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Real Time Fractal Landscape Flyover

1 Introduction

The aim of this project is to implement a program that will create and display a never ending
landscape of mountains and hills. In this report, a series of methods and algorithms will be
presented. The purpose of combining these methods is to process and display a fractal
generated landscape to the user through 3D rendering.

This document is a review of the entire project, including specification, research, prototypes,
design, implementation and a final review. The report is aimed at computer science literates
with knowledge of programming and applicable mathematics. Specific research topics will be
explained later on in order to elucidate the reader.

1.1 Initial Brief
The project title and description, as provided unchanged from the original is:

Real-time Fractal Landscape Flyover

Specification:

The aim is to create a simple simulation of an aircraft flying over a complex fractal
visualization of landscapes. The movement of the plane will be very simple. The creation
and visualization of the landscape will be produced using a fractal algorithm.

Issues to consider:

1. Creation and storage of the geometrical data of the fractal landscape.
2. Rendering the fractal landscape in real-time.

3. Effect of rules on the creation of the landscape.

1.2 Context

This is a 3D rendering application, and is not being designed for any user in particular,
neither is it being developed in a team. It will use certain methods and algorithms which have
been developed by other people, and these will be appraised later on in this document.

1.3 Aim and Objectives

In order to fully understand what is meant to be created at the end of this project, the title will
be examined in detail and determine what each word means.

Real-time i the application must render the finished solution at over 25FPS (Frames Per
Second) average on the target system.

Fractal 7 the terrain must be generated by some form of fractal iterative or recursive
algorithm. The input and output can be non-fractal, as long as the core generation functions
are. This means mountain positions can be input into the algorithm, then use a fractal
algorithm to create the base geometry, and then use some sort of post process filter to make
the terrain more believable.

Landscape 1 This at bare minimum means some form of terrain, but ideally the terrain
should be big enough to scroll across the screen and make it feel as though the user is
travelling across the terrain instead of just viewing an area of terrain.

Flyover i The application will allow control of a plane flying over the terrain with which to
view the terrain in an intuitive way.
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The core aims of the project are:
1 Render a 3D terrain
0 Must be realtime (above 25FPS)
0 Must scroll as to appear larger than what is currently onscreen
0 Base generation of terrain must incorporate a fractal algorithm
0 Must be textured, ideally with some form of shader
1 Control a plane flying over the landscapes

The secondary aims of the project are:
9 Additional Terrain Detalil
0 Include Trees on the terrain
0 Include Lakes and/or Rivers on the terrain
1 Make the landscape scroll infinitely (if possible)
1 Have the application scale graphics settings based on hardware available

This project wildl be considered O6completebd
secondary aims should be completed as well, but these can be cut out if time restraints
become too tight.

f
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2 Project Background

The application is a 3D visualization simulation of a landscape, and there are several
elements that are to be considered when programming this solution.

2.1 Problem Context and Ethics

2.1.1 Problem Context

This project concerns itself with rendering mountains and hills using fractal algorithms. The
fractal algorithms will be presented later on in the document. The other aspect that is non-
computer science related is the nature of mountains. Some reference pictures will be used to
model features of the landscape on.

Figure 2-1 (Foxon C, 2010)

This scene shows a snow topped mountain; note the jagged ridgeline at the top, and sheer
faces. Snow is interspersed with rock, as opposed to being a flat covering.

Figure 2-2 (Foxon C, 2010)

Lower hilly areas are smoother, and often covered with trees, the overall shape of the hills
are similar to mountains, but less jagged, and less steep.

-6-
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These features will be taken into account when designing procedures to generate the
landscapes.

2.1.2 Ethics

This project is a 3D rendering work, and does not include any third parties in collection of
information. All resources used in creation of the report documents and application are
referenced to their original creators, and any source code not created by the author of this
document is labelled in the code itself. Any textures used are either purposefully created for
this project, or from credited royalty free sources.

2.2 Comparison of Technologies

2.2.1 Rendering Technology

Mentioned previously in the document, it was said that DirectX would be used for the
rendering portion of this coursework. The comparable technology that could be used as an
alternative is OpenGL. The following is a comparison and justification of technology.

