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ABSTRACT

As an augmentation to field training, the author identifies a need for
an easily available light infantry platoon combat model that presents a
realistic view of the battlefield environment. To meet this need, the author
examines the feasibility of developing a realistic three dimensional display
of a terrain representation on a personal computer. The target computer
provides only limited graphics support with an Enhanced Graphics Adapter
and all graphics routines are implemented in software. Three methods of
terrain representation are examined, and the Dynamic Tactical Simulation
(DYNTACS) terrain model is chosen for implementation. The DYNTACS
representation uses a specialized triangle drawing procedure written in
assembly language, the painter's algorithm for hidden surface removal, and
Defense Mapping Agency Digital Terrain Elevation Data. The implementation
obtains a display rate between 1.2 and 1.5 seconds on a 80386 based 25
MHz computer. The author concludes that with the addition of
enhancements that provide the capability to display cultural features, and
model the target acquisition process, the program could be developed into
a light infantry platoon combat model or a research tool for examining
effects of human factors effects on tactical decision making.
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I. INTRODUCTION
The purpose of this thesis is to develop a three dimensional display
of a terrain model on a personal computer. Such a model can be utilized
as a component of a light infantry platoon combat model for training
platoon leaders or as a tool for conducting experiments to measure human
factors effects on Command and Control (cz) decisions. Before discussing
the development of the terrain model, some background material is

necessary and is presented in this chapter.

A. BACKGROUND

The U. S. Army has identified five strategic roles for itself, one of
which is to maintain contingency forces for immediate combat worldwide
across the spectrum of conflict [Ref 1:p. 6]. In order to prepare units for
this role, not to mention as a deterrent to war, the Army conducts
deployments to many countries (e.g., Thailand, South Korea, West Germany,
Honduras, etc.). These deployments provide training experiences that
cannot be gained in the United States and are thus necessary to insure
the Army is capable of performing its wartime missions.

To insure a trained and ready force, the U. S. Army has identified
several fundamental imperatives. Two of these imperatives are of interest
in this thesis: conduct tough and realistic training and develop competent,
confident leaders [Ref. 2:p. II-5]. In order to develop competent, confident
leaders, the Army advocates leader training and unit training. Leader
training insures a technically competent leader, while unit training assists




in developing leaders who are confident in executing their function. In
order to conduct realistic training, the Army uses field training exercises
'that are planned and conducted as realistically as possible within safety
constraints. The most realistic peacetime training available to the Army
occurs at Combat Training Centers (CTC). These centers and their roles
are:
e The National Training Center (NTC) -- provide realistic combat
training for Battalion and Brigades in mid to high intensity scenarios.
¢ The Joint Readiness Training Center (JRTC) -- provide realistic combat
training for non-mechanized battalion task forces in low to mid

intensity scenarios.

¢ The Combat Maneuver Training Center (CMTC) -- provide a NTC type
experience for units in the Federal Republic of Germany.

e Battle Command Training Program (BCTP) -- provide realistic combat
training for Corps and Division commanders and their staff. [Ref. 2:pp.

Vi-1l - VI-2]

These centers provide for realistic training to units that participate,
but no matter how realistic the training, several ingredients are missing
that are present in combat. Firstly, in combat people die. In training,
except for training accidents, people do not really die. Secondly, because
people do not get killed, the psychological stresses and fears do not
manifest themselves the same way they do in combat. Thirdly, due to
resource limitations, the representation of the battlefield environment is
limited. The terrain and the enemy are limited to that of the training
center. There is not a significant number of noncombatants represented
at these training centers as they are present on the battlefield. For
example, consider how many civilians were in Panama during Operation Just

Cause. The units involved in that operation had to deal with Panamanian




civilians in addition to the Panamanian Defense Force. U. S. forces were
prepared for combat, however results indicate they were not prepared for
the Panamanian civilians and the impact they would have on operations
(e.g., looting, firing on noncombatants, etc.). The absence of these
ingredients in unit field training results in a semi-sterile environment that
does not completely represent the environment of the battlefield.

One solution to this deficiency in training is to increase the amount
of resources involved in the training exercise (i.e., make additional soldiers
play the role of noncombatants and build more training facilities). Given
the trend in today's defense budget discussions in Congress, this may not
be a feasible alternative. Another solution would be to make use of
available resources, such as personal computers, and develop a computer
simulation to round out the experience of unit leaders. In order to
develop such a simulation, it must first be determined if a realistic terrain

display can be developed for a computer with limited capability.

B. SUMMARY OF SUBSEQUENT CHAPTERS
The remainder of this thesis discusses the development of a three
dimensional display of a terrain model on a personal computer. It consists

of five more chapters that address the following:

e Chapter II addresses three areas. Firstly, it translates the need for
training in a realistic battlefield environment into a need for a combat
model which is in turn translated into a need for a realistic terrain
display. Secondly, it discusses some design considerations and why
they were chosen. Thirdly, it address the requirements that are
derived from the need and the design considerations.

o Chapter III addresses terrain modeling methodology in four areas.
Firstly, it discusses the selection of a terrain representation.
Secondly, it discusses the Line of Sight calculations for the selected




representation. Thirdly, it discusses movement modeling on the
selected representation. Lastly, it discusses detection modeling in the
battlefield environment.

