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From Vision to Reality: Making of a 3D Environment käsittelee korkealaatuisen 3D-peliympäristön luontia
Unreal Development Kit (UDK) avulla. UDK:ta voidaan käyttää omien pelien sekä sisällön tuottamiseen. UDK
käyttää Unreal Engineä, joka on yksi käytetyimmistä pelimoottoreista. Tämä opinnäytetyö tehtiin
henkilökohtaisena oppimisprosessina. Päämääränä oli oppia käyttämään UDK:ta, haastamaan työskentelytavat
sekä opiskella eri vaiheet, jotka yhdessä auttavat luomaan uskottavan 3D-ympäristön. Peligraafikon on tärkeää
opiskella uusia tekniikoita, joita käytetään uusimmissa peleissä sekä on tärkeää omata tehokas työskentelytapa.
Opinnäytetyön teoriaosuus koostuu visuaalisen kerronnan tärkeydestä peleissä, ympäristön suunnittelusta,
uskottavuuden luonnista sekä UDK:n esittelystä. Työosuus koostuu 3D-ympäristöstä, joka tehtiin tätä
opinnäytetyötä varten. Projektiosuus sisältää kuvia eri kehitysvaiheilta, sekä kuvia, jotka esittelevät lopputuloksen.
3D-ympäristö suunniteltiin UDK:ssa ja 3D-objektien mallinnus tehtiin 3ds Max ohjelmassa. Lopullinen
ympäristön luonti tapahtui UDK:ssa, jossa määriteltiin valot, värit sekä sommiteltiin ympäristö, jotta
saavutettaisiin haluttu tunnelma. Lopputuloksen esittelyä varten tehtiin 3D-ympäristön esittelyvideo. Työssä
pyrittiin käyttämään mahdollisimman vähän tekstuureita, sekä luomaan ympäristö mahdollisimman pienellä 3Dobjekti määrällä, jotta työmäärä pysyisi sopivana. Referenssinä ja inspiraation lähteinä ympäristölle toimivat
elokuvat, pelit, taidekirjat ja internet. Työkalut, joita käytettiin 3D-ympäristön luontiin olivat: 3ds Max, Adobe
Photoshop, Adobe After Effects ja UDK.
Projektilla onnistuttiin saavuttamaan haluttu laadun taso. Projektin avulla selvisi, kuinka hyvä grafiikka toimii
pelaajien kiinnostuksen herättäjänä, helpottaa pelaajien havainnointia 3D-ympäristössä sekä ohjaa pelaajat
oikeaan suuntaan. Peliympäristöjen pitäisi kertoa pelaajille tarina ja saada pelaajat tuntemaan pelimaailman kylmä
tai lämmin ilmasto äänien ja grafiikan avulla. Värien ja valon vaikutus peliympäristön tunnelmaan on erittäin
suuri, jonka johdosta niitä pitäisi miettiä tarkkaan. Projekti herätti kiinnostuksen opettelemaan enemmän
UDK:sta, sekä käyttämään uusia opittuja työskentelytapoja ja -tekniikoita seuraavissa projekteissa.
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From Vision to Reality: Making of a 3D Environment is about creating of a top quality 3D environment with the
Unreal Development Kit (UDK). The UDK is a toolset for developers that can be used to create your own
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SYMBOLS
Baking = Transferring information, such as lighting or normals from a 3D model into a 2D
image.
BSB = Binary Space Partition.
Block out = Creating a simple 3D visualization of a 3D environment.
Geometry = A visible three-dimensional entity.
GUI = Graphical User Interface.
Local color = An object's natural color as it appears in white light.
NPC = Non-Playable Character.
Pixel = The smallest point in an image, that holds color and brightness information.
RGB = Color channels red, green and blue.
Saturation = How true to its fullest color a color is. Less saturation means a decrease in
color value.
Surface normal = A directional vector perpendicular to a polygon's surface.
UDK = Unreal Development Kit.
UV-shell = An area in UV-space that corresponds to a specific part of the 3D model's
geometry.
UV-space = A 2D coordinate space where the geometry of a 3D model is shown in 2D
form.
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1 INTRODUCTION

Game environments are an important part of a successful game, as they can make a game
memorable for the players. Environments should not be just a collection of 3D geometry
where the story happens, instead, they should tell a story to the players and immerse them in
the 3D world that has been created. However, before one can immerse players in the game
world, there are many different aspects that need to be thought of and neglecting some of
them can result in a poor environment.
From Vision to Reality: Making of a 3D Environment focuses on game visuals and how they
are important in games. It covers the aspects that go into the planning of an environment,
from the initial vision to a full 3D environment. The last part consists of the actual project
that was done to support this thesis and to challenge the working methods.
There were three primary goals to be achieved:


To learn to use the Unreal Development Kit efficiently, so it can be used in future
projects, and as a qualification when applying for a job with game companies that
use Unreal Engine.



To maintain an efficient workflow throughout the entire project.



To study the aspects that together create a believable 3D environment.
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2 BASICS OF 3D

According to Alan Thorn's UDK Game Development book (Thorn 2012, 7-10), everything
seen on a computer monitor is essentially a 2D image, even if the game being played is 3D.
Nevertheless, a game is considered 3D if the game calculates objects location and
orientation in X, Y and Z coordinates in 3D space. This means that a game that enables the
player to move in all directions in the game environment is then considered as a 3D game.
Games that restrict their character movement into two dimensions are considered 2D
games. However, 3D games can also be designed in a way that it produces a 2D appearance
and feel for the game through camera positioning and level design. Every game that is made
with the UDK (Unreal Development Kit) is a 3D game. There is still a distinction to be
made, because 3D has two different types, pre-rendered 3D and real-time 3D.
Pre-rendered 3D is a static 2D image that shows a 3D scene from a fixed camera position,
and all the lighting and material information has been calculated in advance in a 3D
modeling software, such as 3ds Max or Maya. The end result can be a photorealistic image.
To see the same 3D scene from another angle, the camera has to be moved in a 3D
modeling program and the 3D scene has to be rendered again. The advantage of prerendered 3D is that the rendering can take as long as is needed to achieve the desired quality,
and the rendering process can harness the full power of the computer. The disadvantage is
that the camera position is fixed and cannot be moved without doing another render. Prerendered 3D is used for movies, animations and still images, but it is not suitable for games.
For games to work, a real-time 3D renderer is needed.
Real-time 3D differs from pre-rendered in that games need to render a continuous stream of
images at a very fast pace. While pre-rendered images can take hours or days to render,
games need to render at least 24 or more frames in a second. It is because of the speed of
the renders that it is possible to move the camera and see the results instantly in real-time.
This places a lot of requirements on the 3D renderer, as it cannot match the quality of prerendered images that are rendered in top quality and take hours or days to render. However,
to achieve some of the visual quality of those renders, game developers can resort to
different techniques and tricks that simulate those effects, bringing more detail and
believability into the 3D environment. Unreal Engine is capable of using real-time 3D
rendering with different techniques to help game developers achieve impressive looking 3D
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graphics. For game developers, there are guidelines to follow for content creation and
optimization to ensure that the Unreal Engine's renderer works efficiently.

2.1 3D geometry

A 3D model consists of vertices, edges, triangles, and polygons (Figure 1). It is
recommended to stick to triangles and quads when modeling 3D content for a game. Game
engines will convert all quads and n-gons into triangles, so it is better to estimate the
complexity of 3D models in triangles than in polygons. (Gahan 2011, 6,8.)


