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ABSTRACT 
Simulated terrains have been extensively used in many flight 
simulators or games. Unfortunately, creating large terrains can be 
considered tedious and complex job. Therefore some flight game 
makers only created a limited amount of terrain and reused the 
same terrain for another level of the game. Though it seems solving 
the problem, increasing the number of terrains used in the program 
may make the game becomes more interesting. Since terrain 
actually is a fractal, the terrain can be generated using the concept 
of fractal. The resulted terrains can be saved in a text file to be 
utilized by any other programs. This research has overcome the 
terrain creation problem by generating user-defined terrain 
automatically. 
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1. INTRODUCTION 
In many flight game programs, users have to fly an airplane 
through a sequence of certain terrain. The terrain usually undulates 
and it is one of the users' tasks to fly the plane through the hill and 
valley and to avoid collision with any of them. 

In its simplest implementation, the game can create several hill and 
valley and store the data in a certain media. When the game needs 
to render the terrain, these stored hill and valley are read back from 
the media and rendered to the game environment. Due to the 
difficulty in hill and valley generation, there are only few hill and 
valley stored in the media. Because there are not many hill and 
valley can be taken from the media, the game will usually reuse the 
first available part of hill and valley and put them as the next hill 
and valley to be rendered on the game. 

Though this approach can be used for several kind of game without 
loosing the users' interest, the availability of big supplies of hill 
and valley data can make the game more interesting and 
challenging. The problem is how can we provide affluent data of 
hill and valley easily? 

One proposed solution to create affluent data of hill and valley is 
by generating them automatically. These hill and valley will build 
the terrain that can be used by other flight simulator or game 
program. A fractal method will be used to create the hill and valley 
in the terrain. . 

2. FRACTAL 
Fractal is a pattern where partial or whole parts of the patterns have 
self similarity to the general pattern itself [ 4 ]. This fact will enable 
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us to generate fractal recursively and heuristically. One example of 
fractal object is the Koch curve. The curve can be created by 
dividing a certain line into three parts. The middle part of the line 
then can be changed to a right triangle without its bottom part. If 
we recursively perform the same process to its sub-line, then we 
will get the Koch curve. Figure I shows several Koch curves 
created from a line, triangle, and .polygon. 

Figure I. Several kinds of Koch curves. 

If we magnify certain part of any Koch curves, we will get the 
similar pattern of the curve to its bigger part. This property is 
called self similarity and it becomes the major property of fractal 
object. As a matter of fact, many nature objects in our everyday life 
have this property. As an example a branch of a pine tree has a self 
similarity to the whole tree itself. A certain part of coast line has 
self similarity to its bigger part, etc. This phenomenon applies as 
well to terrain with its hills and valleys [6, 7]. A magnifier of a 
certain hill will give us several smaller hills and valleys as well. 

Because of the terrain-self-similarity property it can be concluded 
that a terrain actually is a fractal in itself. Therefore it should be 
possible to generate terrain using any fractal method available. 

3. GENERATINGTERRAIN 
3.1 Mid Point Displacement 
Midpoint displacement is one of the fractal methods that can be 
used to create a terrain [I]. At the beginning set up four points that 
build up a square. Assign a certain height value to each point of the 
square and perform the following processes recursively: 

• Divide the square to another four equal-size squares. 

• Assign the height value at the middle of the big square: 
The value can be found by averaging the height value 
from all points in the big square comers. Add a modified 
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Gaussian-distribution-based random value to this 

average. 

• Assign the height value at the middle point of each big 
square side. The value can be found by Gveraging the 
height value from its three adjacent points. Add a 
modified Gauss ian-dis tribution-based random value to 
this average. 

• Repeat the process to all newly generated squares until it 
reaches a certain set-up threshold .. 

The depth of the recursive process will detennine the number of 
vertices that compose the grid. The relation of the number of 
vertices to the number of recursive level can be specified as: 

Number of Vertices= (2 !n·l)+ !)2 

Where n is equal to the number of recursive level. The number of 
vertices will determine the smoothness of the terrain. Increasing the 
number of recursive level will increase the number of vertices 
generated and as a consequence will increase the smoothness of the 
rendered terrain. However increasing the number of recursive level 
will increase the computation time and the memory space to s tore 
the on going processing data. 

Data generated from the mid point disp lacement can be seen 
visually by simply connecting adjacent vertices with line. The row 
and column position of the squares can be used as the coordinate of 
the terrain and the height va lue of each point in the square can be 
used as the height of the terrai n. In this simp les t visualization, you 
can see the generated data of the terrain in a wireframe s tyle 
visualiza tion. 