Chapter IV discusses the display program that was developed in order
to implement the three dimensional display of the selected terrain
representation. It provides an overview of the program and
addresses some of the implementation issues and resulting algorithms
that solved some of the problems.

Chapter V discusses enhancements to the program for the displaying
of the terrain model that will fully implement the areas discussed in
Chapter II that have not been implemented.

Chapter VI provides conclusions that are obtained from implementation
of the terrain model.




II. THE NEED AND THE REQUIREMENTS

A. THE NEED

The last chapter addressed the lack of a complete representation of
the combat environment in training. Even though it is not possible to
entirely replicate the battlefield environment for training, it is possible to
simulate some of its qualities through computer simulation. A computer
simulation could theoretically simulate the battlefield environment more
robustly than in training exercises. A simulation can use different terrain
by changing its database. The enemy can also be changed in the same
manner. Computer representations of civilians can be integrated into the
simulation to provide a more realistic battlefield. Such a simulation could
be a surrogate for experience and augment a leader's understanding of the
battlefield in conjunction with the CTC.

The Army currently has a Family of Simulations (FAMSIM) that
develops and sustains skills for commanders and their staffs at Battalion
level and higher [Ref. 2:p. VI-4]. One problem with these types of
simulations is the modeling of the information flow. They do not
adequately model bad information and the impact it has on decisions. One
solution to exposing leaders to the problems of dealing with bad
information is to improve the quality and quantity of battle simulations for
commanders and leaders at all levels [Ref. 3:p. 52]. Smith states:

The only real way to learn at the tactical level is to practice
continually in a brutal environment, make mistakes (which often mean

getting you ego bruised), get good counsel, and get back in the ring
for another go. We can no longer afford to teach leaders the critical




art of fighting with poor information during one or two high
reputation events a year. They must be repeatedly immersed in a
learning environment (like the combat training centers at Fort Irwin
and Hohenfels or BABAS ... exercises) and be allowed to make mistakes
without a reputation cost [Ref. 3:p. 53].
A realistic combat simulation that incorporates the modeling of bad
information flow would meet this need.

As mentioned, the Army has simulations that are structured toward the
battalion level and above. According to the Operations Field Manual 100-5,
... modern combat requires greater dispersal of units, the quality and
effectiveness of junior leaders has a proportionately greater impact.
Prior to combat, senior leaders must place greater emphasis on junior

leader development [Ref. 4:p. 26].

One way to place greater emphasis on junior leader development is to
develop a simulation to support the training of leaders at the company
level and below. Use of a realistic simulation at those levels could augment
a leader's experiences from training. Since developing such a simulation
is a complex task, to reduce some complexity its development can start at
a mid-level such as platoon level. Units that have the contingency mission
to deploy anywhere in the world are the airborne, ranger and light
infantry units. Thus, a simulation for a light infantry type unit seems
most appropriate.

Two ingredients are paramount in a simulation for the light infantry
platoon: a desire to realistically represent the information flow and to
realistically portray the battlefield environment to the user of the
simulation. Information flow is actually a subcomponent of a command and

control system in terms of reports and orders.




l. Command and Contral - The Unifying Thread

Organizations consist of people, procedures and equipment. The
people use the equipment and procedures to accomplish a mission. The
ingredient that integrates these into an organization and prevents chaos
is command and control: the bonding that holds the organization together
on the battlefield. A better understanding of this concept is obtained from
the author's modified form of Lawson's Command and Control Process Model
in Figure 1 (Ref. 5:p. 24].

Orr introduces and explains Lawson's model in Combat Operations
C’I: Fundamentals and Interactions. The Sense, Process, Compare, Decide,
and Act (S-P-C-D-A) functions are unchanged from Lawson's model. Two
modifications have been made. First, the inclusion of higher and lower
level forces and where they interface with the model is shown. Secondly,
the dotted box around the S-P-C-D-A labeled "PERSON" is added. Al
external input to the person box occurs through the Sense function. Al
output of the "PERSON" box occurs at the Act function as reports, orders,
or action on the environment. In this form the model can be used at any
level to represent command and control as it relates to the individual.
Depending on what level one examines, the only thing that changes is the
definition of the lower levels, higher levels, and the environment. This
model provides a framework for modeling information flow and the Command
and Control process in the Light Infantry Platoon Combat Model.

2. Bounding the Problem

To get a better understanding of the Command and Control (C2)

process and how it relates to the light infantry platoon, the "onion skin"
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C2 System Bounding technique introduced by Sweet [Ref. 6:p. 11] is useful.

Figure 2 shows the "onion skin" as applied to the platoon commard and

control system. Of particular interest are the four boundaries.