Vertex: A Vertex is a single control point in 3D space that uses X, Y and Z
coordinates to define its location and they form the basic structure of a 3D model.
(Gahan 2011, 6.)



Edge: When two vertices are connected, they form an edge. (Gahan 2011, 6.)



Triangle: A triangle is formed when three vertices are connected to form a solid
surface called a face. (Gahan 2011, 7.)



Polygon: A polygon usually contains 4 vertices and 4 edges that form a solid surface,
often referred to as a quad. A single polygon (quad) is counted in a 3D modeling
software and in game engines as two triangles. Polygons that have more than 4 edges
are referred to as n-gons. (Gahan 2011, 7-8.)
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Figure 1. A polygon containing a vertex, an edge and a face.

2.2 Textures & mapping

3D gaming utilizes 2D images that are projected onto a 3D model. These images are called
textures or texture maps which define details not modeled into the 3D model. Textures can
use different layout types. Tiling textures are seamless and can be used in covering huge
surfaces, such as the ground or walls. A unique texture has many precisely laid out UV-shells
and does not contain tiling elements. Textures can, however, contain both tiling and
uniquely mapped segments at the same time. (Gahan 2011, 10, 14-15.) The most used
texture types in 3D gaming are listed below:


A diffuse map defines the main color and details of a 3D model. It should not
contain any directional lighting, but have ambient lighting where everything is evenly
lit from all directions. (Gahan 2011, 10.)



A specular map controls the shininess of the surface and the highlight color. The
image can be a grayscale or colored. With grayscale images, a lighter color means that
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the surface shines more, whereas pure black produces a matte surface. (Gahan 2011,
12.)


Alpha maps indicate the transparency of a surface. Transparency is controlled with a
grayscale or black and white image where darker values are transparent, and white is
solid. (Gahan 2011, 13.)



A normal map is an RGB image that is used to fake additional detail into a 3D
model, making it seem like it has much higher polygon count than it really does.
With normal maps, lighting is calculated at pixel level, where every pixel represents a
direction that the surface normal points to in 3D space. This is done with color
channels. Color channels (RGB) in normal maps are recognized as X, Y and Z
values that together form the direction the normals are facing. Normal maps are
generated from a high polygon 3D model, from which the surface normal
information is transferred into an RGB texture. Another way is to generate them
from a grayscale image. There are three different normal mapping techniques: world
space, object space and tangent space normal map. (Gahan 2011, 12, 243-246.)

A material can contain many textures, and it defines how the faces of polygons appear under
various lighting conditions with the use of material channels. Through material channels,
one can control different values, such as the color, bumpiness, shininess, transparency,
glossiness, and reflectivity. The process of how a 3D model is made to correctly display a
material is called mapping. Mapping utilizes a mathematical instruction that defines how a
material is projected onto 3D geometry. Mapping coordinates are stored within the vertices
of the 3D model. Each vertex has a UV-coordinate that defines its position in the material's
UV-space. A UV-space is a 2D coordinate space where vertices' UV-coordinates are
positioned. U is horizontal and V is vertical. The UV-coordination of every vertex can be
expressed in decimals ranging from 0 to 1. A negative value means a mirrored material, for
example UV -1,-1. Mapping works by filling a polygon with the material's corresponding
pixels. It only uses pixels of the material that are inside the polygon's vertices in the UVspace. Mapping coordinates are different in each 3D model, and are typically set in a 3D
modeling software. (Thorn 2012, 254-255, 263-266.)
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3 THE IMPORTANCE OF VISUALS IN GAMES

Visuals are an important aspect in creating emotion and grabbing people's attention. The
way an environment is presented makes people either want to play a game or stay clear of it.
An environment should convey a certain emotion to the players and make them believe in
the game world. Through audiovisuals players should feel the coldness of a snowy mountain
or the hot and dry climate of a desert. (Jong 2008, 73.)

3.1 Materials & shapes

Choosing the right building materials is essential for the believability of games. They create
the visual look, and suggest that the world and objects around the playable character have
density and weight to them. Building materials are there to define the strength of objects and
structures. Thinking logically helps a lot in designing buildings, and it is good to ask
questions, such as whether this structure would actually withstand its own weight, and are
the chosen materials right for this type of building. The same logic then has to also be
applied to the surrounding world. It is not enough that the building is thought out, but the
ground beneath it also has to support the illusion that it can cope with the weight.
Constructions that do not look possible will take away some of the illusion from the
environment, and they often look ugly. However, logic should not dictate too much in the
creative process, as in games buildings do not have to be structurally correct, it is more
about creating the illusion that they are. (Jong 2008, 89-90.) Using distinct shapes will help to
see the game world more clearly, and make navigation easier. A 3D model with a strong
silhouette will be recognizable even from afar. (Castillo & Novak 2008, 72.)

3.2 Composition

Composition refers to the balancing of visible elements and intensity. It leads the viewer's
eyes into the right places and emphasizes areas of importance. In a video game environment,
it would be ideal for the composition to work from as many angles as possible. (Jong 2008,
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74.) Composition can be used cleverly in various art forms. For example, in movies
composition can be used to bring out wanted detail or to shift the viewer's focus onto a
certain character with the use of lighting. In situations like these the lighting might not be
realistic, but as long as this is not really obvious, the viewer usually does not care. The main
point of art is to tell a story. Understanding how lighting works is essential, but in art, using
too exact rules on how to use light might just be a hindrance. (Yot 2011, 142-143.) Creating
contrast is an important part of successful compositions. Good compositions have enough
contrast so that the viewer notices it, but not so much that it disrupts the logical path of the
eyes. Composition is all about the right balance, where more is not always better. (Jong 2008,
75-76.) Filling empty spaces will not often help the composition, but more likely weakens it
and makes it harder to read. Instead, it is good to try to strengthen the focus area either by
weakening the lighting of the outer areas or increasing the lighting in the focus area. (Kreutz
1997, 12.)
A good composition will help the player to navigate successfully in an environment, and to
find important items. The player should not have to seek the right way to go, but, instead, he
should be guided towards it. It can be frustrating for the player to find himself running in
the wrong direction because bad composition guided him there, or not finding an important
object. A good rule is to not place bright lights in areas that can misguide the player, or to
hide important objects or NPCs in dark corners. Big objects, such as landmarks, should not
be placed behind or next to each other as they will start to lose their presence and power.
Even when placing natural objects like rocks, trees and grass, if they are placed randomly it
will look exactly like it - random, or even worse, it might look like they are disjointed from
the world. It should seem like they belong there, that they are connected to the world
around them, and that they show the result of the landscape developing over time. In
composition, the usage of vertical or horizontal alignment can be used to bring length or
grander scale to objects. Vertical alignment is considered more official and cold, whereas
horizontal alignment can imply warmth or a more welcoming feeling. (Jong 2008, 76-80.)

