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Figure 1: Comparison between diffuse light calculated with maximum normal and proposed method for two directions of anisotropy.

Abstract

Cloth, hair, brushed metal, and other surfaces with small, regular
surface features exhibit anisotropic reflectance properties for which
common isotropic shading methods are not suited. Shading of such
materials is often implemented by computing the normal giving the
maximum light contribution instead of solving the integral that is
the sum of all reflected light. In this paper we show that this integral
can be simplified if the direction to the viewer and fibre geometry
is not taken into account. Still, this will give a more accurate result
than the very rough simplification of using the maximum contribu-
tion. This computation is simple for diffuse light. However, the
specular light still needs some more elaboration to work.

Keywords: anisotropic shading, diffuse light

1 Introduction

Anisotropic shading is a shading technique that could be used for
materials like hair and fabrics like silk [Banks 1994]. Such materi-
als have very small fibres with a main direction.

Poulin and Fournier [Poulin 1990] proposed a model for such ma-
terials that is rather complex and have so far been too expensive
to implement for real-time applications. Even with the processing
power available in graphics hardware today, a simpler model is still
required.

One such simplified and frequently used model proposes that the
light reflected by fibres is computed using the normal vector that
results in the largest contribution of reflected light [Heidrich 1998].
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This normal is obtained by projecting the light vector along the tan-
gent onto the normal plane, which is the plane spanned by the sur-
face normal and binormal. For the diffuse light the maximum nor-
mal is computed as

nmax =
l− t(l · t)

‖ l− t(l · t) ‖
. (1)

Poulin and Fournier compute the total light reflected from the fibre.
Moreover they take geometry and viewer position into account. The
total light can be computed by summing the dot products using an
integral, and this integral is modified by a factor depending on the
viewer position. None of these considerations are taken into ac-
count in the simple model.

2 Proposed Method

We propose a trade-off which will sum the light while not taking
geometry and viewer position into account. The surface normal
and binormal can be used as an orthogonal base for computing any
unit normal in the normal plane. This can be expressed as

n′ = ncosθ +bsinθ . (2)

However, the resulting integral will be simpler by usingnmax and
nmin as a base. Figure 2 illustrates these vectors.

The normal contributing least to the light is the one wherenmin · l =
0, it is obtained by

nmin =
l×nmax

‖ l×nmax ‖
. (3)

The minimum of a cosine function is offset byπ/2 from the max-
imum. This is excatly the case fornmin andnmax, hence these can
be used as a base. The light is computed by

Φ =
1
π

∫
ρ

0
Imin cosθ + Imaxsinθ dθ , (4)

ρ = cos−1(nmin ·b). (5)

Light is integrated over the portion of the fibre that would be visi-
ble if occlusion occured from the surface plane and not from other
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Figure 2: Lit area and integration base vectors.

fibres, and then divided byπ as if no occlusion occured. Figure 2
illustrates the integration, the red area is actually lit but the red and
yellow areas are integrated.

The integral in (4) is very similar to what Poulin and Fournier pro-
pose, however

Imin = nmin · l = 0 (6)

Imax = nmax · l. (7)

The equation can therefore be reduced to

Φ =
1
π

∫
ρ

0
Imaxsinθ dθ , (8)

evaluation of which leads us to

Φ =
1
π

(−Imaxcosρ + Imaxcos0) . (9)

However, from (5) we haveρ = cos−1(nmin ·b), so the final formu-
lation is

Φ =
1
π

(l ·nmax)(1−nmin ·b). (10)

In this form all trigonometric functions are eliminated, leaving only
normalization, dot- and cross product, all of which are efficient op-
erations in fragment shaders on current hardware.

3 Discussion

The proposed method is a compromise between accuracy and speed
—far more accurate than and the simplistic maximum normal
method but faster and less accurate than the Poulin method.

Which method is most suitable naturally depends on the situation,
but we have presented a reasonable compromise in cases where
performance is required and the maximum normal method is not
enough.

Figure 1 compares our method with maximum normal lighting.
Keep in mind that only diffuse light is used.

Research continues in search of a comparable method for the spec-
ular component and a more accurate complete solution.

References

D. BANKS 1994. Illumination in Diverse Codimensions.In Pro-
ceedings SIGGRAPH, pp. 327–334.

W. HEIDRICH, H-P. SEIDEL. 1998. Efficient rendering of
anisotropic surfaces using computer graphics hardware.In Im-
age and Multi-dimensional Digital Signal Processing Workshop
(IMDSP), 1998.

P. POULIN , A. FOURNIER 1990. A model for anisotropic reflec-
tion. ACM SIGGRAPH Computer Graphics, Proceedings of the
17th annual conference on Computer graphics and interactive
techniques, Volume 24 Issue 4, pp. 273–282.

58


	SIGRAD_2004_FrontalCover.pdf
	Gävle, Sweden

	SIGRAD_2004_Intro.pdf
	Edited by
	Stefan Seipel
	Linköping Electronic Conference Proceedings, No. 13
	Linköping University Electronic Press
	Print: UniTryck, Linköping, 2004
	Prologue
	Keynote and Invited Presentations

	Oliver Deussen
	Tomas Landelius

	TetSplat: Real-Time Rendering and Volume Clipping of Large U
	Ken Museth

	Research Papers
	Incremental Spherical Linear Interpolation 7
	Tony Barrera, Anders Hast and Ewert Bengtsson
	Dynamic Code Generation for Realtime Shaders 11
	Niklas Folkegård and Daniel Wesslén
	Py-FX An active effect framework  17
	Calle Lejdfors and Lennart Ohlsson
	Real-time Rendering of Accumulated Snow  25
	Per Ohlsson and Stefan Seipel

	Fast Surface Rendering for Interactive Medical Image Segment
	Erik Vidholm and Jonas Agmund
	Collaborative 3D Visualizations of Geo-Spatial Information f
	Lars Winkler Pettersson, Ulrik Spak and Stefan Seipel
	Work in Progress
	Context Aware Maps  49
	Anders Henrysson and Mark Ollila
	Sketches

	Towards Rapid Urban Environment Modelling  53
	Ulf Söderman, Simon Ahlberg, Åsa Persson and Magnus Elmqvist
	3D Reconstruction From Non-Euclidian Distance Fields  55
	Anders Sandholm and Ken Museth
	Improved Diffuse Anisotropic Shading  57
	Anders Hast, Daniel Wesslén and Stefan Seipel
	An Optimized, Grid Independent, Narrow Band Data Structure f
	Michael Bang Nielsen and Ken Museth
	Posters

	SIGRAD2004 Program Committee
	SIGRAD2004 Organizing Committee
	SIGRAD Board for 2004





	All-numbered.pdf
	SIGRAD_2004_Invited.pdf
	Interactive landscape visualization
	Abstract
	Speaker Bio
	Abstract
	Abstract