¢ Outside the platoon force boundary but within the platoon's
environment boundary are the terrain, weather, adjacent and higher

friendly units and enemy forces.




LIGHT INFANTRY PLATOON COMMAND AND CONTROL SYSTEM BOUNDING

FREENDLY FORCES

Figure 2. Bounding the Problem

e Outside the C2 system boundary but within the force boundary are
the platoon’'s organizational forces and their equipment.

e The C2 system is the platoon command and control system.
¢ The squad and platoon headquarters command and control systems are
subsystems of the platoon command and control system.
This "onion skin" and the Command and Control Process Model provide an
understanding of a framework within which to develop the Light Infantry
Platoon combat model.
As mentioned, the development of such a combat model is a
complex task, much beyond the scope of this thesis. In order to develop




such a simulation, there is a need to determine the feasibility of developing
an inexpensive method to display the battlefield environment to the
potential user: the platoon leader. Specifically, there is a need for a
realistic display of the terrain and environment of the battlefield. If this
task can be accomplished, then the feasibility of developing a light
infantry combat model that can be available to leaders several times a
month, not just once or twice a year, can become a reality.

B. THE DESIGN CHOICES

Two design choices are paramount to the development of a display for
a light infantry combat model due to the constraints they impose. One is
the target hardware and the other is the software programming package.
The target hardware is the microcomputer based on the Intel 8086 family
of processors. The software package is Turbo Pascal 5.5 Professional
which consists of Turbo Pascal, Turbo Assembler and Turbo Debugger.

There are several reasons for these choices.

* The microcomputer is readily available to most potential users.

¢ Numerous references have been written with Pascal as the discussion
language.

* There are software libraries for Turbo Pascal code.
e The software package is inexpensive. Its list price is only $250.00.
e The computer hardware is inexpensive, especially when compared to
a graphics workstation. Graphics workstations can cost anywhere
from $20,000.00 to $100,000. A personal computer only costs $1,000.00
to $8000.00 depending upon the configuration.
Before discussing the selection of the terrain representation, a description

of the hardware and software is in order.
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1. The Microcomputer

The microcomputer based on the Intel 8086 family of processors
has been in use since the early 1980's when IBM introduced the £irst
personal computer. The Intel 8086 family consists of the 8088, 8086, 80186,
80286, 80386, and 80486 processors. All are backward compatible to the
8088 [Ref. 7:p. ix].

The operating system most common for these computers is the
Disk Operating System (DOS). A significant limitation of DOS is the ability
to address only one megabyte of memory. Of this one megabyte, less than
640 kilobytes are available for program use. There are ways around that
barrier, but that topic is beyond the scope of this thesis [Ref. 8:p. 7].
There are several graphics adapters available for IBM compatible
microcomputers. The one of interest in this thesis is the Enhanced
Graphics Adapter (EGA). With this adapter and a suitable color monitor,
the microcomputer can display up to 640 horizontal by 350 vertical pixels
in 16 different colors. With 128 kilobytes of memory installed, the EGA in
graphics mode can utilize a two page capability. This is useful for
drawing to one page while displaying the other. Once drawing is
completed, the pages can be flipped to give an instantaneous change in
display. This is a technique referred to as page flipping. [Ref. 9:p. 105]

The majority of graphics cards for the microcomputer rely on the
microprocessor to perform the necessary calculations for display graphics.
This setup is quite a limitation when compared to graphics workstations
which have built in hardware to take some of the load off the main
processor. Since the EGA does not take any load off the main processor,

algorithms and code organization are critical to performance.

1l




Thus, the two primary concerns about the microcomputer are the
constraints put on it by EGA graphics card and its operating system. The
available program memory is limited to less than 640 kilobytes. The
resolution of display is limited to 640 by 350 pixels in resolution and only
16 colors can be displayed.

2. Programming Language Software

The programming language chosen for this task was Object-
Oriented Turbo Pascal 5.5. This version of Turbo Pascal provides the use
of object-oriented programming and a fairly comprehensive graphics unit.
The graphics unit greatly facilitates the development of a graphics
intensive program. The use of the object-oriented programming
methodology will greatly enhance later development of the full combat model
as soldiers, squads and platoons are defined as objects.

Turbo Pascal has the capability to link with Turbo Assembler.
This capability is well documented in references on Turbo Pascal and
provides the flexibility to use assembly language routines where needed to
enhance speed of execution. Speed of execution is especially critical in
graphics operations since slow graphics operations mean a slow display.

Turbo Pascal has some disadvantages. Code written in Turbo
Pascal does not transfer to a mainframe computer without having to rewrite
the code due to incompatibilities of Turbo Pascal with standard Pascal.
Additionally, Turbo Pascal does not provide a compiler that uses the 32 bit
capability of the Intel 30386 processor. Even with these disadvantages,
Turbo Pascal 5.5 provides more capabilities than liabilities.