3.2 Gaussian Distribution 
Gaussian distribution is commonly called nonnal distribution (8]. 
In this distribution, most data will cluster around the mean . That is 
why the curve of this distribution will appear as a bell. The 
function of the Gaussian distribution can be seen as follow: 

P(x) 
1 

---===e a& . .......... . .... Eq. I 

where: 

~~ =mean 

o = s tandar deviation 

x =continuous random value at -oo < x < +oo 

Figure 2 shows two Gaussian distributions. From the figure, it can 
be said that the mean in the Gaussian distribution a is less than the 
mean in the Gaussian distribution b. The mean of the Gaussian 
distribution is taken place at the peak of the shape. Meanwhile, 
from the overall shape of the shape, it can be said that the standard 
deviation of Gaussian distribution a is - again - less then t.he 
s tandard deviation of Gaussian distribution b. A Gaussian 
distribution with smaller standard deviation will have higher bell 
shape than the one with higher standard deviation. 
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Figure 2. Gaussian bell-shape distribution 

One property of the Gaussian distribution is : 

f p(X)dx = 1 ...... .... ....... ......... . Eq.2 
- 00 

therefore: 

... .. . ...... Eq. 3 

from this property it can be concluded that the value of~~ and o wi ll 
always be in the range (}; 1-1 .o S 1 because the total area of the 
curve is I. To simplify the usage of Gaussian distribution, we need 
to convert the dist ribution to a standard Gaussian dis tribution. A 
standard Gaussian di stribution is a Gaussian distribution with 
value 0 and I for the 1-1 ,o respecti vely (3 , 8). 

Random numbers that should be used in generating the terrain must 
confinn with this s tandard Gaussian distribution. Unfortunately 
many computer programming languange does not provide standard 
Gaussian distribution. Instead, most computer programming 
language provide a unifonnly distribution random number. ' 

In order to solve this problem, Goerge Edward Box and Mervin 
Muller introduced a Box-Muller transform that can be used to 
translate unifonnly distributed random numbers to standard 
Gaussian distribution random numbers [9, · I 0]. The method takes 
two unifonnly distributed random numbers and maps them to two 
independent standard Gaussian distributed random numbers. 

Figure 3 shows the illus tration of random numbers mapping from 
the unifonn to Gaussian. In Box-Muller transfonn, two unifonnly 
random number x 1 and x2 which are di s tributed between 0 and I 
will map to two Gaussian numbers Z1 and zz by the following 

functions: 

z, = ~- 2lnx1 .cos(211X2 ) .... . .. ... . .. .. .......... Eq.4 

z2 = ~- 2ln x1• sin(27ZX2 ) ...... . .......... . ...... Eq.5 

Unfortunately, calculating sine and cosine for many repeated 
r,rocesses can be considered costly. Therefore it is necessary to 
modify the functions and solve the equation in polar fonn. Given 
x 1 and x2 in the range -1 to I, set the value of s as x 1

2 + x/. If s=O 
or s2: I discard x 1 and x 2 and find another x 1 and X2 pair that 

generates in the open interval 0 to I. 
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Figure 3. Uniform to Gaussian distributed random numbers 

In the polar form, the mapping of unifonn distribution to Gaussian 
can be expressed as [5]: 

-J- 2lns 
ZJ = XJ. •···•••···· · ••·· • ·· •· •• • ··· • •• •·•·•• Eq.6 

s 

and 

.J- 2lns 
z2 = x2 • ··· · ·· ··· ··· ··· ··· ··· · · · ···· ·:·' · ··· Eq.7 

s 

3.3 Modified Gaussian Random Value 
Before the Gaussian distribution random value can be added to the 
height field, modify this value to include the recursive level into 
account. The recursive level detennines the number of hills and 
valleys generated by the program. 

A scaling factor will be applied to the Gaussian-distribution-based 
random value. The scaling factor that will be used is specified as: 

where: 

dn == (0.5) n.H/2 d .. .. . ..... ... . .... .... . .... .. ........ .... Eq.8 

dn == scaling factor at recursive level n 

n =level of the recursive process 

H = roughness level of the surface 

d = initial scaling factor 

From the fonnula, it can be concluded that as the recursive level is 
getting higher, the scaling factor is getting smaller. This behavior 
matches perfectly with the natural terrain property. Most points in 
the terrain will have big height differences at the lower part of the 
hill and small height differences at the pinnacle. 

Meanwhile the parameter H in the formula can be used to alter the 
roughness of a surface. Smaller value wilJ create a rougher surface, 
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and greater value will create smoother surface. Figure 4 show the 
difference of result using different values of H. 

Figure 4. Surface roughness as determined by the value of H 

3.4 Building and Storing the Terrain 
In order to be able to be used by any other program, the generated 
terrain data must be stored in a file with general fonnat that can 
easily be opened and read by any other program. In this research, 
the file fonnat that is used for storing the terrain is a text file. 

Three dimensional objects can be built from a collection of mesh 
triangles. The triangle shape is chosen because triangle is the 
simplest convex object. Therefore this object can not be divided 
anymore to another object especially to a non convex object. 
Guaranteeing convexity of an object is compulsory in object's 
rendering process. 

