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■ Volumetric	  Photon	  Mapping	  (VPM)
[Jensen	  &	  Christensen	  98]

■ The	  Beam	  Radiance	  EsBmate	  (BRE)
[Jarosz	  et	  al.	  08]
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Density	  EsKmator	  OpKons
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Query x Data Blur
Point x Point (3D)
Beam x Point (2D)
Beam x Point (3D)
Point x Beam (3D)
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Density	  EsKmator	  OpKons
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Volumetric	  Photon	  Mapping

6
Photon	  Points

Thursday, August 23, 12



Volumetric	  Photon	  Mapping

6
Photon	  Points

Thursday, August 23, 12



Volumetric	  Photon	  Mapping
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Photon	  Beams

Volumetric	  Photon	  Mapping
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Photon	  Beams
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TradiKonal	  Photon	  Tracing
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1) choose	  direc*on
2)propagate	  photon
3)deposit	  a	  photon
4) repeat

“Photon	  Marching”
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than	  one	  photon	  by	  
marching	  along	  each	  ray
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Radiance	  EsKmaKon	  using	  “Discrete	  Photon	  Beams”
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Point	  Query	  ×	  Beam	  Data	  (3D	  blur)
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Point	  Query	  ×	  Beam	  Data	  (3D	  blur)
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L ⇡ 1
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i
f (qi)Fi
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t�i
e�st tdt

related	  to:	  “track	  length”	  es*mators
[Spanier	  and	  Gelbard	  69]
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Reducing	  Blur	  Dimensionality
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Reducing	  Blur	  Dimensionality
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Beam	  Query	  x	  Point	  Data	  (2D	  blur)

Radiometric	  Duality
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Point	  Query	  x	  Beam	  Data	  (2D	  blur)

“Beam	  Radiance	  EsBmate”
[Jarosz	  et	  al.	  08]
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Photon	  Points	  vs.	  Photon	  Beams

17

Ground	  Truth

Thursday, August 23, 12



Photon	  Points	  vs.	  Photon	  Beams
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Photon	  Points	  vs.	  Photon	  Beams
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Beam	  Queries	  with	  Photon	  Beams
■ Beam	  Query	  x	  Beam	  Data	  (3D)
■ Beam	  Query	  x	  Beam	  Data	  (2D)1
■ Beam	  Query	  x	  Beam	  Data	  (2D)2
■ Beam	  Query	  x	  Beam	  Data	  (1D)
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Beam	  Query	  ×	  Beam	  Data	  (2D	  blur)
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Beam	  Query	  ×	  Beam	  Data	  (2D	  blur)

19

L ⇡ ss

µR(r2) Â
i

f (qi)Fi

Z t+i

t�i
e�st tc e�st tb dtc

Thursday, August 23, 12



Beam	  Query	  ×	  Beam	  Data	  (1D	  blur)
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Radiance	  EsKmator	  Summary
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Radiance	  EsKmator	  Summary

■ Beam	  queries	  remove	  ray	  marching
■ Beam	  data	  increases	  data	  density
■ Lower	  blur	  dimension	  reduces	  bias	  and	  computaBon
■ use:	  Beam	  Query	  x	  Beam	  Data	  (1D)
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o += s*ω      // propagate photon
storeSurfacePhoton(o, ω, Φ)
(ωi, pdfi) = sampleBRDF(o, ω)
return vPT(o, ωi, Φ * BRDF(o,ω,ωi) / pdfi)

Basic	  Volumetric	  Photon	  Tracer
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d = freeFlightDistance(o, ω)
if (d < s)        // media scattering

return vPT(o, samplePF(), Φ * σs / σt)

else              // surface scattering

s

d

void vPT(o, ω, Φ)
s = nearestSurfaceHit(o, ω)

o += d*ω      // propagate photon
storeVolumePhoton(o, ω, Φ)
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d = freeFlightDistance(o, ω)
if (d < s)        // media scattering

return vPT(o, samplePF(), Φ * σs / σt)

else              // surface scattering

void vPT(o, ω, Φ)
s = nearestSurfaceHit(o, ω)

o += d*ω      // propagate photon

storePhotonBeam(o, ω, s, Φ)

s

d
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Fixed-‐width	  Beams
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Fixed-‐width	  Beams
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Photon	  DifferenKals
[Igehy	  99,	  Schjøth	  et	  al.	  07]
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Fixed-‐width	  Beams

AdapKve-‐width	  Beams
26
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Rendering
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Rendering
■ Need	  to	  intersect	  each	  ray	  with	  all	  photon	  beams	  
(expensive!)
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Rendering
■ Need	  to	  intersect	  each	  ray	  with	  all	  photon	  beams	  
(expensive!)