DirectX is a closed source API which is developed by Microsoft. It is usually the first to
implement new technologies, because Microsoft works closely with hardware manufacturers.
This makes DirectX the de facto standard for a large number of development studios,
particularly any which do work on Xbox 360 (which uses a variation on DirectX 9.0). One of
the big benefits to DirectX is that it provides easy interfaces to complex technologies, such
as .fx files to describe combined vertex and pixel shaders.

OpenGL is an open source APl which has a featureset managed by Khronos Group. The
main benefit to OpenGL is that it is platform independent, so can run on Windows, Mac and
Linux, as well as flavours on other platforms. It tends to be a little behind DirectX on new
features, and cannot be used on Xbox platforms. There is a large amount of tutorial

information on the internet for OpenGL, but a

pipeline technology. There is more easily accessible documentation on DirectX through
MSDN, but is less intelligible than many tutorial websites for DirectX.

The DirectX SDK will be used because it is simpler to use shaders with, and is a technology
which is very widely used in the games industry, so familiarity with it is beneficial.

2.2.2 Programming Language

The two core languages with which the author feels comfortable programming in are C++
and C#.

C++ is an earlier language than C#, which is closer to the assembly code, which means
faster performance than C#. This is paid for in code complexity and harder to debug code.
However, the author has been programming in C++ for a few years more than C#.

C# is a more modern language that is conceptually easier to code in than C++. The
disadvantage to this is that C# code usually runs slower than C++ code, particularly for CPU
bound applications such as matrix multiplication (Sestoft, 2010). The XNA framework would
all ow code to run on PC and Xbotkeir8tiél Orief. bu't

C++ is the language that willbeused i n t his project familadguvstte
the language, and its speed advantage in a performance critical project.

t hat

of
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2.3 Alternate Solutions

2.3.1 Alternatives to Fractal Terrain Generation

Although the nature of this project is Fractal Terrain Generation, there are alternate methods
that can be used to generate terrain heightmaps. A couple of them are discussed below

2.3.1.1 Fault Formation

This algorithm generates a heightmap by repeatedly dividing the map in half, along a
random line, and then altering the height differently on either side of this line. The first
iteration would give two flat surfaces of different heights. By repeating this again and again,
after several iterations, a noisy terrain heightmap starts to appear.

ol

4 iterations 8 iterations

32 iterations 64 iterations
Figure 2-3 Fault Formation Algorithm iterations (Shankel J, 2000)

In order to end up with a reasonably realistic terrain, the amount each line offsets by is

reduced with every iteration, so the first few iterations define the overall shape, and the later

iterations add detail. After fault formation is complete, the map is often blurred to give a

smoother, more realistic finish to the map. This algorithm is quite simple to implement, but

isnét very versatile. ltds difficult to control
blurring to make the final landscape acceptable.

2.3.1.2 Particle Deposition

Another alternative is particle deposition, which is a process by which a particle is deposited
on the terrain, and falls to the lowest point of the terrain. Another particle is then dropped,
and if it lands on top of another patrticle, it randomly goes in one of 4 directions, and keeps
falling until it settles in a flat area.

Figure 2-4 Particle Deposition

As in the diagram above, the dotted particle hit
lower. The next particle hits the same place, and moves to the right this time, as the left is

already flat. The next particle would just sit in place, as the left and right are both flat.

This algorithm is conceptually quite simple, but it often results in homogenous, almost
spherical terrain, which doesnot |l ook realistic.

-8-
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2.3.1.3 Brownian Motion

Brownian motion (or Brownian Noise) is a function, which can be described using
trigonometry which, with certain parameters, can be used to simulate the outline of terrain.
The function can be defined as such

Z {f;f sin (27 fz‘—i—(~)f)
f=—oc

Equation 1 Brownian motion equation

This results in the following, when given different parameters for H:
D e H=2.0

AT I NS e, LD

A
P LA M I iy
M WYY \ iy i
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Figure 2-5 Different parameter representations of Brownian Noise (Desussen O and Lintermann B, 2005)

For values above 0.5, this function seems to appropriately reproduce the sort of contours
associated with terrain.

