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C H A P T E R  1

Orientation to Game World Optimizations

INTRODUCTION

A computer game must look good and run well. This is the mantra for the 
game artist. Until you have tried to accomplish this goal, you have no idea 
how at odds each of these objectives is with the other. Although the 
primary focus of this book is the generation of art assets for computer game 
environments, we can’t escape the fact that creating art for a game is more 
than just making a pretty picture. When you create art for a game you need 
to create art that will accomplish several goals, the least of which is that 
your art must work technically in the game environment and work as effi -
ciently as possible in that environment. This requires planning and creating 
your art to very specifi c guidelines. Those guidelines may change depending 
on many variables (we will examine these later), but they are all essentially 
the same variables. In any case, you need to be very well aware of what 
those variables are and build accordingly.

Making a game run at its very best is called optimization. It is a common 
belief that this is solely the domain of the programmer—but nothing could 
be further from the truth. It is, in fact, everyone’s job to optimize from 
day one. The artists have a huge impact on how well a game runs, so we 
need to know every trick possible to achieve this. It cannot be stressed 
enough that you have to be familiar with the most common methods of 
game world optimization, because much of what can be done to optimize 
a game is under your control and takes place during asset creation or the 
implementation of the asset into the world.

There are many things that can or need to be done during the actual assem-
bly of the game world—which might fall to you. Since the computer game 
must not only look good, but run well too, throughout the book we look 
at how to apply many of these optimization techniques. You will have to 
use every trick available to you. If you don’t, the game world will not run 
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2 3D Game Environments

well enough to use or will not look as good as it can. If you fail to make 
the game look as good as possible due to a lack of optimization, you are 
wasting an opportunity as valuable as gold in game development.

Performance is usually expressed as frames per second (FPS) in a game, 
and there is a defi nite limit to what you can do as an artist, programmer, 
or designer based on this—no matter what system specs you are working 
with. If frame rate is ineffi ciently used in one place and goes undetected, 
then it is by defi nition diminishing the available frame rate in other areas 
of the game. One of my pet peeves is the last-minute gutting of a game to 
make it run. I have seen entire levels that have taken weeks and months 
to perfect gutted at the last minute. Trade-offs are unavoidable, but if you 
don’t look at your game in its totality and track your frame rate (among 
other resources), you are going to get caught unaware at the end of devel-
opment as the game comes together and doesn’t run as you had hoped.

Let me repeat (because this drives me absolutely nuts): you have to track 
your resources. Just because you can run through your level at 120 frames 
per second doesn’t mean performance is assured. You have to consider 
several things fi rst before celebrating the blistering frame rate. Are you 
using the target machine, or are you using a high-end machine typical of 
most development studios? What is left to implement in the game? Are 
the collision detection and physics in place? What about running artifi cial 
intelligence (AI) and game logic? Sometimes the addition of a heads-up 
display or interface slows things down. As soon as you fi re a weapon you 
are potentially triggering collision detection, creating hundreds of assets 
(particles) triggering sound events, displaying decals on walls, and so on. 
Think about the addition of other players and characters, and their weapons. 
Suddenly you have thousands more polygons on the screen, a few more 
large textures loading, and other assets and events. In short, can you think 
of every possible thing the fi nal game will have running and guess what 
your frame rate target should actually be? You probably can’t get a dead-on 
correct answer early in development, but an educated guess (have lunch 
with the programmers and question them—they’ll love you for it) and the 
awareness that your actual frame rate will be cut in half when the game is 
up and running in full will help you hit a more realistic target and prevent 
the total raping of a game level at the last minute.

This chapter looks at some of the most common tools and techniques 
(accessible to the artist) used for optimizing a game world. I present them 
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 Orientation to Game World Optimizations 3

from the artist’s point of view, meaning how the tool or technique works 
and what control the artist generally has over it. Usually you will see that 
most of these tools and techniques are explored or presented from the 
programmer’s point of view (they are very involved programmatically, to 
put it mildly), but artists really need to understand these devices, as they 
are critical to making a level look good and run well. I break optimization 
down into three major areas: asset, collision, and occlusion based. Aside 
from the things we as artists can do to optimize the game, there are of 
course many other areas that also need to be optimized. Most of these 
optimizations are found in the program code. Things like memory manage-
ment, CPU and GPU code, artifi cial intelligence, collision code, network-
ing, sound, and the game play itself all eat up resources and need to be 
optimized by the programmers.

