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Abstract This paper discusses a terrain height detection system that is used in a 3-Dimensional (3D) military training
environment. Also, a collision check technique is mentioned along with a system that is used to check the collision of an
object against the obstacles in the environment in an effective way, that is, checking the collision against the obstacles that

the soldier is expected to collide with.
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1. Introduction

Before moving into the subject, one must know what is
the Virtual Reality (VR); VR is a computer-simulated
environment, whether that environment is a simulation of
the real world or an imaginary world. Most current VR
environments are primarily visual experiences, displayed
either on a computer screen or through special or
stereoscopic displays, but some simulations include
additional sensory information, such as sound through
speakers or headphones. Some advanced, haptic systems
now include tactile information, generally known as force
feedback, in medical and gaming applications. Users can
interact with a virtual environment or a Virtual Artefact
(VA) either through the use of standard input devices such
as a keyboard and mouse, or through multimodal devices
such as a wired glove, the Polhemus boom arm, and
omni-directional treadmill. The simulated environment can
be similar to the real world, for example, simulations for
pilot or combat training, or it can differ significantly from
reality, as in VR games. In practice, it is currently very
difficult to create a high-fidelity virtual reality experience,
due largely to technical limitations on processing power,
image resolution and communication bandwidth. However,
those limitations are expected to eventually be overcome as
processor, imaging and data communication technologies
become more powerful and cost-effective over time [1].

In this paper and to be cost-effective, Microsoft Visual
C# 2008 [2] along with the new XNA 3.0 [3-5] graphics
technology released by Microsoft were used, actually, the
graphics technology used is games-quality, this technology
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was used to generate a VR environment that is used
individually or through network of two computers (this can
be expanded easily). Also, the input device used is either
the standard keyboard and mouse or using the new
Nintendo Wii Remote (Wiimote) [6, 7].

The terrain generation and height detection are part of the
project discussed in this paper, a full content generation can
be found in [8]. In addition to the collision detection
algorithm discussed here, another algorithm for collision
detection in urban environment can be found in [9].

In the next section, the terrain height detection system
will be discussed, after that, the collision system and the
techniques used to make the collision check faster will be
discussed, because, in the simulation, there are a lot of
soldiers and enemies along with Al, graphics and
calculations, hence, each bit of performance is needed.

2. Terrain Generation and Height
Checking

Discussing the terrain generation in detail is a detailed
programming issue, so, the paper will not go into the details
and it will give a short introduction about how the computer
3D graphics are formed. Each 3D object used is formed of
faces, a face is a triangle which can be colored or textured,
each face consists of three vertices, a vertex has a 3-axis
position (X,Y,Z) where X is right or left, Y is up or down and
Z is into the screen or far of screen. Generating the terrains
from a small image is the easiest way for this situation where
a 128*128 pixel image is drawn with two colors or levels and
the terrains are generated in the code by reading each pixel of
the image and drawing a vertex on a specified level. Some
terrain systems, especially systems used in areas with hills
and mountains, use a more-than-two level terrain generator.

Here, two simulation environments are used, the first one
with two level terrains (grass and cement), the other with
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three level terrains (grass, cement and pavement). Figure 1
shows the principle of 3D graphics and can be thought as a
piece of the terrain field.

Figure 1. Vertices and faces

During the simulation, the position of the 3D object that
moves on the terrains is needed so that the program can move
it up or down according to height of the terrains below. The
problem with this is that the height of the terrains is known
only in specific points which are the vertices, what if the
object is in an area where it is not on a vertex. In this case, a
kind of interpolation is needed. In this paper, the bilinear
interpolation is used. For the interpolation, the X and Z
coordinates of the vertices around the object's position are
needed.

Figure 2 shows two faces from the terrain fabric, the
object is assumed to be between the two faces, also the four
vertices that are around the object's position are shown too.
The height of each of those four vertices will be used to find
the height of the terrains at the object's position.
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Figure 2. Two faces from the terrain field

The process of finding the height is shown in Figure 3 (it is
assumed that the object is in the point P(X,2).

After finding the final height, the object's Y coordinate
must be assigned to "finalHeigth" in Figure 3. Using this
algorithm, the object will move smoothly on the terrains [5].