■ Place	  photon	  beams	  in	  an	  acceleraBon	  structure
■ RasterizaBon	  (beams	  are	  just	  axial	  billboards!)
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Ground	  Truth 90k	  Photon	  Points

Bumpy	  Sphere
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Ground	  Truth 90k	  Photon	  Points

Bumpy	  Sphere
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courtesy	  of	  Bruce	  Walter

90k	  Photon	  Beams
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Photon	  Points Photon	  Beams

Thursday, August 23, 12



33

Photon	  Points Photon	  Beams
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Photon	  Points Photon	  Beams
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Progressive	  Photon	  Beams
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Progressive	  Photon	  Beams
■ Combine	  benefits	  of:

• photon	  beams

• progressive	  photon	  mapping
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StaKsKcal	  Convergence
■ Previous	  derivaBons	  not	  directly	  applicable

• beam	  density	  vs.	  point	  density
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■ Previous	  derivaBons	  not	  directly	  applicable

• beam	  density	  vs.	  point	  density

■ ReducBon	  factor:

38

fi =
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i+ 1

Thursday, August 23, 12



StaKsKcal	  Convergence
■ Previous	  derivaBons	  not	  directly	  applicable

• beam	  density	  vs.	  point	  density

■ ReducBon	  factor:
■ Applica'on	  of	  factor	  depends	  on	  blur	  dimensionality

• Surfaces	  (2D):	  

38

fi =
i+ ↵

i+ 1

r2i+1 = fi · r2i

Thursday, August 23, 12



StaKsKcal	  Convergence
■ Previous	  derivaBons	  not	  directly	  applicable

• beam	  density	  vs.	  point	  density

■ ReducBon	  factor:
■ Applica'on	  of	  factor	  depends	  on	  blur	  dimensionality

• Surfaces	  (2D):	  

• Volumetric	  photon	  mapping	  (3D):	  

38

fi =
i+ ↵

i+ 1

r2i+1 = fi · r2i
r3i+1 = fi · r3i

Thursday, August 23, 12



StaKsKcal	  Convergence
■ Previous	  derivaBons	  not	  directly	  applicable

• beam	  density	  vs.	  point	  density

■ ReducBon	  factor:
■ Applica'on	  of	  factor	  depends	  on	  blur	  dimensionality

• Surfaces	  (2D):	  

• Volumetric	  photon	  mapping	  (3D):	  

• Beam	  ×	  Beam	  (1D):
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r2i+1 = fi · r2i
r3i+1 = fi · r3i

ri+1 = fi · ri
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Algorithm
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Algorithm

Step	  1:
■ Photon	  tracing:	  emit,	  scaTer,	  store	  beams
■ Scale	  beam	  widths	  by	  global	  factor	  ri
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Algorithm
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■ Photon	  tracing:	  emit,	  scaTer,	  store	  beams
■ Scale	  beam	  widths	  by	  global	  factor	  ri

Step	  2:
■ Trace	  random	  camera	  path,	  evaluate	  radiance	  es*mate	  along	  
each	  ray	  using	  beams
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■ Photon	  tracing:	  emit,	  scaTer,	  store	  beams
■ Scale	  beam	  widths	  by	  global	  factor	  ri

Step	  2:
■ Trace	  random	  camera	  path,	  evaluate	  radiance	  es*mate	  along	  
each	  ray	  using	  beams

■ Display	  running	  average
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Algorithm

Step	  1:
■ Photon	  tracing:	  emit,	  scaTer,	  store	  beams
■ Scale	  beam	  widths	  by	  global	  factor	  ri

Step	  2:
■ Trace	  random	  camera	  path,	  evaluate	  radiance	  es*mate	  along	  
each	  ray	  using	  beams

■ Display	  running	  average
■ Reduce	  global	  factor ri	  and	  repeat
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Algorithm

Step	  1:
■ Photon	  tracing:	  emit,	  scaTer,	  store	  beams
■ Scale	  beam	  widths	  by	  global	  factor	  ri

Step	  2:
■ Trace	  random	  camera	  path,	  evaluate	  radiance	  es*mate	  along	  
each	  ray	  using	  beams