3.3 Color & light

Light is a fundamental aspect of storytelling and composition. To create an illusion of reality,
it is necessary to understand how light behaves in the real world. It is a vital aspect of visual
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art, but it often does not receive the attention it requires. The perception of light changes
hugely depending on where the light source is viewed from, and it affects how objects in the
scene will look like. Deciding where to put the main light source is one of the most
important decisions to make, as it will hugely affect the appearance and the emotions that
the scene conveys. For example, lighting a character from below produces a spooky look,
while lighting from above produces a menacing look. In nature, there are two main lights
present that define the look of an environment and give the environment its visual appeal.
Those are direct sunlight and diffused light from an overcast sky or after sunset. The time of
day has a huge effect on the colors and the contrast of the environment. For example, at
midday when the sun is high the light is at its whitest and strongest, producing high contrast
and dark shadows. Later at sunset the light is weaker, producing low contrast, and the sky
now has red and orange hues. Weather, also, has its role in determining the quality of the
lighting. (Yot 2011, 9, 20, 24, 28, 30, 128.)
In games, it is important that visuals can be clearly identified and, therefore, it is usually best
to stick to a small amount of colors instead of using a wide variety of different colors (Jong
2008, 105). In traditional painting, using a limited color palette often resulted in a more
harmonious painting. The old masters had to paint with a limited color palette, because the
range of pigments that is now possible to have were not available. Usually when dealing with
nature, 4-5 colors are enough. (Gurney 2010, 104.) Creating a consistent color palette is
important. The colors should work together and have enough variation, so that it is possible
to create contrast. However, if there is too much contrast variation it might break the
consistency. The chosen colors should reflect the atmosphere, theme and style of the
environment. In today's games, there is an option to use post processing that can be used to
bring a more coherent look to the entire scene by applying a color overlay. Post processing
can be a good tool if used properly, but one should first and foremost focus on choosing
colors that work well together. In 3D games, the final color the players will see is the result
of the combination of the base texture and the color of the lighting it receives. If a texture is
too dark a light cannot illuminate it, and if it is too saturated the light cannot color it
properly even if emitting a strong color. Therefore, knowing what kind of a lighting setup
the level will have will help in choosing the colors for a 3D game, and in avoiding weird
color mixtures produced by the combination of light color and texture color. When making
textures, it is recommended to make them brighter instead of too dark, because it is possible
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to make them look darker afterwards in the game by adjusting the environment's light
brightness values, whereas dark textures cannot be lit to look brighter. (Jong 2008, 105-108.)
Some colors have different qualities than others. Red is considered an aggressive color as it
can overpower other colors in a scene. Other aggressive colors in succession are orange and
yellow. Colors that have relaxing qualities are blue, green and purple. (Jong 2008, 118.)
Warm and cool colors can be used to portray different emotions and atmospheres. Cool
colors can be used to invoke a feeling of coldness or calm, while warm colors are associated
with fire or blood - anything that involves life and energy. Orange and yellow are perceived
as fleeting colors as they can be seen briefly in the nature, for example in sunsets. Warm
colors range from yellow-greens to oranges and reds, while cool colors range from bluegreens to blue to violets. Clever use of both warm and cool colors can bring a work to life
and prevent it from becoming monotonous. (Gurney 2010, 112-113.) It is, however, not
uncommon to use only cool or warm colors, because it can help to achieve a desired
emotional result in an environment (Yot 2011, 112).

3.4 Perception

Humans' natural work environment enables us to see objects in 3D. To identify and locate
an object, the eyes constantly process information from the peripheral vision, while the eye
can focus on one single object at a time. The eyes can interpret 2D images as 3D if there is
something in the image to suggest that. The brain tries to form a complete picture of a
scene, and it does that by connecting bits and pieces of what is seen. The brain automatically
tries to perceive everything seen either as a group or as a single object. If there are two
separate groups, the brain can be tricked to think that they are one if something in the
environment suggests it. It can be some kind of a line or some middle piece that connects
them. Humans can perceive the details of an object with one look in a 5-degree area at a
time, and seeing happens when the eyes jump from one focus point to another. Between
those focus points, no actual seeing is happening. (Kuoppala, Parkkinen, Sinkkonen &
Vastamäki 2006, 57-58, 77.) Contrast can be used to lead the viewer's eyes into important
points, as the eyes naturally seek areas with contrast. Therefore, the largest amount of
contrast should be reserved for the focus point in the scene while using a more restricted
contrast elsewhere. (Yot 2011, 144, 146.)
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4 PLANNING THE ENVIRONMENT & DESIGN RESTRICTIONS

Environments require lots of design as games today are becoming more and more complex.
An environment consists of many parts that together form the whole. As such, it is
important to have a clear plan from the start to ensure the project progresses and does not
stop because of a design flaw. For example, a game engine not supporting a specific feature.
Keeping the big picture intact throughout the development course is essential and helps to
maintain cohesion. At the beginning of the design phase, a good practice is to estimate
possible problems that may surface in the future. This enables the developer to be flexible
with the design, and changes can be made if needed be in a shorter time. The decision to
proceed with a plan should not be made if the exact features or anything regarding the
environment is not known, such as art style, color, technical limitations, or how features
would be implemented. Other limitations to consider are the amount of staff involved and
your personal skill level. It can be demoralizing to get stuck, and by figuring all this out
beforehand it is possible to avoid most of the problems. Aiming for a good working method
is essential as it speeds up the work and makes it more effective. (Jong 2008, 25-26.)
The most important tool for creating environments is the mind, where the vision of the
scene is built as a series of images in visual memory. Visualization happens while the eyes are
open, but visual memory remembers the things that a person was thinking about rather than
what he was actually seeing at the time. To be able to create or design anything, one needs to
have imagination. With imagination, it is possible to think of new environments and
visualize how they would look like. Imagination is largely affected by our way of life and
culture, in the sense that the brain records experiences, and the mind uses those experiences
to fuel the imagination. (Castillo & Novak 2008, 46-47.) Level designers can be divided into
two different groups: those who focus on gameplay and those whose main focus is the
visuals. (Jong 2008, 18.)
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4.1 Concept & vision

When James Cameron made the movie Avatar, he gave the concept artists metaphors from
which the artists could build from and if they strayed too far he would redirect them back.
This way he did not limit the artists' imagination by giving them too strict design rules.
(Cameron, Fitzpatrick, Jackson & Landau 2009, 105.) In the Hows and Whys of Level
Design book (Jong 2008, 33-36) it is stated that there is a lot of competition in the level
design area, and to get noticed is essential. The more selling points a level has, the wider the
audience that is possible to attract to try the level. Thinking of what makes the level
interesting or special will help to define these points. One should try to create as many
selling points as possible into a level with graphics, sounds and so on.
The concepts in games can vary from games containing huge worlds, to smaller
environments. It is not set in stone that a game or its environment concepts need to be large
in scale to be successful, usually it is the other way around. Successful concepts are often
very simple at their core. Many times a simple concept that has taken a lot less time to make
can have a better reception from the audience than one that has taken more time. As games
and their tools are becoming more complex, thinking of ideas that are easy to realize but
yield maximum results are important. This means that an environment does not need to be
filled with lots of objects to look nice, and that it is possible to achieve a lot with a smaller
amount of textures and objects through proper composition and atmosphere. Originality
can be an advantage while designing, however, it should never be the starting base or dictate
the course of design, because it can result in every other aspect of the environment to be in
disarray. To be original just for the sake of originality is not the optimal way to go. A base
template has to be built first where originality can be added on later.
Clichés are a powerful tool and can enhance the mood that one wishes to convey through
the environment. Clichés work because they are easy to recognize, and they express a strong
mood or atmosphere that is quickly communicated to the player. Level design is about using
clichés to your advantage, because gameplay can be so fast at times that the player does not
have time to look at the finer details. Games also rarely have the necessary complexity to
express enough detail due to technical limits. Every environment setting has some clichés
that match certain moods, and they have a powerful impact on the environment and the
player.
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4.2 Blueprint & 3D prototype

