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The size of the set of relevant normals dωm 

relative to the receiving solid angle dωo is 
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Measures density of microsurface area with 
respect to microsurface normal.
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The ratio of relevant microsurface area dAm 
to macrosurface area dA is D(m)dωm.
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We now know the size of the scattering area, 
which determines how much light reflects.



Gives the fraction of the power incident on 
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Gives the fraction of the power incident on 
the scattering area dAm that is scattered.
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This scattered power is related to the 
incident irradiance by the attenuation and 
the scattering area, projected in the 
incident direction.
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anti-glare (Beckman, ⌅b = 0.023) ground (GGX, ⌅g = 0.394) etched (GGX, ⌅g = 0.553)
Figure 15: Simulations of a glass slide with a rectangle of roughened surface using the fitted distributions from out anti-glare,
ground, and etched glass samples.

[BBS02] BOURLIER C., BERGINC G., SAILLARD J.:
One- and two-dimensional shadowing functions for any
height and slope stationary uncorrelated surface in the
monostatic and bistatic configurations. IEEE Trans. on
Antennas and Propagation 50 (Mar. 2002), 312–324.

[Bro80] BROWN G. S.: Shadowing by non-Gaussian ran-
dom surfaces. IEEE Trans. on Antennas and Propagation
28 (Nov. 1980), 788–790.

[CT82] COOK R. L., TORRANCE K. E.: A reflectance
model for computer graphics. ACM Transactions on
Graphics 1, 1 (Jan. 1982), 7–24.

[Ger03] GERMER T. A.: Polarized light diffusely scat-
tered under smooth and rough interfaces. In Polarization
Science and Remote Sensing. (Dec. 2003), vol. 5158 of
Proceedings of the SPIE, pp. 193–204.

[HTSG91] HE X. D., TORRANCE K. E., SILLION F. X.,
GREENBERG D. P.: A comprehensive physical model for
light reflection. In Computer Graphics (Proceedings of
SIGGRAPH 91) (July 1991), pp. 175–186.

[KSK01] KELEMEN C., SZIRMAY-KALOS L.: A micro-
facet based coupled specular-matte BRDF model with
importance sampling. Eurographics Short Presentations
(2001).

[Lar92] LARSON G. J. W.: Measuring and modeling
anisotropic reflection. In Computer Graphics (Proceed-
ings of SIGGRAPH 92) (July 1992), pp. 265–272.

[LRR04] LAWRENCE J., RUSINKIEWICZ S., RA-
MAMOORTHI R.: Efficient BRDF importance sampling
using a factored representation. ACM Transactions on
Graphics 23, 3 (Aug. 2004), 496–505.

[NDM05] NGAN A., DURAND F., MATUSIK W.: Ex-
perimental analysis of BRDF models. In Rendering
Techniques 2005: Eurographics Symposium on Rendering
(June 2005), pp. 117–126.

[NN04] NEE S.-M. F., NEE T.-W.: Polarization of trans-
mission scattering simulated by using a multiple-facets
model. Journal of the Optical Society of America A 21
(Sept. 2004), 1635–1644.

[NSSD90] NIETO-VESPERINAS M., SANCHEZ-GIL
J. A., SANT A. J., DAINTY J. C.: Light transmission
from a randomly rough dielectric diffuser: theoretical
and experimental results. Optics Letters 15 (Nov. 1990),
1261–1263.

[PK02] PONT S. C., KOENDERINK J. J.: Bidirectional
reflectance distribution function of specular surfaces with
hemispherical pits. Journal of the Optical Society of
America A 19 (Dec. 2002), 2456–2466.

[RE75] ROGERS J. E., EDWARDS D. K.: Bidirectional
reflectance and transmittance of a scattering-absorbing
medium with a rough surface. In Thermophysics Con-
ference (May 1975).

[San69] SANCER M. I.: Shadow Corrected Electromag-
netic Scattering from Randomly Rough Surfaces. IEEE
Trans. on Antennas and Propagation 17 (1969), 577–585.

[Sch94] SCHLICK C.: An inexpensive BRDF model for
physically-based rendering. Computer Graphics Forum
13, 3 (1994), 233–246.

[Smi67] SMITH B. G.: Geometrical shadowing of a ran-
dom rough surface. IEEE Trans. on Antennas and Propa-
gation (1967), 668–671.

[SN91] SÁNCHEZ-GIL J. A., NIETO-VESPERINAS M.:
Light scattering from random rough dielectric surfaces.
Journal of the Optical Society of America A 8 (Aug.
1991), 1270–1286.

[Sta01] STAM J.: An illumination model for a skin layer
bounded by rough surfaces. In Rendering Techniques
2001: 12th Eurographics Workshop on Rendering (June
2001), pp. 39–52.

