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Abstract

One important problem in photorealistic or predictive rendering howatatgsrealistically model the
light interaction with objects. Measurements can capture the reflectionrtiespef real world surface,
i.e., they are one way of obtaining realistic reflection properties.

For arbitrary (non-fluorescent, non-phosphorescent) materialgeftestion properties can be de-
scribed by the 8D reflectance field of the surface, also called BSSRbB¢e 8ensely sampling an 8D
function is currently not practical various acquisition methods have begwoped which reduce the
number of dimensions by restricting the viewing or relighting capabilities of tpéucad data sets. In
this tutorial we will mainly focus on three different approaches, the fitstwng to reconstruct opaque
surfaces from a very small set of input images, the second allowsHiraay surfaces but under the as-
sumption of distant light sources and the last which allows for relightinglzitrary scene with arbitrary
spatially varying light patterns.

After a short introduction explaining some fundamental concepts regand@asuring and represent-
ing reflection properties, the basics of data acquisition with photographbenvdtidressed. The tutorial
present the set of current state-of-the art algorithms for acquiridgn@edeling 3D objects. The tuto-
rial investigates the strengths and limitations of each technique and sorts yhtagintcomplexity with
regard to acquisition costs. Besides describing the theoretical contribwtierwill furthermore point
out the practical issues when acquiring reflectance fields in order torftelgsted users to build and
implement their own acquisition setup.
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Resume of the Presenters

Michael Goeseleis a postdoctoral research associate in the computer graphics and visign af
the University of Washington. In 1999, he joined the computer graphimgpgat the MPI Informatik
and received his PhD from Saarland University in 2004. His researébcused on a broad range
of acquisition techniques for computer graphics. Among others, he tigqaublished two papers
at ACM SIGGRAPH about the acquisition of light sources (Accurate Ligbtirce Acquisition and
Presentation) and translucent objects (DISCO — Acquisition of Transiu@bjects). He has given
several lectures and tutorials (e.g. at Eurographics 2002 and SIGERZ005) about the topics
covered in the tutorial.

Gero Mueller currently works as a research assistant and Ph.D. student in the corgpaphics
group of Prof. Reinhard Klein at the University of Bonn, Germany. leeived his diploma in
computer science from the University of Bonn in 2002. His main reseateteists are realistic material
representations, in particular BTFs. He has authored and co-authevedal papers about this topic.
At Eurographics 2004 he presented a state-of-the-art reportinguwie acquisition, compression, syn-
thesis and rendering of BTFs and gave tutorials about the topic at vaweuss (e.g. at Siggraph 2005).

Hendrik P. A. Lensch is the head of an independent research group "General Appeafamgiisition
and Computational Photography” at the MPI Informatik in Sascken, Germany. The group is part
of the Max Planck Center for Visual Computing and Communication. He redéiis diploma in com-
puters science from the University of Erlangen in 1999 and after joiniagtimputer graphics groupat
MPI received his PhD from Saarland University in 2003. Dr. Lengodns two years (2005-2006)
as a visiting assistant professor at Stanford University, USA.His relséaterests include 3D appear-
ance acquisition, image-based rendering and computational photogriaphkis work on reflectance
measurement he received the Eurographics Young Researchest 28@%. He was awarded an Emmy
Noether Fellowship by the German Research Foundation in 2007. He \es sgveral lectures and
tutorials at various conferences including SIGGRAPH courses ontieatiaterials in 2002 and 2005.
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Annotated Bibliography

Introduction

The goal of this annotated bibliography is to provide an overview over the imp®rtant publications
in the areas covered by the course. Our goal was especially to helpmass to the field to quickly
become familiar with the main papers and serve as a starting point for furthatuite study. This is
naturally always a subjective choice and we claim therefore by no meanthhlist of selected papers
is complete and apologize for any important papers we missed.



Lensch, Goesele, Mler: Capturing Reflectance — From Theory to Practice EG 2007 Tutorial

6 (©The Eurographics Association 2007.



