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The Reflectance FieldThe Reflectance Field
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(41 million if we exploit Helmholz Reciprocity)

360 x 180 x 180 x 180 x 360 x 180 x 180 x 180

= 4.4e18  measurements

x 6 bytes/pixel (in RGB 16-bit)

= 26 exabytes (billion GB)

= 82 million 300GB hard drives

(41 million if we exploit Helmholz Reciprocity)

R ( ui , vi , θi , φi ; ur , vr , θr , φr )R ( ui , vi , θi , φi ; ur , vr , θr , φr )



Paul Debevec, MIT Symposium on Computational Photography and Video May 25, 2005

http://www.debevec.org/        http://www.ict.usc.edu/graphics/ 
http://photo.csail.mit.edu/ 5

The Reflectance FieldThe Reflectance Field

R ( ui ,vi ,θi ,φi ; ur ,vr ,θr ,φr )R ( ui ,vi ,θi ,φi ; ur ,vr ,θr ,φr )
8D reflectance field8D reflectance field

The Reflectance FieldThe Reflectance Field

R ( ui ,vi ,θi ,φi ; ur ,vr ,θr ,φr )R ( ui ,vi ,θi ,φi ; ur ,vr ,θr ,φr )
8D reflectance field8D reflectance field



Paul Debevec, MIT Symposium on Computational Photography and Video May 25, 2005

http://www.debevec.org/        http://www.ict.usc.edu/graphics/ 
http://photo.csail.mit.edu/ 6
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The Reflectance FieldThe Reflectance Field
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Hawkins, Einarsson, and Debevec.  “Capturing Time-Varying 
Participating Media”, SIGGRAPH 2005 (to appear)

Hawkins, Einarsson, and Debevec.  “Capturing Time-Varying 
Participating Media”, SIGGRAPH 2005 (to appear)
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Video
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Weakly scattering medium allows one laser 
plane sweep to cover 3D

Angular dependence measured 
independently

Camera sees nearly unoccluded view along 
the z axis
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DISCODISCO

Michael Goesele, Hendrik Lensch, Jochen Lang, Christian 
Fuchs and Hans-Peter Seidel. DISCO - Acquisition of 
Translucent Objects.  SIGGRAPH 2004.

Michael Goesele, Hendrik Lensch, Jochen Lang, Christian 
Fuchs and Hans-Peter Seidel. DISCO - Acquisition of 
Translucent Objects.  SIGGRAPH 2004.
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Dual Light Stage VideoDual Light Stage Video

Hawkins, Einarsson, and Debevec.  “A Dual Light Stage”, 
EGSR 2005 (to appear)

Hawkins, Einarsson, and Debevec.  “A Dual Light Stage”, 
EGSR 2005 (to appear)

What was gained?What was gained?

Better reflectance resolution
Does reciprocity help win the race against time?
Maybe…
Same amount of information being captured with 

the same number of measurements
Laser produces bright, concentrated light
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Light Stage 5Light Stage 5

Andreas Wenger, Chris Tchou, Andrew Gardner, Tim Hawkins, Jonas Unger, Paul 
Debevec.  “Performance Relighting and Reflectance Transformation with Time-
Multiplexed Illumination”, SIGGRAPH 2005 (to appear)

Andreas Wenger, Chris Tchou, Andrew Gardner, Tim Hawkins, Jonas Unger, Paul 
Debevec.  “Performance Relighting and Reflectance Transformation with Time-
Multiplexed Illumination”, SIGGRAPH 2005 (to appear)
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Light Stage 5 VideoLight Stage 5 Video

4320 lighting conditions per second

24 frames per second
=   180 lighting conditions per frame
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With Motion Compensation Motion blur resynthesized

No Motion Compensation Optical Flow Field

Surface Normals

Albedo (diffuse/ambient color)

Ambient Occlusion

Basis Image
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Time-Varying 8D 
Reflectance Field
Time-Varying 8D 
Reflectance Field
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Idea: Use an underlying model to extrapolate other dimensions

Real-Time 3D ScanningReal-Time 3D Scanning

S. K. Nayar, M. Watanabe, and M. Noguchi, 
"Real-Time Focus Range Sensor," ICCV 95.

S. Rusinkiewicz, O. Hall-Holt, M. Levoy. Real-
Time 3D Model Acquisition. SIGGRAPH 
2002.

Li Zhang, Noah Snavely, Brian Curless, and 
Steven M. Seitz. Spacetime Faces: High-
resolution capture for modeling and 
animation. SIGGRAPH 2004.

M. B. Vieira, L. Velho, A. Sa, P. C. Carvalho. A 
Camera-Projector System for Real-Time 3D 
Video. Procams 2005.
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Jones, Gardner, Bolas, MacDowall, and Debevec.  “Performance Geometry 
Capture for Spatially Varying Illumination”, ICT Technical Report ICT-TR-01-2005

SIGGRAPH 2005 Technical Sketch

Spatial Relighting VideoSpatial Relighting Video

Naïve Spatial Relighting
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With Indirect Illumination Correction

Time-Varying Reflectance FieldTime-Varying Reflectance Field

R ( xi , yi , zi , θi , φi , ti ; xr , yr , zr , θr , φr )R ( xi , yi , zi , θi , φi , ti ; xr , yr , zr , θr , φr )

Time of Flight Laser ScanTime of Flight Laser Scan

Can measure depth, separate direct/indirect reflection, 
surface/subsurface

Time-Resolved Reflectance FieldTime-Resolved Reflectance Field

R ( xi , yi , zi , θi , φi , ti ; xr , yr , zr , θr , φr , tr )R ( xi , yi , zi , θi , φi , ti ; xr , yr , zr , θr , φr , tr )

One More Dimension
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How could a time-resolved light stage 
dataset be useful?

Time-Resolved IR Brain ImagingTime-Resolved IR Brain Imaging

See:

Gabriele Gratton and Monica 
Fabiani.  Shedding light on brain 
function: the event-related optical 
signal. TRENDS in Cognitive 
Sciences Vol.5 No.8 August 2001.

See:

Gabriele Gratton and Monica 
Fabiani.  Shedding light on brain 
function: the event-related optical 
signal. TRENDS in Cognitive 
Sciences Vol.5 No.8 August 2001.
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Thank youThank you
Coauthors: Tim Hawkins, Per Einarsson, Andreas Wenger, Chris 

Tchou, Andrew Gardner, Jonas Unger

“Performance Relighting and Reflectance Transformation with Time-
Multiplexed Illumination”, SIGGRAPH 2005 (to appear)

Special Thanks: Gabriele Gratton, Ed Maclin, Elizabeth Franklin, 
Marissa Sellers, Charles-Felix Chabert, Johan Toerne, Diane 
Piepol, David Wertheimer, Bill Swartout, Peter Anderson, Carl 
Rosendahl, Randal Kleiser, Larry Vladic, Maya Martinez
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