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This talk is mostly about improvements in texture compression and deferred lighting 
on consoles. 
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The talk consists of two major parts: texture compression and deferred lighting. Also 
several minor improvements will be mentioned. 
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There are two subparts of the texture compression part: compression of color/albedo 
textures and proposed improvements to normal maps compression. 
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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 
ǇǊŜŎƛǎƛƻƴ ƭƻǎǎ ŀŦǘŜǊ ƛǘΩǎ ōŜŜƴ ŀǳǘƘƻǊŜŘ ƻƴŎŜΦ {ƻ ǿŜ ǳǎŜ ŀ мс ōƛǘǎκŎƘŀƴƴŜƭ ƳƻŘŜ ƛƴ 
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 our in-
house texture processing tools. 

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

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

6 



authored in 16bits/channel from the very beginning. 
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The first proposed manipulation is the color range renormalization. 

Usually artists do not care about the quantization artifacts produced by block 
compression and/or low-precision 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 
quantization 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. 
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Here is the result of renormalization and the corresponding histograms of the original 
and the renormalized textures. 

Note that the renormalization of 8b/ch source texture would produce a quantization 
in the renormalized histogram, thus leading to a larger color distortion during 5:6:5 
quantization stage of DXT compression. 
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The left most image shows the results for simple DXT-compressed texture under 
strong lighting conditions. On the right most one there are results for the 
renormalized and then DXT-compressed 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. 
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The most of texture 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 the linear 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 
ǘƘŜ ǘŜȄǘǳǊŜΩǎ ƘƛǎǘƻƎǊŀƳΦ 

The rule of thumb that 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 than 75%. 
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It is also generally correct for Xbox 360. However we need to take into account a 
ŘƛŦŦŜǊŜƴǘ ƎŀƳƳŀ ŎǳǊǾŜ ǳǎŜŘ ōȅ ·ōƻȄΩǎ Dt¦Φ Lǘ ƛǎ ŀ ǇƛŜŎŜǿƛǎŜ ƭƛƴŜŀǊ ŀǇǇǊƻȄƛƳŀǘƛƻƴ ǘƻ 
the power function of gamma transformation. 

This shifts the choice of color space even more towards the linear space. The median 
is lower for piecewise linear gamma curve: 90/255 (in linear space). That means it is 
25/255 in 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. 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘ ƛǘ ǎƻƭǾŜǎ ŀƴƻǘƘŜǊ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ƛǎǎǳŜ ƻŦ ǘƘŜ ·ōƻȄ ослΩǎ Dt¦ 
related to gamma-space 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 
quantization, 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. 

{ƻ ŀǎ ŀ ŎƻƴŎƭǳǎƛƻƴ ǿŜΩŘ ƭƛƪŜ ǘƻ ƘƛƎƘƭȅ ǊŜŎƻƳƳŜƴŘ ǳǎƛƴƎ ƭƛƴŜŀǊ ǎǇŀŎŜ ǘŜȄǘǳǊŜǎ ŦƻǊ ·ōƻȄ 
360. 
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This is an example bright gradient texture (all colors are above the median) stored in 
16 b/ch shown 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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The rest slides of the texture compression part of the 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 usually a result of the matching process of low-poly 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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This is an example of quantization artifacts introduced by storing source normal maps 
in 8b/ch format. As you can see, even the 8b/texel 3Dc compression gives much 
better results with 16b/ch, as it introduces artifacts only at the compression stage. 
However with 8b/ch normal maps the quantization error is accumulated from both 
8b/ch quantization and the quantization introduced by the 3Dc compression. 
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Also we propose an improvement to the 3Dc encoder. The usual 3Dc encoder encodes the 
normal map into a block-compressed two-channeled format. Each block consists of two alpha 
channel blocks of DXT5 format leading to 8bit/texel compression. 

However the precision of data represented with 3Dc compressed 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. 