The purpose of a 2D blueprint is to clearly communicate ideas to others and to the creator.
Drawing the spaces in a top-down view makes it easier to define them and to see the flow of
an environment, while also being easy for people to understand and interpret. Pictures
drawn from other angles can be made to support the top-down view and provide extra
information. It is important to keep the big picture at all times and to avoid getting caught
drawing little details. The sketching phase should be fast and loose, where different ideas can
be experimented with quickly. However, the scale of the objects and the world needs to be
kept in mind at all times. Eventually, the final environment concept will start to surface and
the work becomes faster. The environment should be imagined in 3D while drawing the 2D
map layout. (Castillo & Novak 2008, 80-82.) Blueprints are not only about gameplay, they
also contain information about the visual composition, for example where the objects are
placed. One way to communicate visual information to others is to place describing pictures
near the key locations in the blueprint. There are two types of map layout styles to consider
which each have their benefits: the abstract and the realistic. In the abstract style, the focus
is more on the gameplay than on the theme. Realism is not the main concern and the
placement of objects and buildings can be illogical. This can make them easier and faster to
make than others. In the realistic style, as the name implies, everything in the environment is
thought up in a logical way to produce a realistic environment. There are many ways to
design levels and it is up to the individual to find out what works best. (Jong 2008, 32, 43.)
Blocking out the environment is the best way to test it. Blocking is a method where the
environment is created in 3D to see if everything is working as it should, for example,
whether the distances are OK and the scale is correct. Skipping this phase can produce
serious problems later on, as objects can be too big or small or otherwise unfit for the
environment, rendering them useless and wasting valuable time. The rules of the game world
will dictate the size of the objects for the most part, and that is why it is important to know
them well. This includes things like how high the player can jump, what is the steepest angle
possible to walk, crouch height, and so on. This enables the developer to manipulate the
player's experience to what he wants it to be. A good indicator in the blocking out process is
that if the level is fun to play while it is made solely out of boxes and cylinders, then the level
has a good chance of being great. Good visuals will not hide the impact of a poor level
design. (Castillo & Novak 2008, 132-133.) The benefit of this method is that it can be taken
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as far as desired, from building the entire scene with simple boxes and cylinders to
constructing the scene by using low polygon models. The purpose is to get the basic idea of
the level in 3D with simple shapes and forms. Modeling fine details or detailed shapes at this
stage should be avoided. Blocking out the environment will help in understanding the
amount of work one is getting into, and helps to solve problems related to things like scale,
gameplay and composition. It will also help in producing an asset list for keeping track of all
the necessary props. Often environments are not finished because the artist has
underestimated the amount of work that had to be done. Without proper planning it can
happen easily, and because of it the importance of the block out phase cannot be
emphasized enough. (Gahan 2011, 276.)

4.3 Art style

From an artistic point of view, the environment that is being made needs to have a
consistent artistic style. A style determines what an object will look like, and because of
different styles that people have, the same object might look totally different each time. The
goal of an art style is to determine what the objects look like and to have everything in the
environment have the same look and feel. The same techniques that were used to make one
object need then to be used in all of them. The art needs to blend nicely together and
objects have to look like they are part of the same world. If a player sees something that
stands out in the wrong way it can negatively affect immersion. Consistency is the key. The
making of a base template for the art style usually starts with deciding whether the style
should gravitate towards realistic or cartoony, or are the shapes used hard or round.
Exploring different styles can help to get the feel for the environment. (Castillo & Novak
2008, 67.)

4.4 Game worlds: Creating believability

Creating a believable living world requires that every design aspect, such as architecture,
sound, lighting, texturing and events, supports the others. If one or the other is missing, it
will harm the immersion and possibly create the feeling of a static, dead world. Immersion
and atmosphere are the only aspects of level design that are capable of elevating
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environments to an art form that can convey emotions and feelings to the viewers like
movies do. Immersion and atmosphere is what makes environments memorable and the key
to immersion is to present them in a believable way. This means that style, theme and story
must go hand in hand. The aim is to make the environments look great visually, therefore, it
is advisable to accentuate the visuals as focusing too much on realism might create visually
uninteresting environments. (Jong 2008, 126, 139.)
The immersion in games can be broken easily. Obvious immersion breakers are big empty
areas, lighting that uses way too many colors, and monsters that stand in plain sight. Often
just a single stupid spoken line from the main character at the wrong time can break
immersion. The player should not be given the chance to doubt the logic of the game world.
Maintaining unity throughout different levels is essential. Levels need to look like they
belong to the same world, share the same art style and execution, and use shared elements.
A backdrop can be created for the environment that lets the player feel the scale of the
world, and the previously mentioned clichés can be used as they are easy to recognize and
convey atmosphere quickly to the player. Tree leaves and clouds could be made to move in
the wind to support believability and atmosphere. Avoid making static worlds. Today's game
environments should reflect an atmosphere, feeling, style, and history. It should tell a story
through its gameplay and visuals. (Jong 2008, 126-128, 133.)
Game worlds are responsible for giving the players a story to experience. The way
environments, their props, and lighting have been laid out guides the players and lets them
see and experience the story that has been created. Having knowledge in different areas
helps to think more creatively and makes designing more efficient. Knowing as much as
possible about the game genre, what the game engine can do, and about the subject of the
game can help in making better environments. By playing different games, one can study
how others have done them and learn from them. (Castillo & Novak 2008, 48, 53-54.)
Believability is created by how the environment is presented. Creating believable game assets
requires observation skills. One should be able to look at things from a fresh point of view
in order to obtain as much detail as possible of the objects being created. Each environment
or space has a story. Consider what has happened in the past and what will happen in the
future. Try to understand the story of that space. (Castillo & Novak 2008, 48-50.) Details tell
the story, but avoid adding details that do not help in telling the story (Greno, Howard,
Kurtti & Lasseter 2010, 44). Nature is all around us and offers an infinite amount of ideas.
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Everything man-made will eventually be affected by it, and thinking how nature could have
affected the environment will help in creating immersion. Movies can give ideas on settings,
characters, cultures, sound usage, pacing, and cinematography. With some knowledge of
how to frame the action, it is possible to bring a strong cinematic feel into a game. Having
photography as a hobby can help to understand what makes some spaces more interesting
than others. (Castillo & Novak 2008, 49, 53-54, 62.) In the movie Avatar they worked hard
to make the world of Pandora seem believable. They did not want the viewer to stop and
think that something is off. The world they created had its own ecosystem and minerals to
give the illusion of a breathing, believable world. To get people to believe in the alien world,
they first wanted the viewers to see something recognizable enough to be real, and then see
the strangeness of it. (Cameron, Fitzpatrick, Jackson & Landau 2009, 7, 105.)

4.5 Summary

An environment can be summarized into 6 different areas that have to be considered.