12




C. REQUIREMENTS OF THE BATTLEFIELD ENVIRONMENT MODEL

The requirements for simulating the battlefield environment in a high
resolution model, such as the light infantry combat model, are divided into
three categories; what the terrain model should theoretically represent,
requirements imposed by the purpose of the light infantry platoon combat
model, and the requirements imposed by the constraints of the computer
system. These categories represent the total requirements of the terrain
model.

The three theoretical requirements for simulating the battlefield are
listed below:
¢ The environment model must provide a terrain profile that allows for
calculation of the existence or nonexistence of Line of Sight (LOS)
between individual entities on the battlefield.
* The environment model must provide a representation of the terrain
suiface, vegetation, and man-made features so that concealment from
observation, cover from direct fire weapons, and mobility can be
determined.
e The environment model must provide a representation of the
atmosphere over the battlefield in terms of light conditions, weather,
and obscurants such as smoke and fog.
A model of the battlefield environment that satisfies these three theoretical
requirements is needed for a high resolution model. [Ref. 10:p. 3-1]

The intended use of the combat model into which this environment
model will be integrated identifies two additional requirements.

e The environment model must provide for rapid creation of different
environments, thus providing the capability to simulate battlefields
anywhere in the world. Light Infantry forces need to train for
world-wide deployment to accomplish their mission.

e The display of the terrain representation for the environment model
must provide a realistic display that does not confuse the user. In

13




particular, it should make use of three dimensional graphics and
present a view as if the user is at that location on the ground.
* These two requirements are important if the model is to enhance experience
of platoon leaders when used for training. If the model is used as a tool
for experimentation, the capability to display any situation anywhere in the
world will provide the researcher with a flexible tool that does not impose
undue constraints.

The target computer system imposes several other requirements on the
environment model in addition to the five already mentioned.
* The memory requirements of the representation cannot exceed 200
kilobytes. This will allow approximately 320 kilobytes of memory for
the combat model program.
* The complexity of the display must be minimized in order to keep the
time to draw the terrain on a display in three dimensions to a
minimum. A draw time over ten seconds is unacceptable.
These last two requirements become constraints on the design of the model.

The seven requirements presented provide for a realistic three
dimensional display of any desired terrain. An implementation that satisfies
these requirements will provide the capabilities needed for the purpose of
the light infantry combat model. The difficult task is transforming these
requirements into a usable product. The next chapter addresses the

selection of a terrain representation and its capabilities that makes this
transformation possible.

14




III. TERRAIN MODELING METHODOLOGY

A. SELECTION OF A TERRAIN REPRESENTATION

The method of representing terrain has a significant impact on the
capabilities of any combat model. It affects the ability to determine
geometric line of sight between two entities on the battlefield. Also, since
the computer will have to make line of sight calculations between all
entities on the battlefield at specified intervals, the speed with which the
computer can accomplish this calculation becomes critical. Finally, since
the requirement is to present the terrain in three dimensional graphics,
the method chosen will affect display time. On the microcomputer, longer
display draw times imply more load on the microprocessor in order to
accomplish display calculations instead of battle calculations. The end
result is a slower running simulation.

Due to the requirement to display the terrain in three dimensional
graphics, the choice of accepted methods of terrain representation is
narrowed to what is known as surface terrain models. A surface model is
one that represents the surface of the terrain in such a way that it
approximates the true continuous appearance of the terrain. This
representation is sometimes referred to as macro terrain. Macro terrain
refers to capturing the major detail of the terrain, such as a hill, but not
features such as forest, vegetation, and small boulders. A picture of an
ideal surface model representation is at Figure 3. Note how this
representation captures the attributes of the appearance of terrain.

15




Pigure 3. Surface Model of Terrain

There are three methods for representing terrain that approximate
Figure 3. The three methods are utilized in the Dynamic Tactical
Simulation (DYNTACS), the Individual Unit Action (IUA), and the Simulation
of Tactical Alternative Responses (STAR) combat models [Ref. 10:pp. 3-8 -
3-9]. Each of these representations are possible candidates for the model.

1. The DYNTACS Terrain Model

The first candidate to represent the macro terrain is that used
by DYNTACS. It takes as input the elevation of points that are uniformly
spaced at a specified interval. These points are grouped to form squares.
Each square is divided into two triangles with a diagonal going from the
upper left corner to the lower right corner. This methodology is depicted
in Figure 4.

By breaking the square into two triangles, it is possible to
represent the square area with two triangular planes, each forming a

continuous surface. For example, imagine a table with four legs of unequal
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b) Poiats Grouped to Form Squares ¢) Squares Divided iInto Triangles

Figure 4. The DYNTACS Terrain Model

length. One plane (ie., the floor) will not intersect the bottoms of all four
legs simultaneously. Now imagine a table with three legs of unequal
length. No matter what the length of those three legs, a plane will
intersect the bottoms of all three legs simultaneously.

With the DYNTACS terrain model, these diagonal lines and all lines
forming the square are common edges of several triangles. The result is
a representation that has facets similar to a cut diamond. It is
characterized by discontinuities at the edges. Theoretically, if one makes
the triangles small enough, these changes may not be noticeable to the
naked eye.