[TS67] TORRANCE K. E., SPARROW E. M.: Theory for

c� The Eurographics Association 2007.

B. Walter et al. / Microfacet Models for Refraction

anti-glare (Beckman, ⌅b = 0.023) ground (GGX, ⌅g = 0.394) etched (GGX, ⌅g = 0.553)
Figure 15: Simulations of a glass slide with a rectangle of roughened surface using the fitted distributions from out anti-glare,
ground, and etched glass samples.

[BBS02] BOURLIER C., BERGINC G., SAILLARD J.:
One- and two-dimensional shadowing functions for any
height and slope stationary uncorrelated surface in the
monostatic and bistatic configurations. IEEE Trans. on
Antennas and Propagation 50 (Mar. 2002), 312–324.

[Bro80] BROWN G. S.: Shadowing by non-Gaussian ran-
dom surfaces. IEEE Trans. on Antennas and Propagation
28 (Nov. 1980), 788–790.

[CT82] COOK R. L., TORRANCE K. E.: A reflectance
model for computer graphics. ACM Transactions on
Graphics 1, 1 (Jan. 1982), 7–24.

[Ger03] GERMER T. A.: Polarized light diffusely scat-
tered under smooth and rough interfaces. In Polarization
Science and Remote Sensing. (Dec. 2003), vol. 5158 of
Proceedings of the SPIE, pp. 193–204.

[HTSG91] HE X. D., TORRANCE K. E., SILLION F. X.,
GREENBERG D. P.: A comprehensive physical model for
light reflection. In Computer Graphics (Proceedings of
SIGGRAPH 91) (July 1991), pp. 175–186.

[KSK01] KELEMEN C., SZIRMAY-KALOS L.: A micro-
facet based coupled specular-matte BRDF model with
importance sampling. Eurographics Short Presentations
(2001).

[Lar92] LARSON G. J. W.: Measuring and modeling
anisotropic reflection. In Computer Graphics (Proceed-
ings of SIGGRAPH 92) (July 1992), pp. 265–272.

[LRR04] LAWRENCE J., RUSINKIEWICZ S., RA-
MAMOORTHI R.: Efficient BRDF importance sampling
using a factored representation. ACM Transactions on
Graphics 23, 3 (Aug. 2004), 496–505.

[NDM05] NGAN A., DURAND F., MATUSIK W.: Ex-
perimental analysis of BRDF models. In Rendering
Techniques 2005: Eurographics Symposium on Rendering
(June 2005), pp. 117–126.

[NN04] NEE S.-M. F., NEE T.-W.: Polarization of trans-
mission scattering simulated by using a multiple-facets
model. Journal of the Optical Society of America A 21
(Sept. 2004), 1635–1644.

[NSSD90] NIETO-VESPERINAS M., SANCHEZ-GIL
J. A., SANT A. J., DAINTY J. C.: Light transmission
from a randomly rough dielectric diffuser: theoretical
and experimental results. Optics Letters 15 (Nov. 1990),
1261–1263.

[PK02] PONT S. C., KOENDERINK J. J.: Bidirectional
reflectance distribution function of specular surfaces with
hemispherical pits. Journal of the Optical Society of
America A 19 (Dec. 2002), 2456–2466.

[RE75] ROGERS J. E., EDWARDS D. K.: Bidirectional
reflectance and transmittance of a scattering-absorbing
medium with a rough surface. In Thermophysics Con-
ference (May 1975).

[San69] SANCER M. I.: Shadow Corrected Electromag-
netic Scattering from Randomly Rough Surfaces. IEEE
Trans. on Antennas and Propagation 17 (1969), 577–585.

[Sch94] SCHLICK C.: An inexpensive BRDF model for
physically-based rendering. Computer Graphics Forum
13, 3 (1994), 233–246.

[Smi67] SMITH B. G.: Geometrical shadowing of a ran-
dom rough surface. IEEE Trans. on Antennas and Propa-
gation (1967), 668–671.

[SN91] SÁNCHEZ-GIL J. A., NIETO-VESPERINAS M.:
Light scattering from random rough dielectric surfaces.
Journal of the Optical Society of America A 8 (Aug.
1991), 1270–1286.

[Sta01] STAM J.: An illumination model for a skin layer
bounded by rough surfaces. In Rendering Techniques
2001: 12th Eurographics Workshop on Rendering (June
2001), pp. 39–52.

[TS67] TORRANCE K. E., SPARROW E. M.: Theory for

c� The Eurographics Association 2007.

[Walter et al. EGSR 2007]



Gaussian 
(Beckmann)

Neil Blevins | neilblevins.com

http://neilblevins.com


Gaussian 
(Beckmann)

Neil Blevins | neilblevins.com

GGX 
(Trowbridge-Reitz)

http://neilblevins.com