We propose to use a common error to measure directional deviations: Ўὔ

ὃὶὧὅέί
Ͻ

Ȣ So, 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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However using this error we need to excess all the possible pairs of (x,y) anchors. 
That correlation complicates and slows down the compression process. The 
performance of 3Dc compression becomes production-unfriendly. 

But as it was noticed during the development, the solution found by a common 3Dc 
encoder during the compression of separate alpha-blocks, is very close to the 
ǎƻƭǳǘƛƻƴ ǿƛǘƘ ǘƘŜ ōŜǎǘ ŜǊǊƻǊΦ .ŜǎƛŘŜǎ ǘƘŀǘΣ ǘƘŜ άŎƻƳƳƻƴ ǎƻƭǳǘƛƻƴέ ƛǎ ǘƘŜ ōŜǎǘ ǎƻƭǳǘƛƻƴ 
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. 

bƻǘŜ ǘƘŀǘ ǿŜ ǳǎŜ ŀƴ ŜȄƘŀǳǎǘƛǾŜ ǎŜŀǊŎƘ ƻƴƭȅ ŀǊƻǳƴŘ ǘƘŜ άŎƻƳƳƻƴ ǎƻƭǳǘƛƻƴέΦ ²Ŝ ǳǎŜ 
[v-4/255;v+4/255] interval for the exhaustive search, which is proved to be enough. 

Thus the performance overhead introduced is minimal. 
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Here is a comparison of 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. 

IƻǿŜǾŜǊ ǘƘƛǎ ƛǎ ŀ ǇǳǊŜ ǘƘŜƻǊŜǘƛŎŀƭ ŎƻƳǇŀǊƛǎƻƴΦ [ŜǘΩǎ ǎŜŜ Ƙƻǿ ŘƻŜǎ ƛǘ ƭƻƻƪ ƛƴ ǇǊŀŎǘƛŎŜΦ 
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This is an image of the car rendered with the uncompressed normal map, stored in 
RGBA16F format. 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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This is the image produced using a usual 3Dc encoder. You see the quantization on 
the hood leading to the banding of specular reflections. 
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And this image is rendered with the improved 3Dc encoder. As you can see, the 
specular reflections are much less banded.  

Note that the format remains the same (3Dc)! The improvements are done only on 
the ŜƴŎƻŘŜǊΩǎ ǎƛŘŜ.  
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We have a low-resolution 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 GPU-CPU 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.  

Å If the object is completely occluded by the minimum level of this mip, we cull this  
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object out.  

ÅLŦ ǘƘŜ ƻōƧŜŎǘ ƛǎ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ƳŀȄƛƳǳƳ ōƻǳƴŘ ƻŦ ǘƘŜ ƳƛǇΣ ƛǘΩǎ ŘŜŦƛƴƛǘŜƭȅ ƴƻǘ 
occluded. 

ÅLŦ ǘƘŜ ƻōƧŜŎǘΩǎ ŘŜǇǘƘ ōƻǳƴŘǎ ƛƴǘŜǊǎŜŎǘ ǘƘŜ ƳƛƴƛƳǳƳ-maximum interval of this mip, 
we intersect it with the depth information from the higher mip in order to detect a 
precise visibility.  

However on PC we use a complete software solution with some hand-placed low-
poly proxies made by level designers. This is due to the high latency in the GPU-CPU 
intercommunication, which leads us to a 3-frames delay. This is unacceptable for 
culling. 
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We use downscaled z-buffer. 

During downscaling, we encode the linear depth value into two channels of the 
ARGB8 texture. 

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

We compute the SSAO in half resolution of the screen. 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 
ǇǊƻǾƛŘŜ ƳƻǊŜ ǎŀƳǇƭŜǎ ƻǾŜǊ ǘƛƳŜΦ IƻǿŜǾŜǊ ǿŜ ŘƻƴΩǘ ǳǎŜ ǎƻǇƘƛǎǘƛŎŀǘŜŘ ŎŀŎƘŜ ǊŜƧŜŎǘƛƻƴ 
schemes, rather a simple reprojection from previous frame. 

Thus the performance achieved is around 1 ms on both consoles. 
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