General References

[1] Richard S. Hunter and Richard W. Harolthe Measurement of Appearand#iley, 2. ed., 5. print.
edition, 1987.

In this book, the various effects of reflections off surfaces arefabyedescribed and
analized. The authors provide valuable and intuitive insights on how to dissimghe
appearance of two different materials. The book furthermore illustraiesthe appear-
ance of real world surfaces can be measured giving examples ofigeelsrcommonly
applied in print industry. The main focus is on measuring the appearargarar sur-
faces.

[2] Fred E. Nicodemus, Joseph C. Richmond, Jack J. Hsia, . W. Gupsired T. Limperis. Geometrical
Considerations and Nomenclature for Reflectance. National Bureaamnd&ds, 1977.

This report introduces the basic concepts of BSSRDFs, BRDFs, tdddunctions to
describe reflectance. It also defines the nomenclature for all of thdrdestribes their
relationships such as the derivation of the BRDF from the BSSRDF.
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BRDFs

[1] James F. Blinn. Models of Light Reflection for Computer SynthesizetuREs. INSIGGRAPH
"77: Proceedings of the 4th annual conference on Computer gragmdsnteractive techniques
pages 192-198. ACM Press, 1977.

This paper introduces the empirical Blinn-Phong model (based on there@nang

model [18]. It can model more realistic reflections using three parametiisse and

specular coefficient, specular exponent). The specular lobe is cothpased on the
halfway vector.

[2] Samuel Boivin and Andr Gagalowicz. Image-based rendering of diffuse, specular andygloss
surfaces from a single image. In Eugene Fiume, edRarceedings of SIGGRAPH 200Com-
puter Graphics Proceedings, Annual Conference Series, paged1® ACM Press / ACM SIG-
GRAPH, August 2001. ISBN 1-58113-292-1.

This paper tries to solve the difficult problem of measuring BRDF in indoenss
from a single observation. The hope is that the global illumination and grgugfin
measurements of multiple surface points provide sufficient constraints to &stama
per-patch BRDF. At first a simple diffuse BRDF model is assumed. If treeinled
error is still insufficient a specular lobe is added. In case of failumthéu tests involve
anisotropic or mirroring BRDFs.

[3] R. Cook and K. Torrance. A reflection model for computer graphiéCM Transactions On
Graphics 1(1):7-24, 1982.

The Cook-Torrance model is a modification of earlier reflectance modeésmiin as-
sumption is that the surface is composed of tiny, perfectly reflective, smuotbfacets
oriented at different directions. The facets are assumed to be V-dlaadetheir distri-
bution is isotropic. The model takes into account the fact that the light mighHbbkex
by other microfacets (shadowing). Similarly, it also considers the factttigaviewer
does not see some of the microfacets since they are blocked by the othefacets
(masking effect). The model takes into account an average Fresmelgelarization is
not considered) when modelling the reflectance of individual microfatliwever, it
does not allow for multiple light bounces between the microfacets. The oti@miaf
the facets is assumed to have some distribution - Cook and Torrance useckmedde
distribution function.
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[4] P. Debevec, T. Hawkins, C. Tchou, H.-P. Duiker, W. Sarokird &h Sagar. Acquiring the Re-
flectance Field of a Human Face.Pnoc. SIGGRAPHpages 145-156, July 2000. ISBN 1-58113-
208-5.

While this paper actually introduced the concept of reflectance fields itcaistains
a section where a BRDF model is fit to the measured data of each texel. dtlgp
varying BRDF yields some compression compared to the full reflectanced¢ddset.

[5] Paul Debevec, Chris Tchou, Andrew Gardner, Tim Hawkins, riShoullis, Jessi Stumpfel, An-
drew Jones, Nathaniel Yun, Per Einarsson, Therese Lundgreepbi&ajardo, and Philippe Mar-
tinez. Estimating Surface Reflectance Properties of a Complex Scene Qagtired Natural
[llumination. Technical Report ICT-TR-06.2004, USC ICT, Decemb&420

This reports combines the idea of clustered BRDFs with global inverse illummatio
For a number of representative spots/materials the BRDF is captured taimipsd
image-based BRDF measurement techniques under controlled illuminatiotiaos.d

In order to capture the spatially varying BRDF of a building the incident ligitbo
ths building is captured by an environment map which serves as a illuminatiocesou
in a global illumination framework. Based on the differences between ththesized
images and the captured HDR images the weight for combining the cluster BRBFs
updated for each texel individually.