In this representation, the coordinates of the three vertices of
the triangle are known. Since the triangle is actually a planar surface
when viewed in three dimensions, the elevation of an object located
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anywhere on that surface is easily determined using formulas of plane
geometry. To determine line of sight between two entities, again geometry
is used to determine if a line from the observer to the target intersects
any of the triangular surfaces between them. The algorithms for this
procedure are clearly documented in The Tank Weapon System. [Ref. 1l:pp
57-86]

There are several advantages to the DYNTACS terrain model.
First, the model provides the capability to utilize Digital Terrain Elevation
Data (DTED) from the Defense Mapping Agency (DMA). DMA produces two
levels of DTED, referred to as Level One and Level Two. Both express
elevations in meters. A data file of DTED provides the elevations of a
matrix of uniformly spaced points. Level One DTED has an approximate
spacing of 100 meters. Level Two DTED has an approximate spacing of 30
meters. The DTED format conforms exactly to the requirements for
elevation data in the DYNTACS terrain model and provides a rapid
capability to generate different battlefields. {Ref. 12:p. 1]

A second advantage of the DYNTACS model is the requirements for
memory storage are reduced. As long as the location of the lower left
corner and the interval between elevation points are stored as constants,
then only the elevation data need to be stored in a matrix. There is no
requirement to store a three dimensional coordinate for each elevation
point. For a large terrain database, this capability greatly reduces the
storage requirements. Most models store the data this way, as does DMA

on its DTED files. [Ref. 1l:pp. 58-61]
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A final advantage of the DYNTACS terrain model is that the three
dimensional displaying of polygons is well documented. Any reference on
three dimensional graphics addresses this subject. The ability to find
such documentation is important when it comes to implementing the method.

The DYNTACS terrain model does have a major disadvantage. It
does not take advantage of terrain that may be uniform over a large
expanse. Consider a piece of terrain that is relatively flat for several
kilometers. Such a piece could easily be represented by only two triangles
if unequal spacing of points is allowed. Instead the DYNTACS terrain model
will represent this piece of terrain with several hundred triangles.

2. The IUA Terrain Model

A second alternative to representing the macro terrain is the IUA
terrain model. Similar to DYNTACS, the IUA terrain model represents
terrain as triangular surfaces. Instead of uniform spacing, however, the
IUA method utilizes nonuniform spacing. The modeler places the vertices
wherever he desires to represent the shape of the terrain. Calculating
LOS with this model is similar to DYNTACS with one exception. The
calculations are more involved because a determination has to be made as
to which triangle the entity occupies, since the spacing of points is not
uniform. [Ref. 10:p. 3-9]

Thus, the IUA model offers the major advantage of making use of
only those data points necessary to represent the terrain. In locations
where the number of data points required to represent the terrain is small,
the drawing of the display will be quick. A variant of this representation
is what Lee Adams advocates in building a flight simulator for a
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microcomputer [Ref. 13:pp. 243-280]. In that variant, any polygonal shape
may be used. From this author's examination of several microcomputer
' games that have three dimensional terrain graphics, it appears to be the
method used by them.

There are several disadvantages to this model. PFirst, the ability
to incorporate DMA DTED is limited. Without developing a program that can
convert DTED to a format for this representation, DTED is of no use. That
means that someone has to create the data points for a given piece of
terrain. This disadvantage would significantly affect the ability to rapidly
develop different scenarios. Another problem, already discussed, was the
amount of computation required to determine what triangle the entity
occupies. In a similar fashion, LOS calculations would become difficult as
a search would be required to determine which triangles are between the
observer and target. These disadvantages are significant.

3. The STAR Terrain Model

The third alternative for representing macro terrain is the
representation used by the STAR combat model. The STAR terrain model
is parametric in nature. Instead of using stored digital data for
elevations, the STAR model uses a slightly altered bivariate normal
probability density function to represent a hill mass. Several of these
equations together can represent a battlefield. To represent a piece of
real terrain it is necessary to fit these parametric equations to a contour
map. [Ref. 14:p. 7]

The advantage of this representation is that it reduces the

amount of storage required to represent terrain. For a ten kilometer by
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DYNTACS terrain model is the model of choice for representing the macro
terrain.
5. S8imulating the Micro Terrain

The DTED does not provide high enough resolution to capture the
small folds in the terrain. The macro terrain is represented by planes
with smooth surfaces. In order to simulate the micro environment, an
additional technique is needed. Placing a soldier in a deliberate prepared
position is relatively easy; simply change his height. The real issue is a
method of representing the somewhat random folds in terrain a soldier or
vehicle on the move would be able to find when engaged by an enemy
force.