Note: YOU! Yes, you! You the artist are responsible for a great deal of the 
optimization in a game. In every phase, from planning to creating the assets, 
to producing the assets, to introducing those assets into the game world, 
there are opportunities to optimize.

Even after your assets are introduced into the game world, there are oppor-
tunities to optimize. In fact, many of the optimizations possible in a game 
are available to the artist in the game itself. Most game development 
engines have a tool that will show you a read-out on screen that allows for 
the viewing and analysis of all the aspects of the game as it runs. As the 
artist you can look at the world in many modes and see what areas can be 
optimized. You can look at the number of polygons on screen, overlapping 
textures that may cause an ineffi ciency, and you can even see what the 
computer is drawing that we may not see as a player. In Figure 1-1 you 
can see that while the player can’t see the rat on the other side of the wall, 
the game engine would draw it anyway because the radius of visibility can 
be seen by the player camera. You can improve performance by going into 
the editor and correcting this in a variety of ways: removing the rat, setting 
a draw distance, and other ways we will look at in this chapter, which are 
listed below.

• Asset-based optimizations

• MIP mapping

• Texture pages

• Unlit textures
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4 3D Game Environments

• Multiple UV channels

• Lightmaps

• Masking and transparency

• Texture size and compression

• Particle systems

• Forced perspective

• Polygon optimization

• LOD

• Collision-based optimizations

• Collision objects

• Collision types

• Occlusion-based optimizations

• Occlusion and culling

Figure 1-1 The rat can be seen by the game engine but not the player.
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 Orientation to Game World Optimizations 5

• View frustum

• Distance fog

• Cull distance

• Cells and portals

ASSET-BASED OPTIMIZATIONS

Asset-based optimizations are simply those optimizations you can imple-
ment and effect during asset production. Assets are the art we create, and 
they present the fi rst opportunity we have to apply any optimizations. 
Technically there are always opportunities from day one to keep optimiza-
tions in mind and apply them during the design phase, but often the artist 
is not present during this time. Our fi rst opportunity is usually when we 
start to create the assets for the game. Some optimizations are possible in 
the design and planning of the assets; for example, the design of how a 
texture is laid out affects how the UV maps are laid out and that in turn 
can affect performance.

MIP MAPPING

MIP mapping, sometimes called texture LOD (level of detail), is usually a 
programmer-controlled function, but sometimes the artist is given control 
of this too. The explanation is pretty simple. A large texture seen at a far 
distance in a game world looks the same as a smaller texture due to the 
fact that both are being displayed using the same number of pixels on 
screen; it is therefore a waste of resources to use a large texture on an object 
that is far away in the game world. In addition, using a larger texture on a 
small, faraway object usually doesn’t look as good as the smaller texture 
would, due to the fact that the larger texture is being resized on the fl y by 
the game engine. To solve both these problems, programmers usually 
implement some form of MIP mapping. MIP stands for the Latin phrase 
multum in parvo, which means “many things in a small place.” MIP mapping 
is the creation of multiple sizes of a texture for display at various distances 
in the game (Figure 1-2). Sometimes you can see the MIP maps pop as 
they change from larger to smaller, especially in older games. MIP mapping 
allows the texture to be viewed close-up and in detail, as well as render 
faster (and look better) from a distance. Figure 1-3 shows the MIP-mapped 
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6 3D Game Environments

Figure 1-2 A texture that has MIP maps associated with it. Sample image from “Glory of the Roman Empire,” courtesy of 
Haemimont Games.

texture of some jungle vines. Notice the alpha channel is MIP-mapped as 
well. Fortunately NVIDIA created several tools to make all this easier for 
the artist (Figure 1-4). The DXT Compression Plug-in is one of the most 
useful, and I discuss that later in this chapter in the section on texture size 
and compression. With this tool you can control many variables that affect 
the visual quality of the image.

TEXTURE PAGES (OR T-PAGES, ATLAS TEXTURES, 
OR TEXTURE PACKING)

This section comes with a bit of a disclaimer. It seems that the industry is 
now moving away from texture atlases. While atlases will continue to be 
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Figure 1-3 A texture that has MIP maps associated with it and an alpha channel. Notice that the alpha channel is MIP-
mapped as well. Sample image from “Glory of the Roman Empire,” courtesy of Haemimont Games.
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8 3D Game Environments

an effective solution for some hardware, things are shifting over (due to 
technical reasons beyond me) to individual textures. That’s great news to 
me—I fi nd that texture atlases slow things down in the typical artist 
workfl ow.