3. Collision System

After generating the terrains and inserting the 3D objects
like houses, helicopters and barrels...etc. a collision system
is needed so that the object when moved by the user does not
go through the obstacles. There are a lot of methods to define
the collision spaces [10], the one used here is by defining
bounding boxes and bounding spheres around the obstacles.
Bounding spheres and bounding boxes are just data
structures that define the properties of the solid area that the
object can’t go through. These properties for the bounding
sphere are the center position of the sphere and the radius of

the sphere. The intersection of this bounding sphere must be
continuously checked for intersection with other bounding
volumes. The properties needed for the bounding boxes (as
shown in Figure 4) are the minimum point coordinates and
the maximum point coordinate, using those two points the
collision check routine will be able to define the bounding
box and check for its intersection with other bounding
volumes.

Figure 5 illustrates a collision between two spheres (top
view).

To check for the collision between two bounding spheres,
the technique in Figure 6 is used.

)

Define a flag called

P(X,Z)OnLowerTriangle
to indicate where P(X,Z) is, given arbitrary value
first, then set in the code according to the next
calculations
P(X,Z)OnLowerTriangle = True

l

Get the integer part of X and Z in P(X,Z) and find
the xLower, xUpper, zLower and zUpper to get the
vertices that are around the object’s position
xLower = (Integer part of) X
XUpper = xLower + 1
zLower = (Integer part of) Z
zUpper = zLower + 1

!

Get a measure of P(X,Z) in terms of X and Z to
give a ratio indicating where the point is relative to
the four vertices around
XRelative = (X - xLower) / (xUpper - xLower)
zRelative = (Z - zLower) / (zUpper - zLower)

Start

7

The heights of each vertex read from the image file
must be saved in a matrix, here the matrix that has
the height data is called heightData(,), it takes the
vertex X and Z indices to get the height at the X,Z

point. The height of each of the vertices around
around P(X,Z) is obtained to be used in the next
step.
heightLxLz = heightData(xLower,zLower)
heightLxHz = heightData(xLower,zUpper)
heightHxLz = heightData(xUpper,zLower)
heightHxHz = heightData(xUpper,zUpper)

Figure 3. Flowchart of height detection system
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NO Is ((xRelative + zRelative) < 1) ?

YES

P(X,Z)OnLowerTriangle=False

A,

Obtain the final height, this final height now can
be assigned to the object’s Y coordinate, and it
represents the height at P(X,Z)
finalHeight = heightHxHz
finalHeight += (1-zRelative) * (heightHxLz — heightHxHz)
finalHeight += (1-xRelative) * (heightLxHz — heightHxHz)

f P(X,Z)OnLowerTriangle=True
End

A

Obtain the final height, this final height now
can be assigned to the object’s Y coordinate,
and it represents the height at P(X,Z)
finalHeight = heightLxLz
finalHeight += zRelative * (heightLxHz — heightLxLz)
finalHeight += xRelative * (heightHxLz — heightLxLz)

Figure 3. Flowchart of height detection system (continued)

Figure 4. Bounding box with its minimum and maximum points

Figure 5. Collision between two spheres

To check for the collision between two bounding spheres,
the technique in Figure 6 is used.

-Define the center position (X1,Y1,Z1) and
radius of spherel (rl)

-Define the center position (X2,Y2,Z2) and
radius of sphere2 (r2)

v

Get Distance between the two spheres
Distance = SquareRoot((X2-X1)*+(Y2-Y1)*+(Z2-Z21)?)

Is distance < (r1 +r2) ?

NO YES
Collision = False
v 4
End Collision = True

Figure 6. Flowchart for bounding sphere collision checking

The collision of two bounding boxes is shown in Figure

7.
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Figure 7. Collision between two bounding boxes

To check for the collision between two bounding boxes,
the technique in Figure 8 is used.

In the simulation, there are a lot of buildings and
obstacles, each building has obstacles inside. A method is
needed to manage the collision system of the simulation
area. A proposed solution to this problem is by creating a
data structure for each building added; the data structure of
a building will contain the MIN and MAX points of each
obstacle inside that building. Moreover, the data structure is
made in such a way that enables the designer to group each
bunch of obstacles in a group called "collision area". This
division process makes the collision check take less CPU
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cycles to be executed and this will lead to a better

performance.