Documentation on the STAR terrain model does not address this
issue, but the DYNTACS terrain model does. In the DYNTACS model a
random adjustment is made to an object's elevation based on a Monte Carlo
process. This adjustment can be a positive or negative adjustment. In
order to accomplish this procedure, a normal probability distribution is
used. The variance for this distribution is determined from a table of
predictions that are output from a separate model: the Environmental
Model. A similar technique is appropriate for the terrain model being
developed. [Ref. 1l1l:pp. 73-76]

6. Representing Forest and Other Terrain Features
There are three methods of representing forest and other terrain

features such as man-made objects:

* Account for all trees and man-made objects individually.
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¢ Assign a code to each triangle that indicates the type of feature, its
height, and effect on line of sight. This is similar to the technique
used on a hex grid terrain model.

¢ Represent forest and built up areas by a geometric shape, such as an
ellipse, that is fitted to terrain areas as appropriate. The DYNTACS
and STAR terrain models use this technique.

Accounting for all features on the battlefield is not an option on
a microcomputer unless the number of trees and man-made objects is small.
The memory requirements for any substantial number of objects would be
prohibitive. Since the model is to be used to represent various locations
in the world, some locations will have numerous objects. Thus, this
technique can be eliminated.

The remaining two choices are possible solutions for the
microcomputer environment. The assignment of a code to each triangle
would not only allow the addition of the feature height to the surface
height when calculating LOS, but it would also allow for the ability to draw
the features in that triangle when it is displayed. The other option, using
geometric shapes, is feasible, but would be more difficult to implement in
terms of drawing the features. This difficulty becomes more evident when
one examines the mechanics of displaying the terrain. This topic is
addressed in Chapter V.

Once a method is decided upon, there is still the question of the
data source for the forests and man-made objects. One option is to use
maps of the area of interest. Another option is to use DMA Digital Feature
Analysis Data (DFAD). Similar to DTED, DMA produces two levels of DFAD
data: Level One and Level Two. Level One DFAD approximates the density

of 1:200,000 scale cartographic products. Level Two DFAD approximates the
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density of a 1:50,000 scale cartographic product. Again, due to the
microcomputer memory constraints, use of DFAD may be prohibitive. These
are alternatives that need further examination beyond the scope of this
thesis. [Ref. 15:pp. 1-2]

B. LINE OF SIGHT CALCULATIONS FOR THE DYNTACS TERRAIN MODEL
Since the DYNTACS terrain model is the model of choice for
representing the macro terrain, it is appropriate to explain the calculation
of LOS. In order to calculate LOS, the elevation of the observer and the
target have to be determined. Once this information is determined, a check
is made to see if the observer has geometric LOS to the target.
1. Determining Elevation at a Location on the Terrain Model

Calculation of the elevation for a point on the surface of the
terrain is relatively easy if the data are stored in the correct format.
This format involves arranging the elevation data into an array. In order
to cut down on calculations, the elevation data should be divided by the
interval between the elevation points before storing in the array. This
scaling allows the indexes in the array and the data to be on the same
scale.

To illustrate this scaling and the elevation routine, a step by step
example is given. This example will be kept simple and will use only a
two-by-two array shown in Table I. The coordinate system used in Table
I is the left-handed coordinate system. To visualize this coordinate
system, imagine you are facing North. If you are standing at the origin,
the positive z axis is straight ahead to the North. To your right, or the

East, is the positive x direction. Straight up is the positive y axis. It is
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the z coordinate that adds the third dimension or depth. This is the world
coordinate system that will be used throughout this thesis. Finally, notice
that the x and g interval between data points in Table I is 100 meters.

TABLE I. ELEVATION DATA FOR EXAMPLE
]

DATA COORI,)‘INATE COORDZINATE ELEVYATION
POINT NO. (METERS) (METERS) (METERS)
1 0 0 130
2 100 140
3 100 0 135
4 100 100 120

If the data in Table I are organized into an array structure, some
of the data stored can be eliminated since the points are uniformly spaced.
An array that has the same information is at Table II. Notice that the only
data stored in the array are the elevation data which have been scaled by
dividing by 100. The i index corresponds to the x coordinate divided by
100. The j index corresponds to the z coordinate divided by 100. Table
11 provides the same information as Table I, but requires less memory for
storage. The only data stored are the elevation data. The location in the
array provides the other two coordinates. Using this technique, the
memory storage requirements are reduced by two-thirds of the requirement
for Table I.

The method of data presentation in Table II is the same as if the
points were arranged on the ground and the reader was above the ground

looking down at the points. The top of the paper is North, Using the
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TABLE II. ELEVATION DATA ARRANGED IN AN ARRAY
C

L ________________________________________________________________]
DYNTACS methodology, the two by two array would only represent one
square divided into two triangles. Assuming the bottom left corner of this
square is referred to as (i,j), the lower triangle would consists of (i.j),
(i,j+1), and (it+l,j). The upper triangle would be formed with the triple
(i+1,5+1), (i,5+1), and (i+l,j). Substituting i=0 and j=0 into the above triples
gives the correct indices into the array for the appropriate triangles.