As you build a game world, you create many textures to cover the many 
3D objects in the world. When the game world is loaded and run in the 
game engine, the game engine has to access (call) each of those textures 
for each frame it renders. These calls slow everything down, so it is desir-
able to reduce the number of calls. There is a technique you can use called 
texture packing or creating a texture atlas that can accomplish this. Basically 
it involves taking a large group of textures that are related in some way 
(usually geographically close to one another in the game world) and putting 
them together to create one large texture. You can see a texture atlas of 
foliage created for a jungle level in Figure 1-5. You can create an atlas by 

Figure 1-4 This shows the interface and examples of the NVIDIA MIP-mapping tool.
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 Orientation to Game World Optimizations 9

Figure 1-5 An example of an atlas texture.

hand or with a tool. Of course, NVIDIA makes such a tool (Figure 1-6). 
The primary benefi t of a tool like this for the artist is the speed at which 
atlases can be built and altered. This tool creates the one large texture and 
with it a fi le that tells the game engine where each image is placed on the 
master image.
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10 3D Game Environments

Figure 1-6 The texture atlas and accompanying index fi le.
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 Orientation to Game World Optimizations 11

UNLIT TEXTURES

An unlit texture is a texture that is unaffected by lighting and displays at 
100% brightness—sometimes called a full bright or self-illuminated texture. 
Note that this not the same as a texture that uses an illumination map. When 
an illumination map is used, it must calculate lighting for a texture and take 
into account the grayscale illumination map. Since calculating the lighting 
for a texture can be one of the biggest resource hogs in a game, it can be 
much more practical to use an unlit texture, which renders much faster. 
Using unlit textures is a way to boost performance. This is easy to do with 
some materials such as water or certain signs, and in some game types or 
genres you can get away with using large numbers of unlit textures. Large 
forested outdoor areas can benefi t from the use of unlit textures on the 
foliage. Figure 1-7 shows an example of a texture that is lit in one scene and 
then unlit in the next. Notice how the sign is at full brightness and remains 
unchanged by the lighting affecting the walls. Particle systems typically look 
better unlit and run faster as well (Figure 1-8).

MULTITEXTURING OR MULTIPLE UV CHANNELS

Increasingly in today’s game engines you are not limited to one UV channel. 
This allows you to combine textures on a surface in real time. That in turn 
allows a great degree of variety from a relatively smaller set of assets. A 
grayscale image may simply defi ne the dark and light areas of a surface, 
another map may defi ne color, and another some unique detail. You can 
see an example of this method in Figure 1-9. The building mesh has a 
base-colored material applied; on a separate channel I applied dirt, and on 
another I added details such as posters and cracks. Multiple UV channels 
are also used to apply bump mapping and other shader effects.

LIGHTMAPS

Lightmaps are pre-rendered images that defi ne the light and shadow on the 
surfaces of your world. Since lightmaps are created before the game runs 
and are saved as separate grayscale images this means that the total fi le size 
of your assets is increased. There are two things you can do to optimize 
lightmaps: lower their resolution or compress them. A smaller lightmap 
will result in a faster loading and running level, but lowering the resolution 
also lowers the quality (Figure 1-10).
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12 3D Game Environments

Figure 1-7 An example of a texture that is lit in one scene and unlit in the next.
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 Orientation to Game World Optimizations 13

Figure 1-8 Particles lit and unlit.

Figure 1-9 Multitexturing allows you to combine a relatively small set of assets in creating a large variety of surfaces.
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14 3D Game Environments

Figure 1-10 Lightmaps both 
large and small on the same 
area.

Note: For a great article on compressing lightmaps, go to Gamasutra 
(www.gamasutra.com, one of the largest game development sites on the 
Internet) and look up “Making Quality Game Textures” by Riccard 
Linde.

Usually you can opt out of using a lightmap or can determine at what size 
the lightmap will be created. This allows you to increase the resolution of 
the lightmap in those areas where the player can go and lower the resolu-
tion for less accessible, but visible areas.
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 Orientation to Game World Optimizations 15

MASKING AND TRANSPARENCY

When possible, it is preferable to use masking instead of transparency 
because masking renders more quickly. Take a look at Figure 1-11, as these 
concepts are much easier to grasp pictorially.

