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Environment Lighting!



Ambient Obscurance!



Ambient Obscurance (AO)!
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Ambient Obscurance (AO)!
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Ambient Obscurance (AO)!

[Cook	
  and	
  Torrance	
  1982]	
  

[Zhukov	
  et	
  al.	
  1998]	
  



Desiderata!

Performant 
(~2 ms on Xbox 360 @ 720p) 

Robust 

Predictable 

Accurate 
Plausible 



Related Work!

•  Unsharp masking [Luft ‘06] 

•  SSAO [Mittring 07, Shanmugam and Arikan ‘07] 

•  Precompute visibility [Oat and Sander ‘07] 

•  SSDO [Ritschel et al. ‘09] 

•  Horizon-based [Bavoil and Sainz ‘09] 

•  Volumetric AO [Szirmay-Kalos et al. ‘10] 

•  Volumetric Obscurance [Loos and Sloan ‘10] 
[Loos	
  and	
  Sloan	
  ‘10]	
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Algebraic Derivation!
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Algebraic Derivation!

[Zhukov	
  et	
  al.	
  1998]	
  

!"!!#
!"$!#
!"%!#
!"&!#
!"'!#
!"(!#
!")!#
!"*!#
!"+!#
!",!#
$"!!#

!# !"%# !"'# !")# !"+# $#

Occluder distance t / r 

Alchemy, u = 0.10 r 
Alchemy, u = 0.05 r  
StarCraft II 



Algebraic Derivation!

[Zhukov	
  et	
  al.	
  1998]	
  



Equation!

s	
  =	
  Samples	
  per	
  pixel,	
  e.g.,	
  4-­‐12	
  
	
  	
  	
  	
  Higher	
  =	
  less	
  variance	
  
	
  	
  	
  	
  Lower	
  =	
  faster	
  

β	
  =	
  Shadow	
  bias,	
  e.g.,	
  10-­‐4	
  
	
  	
  	
  	
  Too	
  high	
  =	
  offset	
  obscurance	
  
	
  	
  	
  	
  Too	
  low	
  =	
  self-­‐shadowing	
  

ε	
  avoids	
  divide-­‐by-­‐zero,	
  e.g.,	
  10-­‐5	
  

σ	
  =	
  Strength	
  mul]plier,	
  e.g.,	
  1.0	
  
	
  	
  	
  	
  Higher	
  =	
  darker	
  shadowing	
  
	
  	
  	
  	
  Lower	
  =	
  lighter	
  in	
  shadows	
  

k	
  =	
  Contrast	
  mul]plier,	
  e.g.,	
  1.0	
  
	
  	
  	
  	
  Higher	
  =	
  sharper	
  obscurance	
  transi]on	
  
	
  	
  	
  	
  Lower	
  =	
  blur	
  shadows	
  



Shader LOD!



Cross-Bilateral Reconstruction!

Raw	
  obscurance	
  es]mate,	
  
tuned	
  to	
  over-­‐darken	
  for	
  visualiza]on	
  

Cross-­‐bilateral	
  reconstruc]on	
  with	
  
“separated”	
  depth	
  edge-­‐preserving	
  

Gaussian	
  kernel	
  



Varying Parameters 



Varying Obscurance Radius!



Bias!

Ar]acts	
  due	
  to	
  roundoff	
  errors	
  at	
  
16-­‐bit	
  depth	
  precision	
  

Bias	
  β	
  =	
  0	
  m	
   Bias	
  β	
  =	
  10-­‐4	
  m	
  



Performance at 1280x720!

Xbox 360 GeForce 460 SE
~D3D9 D3D9

Samples/band 3 4 4 3 2
Maximum bands 1 1 3 3 3
Registers 6 vec4 15 scalar 15 scalar 15 scalar 15 scalar
32-bit words/pix IO 28 28 40 31 22
Accessibility time 2.3 ms 0.6 ms 2.0 ms 1.5 ms 1.0 ms
Filter pixel width 11 11 13 13 9
Filter time 2.0 ms 1.6 ms 1.0 ms 1.0 ms 0.7 ms

D3D11 / GL4
GeForce 580 GTX



Limitations!

•  Guard band 
•  View dependent / mitigated by conformance 
•  Clamp radius very close to near plane 



Comparison 



Volumetric	
  Obscurance	
   Alchemy	
  AO	
  

Contact Shadows!



Volumetric	
  Obscurance	
   Alchemy	
  AO	
  

Contact Shadows!



Viewing Angle!

HBAO	
   Alchemy	
  AO	
  



Important Game Cases 



VIDEO!



Fine Foliage Details!

Environment	
  Only	
   Modulated	
  by	
  Alchemy	
  AO	
  



Character!
Environment	
  Only	
   Modulated	
  by	
  Alchemy	
  AO	
  



Summary!

Insights 
•  Robust and predictable 
•  Adjust falloff function for performance 

Properties 
•  Intuitive parameters 
•  Contact shadows conform to surface 
•  Scale across hardware generations  



e-­‐mail	
  morgan@cs.williams.edu	
  for	
  GLSL	
  source	
  



ADDITIONAL MATERIAL!



Kajalin [09] & Mittring [06] 
(Crytek SSAO) 

C Q 

Szirmay-Kalos et al. [09, 10] 
(Volumetric AO) 
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Sampled eye ray 
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Geometric constructions 
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(xP’,yP’) is the screen-space position of camera-space point 
(xP,yP,zP), which has depth function z(xP’,yP’) = zP 

Filion and McNaughton [08] 
(StarCraft II AO) 

Bavoil and Sainz [08,09] 
(Horizon-Based AO) 

C 

[All methods have clamping, biasing/scaling, numerical approximation, and sampling strategy details that are not discussed in this section] 
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This diagram depicts 
the depth samples for 
one of s samples of #. 
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Loos and Sloan [10] 
Volumetric Obscurance 
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Kajalin [09] & Mittring [06] 
(Crytek SSAO) 
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Szirmay-Kalos et al. [09, 10] 
(Volumetric AO) 
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(xP’,yP’) is the screen-space position of camera-space point 
(xP,yP,zP), which has depth function z(xP’,yP’) = zP 

Filion and McNaughton [08] 
(StarCraft II AO) 

Bavoil and Sainz [08,09] 
(Horizon-Based AO) 
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[All methods have clamping, biasing/scaling, numerical approximation, and sampling strategy details that are not discussed in this section] 
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This diagram depicts 
the depth samples for 
one of s samples of #. 
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Loos and Sloan [10] 
Volumetric Obscurance 
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Kajalin [09] & Mittring [06] 
(Crytek SSAO) 
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(Horizon-Based AO) 
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[All methods have clamping, biasing/scaling, numerical approximation, and sampling strategy details that are not discussed in this section] 
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the depth samples for 
one of s samples of #. 
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Loos and Sloan [10] 
Volumetric Obscurance 
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The New Alchemy Algorithm 
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