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ATi Overview

a

> Presenting work started by Justin Hensley, Ph.D.
student at UNC and a 2004 ATI Fellowship recipient

>Summed-area tables

> Use for blurring
> Efficient creation

>Rendering dynamic reflections
with per-pixel glossiness using
dual-paraboloid maps and
summed-area tables
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ATi Summed-Area Tables (SATs)

a

>Each element s, of a summed-area table § contains
the sum of all elements above and to the left of the

original table/texture T [Crow84]

S =ZZ%~

i=1 j=1

1 2 3 4
112131211 2 /718
213101 1] 2 518 |11|14
3111311160 6 |112]16| 19
4111412 2 /7 |17]|23]28

Original Summed-area table
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ATi Using a Summed-Area Table

>Summed-area tables allow filtering the original
texture with an arbitrary box filter in constant time

LR—-UR-LL+UL

w*h

average =

L

GDC 2005: Dynamic Glossy Environmen t Reflections



ATi Filtering Example Code

a

{

float4
result
result
result
result

return

resyult = TevZDIESBT 11y | 0 5 % &i7é)

-= tex2D (tSAT, uv + float2(0.5, -0.5) * size);
-= tex2D (tSAT, uv + float2(-0.5, 0.5) * size);
+= tex2D (tSAT, uv - 0.5 * size);

/= size.x * size.y;

result;

float4 tex2D SAT blur(sampler tSAT, float2 uv, float2 size)

L
// UR
// LL
[r UL
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Efficient Summed-Area Table
ATl

Creation
/

>Summed-area table construction can be decomposed
into horizontal and vertical phase

>Each phase consists of log,(texture size) passes

>Each pass adds two elements from the previous pass
>Ping-pong between two rendertargets for each pass
>Horizontal Phase:

P(x,y) = P (x, )+ B (x = 27" y)
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AT Herizontal Phase Example

O:0:0:0 1 11..212..313..414..5|5..6]/6..7|7..8
e T I I T~~~
________________________ ] ":\ \‘\”x '\ '\ 1

O:0:0:0 1 11..211..311..412..513..614..7]|5..8

2
g J Pass
hd index

Sampling off the texture returns 0 so
that the sum doesn’t get affected.
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ATi Saving Render Passes

a

>Adding two samples per pass requires 2*log,(256) =
16 passes for a 256x256 texture

>To reduce number of passes we can add more
samples per pass

>Pass count reduces to 2*10g 4. (texture size)

>Using 16 samples per pass we only need 4 passes for
converting a 256x256 texture to a summed-area
table

> Converting 512x512 needs 6 passes but two passes only
need to add two texture samples
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ATi SAT Creation Vertex Shaders

a

float fPassIndex;
float2 vPixelSize;
floatd4x4 mVP;

struct VsOutput

{
float4 pos : POSITIONO;

float4 uv[8] : TEXCOORDO; // 16 UVs stuffed in 8 floatd’s
};

VsOutput main(float4 inPos: POSITION, float2 inUV : TEXCOORDO)

{
VsOutput o;

// transform vertex (assuming app has set up screen-aligned
// quad drawing)
o.pos = mul (inPos, mVP) ;

| ]
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ATi SAT Creation Vertex Shader

a

[...]

float passOffset = pow(16.0, fPassIndex) * vPixelSize.x;

// ouiplit Eirst two tescoords
o nvlo0] xy - N0y
o.uv[0] .wz = o.uv[0] .xy - float2 (passOffset, 0);

// compute remaining 14 texcoords for neighboring pixels
ey (1pt =1 18 iy
e nvj| ®wr = @ Hy[oO] w7
float2((2.0 * i) * passOffset, 0);
o Uyl 1] e = 6 HU[D] =
float2((2.0 * i + 1.0) * passOffset, 0);

return o;
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ATi SAT Creation Pixel Shader

a

{

float4 SATPass (sampler tSrc, float4d uv([8])

floatd t([8];

// add 16 texture samples with pyramidal scheme
// to maintain precision
e (ine 1=0' <8 311} [
r (2] = tedeBiEEye (v ]1] =)
tex B(toS1ie, uv[i]l wo) -

}

efal 1= EJI] P Z2] = 5
tl4] += t[5]: tl6l += tll1]:

t[0] += t[2]; t[4] += t[6];

return t[0]+t[4];
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ATi Precision Requirements
>

>For proper reconstruction a summed-area table needs
log,(texture width)+log,(texture height)+Dbit depth of source texture
bits of precision

>Use float32-rendertargets to compute and store
summed-area tables

> Precision errors are unbiased and average out as you
use larger box filter kernels
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ATi Summed-Area Table Example
>

DirectX 9.0 Preview:: Summed-area table blur effect E}@ D DirectX 9.0 Preview:: Summed-area table vis. effect
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ATi Boundary Conditions
>