Masking typically uses a specifi c color that is designated the “clear” color, 
and this creates hard jagged edges (although newer hardware can handle 
larger-resolution textures and can post-process the images and smooth the 
edges).

Transparency uses a separate, additional channel, a grayscale image called 
the alpha channel, to determine the opacity of a pixel. The trade-off is that 
transparency looks better, but it requires more fi le space and more process-
ing power. This is because while masking simply either draws the pixel or 
not, transparency must look at two pixels (the source image pixel and the 
on-screen pixel behind it), consider the grayscale pixel of the alpha channel, 
and calculate the color of the fi nal on-screen pixel. Technically what you 
are seeing isn’t real-world transparency, but rather a new image composed 
of a blending of two images that gives the illusion of transparency.

Of course, NVIDIA makes a tool that allows for the rapid adjusting and 
viewing of textures before outputting them (Figure 1-12).

TEXTURE SIZE AND COMPRESSION

You want to consider the size of each texture you create. A texture 
that covers most of the walls and/or fl oors in your world, and has to tile 
well while still holding up visually, needs to be larger than a texture that 
is displayed infrequently and is not subject to direct examination by the 
player. The other factor is compression. A compressed texture fi le can be 
signifi cantly smaller than an uncompressed one yet still maintain visual 
integrity using the right combination of compression options. NVIDIA 
makes a plug-in for Photoshop that allows for the rapid and easy 
iteration through many compression schemes before fi nal output of the fi le 
(Figure 1-13).

Remember that there are many factors to consider when determining 
texture size and compression. How close will the player get to the asset? 
How often will the asset appear in the world, and how many times is it 

Ch001-K80895.indd   15Ch001-K80895.indd   15 2/26/2008   2:17:17 PM2/26/2008   2:17:17 PM



16 3D Game Environments

Figure 1-11 How the three methods discussed here work with examples.
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 Orientation to Game World Optimizations 17

Figure 1-12 The interface and various windows of the NVIDIA tool as applied to masking and alpha.
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Figure 1-13 The interface and various windows of the NVIDIA tool as applied to the compression options.
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 Orientation to Game World Optimizations 19

expected to tile or repeat? Can you achieve the same effect with a more 
effi cient solution? Can you use three small textures on multiple UV chan-
nels as opposed to one enormous texture? How much can you compress 
or reduce the resolution of an image and still maintain visual integrity? One 
of the most valuable but underappreciated skills a game artist can acquire 
is knowing not only the various ways of implementing game art solutions, 
but what methods and combination of those methods comprise the best 
solution.

PARTICLE SYSTEMS

Since we are not programmers, we can’t optimize the particle code, but 
we can control many variables that will allow us to improve the perfor-
mance of the particle system. A particle system displays an asset in great 
numbers (the asset is usually a small polygon—two triangles—with an 
applied texture that has alpha transparency on it). The system tracks the 
asset/particle in 3D space using a set of parameters that the artist can 
change. These parameters typically alter the rate, size, speed, position, and 
life span of the particle as well as telling the particle to shrink, fade, or 
always face the camera (which it usually does). Particles can even physically 
interact with the game world, colliding and bouncing off surfaces.

A particle system can be used to simulate a wide variety of effects, from 
smoke to a fl ock of birds. Traditionally, particle systems, with their large 
numbers of particles, have been a big drain on a computer, so the effects 
that game developers could achieve have been limited. But as software has 
become more complex and game hardware more powerful, smoke and fi re 
and other impressive effects can be very effectively generated even while 
using a much larger number of particles.

The point at which the particles are spawned, or appear, is called an emitter. 
An emitter can be of any size. A small emitter with a lot of particles coming 
out in a spray may be what you would use for a garden hose, whereas a 
very large emitter high in the sky of your game world with a few particles 
falling from it might be used for rain or snow. Often special particle systems 
are written for specifi c uses. Specifi c particle systems that handle weather 
effects, for example, are commonly created because weather systems have 
a more limited function but cover a larger area compared with a typical 
full-featured particle system. These special versions of a particle system 
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20 3D Game Environments

allow developers to make them run more effi ciently. This is achieved partly 
by simply dropping the features of a typical particle system that are not 
needed for a more specifi c-use particle system. Emitters and particles are 
typically represented by some sort of icon in the game editor but are invis-
ible in the game—you only see the assets spawning at the emitter point 
and being controlled by the particle entity they are attached to. Usually 
the game artist, when placing an emitter, makes sure it looks as if the par-
ticles are coming out of something and not just from thin air.