[6] A. Gardner, C. Tchou, T. Hawkins, and P. Debevec. Linear lgghirce reflectometryACM Trans.
Graphics, 22(3):749-758, 2003.

In this paper the fully spatially varying BRDF and a transmission term is estimated f
rather flat documents. The illumination is provided by a linear light sourcetwhas to
be considered during the BRDF estimation. The same data is also used toes@an th
geometry of the surface.

[7] Athinodoros S. Georghiades. Recovering 3-d shape and raiteefaom a small number of pho-
tographs. IrEurographics Symposium on Rendering: 14th Eurographics Wopkshdrendering
pages 230-240, June 2003.

Georghiades addresses the problem of estimating shape and refleopenties at the
same time. Given a set of images of the scene illuminated by a point light sdurce o
unknown position the approach sets up an optimization problem that solvéisefo
diffuse component of the BRDF and the actual surface normal per ascelell as a
global specular component and the light source positions in the indivichagjes. As

in other shape-from-shading approaches assuming a continuousesinmfeoduces a
regularization term that allows for solving the large optimization problem.

[8] X. He, K. Torrance, F. Sillon, and D. Greenberg. A comprehanphysical model for light reflec-
tion. Computer Graphics25(Annual Conference Series):175-186, 1991.

This paper presents a reflectance model that accounts for the phemtitaecan be ex-
plained using both geometrical optics and wave optics (diffraction, intarey). The
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model supports arbitrary polarization of incident light, but the simplificationsifipo-

larized light are also presented. In general, the reflectance is modebeslas of three
components: specular, directional diffuse, and uniform diffuse. Sgezular compo-
nent accounts for mirror-like reflection. It depends on the Fresrikdatevity, rough-

ness, and shadowing factors. The directional diffuse contribution ofdfiectance
function is the most complex term. It accounts for diffraction and interfezegffects.
It depends on surface statistics (the effective roughness and theeetation length).
The uniform-diffuse contribution is a result of multiple microfacet reflectiand sub-
surface reflections. It is expressed as a simple function of wavelembéresulting

isotropic reflectance model for unpolarized light is a function of fouapaters. Each
of the parameters has some physical meaning and (at least theoretically® caea-
sured separately.

[9] Eric P. F. Lafortune, Sing-Choong Foo, Kenneth E. Torranod,2onald P. Greenberg. Non-linear
Approximation of Reflectance Functions. $hGGRAPH '97: Proceedings of the 24th annual con-
ference on Computer graphics and interactive technigpages 117-126. ACM Press/Addison-
Wesley Publishing Co., 1997.

The Lafortune model presented in this paper is an extension of the Phaugj i8]

with a diffuse term and multiple lobes. Each lobe consists of a weighted ddugtro
between viewing and lighting direction raised to some power. This empirical Imode
can handle off-specular peaks, backscattering and anisotropy &edugntly used to
model the reflection properties of real, measured materials.

[10] Hendrik P. A. Lensch, Jan Kautz, Michael Goesele, Wolfgangititd, and Hans-Peter Seidel.
Image-based reconstruction of spatially varying materialsRéndering Techniques 2001: 12th
Eurographics Workshop on Renderjmaages 103-114. Eurographics, June 2001. ISBN 3-211-
83709-4.

This paper introduces the concept of capturing cluster BRDFs aneéssipg the spa-
tially variation by per-texel weighted sums of cluster BRDFs. Making use iidba

of image-based BRDF measurments samples from multiple surface pointsrare co
bined when determining the cluster BRDFs. This results in more reliable, thraors,
plausible BRDF parameters and at the same time reduces the number of réupured
images. Drastically different materials distributed in the same patch can el teyad
faithfully.