■ Display	  running	  average
■ Reduce	  global	  factor ri	  and	  repeat
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■ Need	  to	  compute	  transmidance:	  along	  photon	  
beam,	  along	  camera	  ray

EvaluaKng	  the	  Transmidance
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■ Need	  to	  compute	  transmidance:	  along	  photon	  
beam,	  along	  camera	  ray

■ Homogeneous:	  analyBc

EvaluaKng	  the	  Transmidance
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■ Need	  to	  compute	  transmidance:	  along	  photon	  
beam,	  along	  camera	  ray

■ Homogeneous:	  analyBc
■ Heterogeneous:	  use	  progressive	  deep	  shadow	  maps

EvaluaKng	  the	  Transmidance
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Results	  &	  ImplementaKon
■ 3	  implementaBons:

• GPU-‐only	  Op*X	  ray-‐tracer

• GPU-‐only	  rasteriza*on

• General:	  Hybrid	  CPU/GPU
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Results	  &	  ImplementaKon
■ 3	  implementaBons:

• GPU-‐only	  Op*X	  ray-‐tracer

• GPU-‐only	  rasteriza*on

• General:	  Hybrid	  CPU/GPU
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scene	  courtesy	  of	  Bruce	  Walter

Thursday, August 23, 12



Results	  &	  ImplementaKon
■ 3	  implementaBons:

• GPU-‐only	  Op*X	  ray-‐tracer	  

• GPU-‐only	  rasterizaKon

• General:	  Hybrid	  CPU/GPU
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Results	  &	  ImplementaKon
■ 3	  implementaBons:

• GPU-‐only	  Op*X	  ray-‐tracer

• GPU-‐only	  rasteriza*on

• General:	  Hybrid	  CPU/GPU
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CARS
Pass	  1

1280x720,	  Depth-‐of-‐Field

Homogeneous

Heterogeneous
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Pass	  1 Average	  of	  Passes	  1..1
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Pass	  2 Average	  of	  Passes	  1..2

Thursday, August 23, 12



Pass	  4 Average	  of	  Passes	  1..4
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Pass	  8 Average	  of	  Passes	  1..8
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Pass	  16 Average	  of	  Passes	  1..16

Thursday, August 23, 12



Pass	  32 Average	  of	  Passes	  1..32

Thursday, August 23, 12



Pass	  64 Average	  of	  Passes	  1..64
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Pass	  128 Average	  of	  Passes	  1..128
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Pass	  256 Average	  of	  Passes	  1..256
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Pass	  512 Average	  of	  Passes	  1..512
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Pass	  1024 Average	  of	  Passes	  1..1024
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Homogeneous
14.55M	  Photon	  Beams

9.5	  minutes

Heterogeneous
15.04M	  Photon	  Beams

16.8	  minutes

CARS
1280x720,	  Depth-‐of-‐Field
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Homogeneous
14.55M	  Photon	  Beams

9.5	  minutes

Heterogeneous
15.04M	  Photon	  Beams

16.8	  minutes

CARS
1280x720,	  Depth-‐of-‐Field
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FLASHLIGHTS
Pass	  1 Average	  of	  Passes	  1..1

1280x720,	  Depth-‐of-‐Field
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Thursday, August 23, 12



Pass	  32 Average	  of	  Passes	  1..32
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Pass	  128 Average	  of	  Passes	  1..128
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Pass	  256 Average	  of	  Passes	  1..256
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Homogeneous
2.1M	  Photon	  Beams

8	  minutes

Heterogeneous
2.1M	  Photon	  Beams

10.8	  minutes

FLASHLIGHTS
1280x720,	  Depth-‐of-‐Field
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Homogeneous
2.1M	  Photon	  Beams

8	  minutes

Heterogeneous
2.1M	  Photon	  Beams

10.8	  minutes

FLASHLIGHTS
1280x720,	  Depth-‐of-‐Field
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DISCO
Pass	  1 Average	  of	  Passes	  1..1

1280x720,	  Depth-‐of-‐Field
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Pass	  1024 Average	  of	  Passes	  1..1024
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Homogeneous
19.67M	  Photon	  Beams

3	  minutes

Heterogeneous
16.19M	  Photon	  Beams

5.7	  minutes

DISCO
1280x720,	  Depth-‐of-‐Field
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Homogeneous
19.67M	  Photon	  Beams

3	  minutes

Heterogeneous
16.19M	  Photon	  Beams

5.7	  minutes

DISCO
1280x720,	  Depth-‐of-‐Field
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QuesKons?
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