>To make sure sampling off the texture does not mess
up the results we need to set up the correct texture
clamping behavior

>Two possibilities:
> Clamp to border color with a color of (0, 0, 0, 0)

> Render a black border around the texture to be converted
into SAT and set Clamp to Edge mode
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ATi SAT Precision Improvement Trick

>Bias input texture by -0.5 before
generating summed-area table

>When reconstructing samples from SAT,
undo bias by adding 0.5 to final result

> This helps because now we take advantage
of the sign bit

as bias (instead of 0.5)

>Improving precision of summed-area
tables is particularly useful when using
hardware with limited pixel pipeline
p reC| S | on With precision improvement
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Plan
>

>Render dynamic cubemap

AT Dynamic Glossy Reflections Game

>Convert to dual-paraboloid map

>Convert dual-paraboloid map faces to summed-area
tables

>Apply SAT DP-map to glossy object

>Sounds like a lot of work, but is actually quite fast on
modern hardware

> Will show real-time demo in a minute
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The Return of the Dual-
ATl

Paraboloid Map!
/

>Dual-paraboloid map = two textures that store an
environment as reflected in parabollc m|rrors

I

: Color
mam channels

v
SN //;
RN
e/f/\\t

V.
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ATi DP Sampling Shader

a

float3 texDP (sampler tFront, sampler tBack, float3 dir)
{
// convert 3D lookup vector into 2D texture coordinates
float?2 Erontly = €leat2(0 5 0 5) * dir wy /
it g a7 ) 105
float? backllv = fleat2(0 5 -0 5) * dir %y /
(1.0 + dir.z) + 0.5;

// sample DP map faces and blend together
floatd4d cFront = tex2D (tFront, frontUV);
floatd4 cBack = tex2D (tBack, backUV) ;

return cFront.rgb + cBack.rgb;
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Cubemap to DP Map Conversion
AT
/

>Convert uv position on DP map face to 3D vector
using these equations: (from [Blythe99])

2u —2u
w vt +1 u' +v:+1
2v —-2v
. R= . R: _—
Front face: e Back face: R
—1+u’ +v? 1—u® —V*
vyt +l u’ +v' +1

>Perform cubemap lookup and store result in DP face
>Precompute lookup textures or do math on the fly

Front lookup texture Back lookup texture
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ATi Why Bother With DP Mapping?
a

>Summed-area table concept does not map to
cubemaps which are in spherical domain

> Summed-area tables only work on rectangular 2D images

> Filtering with a box filter in dual-paraboloid space
causes less distortion
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ATi Putting it All Together
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ATi SAT DP Sampling Shader

a

>Very similar to DP sampling, but uses SAT texture
lookup function:

{

o ————————————— T T——————————— e —————— e ————————————— ——— e ——— p—————,
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float3 texDP SAT (sampler tFront, sampler tBack, float3 dir,

float2 filterSize)

// convert 3D lookup vector into 2D texture coordinates
float2 frontUV = float2(0.5, -0.5) * dir.xy /

(1 0 div 29 4 0O 5
float2 backUV = float2(0.5, -0.5) * dir.xy /

(1. 0+ dv 29 4 0 5

// sample DP map faces and blend together

float4 cFront = tex2D SAT blur (tFront, frontUV, filterSize);
floatd4 cBack tex2D SAT blur (tBack, backUV, filterSize);
float4 cRefl = cFront + cBack;

// normalize result
return cRefl.rgb / cRefl.a;
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ATi Other Possibilities

a

>Average several box-filtered environment map
samples to approximate smoother blur filter kernels

>Approximate Phong BRDF by combining very blurred
sample in normal direction and less blurry sample in
reflction vector direction for specular lobe

INTERRCTIVE MODE
S * P O g

: ) g F - ROTATECAMERA  POOM /00T

F . - i L e = 5t m

AUTOMATICMODE  TOGGLE NELP
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ATi Direct DP Face Rendering
a

> Alternative to rendering cubemap, then converting to
DP map:

>Transform environment using parabolic projection
function and render directly into DP faces

>Unfortunately parabolic projection is non-linear and
maps lines to curves

> Linear rasterization of graphics hardware causes artifacts
> Might be OK if your geometry is tesselated highly enough

>See [Coombe04] for details
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ATi Disadvantages
a

> Precision requirements for summed-area tables

>float32 textures used for summed-area tables do not
currently support bilinear filtering

> Not so much of an issue when you blur enough

> Can perform bilinear filtering manually in the shader
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ATi Conclusion

a

>Using summed-area tables for blurring

> Efficient summed-area table generation scheme
>Converting cubemap into dual-paraboloid maps

>Using summed-area tables and dual-paraboloid
mapping together to achieve dynamic glossy
environment reflections
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