Continuing the example, assume that an observer is located at
world coordinates x = 0.02 and z = 0.02 and a target is located at x = 0.8
and 2z = 0.8. Target and observer heights are both 0.018. These world
coordinates and heights are in hundreds of meters, the same scaling as the
array. Does a LOS exist? To answer this question, first, one must
determine the elevations at the locations of the target and the observer.
The steps to determining the elevation are:

¢ Determine the triangle, either the upper or lower, in which the

observer or target is located by using eguation 1 below.

¢ If the entity is in the lower triangle use equation 2A below.

. ﬁtég? entity is in the upper triangle use equation 2B below. [Ref.

Equation 1 is a condition statement. It is
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¥ (3,,+%,) > (i+/+1) then observer is on upper triangle
else observer is on lower triangle

The values for i and j are easily determined by truncating the fractional
portion of the x and z location of the observer. The remaining integers
are the indices. Equation 2A is

Youe™ Yiot, g1t @412 00 101=Ys9, 100190001, ;~Viu, 1u0)

Equation 2B is

Yose™ Y4, /* Cosa= D01, j~3), p* Oue=D0O j1 =Y, )

In these equations, the y values are the elevation for a location
identified by the subscript. The subscripts i and j are indices into the
array table. To determine the elevation of the target, wherever the
formula uses observer information, use target information.

Continuing with the example, using equation 1 reveals that the
observer is in the lower triangle ((.2+.2) is less than (0+0+1)). Since the
observer is in the lower triangle, the ground elevation at his location is

130 + (02 - 0135 - 1.3) + (02 - OX1.4 - 1.3) = 1.33

Using the same procedure, the target is determined to be in the upper
triangle and its ground elevation is 1.27.
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The next step is to add the respective heights of the target and
observer to their ground elevations. If micro terrain effects are to be
included, then this positive or negative value must be added also. For
this example, micro terrain effects will not be included. Therefore, the
determined elevations of the top of the observer and target are:

EleV, o e = 133 + 0.18 = 131

ow
Elev - 127 + 0.18 - 148

L L4

2. Line of Sight Routine

In the last section, determination of the elevations of a target and
observer were illustrated. In order to determine if geometric LOS exist
between an observer and a target, two additional procedures are required.
First, the model needs a procedure to determine where a top down
projection of the LOS onto the terrain model intersacts the edges of the
triangular planes.

Figure 5 presents two views of a situation for determining LOS
between an observer and two targets. The side view shows that the LOS
exists to target one but not to target two. From the top-down view this
is not obvious. What is depicted in the top-down view are the
intersections of the LOS projection onto the edges of the triangular planes.
The DYNTACS model refers to these edges as "plane departure points." It
is at the plane departure points that the maximum and minimum elevations
occur. If the elevations of the entry and exit points of the plane are less
than the elevation of the LOS line at those points (see side views), then

any point between the entry and exit point is below the LOS line. In
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other words, all the model needs to check are the plane departure paints
between the observer and target. If all of these are below the LOS line,
geometric LOS exists. Therefore, the model needs a procedure to determine
the plane departure points between the observer and the target. [Ref. 11:p.
78]

+

Ob

Top Down View
Tgt 1

bs 1os Tgt 2

Obs/—ﬂ'/of/_g 0
W W

Side View Tgt 1 Side View Tgt 2

Figure 5. Line of Sight From Observer to Targets

Once the model determines the plane departure points, it requires
a second procedure to determine if LOS exist. The procedure needs to
check each plane departure point's elevation against the elevation of the
LOS line at the same x and z location. Before daing this, if the triangle
has been coded as having vegetation, then the vegetation height must be
added to the elevation of the plane departure point. The results will
inform the model only that LOS exists or does not exist. To determine if
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only a portion of the target is visible, the model can do a second check
where the height of the target is only half of its normal height. If LOS
does not exist to the target midpoint, then the target is only partially
visible. If LOS exist to the midpoint, the model assumes a completely
exposed target. Due to the length of the procedures to determine the
plane departure points and to check LOS, their algorithms are enclosed in
Appendices A and B, respectively. [Ref. 1l:p. 83]

C. MOVEMENT MODELING

Mobility over the terrain is a function of several variables; the three
most important being slope of the terrain, soil conditions, and type of
vegetation. To properly model movement requires the development of a
functional equation that relates slope, soil conditions, and vegetation. This
equation should result in a percentage of a maximum movement speed. The
development of such an equation is beyond the scope of this thesis.

The determination of the slope on the terrain is provided in an
equation developed as part of the DYNTACS model [Ref. 11:p. 66]. It solves
for the angle of the slope using geometric relationships. The equation is

as follows:

F=Tyq

Siope - ain”(-ELy, =1, 2, .., mek;
where ‘

Py 90~ Carre Zaard

(Pml’ qnol'(xﬂ zﬂ);

(P» g)=plane departure poinss,

i=1,...,nm
r, = elevation at (p, q)

d - Q/(P;'P;-n)z*(qt‘qm)z"(' T
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With the above equation, the model can easily determine the slope of
the terrain at any location on the ba‘tlefield. Determination of the values
for sail conditions and vegetation depends on the representation method
used in the model. The easiest method is coding the triangle with the
values for vegetation and sail conditions as mentioned earlier. A more
realistic representation is the use of geometric shapes to map the areas
with similar vegetation or sail conditions, but the coded triangle method is

faster for determining what codes apply to a given location.