While a simple particle system may only contain an emitter, a polygon, and 
a texture, more complex particle systems can contain multiple emitters and 
multiple textures and use 3D meshes as particles. An explosion is usually 
composed of a quick ball of fi re and a spray of debris, followed by smoke 
that drifts from the blasted area and dissipates into the air. This is typically 
created using a blast decal and several systems, one for each effect: fl ash, 
debris, and smoke. Additionally, particle systems are usually associated 
with sound events. Sound adds a lot to the effect a particle system has. 
What would rain be without the rumble of thunder? How effective would 
a silent explosion be? When a fi re crackles as you approach, it adds another 
level of realism and immersion to a game. In Figure 1-14 you can see some 
of the most common aspects of a particle system.

As far as optimizing particle systems, try the following:

• Use unlit textures. This should be standard for most particle effects.

• Use the most effi cient asset possible in terms of resolution and fi le size.

• Use the necessary masking/alpha scheme.

• Turn off particle collision if possible.

• Have particles die or fade out quickly.

• Use only the necessary number of particles.

• Use the best asset for the particle (this is related to the previous 
point). A thousand little dots don’t look as cool as a hundred great 
particles.

• Tweak! Take your time and you can make ten particles look better than 
a hundred. Ten particles that behave and display in an impressive fashion 
are generally much more pleasing than a hundred particles dropping in 
some slipshod default display.
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Figure 1-14 (a) A typical particle with an alpha channel; (b) a steam cloud using particles; (c) an emitter large and small 
with the same number of particles spawning from it; (d) a particle system used to create rain and snow.
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FORCED PERSPECTIVE

Forced perspective is a trick used on stage productions and in places like 
museum displays to make an area look much larger than it really is. This 
involves simply taking what would be the real perspective lines of a scene 
and forcing them into a tighter angle. This takes up less space but looks 
the same—from the right angle. This technique has limited, but powerful 
uses. In Figure 1-15 you can see that the player can only view this scene 
from a limited angle, so this is a good use of forced perspective to make 
the game world look much larger than it actually is.

POLYGON OPTIMIZATION

Artists can manually delete any back, or unseen, faces on a mesh. They can 
also do a great deal to ensure stability and effi ciency when building assets, 
by seeing to it that they have none of the following:

• Floating or single vertices

• T junctions

• Stacked or multiple faces

• Bad angles or sizes of polygons

And depending on the game technology, they can (and should) also ensure 
that:

• Sealed geometry or all unseen faces have been removed

• There are no polygons of a certain dimension or proportion

• There is a limited number of smoothing groups or none at all

Since polygon optimization consists mainly of removing polygons you 
cannot see and building your geometry in a way that uses as few polygons 
as possible, we will tackle this on a case-by-case basis. Several factors affect 
each decision: Can you use normal maps? Does the geometry need to be 
sealed? Does the polygon contribute to the visual quality of the mesh? How 
close does the player get to this mesh, and how important is it to the 
level?
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Figure 1-15 Forced perspective makes this city street look much longer than it really is.
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24 3D Game Environments

LEVEL OF DETAIL (LOD)

Level of detail (LOD) works on the same principle as MIP mapping. Up 
close, you benefi t from a high polygon model, but when the model is far 
off in the game and is displayed using far fewer pixels, you don’t need to 
draw the high polygon model; instead you can swap it for a much lower 
polygon model. As with MIP maps, not only is the swap undetectable, but 
often the smaller asset looks better because it was created to be viewed 
smaller.

There are two basic ways to utilize an LOD system. You can build several 
versions of the model, each getting progressively smaller in poly count, and 
these models will be swapped by the game engine; or you can auto-generate 
these models. In my experience auto generation usually doesn’t look as 
good as doing it by hand.

