
  

Diffraction Removal in an Image-based
BRDF Measurement Setup

Antoine LUCAT, Ramon HEGEDUS and Romain PACANOWSKI



  

Measuring the Appearance of Materials

Understanding & Predicting light interaction on surfaces
 Study of Matter-Light interaction
 Realistic rendering
 Material design

1/22



  

Measuring the Appearance of Materials

Understanding & Predicting light interaction on surfaces
 Study of Matter-Light interaction
 Realistic rendering
 Material design

1/22

How  m a te ria ls  s c a tte r lig ht  ?



  

Fundamental Radiometric Quantity

The Bidirectional Reflectance Distribution Function (BRDF) :
Outgoing flux

Incoming flux
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The Bidirectional Reflectance Distribution Function (BRDF) :



  

A Quantitative Qualification
Computer Graphics

Optics & Metrology

CG imagePhotograph
Image-space comparison

Measurement Uncertainties
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Used for light 
transport simulations



  

Image-based Measurement Setup
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One particular light direction

In s p ire d  b y
[M a tu s ik 03]

[M a rs c h n e r98]



  

Image-based Measurement Setup
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1 pixel = 1 measurement
→ parallelized measurement

In s p ire d  b y
[M a tu s ik 03]

[M a rs c h n e r98]



  

Image-based Measurement Setup
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Sphere :
1 photograph correspond
to every possible normal

Uniform material

HDR im
a g in

g
BRDF dynamic range can reach up to 12 decades

In s p ire d  b y
[M a tu s ik 03]

[M a rs c h n e r98]



  

Image-based Measurement Setup
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Rotation :
Covers every light-view configurations

In s p ire d  b y
[M a tu s ik 03]

[M a rs c h n e r98]



  

→ 3 degrees of freedom ← 
Isotropic BRDF measurement
→ 3 degrees of freedom ← 

Isotropic BRDF measurement

Image-based Measurement Setup
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Step-by-step rotation

In s p ire d  b y
[M a tu s ik 03]

[M a rs c h n e r98]



  

Measurement Process
1 - Calibration
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Measurement Process
1 - Calibration 2 - Raytracing
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BRDF configuration
for each pixel



  

Measurement Process
1 - Calibration 2 - Raytracing 3 - Capture
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Practical Issues
 Material uniformity

Scratches
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 Material uniformity

 Incoherent light
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Spatial coherence
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 Material uniformity
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Ave ra g ing
re a liza t io ns

Ave ra g ing
re a liza tio ns

Practical Issues : our Solution
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 Material uniformity

 Incoherent light

 Material uniformity

 Incoherent light



  

Error Propagation
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Error Propagation
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P ro pa g a tio n
Multiple uncorrelated noise

→ No correlations
[F a rra n c e 12]



  

Diffraction : an Image Space Bias

Photograph
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Diffraction : an Image Space Bias

Dynamic range

Diffraction

Diffraction (PSF)
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Diffraction : an Image Space Bias

Dynamic range

Diffraction

Diffraction (PSF)Ideal image
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Photograph



  

Diffraction : an Image Space Bias

 Unreliable measurement

 Deconvolutions →  loose track 
of uncertainties
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Diffraction Removal Algorithm

Measurement by the setup :
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Find & Remove pixels
affected by diffraction

Diffraction Removal Algorithm

Measurement by the setup :
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[L u c a t17]



  

Diffraction Removal Algorithm
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Input Image

Double diffraction[L u c a t17]



  

Diffraction Removal Algorithm
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Input Image

Main p rinc ip le :
«  If a  p ix e l is  n o t m o d ifie d  d u rin g  o u r s im u la te d  d iffra c tio n , it
w a s  a ls o  n o t th e  c a s e  d u rin g  th e  p h y s ic a l d iffra c tio n  »

Is the pixel 
modified ?

[L u c a t17]
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Input Image Output Mask
No diffraction

Diffraction

Is the pixel 
modified ?