Optimization and polish



Gameplay



Immersion



Visuals



Functional design



The combination of these aspects

(Jong 2008, 13-14.)
A level designer is responsible for creating an environment that tells a story and evokes
emotion. Level design can be more than just creating levels. There are other fields of work
that one can specialize in, such as visual effects, environmental art, gameplay, scripting, and
lighting. Level design is problem solving that forces one to think in creative ways in order to
make something work. One should know their working tools and game engine inside out to
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be able to do that. (Castillo & Novak 2008, 270-272.) For beginning level designers, the
single most important point is to finish the work that has been started. By keeping the
designs simple and not being overly critical of the work one can avoid restarting the project.
One cannot expect to achieve the same level of detail as those who have done level design
for a long time. It is important to keep expectations realistic and to be proud of what has
already been achieved. Still, the goal should be to always strive for a better level of quality in
one's work. (Jong 2008, 33.)
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5 INTRODUCING UNREAL DEVELOPMENT KIT

The UDK is a game development software made by Epic games. UDK is short for Unreal
Development Kit, and it consists of the Unreal engine and the related development tools.
These include editors, scripting systems and compilers for game developers to use when
making their own 3D levels and games. The Unreal engine is a game engine that enables all
the interaction in games using it. It is an infrastructure responsible for making game assets
work as developers have intended. This means playing sounds, making game assets have
gravity, or responding to the player's button presses, everything that requires interaction
between players and the game. Game engines should not be confused with game assets or
digital game content, such as textures, sounds, 3D models or animations. These are only the
building blocks for a specific game, and game engines are what makes them tick. What game
engines do for the game developers is that they do not have to code everything from
scratch, as the game engine already contains the core template for them to work on as a
starting point. This way it enables game developers to spend more time in creating game
content. (Thorn 2012, 4-7.)

5.1 The UDK editor

The UDK editor is the main tool for creating and editing 3D environments. It has the
greatest amount of features when compared to the rest of the UDK tools, and it is where
developers spend most of their time. The UDK editor includes many sub-editors that each
have a dedicated function. Even though the UDK editor has a robust GUI (Graphical User
Interface), it does not feature an interface for changing the INI configuration files where
changes can be made to the engine and how it runs. The UDK editor features a Level editor,
a Material editor, a Matinee editor, a Kismet editor, a Cascade, a Sound editor and more.
(Thorn 2012, 14-15.)
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Figure 2. The Level editor interface.

5.2 The Level editor

The Level editor (Figure 2) is where developers can build their 3D environments by using a
GUI where it is possible to simply drag & drop 3D models into a scene. Every added 3D
model is called an actor inside the UDK. Every actor that is added can be scaled, moved,
orientated, renamed, copied, deleted or grouped together for easier selection. The whole 3D
environment is built with these actors. The Level editor works as a real-time previewer
where every change in the 3D environment can be seen instantly. This allows developers to
play their levels from a player's perspective inside the editor with all the sounds, physics and
animations working. (Thorn 2012, 15-16.)

5.3 The Matinee editor

The Matinee editor (Figure 3) is part of Unreal's Animation System that creates motion. It is
used to create and edit key-frame based animations that can be applied to the actors in the
3D environment. A key-frame portrays an animated object in its defining state for describing
a specific movement. A computer uses an interpolation curve to automatically generate the
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in-between frames. These curves can then be adjusted and key-frames can be created and
edited inside the Matinee editor. (Thorn 2012, 16-17.)

Figure 3. The Matinee editor.

5.4 The Kismet editor

For anything in a level to be interactive, it needs a logic that defines how the level reacts to
different actions that the player does. For this, the UDK editor offers a visual scripting
system called Kismet (Figure 4). The Kismet is a GUI that enables developers to give a level
a series of specified terms that only happen when a specific condition is met. This is done by
connecting different nodes to each other, all containing specific actions that, when triggered,
together form the desired result. This can mean playing certain animations, changing the
lighting on a level, or making changes to the game rules. The benefit is that a lot can be done
with visual scripting, with the UDK generating the actual script in the background as the
designer is connecting nodes. The scripting language varies as not all games use the same
scripting language. The UDK uses a scripting language called UnrealScript as its standard
scripting language. It is possible for programmers to script their own behavior nodes with
UnrealScript that extend the functionality of the Kismet. (Thorn 2012, 17-19.)
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Figure 4. The Kismet editor.

5.5 The Material editor

A material in the UDK is an algorithm that defines how the 3D object's surface looks and
how the surface appearance changes depending on the lighting, and it can contain one or
more textures. They bring realism into the 3D environment by simulating real-life materials.
For this purpose, the UDK has a Material editor (Figure 5). It is a GUI where developers
can import, create, and edit their materials to suit their needs and apply those materials to
the actors in the 3D environment. A material has a set of channels that it uses to produce
the final effect on a 3D surface. The final result comes from a combination of all of these
channels. These channels allow control of bumpiness, shininess, color, transparency,
glossiness, reflectivity, and other features of the 3D model's surface. As lighting is needed to
actually see the material in a 3D scene, it is important to note that a material does not work
by itself, but it interacts with the 3D environment's lighting to produce the shading on a
surface. In short, materials are dependent on lighting. (Thorn 2012, 19, 254-255.)
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Figure 5. The Material editor.

5.6 The Cascade editor

The UDK features a particle system editor called Cascade (Figure 6). Particles bring realism
and life into a 3D environment, and in games they have a wide array of uses. With the
Cascade, developers can create particle systems that produce special effects like weather
effects, fire, or smoke, or they may spawn 3D models into a scene. In the Cascade editor,
the particle system is built from two parts: the emitter and the particle. The emitter is the
logic of the particle system. It emits particles at a specified location and determines the
behavior pattern of those particles once they are created, such as the effects of gravity, and
how they move. A particle is a single object that the emitter generates, for example a single
rain droplet of a rain effect. (Thorn 2012, 21-22.)
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Figure 6. The Cascade editor.

5.7 BSP brushes

BSP brushes (Binary Space Partition) are used to construct Constructive Solid Geometry
(CSG). The CSG is a visible 3D geometry produced by the BSP brush. The CSG is used for
simple geometry, for example any planar surface like walls or ceilings. The amount of CSG
in levels is usually quite low as the modeling capabilities do not match the ones in third-party
applications. Visually BSP brush appears as a wireframe in the viewport that can be edited,
orientated, scaled, or moved, and it defines the shape of the CSG. But, in order to have any
BSP brushes in a 3D scene, they first need to be created with the Builder brush. The Builder
brush is an invisible 3D brush, similar to the BSP brush when a game or level is played, but
appears as a wireframe in the viewport. It is a design tool that defines the initial shape of the
BSP brush. So, in order to have any visible geometry, one first needs the Builder brush to
make a BSP brush. Then, as a result, the BSP brush creates the visible 3D geometry CSG.
The CSG cannot be transformed in any way, as changes can only be made with the BSP
brush. There are two forms of BSP brushes: an additive and a subtractive. The additive
brush creates the CSG, and the subtractive brush can remove parts of the existing geometry
of the CSG. BSP brushes, the additive and the subtractive can be combined to produce
more complex brushes. (Thorn 2012, 196-202.)
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5.8 Direct & Indirect illumination

In the UDK Game Development book (Thorn 2012, 399-404) it is explained that direct and
indirect illumination, also known as global illumination, are called illumination models that
determine the overall illumination of the environment and its objects. That is, how light rays
reflect and refract from surfaces. Video games use one of the two mentioned illumination
models. With the UDK, developers can choose which one to use. Direct illumination offers
a fast lighting solution with good performance, but it does not give realistic or accurate
illumination results as it does not consider bounced light. It solely illuminates object surfaces
on the basis that they are within the illumination range of the light source. This means that
all other objects outside the area are not visible and appear black. Conversely, in real life,
places obscured from direct sunlight are still illuminated to some extent, provided that they
are not completely shut or sealed from the light source. Indirect illumination can be used for
a more realistic lighting approach. Indirect illumination or global illumination is bounced
light, where the incoming light is either reflected or refracted.
There are two types of reflections: a diffuse and a specular. A specular reflection is a result
from light hitting a smooth and reflective surface, usually reflecting a single ray of white
light. A diffuse reflection is a result from light hitting a rough or uneven surface, producing
several scattered and less intense reflected light rays called diffuse interreflections. Diffuse
interreflections are less intense than the original light, and they contain a small amount of
the reflected surface's color in them. A refraction happens when light passes through a
surface, bending or changing its direction. The indirect illumination model then calculates all
reflected, refracted, and direct rays of the light sources in a 3D environment to provide an
illumination solution for a level. The disadvantage in this is that it can take a long time to
calculate the lighting solution. The time taken is affected by the complexity of the
environment, the amount of reflective and refractive surfaces, and the number of times the
light bounces.