COLLISION-BASED OPTIMIZATIONS

Collision is another area where programmers have a huge task before them. 
(True, I say that about every programming task—AI, sound, whatever; it’s 
all complexity that eats resources.) Collision, to an artist, simply means 
when stuff runs into other stuff. Yet collision is actually a diffi cult task to 
pull off and a resource hog when it happens. So we need to understand 
how we can get fewer objects hitting other stuff so things happen faster. 
Fortunately, when you collide with an object in a game, unlike in the real 
world, you aren’t necessarily hitting what you see. Collision is usually 
determined by entities that are invisible to the player, so even though you 
see a model of a highly detailed car in Figure 1-16, the player is just inter-
acting with an extremely low polygon object you can’t see in the game. 
That unseen object is typically called a collision hull or collision mesh. 
Another non-real-world advantage we have is that we can determine what 
collides with a particular surface and how (meaning what computational 
method is used). In general, the more accurate and comprehensive the 
collision, the more expensive it is.

COLLISION OBJECTS

There are several ways you can set up your world, and the objects in it, 
for collisions. You can use simple generic collision solutions that detect 
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Figure 1-16 The effect a collision hull has in a game. Top: The hull is too simple (top left), and the book’s mascot looks 
like she is fl oating when on top of it (top right). Bottom: The hull is a little more complex, but a lot more effective 
(bottom left). The fi gure looks like she is actually standing on the car hood (bottom right). Note that the collision hull 
might be even a bit more detailed (depending on the game), so players can crawl under the vehicle or interact with it in an 
even more refi ned manner.
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26 3D Game Environments

collisions in a simple primitive shape such as a cube, sphere, or cylinder. 
You can let the actual geometry of the world object be the collision hull 
and detect collisions on every polygon, or you can build a low poly collision 
hull specifi cally for the asset. Remember that collision hulls are invisible to 
the player, but the effect they have on the world is not. A simple primitive 
may be a quick solution to implement for collision detection and may run 
very effi ciently in the game, but may also net terrible results. Using the 
actual mesh as the collision hull is highly accurate but also extremely inef-
fi cient, especially since polygon counts have gotten much higher in games. 
You can use automatic collision hull generators, but I rarely use them as I 
fi nd the results are usually poor. It is always faster for me to build a hull 
from scratch than mess with the auto-generated one.

The best solution is usually to build a hull. This is fairly easy, and you only 
need to know a few things. How will players interact with the geometry? 
Will they be able to jump on it, or are they supposed to be totally blocked 
by it? (See Figure 1-16.) What collision events are tied to the hull you are 
creating? Is this only for the player to bump against? Does this hull deter-
mine where bullet impacts are drawn? Sometimes you create one simple 
hull for player interaction and a more complex one for the detection and 
display of impact events (Figure 1-17).

COLLISION TYPES

There are many things that can potentially collide in a game world, and 
these all produce various results (block player, start or end an event, display 
an effect). But we don’t want to check for every possible collision and result 
every time an object collides, as this would be a very big burden on the 
processor. We must check for different collision events for different entities 
and assign different responses. Take, for example, a game with players and 
AI bots in the same world space. If you are on a high narrow bridge with 
no rails spanning a lake of deadly molten lava, it is part of the game play 
challenge that you stay on the bridge and not fall in while fi ghting the 
enemy. The enemy, however, is usually a dim-witted bot who would walk 
into the lava and die if we let him. The programmers could code a “do not 
walk in lava” or “detect edge that leads to danger” routine or we could 
throw up a simple collision wall that only blocks the NPC (non-player 
character or computer controlled character) and not the player.
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Figure 1-17 Top: The higher polygon visual scene. Middle: The collision hulls for player interaction. Bottom: Impact 
event detection and display hull.
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We are given many options when dealing with collision. In addition to the 
collision detection solution (simple solution or custom-built hull), we also 
have a lot of input into what collides with what and what happens when 
a collision is detected. A great example of this is weapon impact. When a 
player shoots a wooden door with a shotgun, it would be reasonable to 
expect a shower of splinters. If he shoots a large pane-glass window, a crash 
and a shower of glass shards should result. When shooting a creature, one 
would expect a shower of blood and guts. Players would probably notice 
(and be disappointed) if every time they shot something the same thing 
happened. Every surface in a game has a set of sound effects, decals, particle 
systems, and so on associated with it for every different impact event. A 
shotgun hitting dirt is going to look and sound different than a shotgun 
hitting metal or glass. A thrown knife hitting metal will sound different 
than the shotgun hitting metal. It is usually someone’s job to track all this 
and make sure that as assets are introduced into the game, the correct 
properties are assigned to it. Often a spreadsheet is developed for every 
weapon, projectile, and surface type in the game to ensure that everything 
is accounted for during production. You need to know what sound effects, 
decals, and other assets need to be produced and what sound effects and 
other events must be assigned to each surface in the world.