Not always  true
R e s id u a l d iffra c tio n  k e rn e l

[L u c a t17]



  

Find & Remove pixels
affected by diffraction

Diffraction Removal Algorithm

Measurement by the setup :

Measurement by a « virtual »  setup :
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[L u c a t17]



  

Diffraction Removal Algorithm

Reduction of 
the diffraction 

effect
Amount of 
discarded 

pixels

Measurement by a « virtual »  setup :
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Pixel Remaining in Measurements

Star-burst removal

Residual 
kernel

 More reliable measurement

 Keep track of uncertainties
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Diffraction 
kernel



  

Results
Discarded Pixels Location
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Camera acquisition Discarded pixels

Discarded around high image contrast areas
Centers of highlights conserved

Discarded around high image contrast areas
Centers of highlights conserved



  

Results
Specularity & Configuration Loss

Retained BRDF Discarded measurements

Retained BRDF Discarded measurements

G ra zing  incidence

S pe c ula r peak
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Results
Specularity & Configuration Loss

Diffuse Specular

4,2% loss4,2% loss
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Results
Specularity & Configuration Loss

Diffuse Specular

4,2% loss4,2% loss

2,3% loss2,3% loss

2,2% loss2,2% loss

77,3% loss77,3% loss

G ra zing  incidence → for e a c h  m e a s ure m e nt 

S pe c ula r peak   → If pe a k  s m a lle r than the dif fra c tio n ke rne l
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OutputOutput

Dealing with a Measurement

Image-space impulse response

Data & uncertainties

Data & Setup are connected (especially for specular materials)
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Future Work

Exploiting discarded configurations →  give a priori

Image-space kernel → BRDF-space kernel

Insert the kernel into uncertainties

Advantages

 Good for fitting and 
modelling of BRDFs
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Conclusion

HDR  measurementHDR  measurement

BRDF measurement setup c a pa b ilit ie s  a re  lim ite d by  
dif fra c tio n  far beyond the common Rayleigh criterion

Grazing anglesGrazing angles Specular peaksSpecular peaks

Specular 
BRDF

D
if

fr
a c t i

on

D
if

fr
a c t i

on

Image-based setups are no t s uite d fo r the s e  material c o nfig ura tio ns

→ Care with MERL database ←



  

T h a n k  y o u  fo r  y o u r  a tte n tio n

Data will be released on ALTA :
http://alta.gforge.inria.fr/data.html



  

References
 [Ma tus ik0 3 ]

Matusik W., Pfister H., Brand M., McMillan L. : Efficient isotropic BDRF 
measurement. In Proc. EGWR '03 (2003), pp. 241-247.

 [Ma rs c hne r9 8 ]
Marschner S.R., Westin S.H., Lafortune E.P.F., Torrance K.E., Greenberg D.P. : 
Image-Based BRDF Measurement Including Human Skin. In Proc. of 10th 
Eurographics Workshop on Rendering, p.139-152, June 1999.

 [L uc a t1 7 ]
Lucat A., Hegedus., and Pacanowski R. : Diffraction Effects Detection for HDR 
Image-Based Measurements. Opt. Express 25, 27146-27164 (2017).

 [F a rra nc e 1 2 ]
Farrance I., Frenkel R. : Uncertainty of Measurement: A Review of the Rules for 
Calculating Uncertainty Components through Functional Relationships. The Clinical 
Biochemist Reviews, 2012;33(2):49-75.



  

Correlations



  

Correlations


	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31
	Diapo 32
	Diapo 33
	Diapo 34
	Diapo 35
	Diapo 36
	Diapo 37
	Diapo 38
	Diapo 39
	Diapo 40
	Diapo 41
	Diapo 42
	Diapo 43
	Diapo 44
	Diapo 45
	Diapo 46
	Diapo 47
	Diapo 48
	Diapo 49
	Diapo 50
	Diapo 51
	Diapo 52
	Diapo 53
	Diapo 54