Since the result of mid point displacement will generate mesh 
sq~ares (see figure 5) then it is necessary to change the mesh 
squares to mesh triangles. Figure 5 shows the modification that 
must be made to change the generated mesh squares to mesh 
triangles. 

r··· ·· r · i 
.. ~···-· · · 

t 
tj) ' sl ' " I I 
) !l ,I 

" l~ 

l .J J '' 1') 21\ 

i I l 
" 
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Figure 5. Surface roughness as determined by the value of H 

One final process that must be performed after having all the 
required data is definitely storing the data itself Two kinds of data 
that is compulsory to be stored are the vertices and faces. Figure 5 
actually have already given clues about the vertices and faces 
relation to the indices of data. Numbers at the left pict>Jre of figure 
5 shows the indices used for the vertices, while letters at the right 
picture of figure 5 shows the relation of indices to the faces of the 
mesh triangles. 

Therefore, if figure 5 represents a certain generated terrain then 
there will be 25 indices that will be used to store all veJiices. 
Meanwhile the number of faces to be generated will follow the 
following fonnula: 

faces= 2.( -Jvertices -1) 2 
... ...... .. .. .. ... Eq.9 

In this case, the generated terrain in figure 5 will have 32 faces. 
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To avoid lighting problem in rendering process, all faces must be 
speciiied in either clockwise or counter clockwise manner. In this 
progmm, all faces will be stored in counter clockwise manner. 
Therefore the first and the second faces for terTain such as shown in 
fi gure 5 will be AJN and ANM respectively. 

In general, data that will be stored in the text tile are: 

• The number of vertices and faces 

All vertices that build up the terrain . Each vertex will 
contain its three dimensional position (x, y, z) 

All faces that build up the terrain. Each face will refer to 
vertices index that build the face. Therefore instead of 
storing A, 1, N, as the tirst face of terrain in figure 5, the 
application will store I, 6, 7 as face's vertex indices. 

3.5 Rendering 
In order to prove the correctness of the terrain data generated by the 
program, a rendering facility will be built to show the terrain data 
visually. An openGL graphics library [2) will be used in the 
program to assist the process of terrain visualization. By this 
library, one can set up a camera-like viewing to see the terrain three 
dimensionally. 

To increase realism of the terrain, a certain color scheme will be set 
up and used for coloring the terrain. Several certain heights will be 
used as a threshold for certain colors. Therefore, hill will have 
different color from valley. A texture mapping is used as well in the 
program to improve the realism of the terrain. 

4. RESULT AND DISCUSSION 
Figure 6 to 9 show several terrains that have been built using the 
application. Several parameters that influence the shape of the 
generated terrain are: 

The maximum number of recursi ve level (Iteration) 

• The number of squares used (Tile) 

The roughness of tern in (Rough) 

• Initial scaling factor (Scale) 

Figure 6, shows terrain with many low hills. This kind of terrain 
can be generated using lower value of scale. In this example, the 
value of the scale is 50. On the other hand, increasing the scale 
value will yield terrain with many high hills. Figure 7 shows this 
kind of terTain. In this example, 75 is chosen as the value of the 
scale. 

The roughness of the terrain can be set up as well in the program. 
Figure 6 shows the roughness of the terTain with value 3, while 
figure 7 shows the roughness of the terrain with value 2 . As 
explained in sub chapter 3.3., smaller value of this parameter will 
make the terrain rougher. 
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Figure 6. Lowland terrain 

Figure 7. Highland terrain 
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With the assistance from openGL graphics library, one can view 
the terrain with a camera-like viewing. Therefore we can wander 
the terrain such as a flying bird. Figure 8 nctunlly shows the same 
terrain such as shown in fi gure 7, after we fly closer to the terrain. 

Two last figures , i.e. tigure 9 and figure I 0, show the genuine data 
of the terrain. · Figure 9 shows the data in visualized meshed 
triangle, while figure I 0 shows the raw data in text file. Each vertex 
and face data in the text file is always preceded with the keyword 
" v" and " f' . This keyword will ease other programmers to read and 
interpret the data for their own use. 
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Figure 8. Walkthrough the terrain 

Figure 9. Mesh triangles of the terrain 

v 3.125000 0.000000 -40.625000 
v 3.1250001.046234 -34.375000 
v 3.125000 7.219595 -31.250000 
v 3.125000 7.431891 -28.125000 

3.125000 9.041929 -25.000000 
3.~25000 9.1.41.102: -1.8. 750000 

Figure 10. Data stored for a certain terrain 
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5. CONCLUSION 
In general, this research can be said have already achieved its goal. 
Generating data to create terrain can be perfonnc-d easily using this 
terrain generator. Users can create as many terrains as they need 
and like. The data of the terrains that are saved in a text file make it 
accessible and usable to :my other programs. 

From the visualization of the terrain, one can sec that based on 
parameters provided, many variations of the terrains can be 
generated by the program. By applying the color and texture to the 
generated te1nins, one can see the pleasing result of the termins. 

For further work, it could be better if the users can modify the 
generated terrains. Therefore the users can create the terrain that 
meets exactly to their preferences. Furthennore, the application can 
be made to allow users select their own prefeiTed color or texture to 
be applied to the hills or valleys generated. All of this infonnation 
then can be stored in a text tile for further use in other applications. 
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