5.9 Lightmass

According to Thorn's UDK Game Development book (Thorn 2012, 22-23, 395-397, 411413, 432-435), Lightmass is a feature of the UDK. It is a powerful lighting system that
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supports the global illumination model, where the lighting for a 3D environment is
calculated by using indirect illumination and per-pixel lighting. Lighting in computer
graphics refers to the combination of illumination and artistic definitions. This means that
together they create a specific atmosphere that is achieved by how the lights are set up and
configured, for example where they cast shadows and what color the lights are. Illumination
in computer graphics means the ability to make objects visible to the eye. Lightmass features
many light source types that change the way how the light is cast, and offers editing of light
properties that determine how the light behaves in the environment. It does not, however,
calculate the lighting in real-time as this would impact the game's performance too much,
rather it is used to pre-calculate the lighting of an environment inside the UDK's Level
editor before the level is played. This type of lighting solution process is better known as
baking.
Pre-calculation or baking creates 2D RGB images called lightmaps that are used to light an
environment and all the objects in it. To calculate the lighting for a level, Lightmass needs to
be run manually, and the calculation time required depends on the complexity of the
environment. After the baking process, if any changes are made to the geometry or to the
lighting, the baking has to be done again in order to see the updated results. The UDK's
Level editor offers a preview of the current lighting, but in order to see the accurate result
the lighting has be baked. The preview lighting differs from the baked lighting, as the
preview lighting is dynamic while the baked light is static. Dynamic lighting enables one to
see how the lighting affects surfaces in real-time while the light is being moved in the Level
editor. Preview lighting also uses direct illumination rather than indirect illumination. For
Lightmass to work, it needs a Lightmass importance volume.
A Lightmass importance volume is an invisible BSP brush with added functionality. It is
created with the Builder brush inside the Level editor and it defines the space where indirect
illumination is to be calculated. Outside of the brush, Lightmass uses direct illumination.
With indirect illumination, the number of times the light bounces can be set, and the higher
it is set the longer it takes for Lightmass to calculate. The environment will be brighter as
well due to the increased number of light bounces. Lightmass enables one to define the
lighting quality, and with it the amount of realism that results from the lighting. Production
quality produces the best result in Lightmass and it should be chosen for the final baking
process.
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5.10 Lightmapping

Lightmapping is a way to make a 3D environment and its objects appear to be affected by
light with the use of lightmaps. This is done by blending the lightmap as a layer on top of
the 3D model's material. A lightmap is a 2D RGB image that defines how the 3D surfaces
are lit by adding lighting detail to the surfaces of the model: the color of the emitting light
source, illumination, and shadowing. It does not contain transparency or an alpha channel.
For lightmapping to work, every 3D model has to have two sets of mapping coordinates,
one for the material and the other one for the lightmap. The second mapping coordinates
define how the pixels in the lightmap illuminate their corresponding 3D surfaces in per-pixel
precision. In the UDK, lightmapping is done by Lightmass, where it generates the lightmaps
for the level and then the Unreal Engine uses those images and applies them over the
materials of the 3D surfaces, making them appear to be lit. (Thorn 2012, 413-414.)
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6 THESIS PROJECT: THE TOWER

The tower is a 3D environment that was built from the ground up as a learning project to
support this thesis. The main motivation for this project was to learn to use the UDK
efficiently, and to better understand all of the aspects involved in creating a 3D
environment: visual, audio, design, gameplay and so on. The focus was on creating a visually
great looking environment where composition, lighting, and colors work in harmony in
creating a specific mood and atmosphere. All 3D assets were created in 3ds Max, texturing
was done in Photoshop, and finally everything was combined inside the UDK. Afterwards,
the environment was rendered out as still images that were later used to create a fly-through
video which was assembled in Adobe After Effects.
The main goal was to achieve a cold looking environment that would look believable and
would tell a story through its audiovisuals. The environment was to be a calm and secluded
area with a magical feel to it. The road to the final environment was not always easy, as
sometimes problems surfaced that slowed progression. There were a lot of ideas that never
got implemented due to a set time restriction. The work had to be smart, and only assets
providing the biggest impact on the environment were to be made.

6.1 Milestones

The project was divided into three parts: pre-production, production and post-production,
and each part had specific tasks that needed to be done. The learning of the UDK spanned
the entire pre-production and production period. Dividing the project into three parts
helped to keep the project on track and ensured that the focus was always in the right place.
Without proper planning, organizing tasks would have been very hard. The tasks that each
milestone consists of are listed below.
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Pre-Production


Gathering reference material.



Determining the environment's theme & atmosphere.



Estimating the amount of needed assets.



Making the final environment concept.



Concept art (composition).



Study of other game environments.



Landscape modeling study.



Art style (colors).

Production


Blocking out.



Modeling 3D assets.



Texturing.



Importing assets to UDK.



Assembling the environment.

Post-production


Making the fly-through video.
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6.2 Art style

Choosing a style was an easy decision to make, as the environment was to be portrayed in a
realistic way. Because of that, it was decided that photographs would be used as a base for
the textures. For the shapes, mostly hard edges were used as it was thought to give the
environment a rugged look. One example is the tower. It was planned to be rounded at first,
but later it was changed to a rectangular shape as that fit the style and atmosphere better. A
lot of reference material and inspiration for the environment came from games, movies, the
Internet, and art books.
Some of the other guidelines for asset and environment creation were:


Use cool colors.



Exaggerate the scale of objects that are meant to be noticed.



Use hard shapes.



Make textures from a combination of photographs, avoid hand painting. However,
small detail can be hand painted.



Every object must be covered to some extent in either snow or ice.



Use a couple of attention colors (red for the bridge poles and blue for the tower's
flag).

6.3 Creative process of laying out the scene

The project started with a pre-production period where different ideas were thought out and
fast concept drawings were made of the most promising ones. Pre-production consisted of
planning out the environment, atmosphere, theme, and art style. Before the final decision
was made on what the environment would look like, many different ideas were considered
and research was carried out on the kinds of environments others had done so far. After
being inspired by the Disney movie John Carter, it was decided to proceed with a desert
environment that would have sci-fi elements in it. The best way of creating a landscape was
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studied in 3ds Max, where a couple of fast 3D landscapes were made to see the actual scale,
and to estimate the amount of work the different ideas would take. Other game
environments were also studied to learn what would be a good way to build them. At first,
all of the environments were huge in size and it would have taken too much time for one
man to make. It was necessary to make them a lot smaller, and to be smarter with filling the
empty spaces. The initial concept was developed further, but the environment's theme was
changed into a medieval one with sci-fi elements as it felt more interesting.
From the concept art drawn, it was noticed that the atmosphere and the style of the
environment was going in the wrong direction, so a decision was made to scrap the sci-fi
and to stick with the medieval theme. It seemed like the environment had too much
everything and it lacked a solid definition. This time, the mixing of two totally different
themes did not work out as the atmosphere was not the one that was sought, but it was
worth a try. The theme change required new concept art for visualizing how the new
environment would look. The environment needed a focal point where most of the
attention would be drawn, and a tower would be perfect for that. Different reference
pictures were studied for the tower and for the environment. The environment was made to
resemble a rocky European landscape, and reference for the tower was sought from the
Roman and Medieval Era. The land type was changed from a desert to snow, and the goal
was to portray that the viewer is high up on a cold, snowy mountain in a freezing wind. A
triangle count limit for the environment was not set, but the overall triangle count was not
planned to be very high. Triangle counts were mostly estimated for every object on how
important or visible they would be, and how many polygons are needed to create a
believable enough shape for the objects. The pre-production phase was really important in
shaping the initial concept into its final form and trying out different ideas. The concept was
now ready for the next phase.