D. MODELING TARGET ACQUISITION

Even though geometric LOS may exist between an observer and a
target, its existence does not mean the observer detects the target. There
are several reasons in the real world that detection might not occur. They

are

e The observer is not looking in the direction of the target.

e The observer cannot distinguish the target from the background.

e Environmental factors may prevent him from detecting the target. For
example, there may be fog or dust obscuring the target, or it could
be dark.

¢ The observer is not alert.

e The observer is suppressed by enemy fire.

There are two methodologies for modeling the detection process that
take the most important reasons for non-detection into consideration: the
Night Vision and Electro~Optical Laboratories (NVEOL) detection model and
the continuous looking detection model. According to Hartman [Ref. 10:p.
4-24] the NVEOL detection model is the better of the two methods.
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The NVEOL model considers and evaluates the following events in

order to determine if detection occurs [Ref. 10:p. 4-24 - 4-25]:

¢ the emitted or reflected target signature

¢ transmission of the target signature through the atmosphere

¢ the orientation of the observer's sensor

¢ the processing of an attenuated signal by the sensor to form an image

* the viewing of the display image and the response by the user.

By considering all of these events, the NVEOL model allows for an accurate
representation of the process of detection and how it is affected by
battlefield conditions such as smoke, fog, darkness, etc. In a model that
has the luxury of adequate computational power, it is the method of choice.
The second method, the continuous looking model [Ref. 10:p. 4-12]
represents the process of detection as the cumulative distribution function
of the negative exponential. The parameter for this process is the
detection rate which needs to be derived from detection experiments. The
advantage to this equation is it keeps the process of detection
determination simple. Everything is rolled into the one equation. Different
parameters are assigned based on the conditions. Because of its simplicity,
it is the method most promising for the personal computer environment.
Implementing the continuous looking model in the program would not
require a substantially amount of work. The real work will be in getting
some valid parameters for the model based on already available data or new

experiments.
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IV. DISPLAYING THE DYNTACS REPRESENTATION

The last chapter discussed the methodology for developing a personal
computer based simulation using the DYNTACS representation for terrain.
The intent of this chapter is to illustrate the various considerations and
decisions needed to implement a three dimensional display of the DYNTACS
terrain model on a microcomputer. Because of the limitations of the
Enhanced Graphics Adapter (EGA), all of the procedures have to be
implemented in the software.

To fully explore the feasibility of using the microcomputer, a program
was built from scratch. The program created to implement the three
dimensional display of the DYNTACS terrain model has code that is divided
into three categories:

e Unmodified code that was adapted directly from existing sources and
programs.

e Modified code from existing sources and programs. In this category
is code that needed some modifications or translation from another
language.

e Code written to implement known algorithms. This category also

includes code written as a derivative of known algorithms and created
as innovative sclutions to a problem.

Although there were some very useful procedures available in the first two
categories, the majority of the code for the program is in the third
category. Appendix C contains a listing of the interface portion of all
units used by the program. The listing classifies the category for the

code of each procedure according to the above list.
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To insure the reader understands what the program does, it is
appropriate to describe its capabilities. After a description of the
capabilities, the topic shifts to the discussion of implementation decisions
that affect the two most important issues about graphics - speed and
realism.

A. PROGRAM OVERVIEW

The graphics program is best described by listing its capabilities and
providing a few captured images; however, the black and white images do
not do justice to the display. A true assessment of the program can only
be obtained by seeing it in action at TRADOC Analysis Command (TRAC),

Monterey. Its capabilities are as follows:

* Displays a three dimensional representation of the DYNTACS terrain
model in color with moving soldiers.

e Uses a 20 square kilometer terrain database of processed DMA Level
1 DTED (approximately 100 meter spacing). It can move anywhere
within this square and displays a view out to three kilometers.

¢ Has the ability to change viewing angles, viewing altitude, viewing
magnification, and viewing direction. The default setting is from the
viewpoint of a soldier standing on the ground looking to his front.

e Moves the soldier's viewpoint as the soldier moves, which simulates
moving across the terrain.

e On a Dell 25 MHz 386 computer with math coprocessor, a VGA card, a
VGA monitor, and cache memory displays one frame per 1.2 to 1.5
seconds. It uses EGA mode, so only a EGA card and monitor are
required.

e Displays information regarding current location, heading, and view
angle,

o Has the ability to change location and intensity of the light source,

to change ambient light conditions, and thus change the shades of
color in the scene.
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e Using digital halftoning, provides 24 different shades and tones each
of red, blue, and green.

¢ With minor processing of DTED Level 1, can display terrain anywhere
in the world for which DTED Level 1 is available. DTED Level 1 does
not include cultural features.

e With enhancements, it can be incorporated into a training simulator
for small unit leaders; i.e., platoon leaders.
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