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This talk is mostly aboumprovements irtexture compressioranddeferred lighting
on consoles.




Agenda

» Texture compression improvements
« Several minor improvements
« Deferred shading improvements

The talkconsists of two major parts: texture compression and deferred lighting. Also
several minor improvements will be mentioned.




TEXTURES




Agenda: Texture compression improvements

1. Color textures
— Authoring precision
— Best color space
— Improvements to the DXT block compression

2. Normal map textures
— Normals precision
— Improvements to the 3Dc normal maps compression

There are two subparts of the texture compression part: compressiaolor/albedo
textures and proposed improvements to normal maps compression.




Color textures

* What is color texture? Image? Albedo!
— What color depth is enough for texture? 8 bits/channel?
— Depends on lighting conditions, tone-mapping and display etc.

+ 16-bits/channel authoring is a MANDATORY

— Major authoring tools are available in Photoshop in 16 bits /
channel mode
* All manipulations mentioned below don’t make sense with
8 b/channel source textures!

Nowadays all color textures are mostly used as albedo textures in the lighting
pipeline, despites of good old times of Doom and Quake.

Despite there are still many engines with precomputed light maps and even complete
prebaked lighting solutions (e.g. Rage from id software), majority of modern engines
try hard to stick to the most robust dynamic lighting pipeline in order to provide the
most convenient tools for artists, thus simplifying the game development process.

So the color textures for the latter engines mostly represent the albedo of the surface
it describe.

Thus, the color depth and the color space of these textures become an important
discussion topic in this talk.

The very first and important step is to change the texture authoring pipeline to the
higher precision in order to be able to manipulate with source texture with no
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Photoshop for texture authoring. This allows us to change the color space or

histogram of the texture with no consequences both in the Photoshop and in eur in
house texture processing tools.

This mode has mostly the same authoring options as the usual 8 bits/channel sSRGB
authoring mode. That means that the switch is mostly transparent for artists.

The manipulations proposed on the following slides might make the quatitge if
the sourcetexureis 8 bits/channel! So it is very important to have a source texture



authored in 16bits/channel from the very beginning.



Histogram renormalization

« Normalize color range before compression
— Rescale in shader: two more constants per texture
— Or premultiply with material color on CPU

- N—

The firstproposed manipulation is the color range renormalization.

Usually artists do not care about the quantization artifacts produced by block
compression and/or lowprecision quantization (that happens e.g. in DXT block
compression). The most important point in authoring process is to achieve a similar
looking texture in a usual game lighting. However dark textures might show very
noticeable and disturbing artifacts under strong HDR lighting conditions.

Thus we decided to introduce a range renormalization for color textures behind the
scenes. That significantly reduces the color banding and deviation introduced by 5:6:5
guantization and block compression of DXT format.

We store the original minimum and maximum limits into the resulting texture in
order to be able to reconstruct the source texture created by the artist in the shader.
That means that for each renormalized texture we set two additional shader
constants in order to rescale the results of texture lookup.



Histogram renormalization

Advances in Real-Time Rendering Course Siggraph
2010, Los Angeles, CA

Here is the result of renormalization and the correspondirggograms of the original
and the renormalized textures.

Note that the renormalization d8b/ch source texturewould produce a quantization
in the renormalized histogram, thus leading to a larger color distortion during 5:6:5
guantization stage of DXT compression.




Histogram renormalization example

DXT w/o renormalization DXT with renormalization

Advances in Real-Time Rendering Course Siggraph
2010, Los Angeles, CA

The left most imagshows the results for simple DX®mpressed texture under
strong lighting conditions. On the right most one there are results for the
renormalized and then DXdompressed texture. Note that the blocky color artifacts
are significantly reduced.

The texture appearance is not changed due to reconstruction of original range in the
shader.




Gamma vs linear space for color textures

Two h/w color spaces for free: linear/gamma
— Solution to the equation |

Xy =X
— Median (linear space):
116
x=—=20.(45) = Py

—~ Choose the right color space based on histogram:

— Rule of thumb: use linear if >75% of pixels are above
the median

The most otexture authoring software work in SRGB space. This is the native space
of the display and it is perfectly represented in 8 bits.

Also there is generally accepted opinion that the color textures should be stored in
SRGB color space too.

The interesting fact that there are two color spaces supported natively for free in the
modern GPU. That means we can easily jump from one to another with no
performance impact.

That fact arises a very interesting question about the color density in each color
space. The density of the color space shows the quantization interval for the
considered color space for a particular color range. In order to answer this question
we can solve the equation of densities deduced from comparing the derivatives of
each color space transformation in linear space.

The color transformation for linear space is obviously an identity transformation. The
transformation from gamma space is a power function.

By solving this equation we can acquire the resulting density median for these color
spaces. It shows the point of equal density of both linear and gamma space. This
point is in thdinear space This means that the linear space has better precision
above the value 116/255. And the gamma space is more precise below it.