6.4 Blocking out the environment

The next step was to make a fast 3D visualization of the environment to better understand
its scale and to estimate the amount of work that would go into it. The whole process was
done inside the UDK by mixing BSP brushes with 3D models made in 3ds Max. It helped
that one can walk around in a level by using a character that comes with the UDK instead of
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just floating around with the camera. It was easier to measure the distances and to see the
scale of the 3D props. The scale of the objects was decided based on what felt right, and
keeping to the guideline that most of the time the objects would not be bigger than the
default character from the UDK. Some objects were made larger to better convey the scale
of the environment. The BSP models were exported to 3ds Max, where they were shaped to
their final form and then the primitive objects were replaced with the more detailed ones.
The 3D models were not textured at this point, because the goal was still to make sure that
the scene's composition was good.

6.5 Choosing materials & colors

The environment was to be made to look as natural as possible. All the objects were made
to use the same materials that the environment was made of, or make it seem like the
material had been brought from nearby. For example, the tower was constructed from the
same type of rock the mountains consisted of, and the wooden materials might have been
brought from a nearby village. It is necessary to think logically about which materials would
be used in certain situations, as it creates a more believable environment and will help to
keep the art style consistent. The goal was to make the tower look like it can handle its
weight, and the ground also was built to support that illusion (Figure 7).

Figure 7. The tower and its base in clay and lit form.
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Because nearly all of the environment would be covered in snow, the coldness of the
environment was to be communicated to its viewers. All of the objects in the scene had to
look like they had been affected by the freezing wind and snow. To achieve the feeling of
coldness, it was decided to use mostly cool colors. The environment has a hint of bluish
color that is achieved with a combination of fog and lighting. Different hues of blue,
saturation, and light values were tested. In the end, the chosen color was a quite bright blue,
as darker blues did not quite fit the overall style that was aimed for. It made the environment
too dark and grim. Complementary colors for the shadows were tested. For example, if the
lighting is bluish, then the shadows would use a yellow-orange color range. It did not work
out at all. It just broke the entire coldness of the scenery, so the final shadow color uses a
cool color as well. The environment needed some contrast to break up the whiteness a bit,
and this was achieved by using green grass that would pop up in some places, and by placing
a couple of strong warm colors, like the red bridge poles. The color in the bridge poles
needed careful attention, as too saturated red could have easily disrupted the whole color
scheme. Also, adding long grass throughout the environment made it seem much more
natural. The long grass had many different lightness values that were used to create contrast.
However, it was not required to create separate textures for each of them, as UDK's
Material editor is efficient enough that it was possible to change the saturation and lightness
values of the original textures inside the UDK. If the area had much snow a quite dark grass
texture was used, and for the greener areas a lighter version of the grass was used. This way,
the grass was always visible and it did not blend in too much.

6.6 Texturing the environment

Texture sizes are an important factor to consider when making them. By using larger
textures one can get better, sharper looking textures, but they also use more hard disk space,
increase game loading times, and cause more load for the graphics card. Optimizing texture
sizes is vital, as it can really make a difference to the game's performance. The project used
mostly high resolution textures, because the environment was aimed at display purposes.
Also, the total object count in the scene was not so high that it would affect the
performance too much. The texture sizes ranged from 2048x2048 to 512x512 pixels, while
some specular maps were lower than 512 pixels. The texture size used on a 3D model was
determined by how big the 3D model was, and how visible it would be in the environment.
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If a material had a diffuse texture of 2048, then, in some cases, the normal map was made
smaller if the quality did not decrease noticeably. In the end, it was possible to reuse a lot of
the textures instead of making a new unique texture for some of the 3D models, which
saved time.
Most of the environment's texturing was done with vertex painting that allowed the rock
and snow textures to be painted in real-time inside the UDK. This way it was possible to see
the results instantly, and it was easy to paint nice variation to the rocks. As the name implies,
vertex painting uses the 3D model's vertices for blending of textures. The 3D models used a
diffuse, a specular and a normal map. For smaller objects, or objects that did not benefit
from a normal map, one was not used. Nearly all the 3D models' specular maps were
generated inside the UDK, except for objects that had bright metal surfaces that needed to
stand out more. Consequently, it was possible to save time and still have good enough
specular reflections. The specular maps were generated from a 3D model's diffuse texture by
multiplying the red color channel in the UDK's Material editor. Afterwards, it was possible
to adjust the lightness values of the specular. Normal mapping was done by converting
grayscale textures to normal maps, or by baking normals from high polygon 3D models to
low polygon models. Photographs that served as a base for textures were downloaded from
a webpage called CG Textures and some photographs were from a personal collection. All
textures were made from a combination of multiple photographs.

6.7 Setting up lighting

To get the lighting to match the desired atmosphere, it was required to test many different
lighting setups. This meant varying the location of the light sources and trying out various
color settings. The shadows and how they were cast played a big role in the environment, as
shadows can provide much needed contrast and atmosphere. Lighting played the biggest
role in making the environment feel cold. Too much saturation in a light's color would
overpower the local color of the objects and make the environment seem too dark. The
whole scene was lit by using the indirect illumination model provided by the UDK. The
environment used two lights to create the lighting. One was the main light that determined
where the shadows would be created, and the other one was a point light used to accentuate
one spot in the environment. Setting up the lighting and the colors took the longest, as it
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was an important aspect in creating a visually pleasing environment and in creating
atmosphere.
One part of setting up the lighting involved finding lighting errors that are the result of a
bad lightmap. Lighting errors are black seams or areas that appear on a 3D model's surface.
The UDK features a lighting viewport mode that renders the environment in clay like form
and shows how lighting affects the environment and its objects (Figure 8). With the help of
this view mode, it was possible to find these errors quickly and fix them by readjusting the
3D model's lightmap. If the lighting errors were very small, it was better to just cover them
up with a texture map. However, if the errors were noticeable even after applying the texture
map, then the lightmap was readjusted.

Figure 8. Lighting viewport mode in the UDK.