¥
Get the width, height and depth
for cach bounding box
wl=MAX1LX - MINLX
hl = MAXLY — MIN1.Y
dl = MAX1L.Z — MIN1.Z

w2=MAXZX - MIN2.X
h2 = MAX2Y - MIN2Y
d2 =MAX2.Z - MIN2.Z

NO
s MINTX = (MIN2.X - wl) and
MINLX < (MIN2Z.X +w2) ?

YIS

MO
s MINLY = (MINZY - hl) and
MINLY = (MIN2.Y + h2)

r YES

s MIN1.Z = (MIN2.Z - d1) and
MIN1.Z = (MIN2.Z + d2) ?

Collision = False

YES

¥

Collision = True

Figure 8. Flowchart for bounding boxes collision check

According to the proposed system, besides of the inner
obstacles data, each building should have an outer bounding
box that bounds all the building's borders. The reason
beyond using the outer bounding box is to know if the
object is in the building and to check its collision to the
obstacles of that building only. By this, the object's collision
against other obstacles in other buildings will not be
checked saving extra work on the CPU. Figure 9
demonstrates the division of a specified floor in a building.
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Figure 9. Division of a floor into areas

From the group of buildings in the
simulation, check the object’s
collision against a building

Does the object collides
with the building outer
bounding box?

Are all buildings’
checked?

Check the object’s collision to each
area’s bounding box in the specified
building

Check collision with
outdoor obstacles

!

Does the object collides
with the area’s bounding
box?

Does the object collides
with an outdoor
obstacle?

NO

Check the object’s collision against
each obstacle in the specified area

h.

Collision = False

. . NO
Does the object collides

with an obstacle?

Collision = True

Figure 10. Flowchart of the collision-check algorithm
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Obviously, each area represents a bounding box that
bounds specified obstacles. In the simulation, when the
soldier enters a building, the intersection of soldier's
bounding box to all areas' bounding boxes of that building
will be checked to see in which area the soldier is, then, the
soldier's bounding box collision will be checked only
against the obstacles that are in that area. For an
environment of a lot of soldiers, this is necessary to reduce
the CPU cycles used for collision check. Figure 10
demonstrates how the proposed algorithm works.

Besides the buildings in the simulation, there exist some
outdoor objects like boxes. The collision check system at
first must check for the object's collision against buildings
as shown in the above algorithm, and then against the
outdoor objects.

4. Conclusions

The subjects discussed in this paper are parts from a
project that simulates a military environment. The terrain
height detection system was used to make the soldiers move
smoothly on the terrains. Also, the collision system used is
appropriate for the environments designed for the project.
But for wider environment, some other algorithms may be
used, As an example, dividing the environment itself into
areas, so that the object's collision will not be checked
against all the buildings in the environment but against the
buildings in that area of the environment only. Figure 11 is
a snapshot from the simulation environment; different
terrain height levels are shown.

High terrain level

Listening on 0.0.0.0:14242

Low terrain level

Soldier[0] LifeGauge:10
Soldier[1] LifeGauge:10
Soldier[1] Follow:False
[Soldier[1] FireAtWill:False

“Stalker{0] LifeGauge. 10
Stalker{1] LifeGauge: 10
Stalker{2] LifeGauge:10
Stalker{3] LifeGauge:10
Stalker{4] LifeGauge:10
Stalker{5] LifeGauge:10
Stalker{6] LifeGauge:10
Stalker{7] LifeGauge:10
Stalker{8] LifeGauge:10

Figure 11. Two soldiers standing in different terrain height levels
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Figure 12.
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Illustration of the collision check mechanism
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Also, Figure 12 shows the soldier running to an obstacle
but because of the use of the collision check, the soldier
stays beside the obstacle and never gets the ability to go
through the obstacle.

The collision system used is error-free, this means that
there is no chance that the soldier will go through an
obstacle, the reason for this is that when the user presses a
key to move the soldier, only the soldier's position
coordinates are updated without drawing the soldier in the
new position. When the position coordinates are updated,
the collision check routine will check if the soldier with the
new position coordinates is colliding with an obstacle and
then returns the position coordinates to their old state before
updating if there was collision, or, keeps the position
coordinates updated if there was no collision. After the
collision check, the 3D objects drawing routine will be
activated to draw each object in its location based on its
position coordinates.
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