So, we use the more appropriate color space for each particular texture judging by
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Therule of thumbthat works for us is to switch to linear color space each time the
number of texels above the median point in the texture is more th&a%
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Gamma vs linear space on Xbox 360

« Xbox 360 has a picewise gamma curve

« Median (linear space):
90

X =~
255
« sRGB textures stored as 8 b/ch in linear space in
texture cache

— Otherwise have to sample it AS16 => cache pollution

* Itis highly recommended to use as many as
possible linear textures on Xbox 360

~

It is alsogenerally correct for Xbox 360. However we need to takeactmunt a_
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the power function of gamma transformation.

This shifts the choice of color space even more towardditiear space The median

is lower for piecewise linear gamma curve: 90/255 (in linear space). That means it is
25/255in gamma space! So, keeping the rule of thumb the same (if >75% texels are
above the median) leads us to the conclusion that the majority of textures could be
beneficially stored in linear space for this platform.
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related to gammaspace textures automatically. Every time the texture stored in

gamma space is fetched in the shader, the GPU does the digamma and then stores

the result back into 8 bits into the texture cache. This is a default behavior and it

definitely introduces a great precision loss. In order to avoid the unwanted

guantization, one could customize the texture format and specify the desired filtering
precision by adding _AS16 suffix to the format (see the Xbox 360 documentation for

more information). But that would definitely lead to much higher texture cache

pollution and a consequent performance degradation.

However storing the majority of textures in linear space for this platform definitely
solves this issue and further improves the color precision.
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360.
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Gamma / linear space example

Source image (16 b/ch) ~ Gamma (contrasted) Linear (contrasted)

Advances in Real-Time Rendering Course Siggraph

, CA

2010, Los Ang

This is arexample bright gradient texture (all colors are above the median) stored in
16 b/chshown on the left most image. The middle image shows the same texture
stored in gamma space and exaggerated in order to show the color banding on the
usual display. The right most image shows the original texture stored in linear space
with the same exaggeration.

It clearly shows the benefit of storing the bright textures in linear space. Note that
this exaggeration could easily happen under some strong and/or contrast lighting
conditions and using contrast tone mapping operator, like a filmic tone mapping.
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Normal maps precision

 Artists used to store normal maps into 8b/ch
texture
+ Normals are quantized from the very beginning!

« Changed the pipeline to ALWAYS export
16b/channel normal maps!
— Modify your tools to export that by default
— Transparent for artists

The rest slides of the texture compression pairthe talk are devoted to the
compression of normal maps.

Historically, normal maps are being represented as a color maps. However the recent
research in this area showed that the precision required to represent normals is much
higher and heavily depends on the lighting conditions and the material properties.

As normal maps are usuatyresult of the matching process of lgeoly and high
poly model, it is always possible to extract the normals of a very high precision.

Thus we recommend to modify the exporting tool you use in order to produce a
16bits/channel uncompressed normal map in order to be compressed further. This is
a very important step, as the 8bits/channel normal maps introduce a huge error from

the very beginning.
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16-bits normal maps example

3Dc from 8-bits/channel source 3Dc from 16-bits/channel source

Advances in Real-Time Rendering Course Siggraph
2010, Los Angeles, CA

Thisis an example of quantization artifacts introduced by storing source normal maps
in 8b/chformat. As you can see, even the 8bel3Dc compression gives much

better results with 16b¢h, as it introduces artifacts only at the compression stage.
However with 8b¢h normal maps the quantization error is accumulated from both
8b/chquantization and the quantization introduced by the 3Dc compression.
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3Dc encoder improvements

* 3Dc is much better than ARGBS
— Interpolants are produced at 16-bits precision on majority of GPUs!
* Usual 3Dc encoder: compress x and y independently as
two alpha channels — doesn’t treat x-y as a normal
+ We propose to improve 3Dc encoder:

— Treat two alpha blocks as a whole x-y normal instead
— Compute the error for normal instead of “color difference”:

AN = ArcCos (M)
NN

Alsowe propose an improvement to the 3Dc encoder. The usual 3Dc encoder encodes the
normal map into a blockompressed twechanneled format. Each block consists of two alpha
channel blocks of DXT5 format leading to 8eitelcompression.

However the precision of data represented wbccompressed block can exceed the
precision of the ARGB8 format. The reason is that the majority of GPUs compute the
interpolated values between two anchors in higher precision rather than 8 bits. E.g. The
precision of interpolated values on Xbox 360 is 16 bits. This leads us to the point that the
source uncompressed normal map should be stored definitely with the precision higher than
8b/ch! However this change should be also reflected into the 3Dc encoder.

Besides that, all existing 3Dc encoders perform the block compression of each of two
channels separately, treating each block as a usual alpha block of DXT5 texture.

However while compressing normals, the error should be computed differently from alpha
compression. Besides that the correlation between x and y channel of 3Dc block should be
reflected in that error.

~ L1 4
We propose to use a common error to measure directional deviatMﬂ

\

01 % ,ICII) ”) 8So0,after two candidate pairs of

anchors for a 3Dc block are chosen, the normals are
decompressed, the z component is reconstructed and the
error between the source and the compressed normals is
measured.
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3Dc encoder improvements, cont’d

* One 1024x1024 texture is compressed in ~3 hours with
CUDA on Fermi!