6.8 Finishing the environment

The final part of environment creation consisted of ensuring that the environment had the
level of quality that was aimed for. It involved making the final adjustments to the lighting,
colors, and composition, and making sure that everything from animation to physics was
working as intended. At this stage, the snow particles were created, along with 3D assets that
could make the environment look better but did not require much time to make. The
addition of falling snow was essential, as without it the environment lacked character. The
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falling snow was implemented with particle emitters. The particle emitters were distributed
throughout the environment to create the effect of falling snow. This is not a good approach
from a performance perspective, but it worked nicely as the environment was made for
display purposes only. A better way would have been to create an area around the camera
where snow would fall, and have that area follow the camera. However, at that time it was
not known how this can be achieved, so it was decided to proceed with the placing of the
particle emitters. The first falling snow test included polygon planes that were distributed
throughout the environment, with the planes having two textures moving on top of each
other. It did not produce a believable result, and in the end it would have required a huge
amount of polygon planes to be placed in the environment. Also, by placing many large
polygons that all use an alpha channel means that performance is wasted in rendering those
planes.
A real-time physics calculation provided by the UDK was used in the tower's flag. The
tower's flag was a vital piece of the environment, as it drew the focus at the tower. The flag's
physics had to be carefully adjusted in order to get the flag to behave in a desirable way. The
problem with the flag was that it often behaved unrealistically because of the wrong settings,
or because it got stuck in the tower's wooden roof. The errors were fixed by removing the
collision from the tower's roof and by increasing the wind's strength so the flag could not go
through the roof. A post processing filter was used to add bloom, depth of field and a scene
colorization effect. The depth of field was used to soften the edges of the clouds in the sky
and the sharp edges of the mountains in the background (Figure 9). Creating the fly-through
video was a straightforward process. First, a storyboard was made where the angle of shots
and a path for the camera was planned. Then the scenes were rendered out as a series of
images that could be later imported into Adobe After Effects, where all the sound effects
and assembly of the footage was done.

Figure 9. A mountain without and with depth of field.
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7 CONCLUSION

Overall, the environment turned out really well. Even though the total triangle count is not
high, it was possible to create a strong atmosphere and immersion with the use of
audiovisuals. This project also taught that an environment or a 3D scene does not always
need to be filled with objects to look good. A visually pleasing environment can be achieved
through the use of composition and a clever use of 3D assets. Creating believability into an
environment is important, as the world has to look like it can be plausible. Even if the
design is totally alien it helps to have some familiarity in it, as then there is something for the
players to connect with. Static worlds should be avoided as they are lifeless, boring, and they
do not contribute anything to the overall experience. By adding animation to the world and
physics to the objects, the environment becomes more tangible. To achieve immersion and
atmosphere, one needs to have every aspect working together: sounds, visuals, animation,
physics, architecture, composition, and gameplay. For example, if the environment has good
graphics but no sounds, the viewers will not be totally drawn into the world that has been
created. In a fly-through video of an environment, adding music and employing cinematic
camera angles will enhance the experience. Good visuals in games will help in attracting
players to want to play the game, as well as point out important objects and help the players
in exploring the environment. Graphics should also communicate the state of the
environment, to bring the warmth or coldness for the players to experience. Lights and
colors should be used sparingly as they can direct attention in the wrong direction and
misguide the players. Colors have to be chosen according to the theme of the environment.
The hardest part in this project was to learn to use the UDK efficiently and to have
everything working as it was intended to. Fortunately, the UDK is so widely used that a lot
of tutorials can be found to help in solving problems. Throughout this project there were
many ideas that could not be implemented, as some of them would have required too much
work and changed the concept a little bit. When a final concept is set, it is important to stick
to that concept and keep focusing on the big picture. One should avoid making any huge
changes that may force one to restart the project. Improving the concept over time is an
essential part of the process, however, the improvements should serve the theme,
atmosphere, gameplay, and the story. One should always keep in mind what they want to
achieve with the environment.
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It is very important that the created buildings seem realistic. One should make sure that the
construction would actually be able to carry its own weight and not fall down. Also, it is not
enough that the building is made to look solid, but the ground beneath it also has to support
that illusion. In games, it is often not required to make them architecturally correct, but
adding some basic supporting structures here and there will only enhance the illusion. It is a
good thing when a viewer does not stop and think that there is something off about a
structure.
This project has taught new working methods regarding asset creation and for overall
workflow that can be implemented into future projects. One of the biggest challenges was to
limit the number of ideas. In the pre-production phase many different ideas were
considered, but implementing too many things into a single environment can make it unclear
and incoherent. One should try to achieve an environment that clearly communicates the
setting and the atmosphere to its viewers. Through this project, a lot of theory was learned
about making successful, interesting environments and how visuals can be used to improve
the gaming experience. The project challenged to evaluate working methods and sparked an
interest to study the UDK further.
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THESIS PROJECT: THE TOWER SCREENSHOTS

APPENDIX 1 2

APPENDIX 1 3

APPENDIX 1 4

Two renders of the objects used in the environment. The log and the barrel were an
important decorative objects as they brought visual interest into the environment. A snow
texture was later combined with the barrel inside the UDK producing the feel of weather
affecting the object.
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UDK LEVEL ASSETS LIST
ROCKS
-Rock1

-Mountain_block1

-Rock2

-Mountain_block2

-Rock3

-Mountain_block3

-Rock4

-Mountain_block4

-Rock5

-Mountain_block5

-Rock6

-Mountain_block6

-Rock7

-Mountain_block7

-Rock_tile1

-Rockwall1

-Rock_tile2

-Rockwall2

-Rock_tile3

-Rockwall3

-Rock_tile4

-Arena ground

-Rock_large2
ITEMS
-A Flag

-W_board3

-A hanging_rope

-W_spike

-W_log

-W_support

-W_barrel

-W_support2

-W_board1

-W_support3

-W_board2

-W_support4
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-Ladder

-Plank2

-Plank1

-Plank3

-Planks1

-Roof

-Planks2

-Rope_bridge

-Planks3_hole

-Ruins

-Railing1

-Ruins2

-Railing2

-Ruins3

-Stairs

-Charred_wood

-Tower

-Door

-Bridge_pole
PLANTS & OTHER
-Grass_patch1

-Grass_patch

-Plant1

-Cloud_plane

-Plant2

-Cloud_plane2

-Sky dome
-Snow
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STORYBOARD

APPENDIX 3 2

APPENDIX 4 1(2)

ENVIRONMENT CONCEPT ART

The pre-production period involved drawing an interesting shape for a rock that would
work from as many angles as possible, and therefore could be scaled, orientated, and joined
together to produce different looking rocks.

APPENDIX 4 2

The initial castle concepts. At first, the castle was supposed to be intact with multiple
towers, however, later the castle started to have broken walls and it was thought to be for
the best to focus on a single tower than on a whole castle. The tower design was initially
rounded, but it was changed to a rectangular shape to give a sharper, harder feel.
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PREVIOUS CONCEPT ART

These top-down drawings were made when the environment's land type was desert and the
theme was sci-fi. The environment would have had a sci-fi platform in the middle of a desert
where a huge beacon would have stood.

APPENDIX 5 2

APPENDIX 5 3

Here are silhouette drawings of the beacon that was supposed to be the main focus in the
environment. The size and the position of the solar paneling was varied to get interesting
looking shapes. The idea was that there would be cables connecting the beacon to the
nearby mountains. In the end it was decided to switch the theme from sci-fi to medieval.

APPENDIX 6 1(2)
EARLY TESTS AND BLOCKING OUT

This was among the first landscape tests done in 3ds Max. The environment was supposed
to have a bridge leading to a small castle and its docks. This would have resulted in too
much work, and it was best to make the environment a lot smaller.

APPENDIX 6 2
These screenshots are from different stages of development where composition was tested
and everything was still in a very early, rough state. The second image shows a very early test
of falling snow done with the animated planes. However, the results were poor and it would
have required a large amount of planes to be positioned throughout the environment. The
planes were later replaced with particle emitters.