You can also control aspects of collision such as distance. If an object is 
very far away, you can decide not to detect any collisions on the object, as 
this is more effi cient. If an object is close but unreachable by the player, 
you might want to detect for bullet collisions so the bullet effect can be 
displayed, but not detect for player collisions.

OCCLUSION-BASED OPTIMIZATIONS

Occlusion and Culling

The word occlusion means that one object is blocking another from view. 
The word cull generally means to remove an unwanted or unproductive 
member of a group. So in the context of a computer game, the simple 
explanation for occlusion and culling is that you don’t draw (or cull) what 
is not seen (or occluded). The programming involved in fast and effective 
occlusion and culling is very complex, and there are numerous methods 
and algorithms involved. The reason you as an artist need to understand 
this is so you can take optimal advantage of the technology and design the 
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world or level in the manner that most effectively executes (and avoids the 
weaknesses of) the occlusion and culling methods your game engine uti-
lizes. And you will also have some degree of control over how the occlusion 
and culling methods are utilized in the world.

Optimizing the usage of occlusion and culling is where you can get some 
of your most signifi cant performance gains. To assist you in this, most game 
engines have some sort of tool that allows developers to examine the level 
in detail. You can usually view the game world in various modes and see 
what is being drawn, and gather data on what is making things run slowly. 
Quite often you will discover that objects invisible to a player in a normal 
game mode are being drawn anyway. But even when your level is running 
great, if you can make it run faster you can add more stuff to it and make 
it look better; or you can free up frame rate for another area of the game 
to use. There are various forms of occlusion, ways for you or the game 
application to tell the game engine what not to draw. The occlusion and 
culling devices most commonly used by artists include:

• View frustum culling

• Cull distance

• Backface culling (manually)

• Cell and portal occlusion

• LOD (level of detail)

• View frustum

The frustum is the area of the world visible to the player, or camera view. 
The frustum is a pyramid that starts at the point of view of the player and 
extends off into infi nity at a determined angle (Figure 1-18). Like a camera 
lens, the wider the angle, the more fi sh-eyed the view. In Figure 1-19 you 
can see two images; both were rendered with a camera in the exact same 
spot. The only difference is the camera angle. The camera on the right has 
a wider angle lens than the one on the left. A wider angle allows us to see 
more of the world, but the image is greatly distorted.

You can determine where the frustum begins to draw objects and where 
it stops drawing objects. These settings are called the near and far clipping 
planes. The plane closest to the camera is the near clipping plane, and the 
plane farthest from the camera is the far clipping plane (Figure 1-20).
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Figure 1-18 The view frustum.
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Figure 1-19 Like a camera lens angle, the angle of the view frustum affects the distortion of the scene.

All of the six planes of the cube that comprise the viewable world have 
names: near plane, far plane, left plane, right plane, top plane, and bottom 
plane. The frustum is used in a process called frustum culling, which at its 
simplest is the process of determining which objects are visible to the player 
so the game engine doesn’t have to draw them. While the clipping plane 
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Figure 1-20 The view frustum with near and far clipping planes in place (top), and a 3D representation of the view 
frustum. The bottom right further clarifi es the 3D space drawn in the game world.
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can greatly speed up a game level, a major drawback to its use is that you 
can see objects pop in and out of existence. One method to remedy this is 
distance fog.

Distance Fog

As just mentioned, distance fog hides the popping in and out of culled 
objects (objects that suddenly disappear as they pass beyond the far clip-
ping plane). But distance fog can also be used to increase the sense of dis-
tance, atmosphere, mood, and setting, through the use of color and other 
adjustable parameters.

The simplest form of distance fog works by tinting the pixels in a scene a 
selected color, based on how far they are from the camera (Figure 1-21). 
As with near and far clipping planes, you can assign a point at which the 
fog starts to tint the pixels and a point at which the pixels become com-
pletely the selected color. This is usually called the minimum fog distance 
and the maximum fog distance. You use distance fog to prevent objects from 
popping out by setting the far clipping plane just beyond the maximum 
fog distance. Some game engines will automatically set a clipping plane if 
distance fog exists. While distance fog can be used to speed up a level, you 
should be cautious because there are many other forms of fog that are very 
expensive computationally and will slow things down.

