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Hello!  On the behalf of AMD I would like to welcome you to 
todayôs lecture on Authoring for Real-Time Tessellation and 
Displacement Mapping.  My name is Abe Wiley and I am the 
Lead Artist in the Game Computing Applications Group at 
AMD. I have been with ATI/AMD for over 4 years now and 
have worked on projects such as the Toy Shop Demo, the 
Ruby: Whiteout Demo, and most recently the Froblins demoé 
and this last demo is what this presentation is all about.  This 
lecture will discuss the most important and critical things I 
learned as a technical artist about real - time tessellation and 
displacement mapping as we developed the Froblins Demo.  
This demo was produced as a launch demo for the Radeon HD 
4870 product, and while the tessellation technique that we use 
in the demo does utilize the native tessellation hardware on 
the card, I have strived to keep this presentation as vendor 
and platform agnostic as I possibly could.  It is my goal to 
provide you with information that will be helpful to you, no 
matter what your target platform, as you begin to explore the 
possibility of adding real - time tessellation and displacement 
mapping technology to your next generation titles.



The motivation behind this talk is simple.  We want characters 
in our games that look like this.  We want characters that 
have an extremely high level of detail.  We want characters 
that have smooth silhouettes and that exhibit no polygonal 
artifacts what -so-ever.  We also want to be able to render 
these characters, even massive crowds of these characters, at 
interactive frame rates.
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We also refuse to accept any compromises. Not only do we 
want to render massive crowds of these highly detailed 
characters, but we want to render them while utilizing the 
most advanced lighting models available, such global 
illumination. 

4



We want to be able to render characters with meshes so 
denseé our wireframes look solid.
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We also want to place these characters in environments that 
are nearly as detailed as they are.
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The purpose of this lecture is to provide you with everything 
you need to know in order to author art assets for use with 
this technique successfully, with minimal disruption to your 
existing art pipelines.  This lecture will provide you with a high 
level understanding of the benefits of real - time tessellation.  
We will also take a look at the various methods in which this 
technique can be implemented and what implications these 
choices have on your art authoring pipelines.  Next we will 
cover some specific high and low polygon modeling tips and 
techniques that will help you avoid common pitfalls and that 
will help you author the right way, the first time.  Next we will 
provide an overview of the GPU Meshmapper tool.  This tool is 
a freely available map generation tool that creates normal and 
displacement maps for use with this technique we chose to 
use in the Froblins Demo.  Next we will discuss how it is 
possible to save your art pipline via automation and scripting.  
Finally, we will take a look at this technique in action.  After 
providing you with an overview of all the technology in the 
Froblins demo we will take a look at this incredible 
demonstration of real - time tessellation and displacement 
mapping applied to a crowd of 3000 characters.   
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So, first, let us take a look at the obvious and not so obvious 
benefits of real - time tessellation.
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The first and most obvious benefit of real - time tessellation and 
displacement mapping is the dramatic increase in visual 
quality.  Tessellation in conjunction with displacement mapping 
eliminates one of the last hurdles towards achieving cinematic 
quality visuals in games.  Film has been using this technique 
for years in order to provide animators with manageable 
meshes to work with during the animation portion of 
development while still providing the highest quality results at 
render time.  This technique eliminates polygonal artifacts and 
provides highly detailed, smooth internal and external 
silhouettes.
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Another slightly less obvious benefit of this technique is the 
effect that it has on your memory footprint.  Essentially, you 
can think of real - time tessellation and displacement mapping 
as an effective form of geometry compression.  This technique 
utilizes the same art assets as conventional rendering with the 
only additional storage requirement being the 16 bit 
displacement map.  If we take the Froblin character as an 
example we see that the memory footprint for the low 
resolution mesh and 2k x 2k 16 bit displacement map 
requiring about 10 megabytes of video memory.  This is 
compared to the 450 megabytes of video memory that would 
be required to render the high resolution Froblin model that 
weighs in at around 15 million triangles.  So, for just a  
modest increase in memory footprint, we are able to 
dramatically increase the total polycount and visual detail of 
the render mesh when using this technique.
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Another less obvious benefit of this technique is in animation 
quality.  Transforming the low resolution mesh is faster than 
attempting to transform the high resolution equivalent.  This 
means that we get better animation performance.  Also, as we 
just saw in the previous slide, we are storing exponentially 
fewer vertices in video memory.  This means that we are able 
to store more data per vertex.  What this provides us, for 
example, is the ability to increase skinning quality by being 
able to store more influences per vertex.  This would also 
allows us to store a much larger library of morph targets for 
better facial animation, etc.
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Performance is yet another 
benefit of real - time 
tessellation and displacement 
mapping.  You can see here 
that when implemented with 
multipass rendering and 
vertex compression we are 
able to render over 400 times 
as many polygons while only 
taking a 33 frames per 
second or 30 percent 
performance hit when 
compared to rendering only 
the corresponding low 
polygon mesh.  That is a 
pretty good trade off.
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A robust level of detail system is both a benefit and an 
absolute necessity when using this technique.  Despite having 
such strong performance characteristics attempting to 
tessellate all characters in a scene (such as this scene from 
the Froblins Demo) to the same level regardless of character 
count, distance from camera, etc. is both wasteful and will 
bring your frame rate to a crawl.  This problem is compounded 
by dynamic interactive scenarios where the number of 
characters on the screen can change dramatically and 
unpredictably from frame to frame.  In order to overcome 
these challenges we needed to design a LOD system that 
would allow us dynamically adjust per frame the tessellation 
level of the characters based on distance from camera and the 
number of froblins being tessellated.  To do this we utilized 
DirectX 10.1 features to render the froblins as an army of 
instanced characters utilizing a dynamic tessellation level.
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Lets take a look at how we calculate this tessellation level.  In 
this equation Ti is the level to be used for characters in the 
highest LOD levelé the level that is being tessellated.  N is the 
number of character instances that are currently in the 
highest LOD, and Tmax is the maximum tessellation level 
allowed for a single character.  This scheme effectively bounds 
the number of triangles created by the tessellation process, 
and ensures that the triangle count will never increase by 
more than the cost of M fully tessellated characters.  If there 
are more than M such characters in the view frustum, this 
scheme will divide the tessellated triangles evenly among 
them.  While this can and does lead to slight popping as the 
size of the crowd changes dramatically from one frame to the 
next, it is very difficult to perceive in a dynamic scene with 
animated characters.
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This powerful and dynamic tessellation system provides 
several benefits.  The LOD system allows you to use dynamic 
or pre determined LOD levels, or tessellation factors, to deliver 
the highest quality visuals results while ensuring stable 
performance.  So, for example, you could use dynamic 
tessellation LODs during game play, but switch to pre -
determined LODs during your in engine cinematics in order to 
have more control over where you are using these additional 
polygons to maximize their impact on your visuals. This 
system also provides you with a very easy way to maximize 
performance across various graphics hardware.  It is also 
equally useful if you have 5 or 500 characters on the screen, 
so it is applicable to nearly any game genre whether you are 
developing an FPS or an RTS.
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