This algorithm is good because it approximates terrain well, and can be evaluated at any
point, so continuity is preserved. This would make it easy to have seamlessly connecting
blocks. The problem with this algorithm is that it is somewhat complex to implement properly,
and using a library function would negate credit. (Desussen O and Lintermann B, 2005)

2.3.1.4 Midpoint Displacement and Diamond Squ are
These algorithms need the 4 corners of a heightmap as input, and then recursively iterate
over smaller and smaller squares of the map, randomizing values by a decreasing range of
offsets.

C

A///X\\\B

FIGURE 4.18.2. First displacement srage.

A// o

FIGURE 4.18.3. Sccond displacement stage.
Figure 2-6 Diagram of midpoint displacement (Shankel J, 2000)

-9-
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This method is good because it is very quick to execute, simple to understand, and the
algorithm can be seeded by presetting heights in the map. The disadvantage is that the
terrain generated can sometimes have square creases in it, damaging the realism effect.
This is the algorithm that shall be used in the project, because it is fast enough to be done in
realtime, and can be controlled, which means feature points can be set, and control where
mountains/lakes appear.

2.3.1.5 Voronoi Diagrams

Voronoi di agrams are a method of dividing up a
points in that space. For example, in a 2D Voronoi Diagram, the space can be thought of as

an image, with a series of random dots placed on its surface. Then, by creating bisection

lines between each of those points, a diagram is formed where all pixels which are nearest

to a particular dot are part of the same cell. An example diagram is below.

Figure 2-7 Example Voronoi Diagram (Burkardt J, 2001)

This diagram has divided up the image into sep
heightmap yet. If an algorithm takes each of these cells and fills a centralised gradient in

each, then every cell becomes a mountain. This approach was suggested in Realtime

Procedural Terrain Generation (Olsen J, 2004), from which the below diagram is taken.

-10-
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Figure 2-8 Voronoi heightmap (Olsen J, 2004)

Another improvement suggested in (Olsen J, 2004) is multiplying the max height of each by
a random value, allowing mountains of different heights, with particularly low values
becoming flat plains to allow gameplay on.

|

-

Figure 2-9 Scaled Voronoi heightmap (Olsen J, 2004)

2.4 Comparison of Algorithms

2.4.1 Creation of landscape geometry

As described in the project description, the creation of the geometry should involve a fractal
algorithm. A fractal algorithm is a recursive or iterative function which repeats the same set
of commands over a data set to get a pattern which is self similar. In that the overall pattern
is mathematically similar to a subset of that pattern.

There are a number of different fractal algorithms which have been used to generate terrain
geometry, some of which will be discussed below.

One of the most popular algorithms for fractal generation of a heightmap are the
'displacement algorithms'. These work by iteratively displacing the nodes in a heightmap by
a decreasing amount, with the early iterations defining the overall shape of the mountain and
the later iterations adding detail.

Research done so far has discovered two ways of doing this, Midpoint displacement, or
diamond-square. Both algorithms start off with an array of points, and then the values for the
4 corner values are set as seed values.

Midpoint displacement takes these corner values, and makes 4 midpoints based on the

-11-
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averages of the corners. After finding this average, the height is offset by a random number,
creating a contour in the heightmap. This process is repeated, each iteration taking the
previous square of 4 corners, and splitting it into 4 smaller squares, and performing the
algorithm again. Each iteration reduces the range of random numbers that the point can be
displaced by, making the initial points describe the overall shape, and the later generated
points fill in the detalils.

The main problem with this algorithm is that it tends to make creases in a square shape due
to the way the algorithm breaks down the array into squares.

Diamond square algorithm is an alternative to Midpoint displacement that is very similar, but
slightly refined. There are two steps of iteration here. The first step is the 'diamond step'
where the 4 corners of the square are averaged together to find 1 centre value, which is then
randomly offset. Then the 'square step' is performed, where the 4 side points are calculated
from the new centre point and the existing corner points. This proves to make more
appealing terrain than Midpoint Displacement because the extra step calculates the new
value on a diagonal, making the crease effect less noticeable. The disadvantage with this
algorithm is that you sometimes get 'spikes' where the centre value is offset by a large
amount and the terrain looks unrealistic. This should be avoidable by careful parameter
selection, but research will continue during development for further refinements of this
algorithm.

