover and 
concealment points, especially in urban areas. 
We will also use the plug-in capabilities to 
automate the steps needed to generate these 
semantic data. 

Mobility Feature Generation 
We have been working with ArcInfo to start the 
development of a process to generate mobility,  

cover and concealment features. We have been 
working with the Spatial Analyst extension 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 6 mobility types. The 
Slope tool was run on a DTED data set to create 
a slope layer, which was reclassified to represent 
6 slope ranges. The Aspect tool was run on the 
same DTED data set to create an aspect layer, 
which was reclassified to represent 6 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 below 
shows the process and the intermediate results. 

Figure 2: Slope features generated from digital elevation model 
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Mobility Polygons
Figure 3: Mobility Map Generation using Spatial Analyst in ArcGIS 

We further refined this process, utilizing USGS 
data around the Boulder, Co area. Figure 4 
shows a hillshade view of this data.  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 6 categories based on 
the standard Army slope categories from FM 5-
33 Terrain Analysis: 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 3 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 5 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 Beta 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 6 
shows an image of the generalized mobility 
polygons in ArcInfo. 

The mobility polygons needed to be mapped to a 
FACC code, so that MÄK’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 7.  

The path planner in VR-Forces was modified to 
use these new mobility features, and the new 
behavior is shown in Figure 8. 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.
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Figure 4: Hill Shade view of Colorado elevation in 1 x 1 degree cell 

Figure 5: Slope Polygons from Colorado DEM 
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Figure 6: Generalized Mobility Areas 

Figure 7: Colorado Database with Mobility Areas from Shape File 
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Figure 8: Mobility Areas in VR-Forces Path Planning 

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. 

Ridge and Valley Feature 
Generation
In order to generate military crest features, we 
have started by generating ridge and valley 
features from digital elevation models. Figure 9 
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 to find 
all raster areas with zero 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 areas, we 
use the Toe In Slope tool, 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. The Remove Overlaps 
model uses the Clip and Erase tools to remove 
overlaps between the ridge and valley 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 
polygons are converted back to rasters for 
vectorization. We are using the ArcScan 
vectorization editing routine to create lines from 
each of the ridge and valley areas. The Identity 
routine then associates each line with the valley 
or ridge polygon they are contained in. The 
resultant attribute tables are shown in Figure 10. 
Figure 11 shows the resultant ridge and valley 
areas and lines. 

SLOW GO 

NO GO 
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Figure 9: Ridge and Valley Model 
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Figure 10: Attribute tables for ridge and valley lines (top) and polygons (bottom) 

Figure 11: Ridge and Valley Area and Linear Features 
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Conclusions 
The ArcGIS family of products provides a 
powerful set of features for generating semantic 
information for modeling and simulation. 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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