Other types of fog in a game world are volumetric and controllable in 
nature. Some types allow for the horizontal layering of fog, and still others 
can fi ll a specifi ed space or volume. More complex forms of fog can change 
colors depending on certain circumstances. If you are outside on a bright 
snowy day looking into a dark dungeon opening, you would want the world 
distance fog to be white and the dungeon’s distance fog to fade to black. 
If a character ran away from you on the outside of the dungeon, she should 
be affected by the exterior distance fog and fade to white, but if she ran 
into the dungeon she should fade into black.

Cull Distance

Cull distance is an optimization that simply tells the game engine not to 
draw an object if it is a certain distance away (Figure 1-22). Whereas the 
clipping plane determines the point at which no objects are drawn, the cull 
distance is a unit of measure assigned to a specifi c object in the world. This 
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Figure 1-21 No distance fog; distance fog starting away from the camera and ending far away; and distance fog starting 
close to the camera and ending far away.

Ch001-K80895.indd   34Ch001-K80895.indd   34 2/26/2008   2:17:32 PM2/26/2008   2:17:32 PM



 Orientation to Game World Optimizations 35

Figure 1-22 Cull distance.
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can be useful when certain visibility schemes draw objects you can’t see 
and you have to tell it to not draw the object. Some game engines allow 
for additional functionality, such as the ability for a mesh to fade in and 
out and shrink and grow with distance. This helps smooth the transition 
between drawing and not drawing the object. Most game engines today 
have built-in systems for foliage and decorations that allow for the con-
trolled placement of these objects and manage their fading in and out and 
other similar behaviors. Quite simply, cull distance is a defi ned distance 
at which the game engine will not consider rendering (or drawing) an 
object.

Note: Culling distance also applies to collision objects. You can tell the 
game engine to stop tracking various collision types at various distances. 
For example, you may want to stop tracking player collisions on an object 
across a room from the player, but you will still want to track projectile 
collisions in case the player shoots the object from across the room.

Cells and Portals

Another way to optimize a game world is by using cells and portals. This 
is basically the assemblage of rooms (cells), and a door to each room called 
a portal. When a player is in a room (cell), the engine looks at which other 
cells are visible through the doors (portals) leading out of that cell. This 
quickly eliminates a lot of the world that doesn’t need to be rendered. Some 
common setups between cells can be seen in Figure 1-23 . There are many 
other creative setups to prevent the player from seeing too much of the 
world all at once.

PLANNING

Of course, the best optimization of all is planning your level to be effi cient 
using the best combination of the tools you have available. In general, you 
will want to occlude the transition between two large areas, if at all possi-
ble. Balance the complex with the simple. You don’t have to have every 
inch of the world covered in high detail—in fact, that is confusing, ugly, 
and actually reduces the impact one nicely detailed area can have. Use 
composition and drama over more assets! Take the time to polish and tweak 
everything you can. Ten well-orchestrated particles can look better than a 
hundred that were implemented quickly using default settings. A smaller, 
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Figure 1-23 Cell and portal setups. (a) a curved hallway; (b) a hall with two sets of doors that only open one at a time; 
(c) and (f) doors open into a wall that occludes a larger room or separate area; (d) and (e) offset doorways.

well-painted texture can look better and actually have more detail than a 
sloppy, large texture. Ask yourself whether there is a better and more effi -
cient way to achieve any objective you may have. Keep track of all that 
you come up with, and develop a checklist of things to do to an asset before 
considering it complete. At one studio we actually designed and developed 
a plug-in for Max that ran a series of checks on a mesh before we considered 
it fi nal. We also met regularly and compared notes.

The importance of designing, planning, and just plain iterating through 
your level cannot be underestimated. So far, almost every level I have 
worked on has been a special case to some degree. There are always numer-
ous opportunities in any game world to achieve greater or lesser optimiza-
tions and visual quality. The sheer number of choices you are given when 
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building a game world allows for an almost unlimited combination of 
approaches to any given situation. Take time to ponder the best solution, 
then experiment and collect data. If you do this early on, the rest of the 
game world will come together more quickly and allow you to devote more 
time to the actual visual polishing of the world.

CONCLUSION

That was a quick overview of the most common artist-accessible game 
optimizations. As we progress through the book we will use some of these 
optimizations in the projects so you can see how they might be imple-
mented in an actual game development scenario.
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