(Martz P, 1997)

Both algorithms will produce a heightmap following a similar pattern to this:

Pass 1

Pass 2

Pass 5
Figure 2-10 Midpoint displacement over several passes (Martz P, 1997)

The final pass 5 still has the same overall shape of pass one (hote the leftmost corner is still
high up), but the further passes of the algorithm have added detail to the mesh.

Diamond Square will be used instead of simple Midpoint Displacement, as it eases some of
the square crease artefacts.

2.4.2 Terrain Rendering

Once the heightmap is generated, it needs to be rendered to the screen. The simplest way
of doing this is do take every point on the heightmap, assign quads to link it to the other
points around it, and send it all to the GPU. This is very expensive because a lot of polygons
are used, and there are a lot of parts of a scene that don't need full detail (for example,
behind the camera, where no terrain will be on screen). In order to make rendering fast, an

-12-
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algorithm to simplify the mesh must be used, along with culling algorithms to cut down on
superfluous triangles.

2.4.2.1 ROAM

Realtime Optimally Adaptive Meshes is an algorithm developed in the 1990's as a combined
CPU and GPU method for rendering terrain. The principle used is that the CPU scans over
the heightmap, adding detail where it's needed (on bumpy contours) and adding only small
amounts of detail where it isn't (on flat plains). This results in an optimal mesh which the
GPU can draw, making the GPU render less triangles makes it render faster. The problem
with this algorithm is that because it was developed a long time ago, it's not particularly
efficient for today's modern GPUs. The reason for this is that every single frame, the mesh,
or parts of it, need to be sent to the GPU again. Today's GPUs are much faster if they're
rendering something in video memory, and updating that video memory every frame can be
quite slow.

(Duchineau M et al 1997)

Figure 2-11 Rendering of the variable detail tessellation ROAM provides (Duchineau M et al 1997)

2.4.2.2 Geometry Clipmaps

Geometry Clipmaps are a GPU-heavy solution which uses grids of different levels of detail
which move with the camera over the terrain. As a piece of the terrain gets nearer, it
becomes more detailed as it moves into the closer toroid grids. It uses modern GPUs
efficiently, and also supports terrain compression and automatic geomorphing (so there's no
level of detail pop in).

e —

Figure 2-12 Visualization of concentric toroids showing the decreasing terrain complexity as distance
from camera increases (Asirvatham A and Hoppe H, 2005)

The main problem with this algorithm is implementation complexity. It requires a lot of shader

- 13-
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code that may take the author a long time to understand. (Asirvatham and Hoppe, 2005)

2.4.2.3 Geo Mip Mapping

This algorithm is quite simple for implementation, and consists of breaking down the terrain
to be drawn into patches (say, 64x64 points) and calculating different levels of detail for each
patch (say 32x32 and 16x16 detail). When the patch is far away from the camera, a low
detail patch is displayed, and when neared, a high detail patch is swapped in. This is a
simple algorithm to implement, but has a couple of caveats. One is lining up different
patches to prevent gaps or T-junctions. The other is '‘pop in'. Pop in is when a patch is
swapped to a different detail instantaneously, and the player sees the extra polygons jump
into view. (de Boer W, 2000)

In this project, Geo Mip Mapping will be used, due to its simplicity and that it should work

well with a system of block-based terrain generation. Geo Clip Maps are too difficult to
implement fully on this time scale, and the performance gains are unknown.

2.4.3 Tree/Foliage Rendering

2.4.3.1 Rendering Grassas Textured Grass Clusters

This is a method by which grass objects are constructed with a semi transparent texture,
showing several blades of grass is used. Each of these objects consists of only a few faces,
meaning that there are very few polygons to render per object. This means that lots of them
can fit in the scene.

Figure 2-13 An example of a grass texture that allows multiple blades of grass per face (Pelzer K, 2004)

Figure 2-14 Grass Objects as in (Pelzer K, 2004)
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