— Brute-force exhaustive search
— Too slow for production
* Notice: solution is close to common 3Dc encoder results

» Adaptive approach: compress as 2 alpha blocks, measure
error for normals. If the error is higher than threshold, run
high-quality encoder

However using this error we need to excess all the possible paixgypafichors.
That correlation complicates and slows down the compression process. The
performance of 3Dc compression becomes productiofriendly.

But as it was noticed during the development, the solution found by a common 3Dc
encoder during the compression of separate ahtihacks, is very close to the o
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in many situations.

So, we propose an adaptive approach for the 3Dc encoding:

1. Compress the block with a usual 3Dc compression approach

2. Measure the directional deviation with the proposed error

3. If the error is higher than some threshold, initiate the improved compression
stage.
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[v-4/255;v+4/255] interval for the exhaustive search, which is proved to be enough.
Thus the performanceverhead introduced is minimal.

2y
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3Dc improvement example

Original nm, 16b/c Common encoder Proposed encoder

l lke!
a

Difference map

b 2010, Los Angeles, CA C d
Here is a comparisoof the 3Dc encoder (image b) and the improved 3Dc encoder
(image c). As the differences are hardly visible in a narrow color space of display, we
also provide a difference map (d). This map shows a pixel in green if our method has
smaller error compared to usual 3Dc encoder. The intensity is the difference in errors,
amplified by 5. Also it shows a pixel in red if our method provides a worse error for it.
As you can see our method is mostly surpasses the usual 3Dc encoder.
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3Dc improvement example
“Ground trthhr’_’w(RGBA1 6F
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2010, Los Angeles, CA

This is an image of the car rendered with the uncompressed normal map, stored in
RGBAl6Frmat. As we mentioned before, the ARGB8 format is not sufficient for the
comparison with 3Dc format, as it introduces more quantization than 3Dc.
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3Dc improvement example
Common 3Dc encoder

‘4
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2010, Los Angeles, CA

This is the image produced usingsual 3Dc encoder. You see the quantization on
the hood leading to the banding of specular reflections.
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3Dc improvement example
Proposed 3’,Dﬂcgencoder
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Andthis image is rendered with thenproved 3Dc encoderAs you can see, the
specular reflections are mudass banded

Note that the format remains the same (3Dc)! The improvements are done only on
theSy O2 RSNXQa &ARS
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DIFFERENT IMPROVEMENTS
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Occlusion culling

« Use software z-buffer (aka coverage buffer)
— Downscale previous frame’s z buffer on consoles
» Use conservative occlusion to avoid false culling

— Create mips and use hierarchical occlusion culling
 Similar to Zcull and Hi-Z techniques
+ Use AABBs and OOBBs to test for occlusion

— On PC: place occluders manually and rasterize on CPU
+ CPU-~GPU latency makes z buffer useless for culling

We have a lowesolution software depth buffer since CryENGINE 2 and Crysis 1.

This significantly reduces both CPU and GPU workload, as we skip the complete
processing and preparation for rendering for culled objects.

However a complete software culling is less efficient, as we are able to render only
some very small and sparse part of the real scene on the CPU.

However we improved this approach on consoles.

Because of a thin GROPU intercommunication layer (fast memory busses, no API
limitations, no virtualization), we are able to retrieve the z buffer from GPU with only
one frame delay.

We downscale the z buffer on GPU using a max() filter in order to preserve a
conservative visibility detection. On Xbox 360 we untile the downscaled depth buffer
on CPU.

Afterwards we construct mip levels with a minimum and maximum filter in order to
construct a hierarchical representation of the scene depth. This is a rather important
acceleration structure for culling. A similar algorithm is used in a vast majority of
modern GPUs.

Then during the visibility detection we project an AABB or OOBB of the object into
the screen space and detect the necessary mip level.

A If the object is completely occluded by the minimum level of this mip, we cull this
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object out.
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occluded.
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we intersect it with the depth information from the higher mip in order to detect a
precise visibility.

Howeveron PC we use a complete software solution with some Raladed low

poly proxies made by level designers. This is due to the high latency in thR€BPU

intercommunication, which leads us to édmes delay. This unacceptable for
culling.
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SSAO improvements

Encode depth as 2 channel 16-bits value [0;1]
— Linear detph as a rational: depth=x+y/255

Compute SSAO in half screen resolution
— Render SSAOQ into the same RT (another channel)
— Bilateral blur fetches SSAO and depth at once

Volumetric Obscurrance [LS10] with 4(!) samples
Temporal accumulation with simple reprojection
Total performance; 1ms.on X360, 1.2ms on PS3

We use downscalertbuffer.

During downscaling, @encode the linear depthalue into two channels of the
ARGBS texture.

The rest channels we use for SSAO computation of current frame and the temporally
accumulated results.

We compute the SSAO in hedsolution of thescreen Then we do a bilateral
upscaling onto the screen.

We use Volumetric Obscurrance[LS10], which allowed us to lower down the number
of samples to 4!

Of course this approach is supplemented by temporal accumulation in order to
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schemes, rather a simple reprojection from previous frame.

Thus the performance achieved is arounchdon both consoles.
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