[11] Hendrik P. A. Lensch, Jan Kautz, Michael Goesele, Wolfgangititd, and Hans-Peter Seidel.
Image-Based Reconstruction of Spatial Appearance and Geometric DéEail. Transactions on
Graphics 22(2):234-257, April 2003.

This paper extends the previous work towards estimating per-texel nor8taiging
from a scanned and smoothed 3D geometry model the per-texel BRDF istestitima
a photometric stereo approach the current estimate of the BRDF is useddte upe
surface normal.
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[12] S. Marschner, S. Westin, E. Lafortune, and K. Torrance. bragsed measurement of the Bidi-
rectional Reflection Distribution Functiodpplied Optics 39(16):2592—-2600, 2000.

Marschner et al. describe an image-based BRDF measurement syswsmseha ma-
terial sample with different surface normals. Each point with a differarfase normal
gives a different BRDF measurement. Their system uses a sphenugalesaf homoge-
nous material. A fixed camera takes images of the sample under illumination from an
orbiting light source. The system, although limited to only isotropic BRDF measure
ments, is both fast and robust. Furthermore, they extend their method toesggam-

etry acquired with a laser range scanner to acquire reflectance of atfansa

[13] S. Marschner, S. Westin, E. Lafortune, K. Torrance, and i2e@berg. Image-based BRDF Mea-
surement Including Human Skin. kOth Eurographics Workshop on Renderipgges 131-144,
June 1999.

This paper applied the idea of image-based BRDF measurement to objettitraia
geometry. A 3D scan of the object provides the geometric information. Multiplgésa
illuminated by a flash light are combined in order to estimate a single BRDF for the
object.

[14] Wojciech Matusik, Hanspeter Pfister, Matt Brand, and LeonardMMan. A data-driven re-
flectance modelACM Trans. Graph.22(3):759-769, 2003.

The authors built an automatic measurement setup to densely capture isotropic
BRDFs using spherical material samples. They analyze the data anducbmstow-
dimensional data-driven BRDF model using non-linear dimensionality texutech-
niques.

[15] D. McAllister, A. Lastra, and W. Heidrich. Efficient rendering qfagial bi-directional reflectance
distribution functions Graphics Hardware 20022002.

The authors present the first real-time rendering framework for BTRey used the
Lafortune model to approximate the spatially varying BRDFs which leads trteanee
compact representation amendable to hardware implementation. Since thihafo
model does not approximate meso-scale shadowing and masking efféictsigvenly
suitable for materials with minor depth variation (SVBRDFs).

[16] Addy Ngan, Fédo Durand, and Wojciech Matusik. Experimental analysis of brdf modeis.
Proceedings of the Eurographics Symposium on Rendgramges 117-226. Eurographics Associ-
ation, 2005.

This paper extends the measurement setup of [14] to anisotropic BRidshérmore
fits the parameters of several BRDF models to the measured materials aresalagz
fitting quality.

[17] K. Nishino, Z. Zhang, and K. lkeuchi. "determining reflectanceapzeters and illumination dis-
tribution from a sparse set of images for view-dependent image synthésig Proc. of Eighth
IEEE International Conference on Computer Vision ICCV,’pages 599-606, july 2001.

12 (©The Eurographics Association 2007.
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Nishino et al. address the complicated problem of reconstructing BRDRnaittent
illumination at the same time. Specular highlights observed in the individual images a
projected into a global environment map to estimate incident illumination. In the next
step the BRDF is estimated. Spatial variation is restricted to the diffuse componen

[18] Bui Tuong Phong. lllumination for Computer Generated Pictu@esnmun. ACM18(6):311-317,
1975.

This paper introduces the Phong model — one of the earliest empirical lightoagls
for computer graphics. The model consists of a diffuse term and ormulspdobe.
It is neither energy conserving nor reciprocal and is only well-suitedpofir@aimate
plastic-like materials. Improvements and extensions of the model include [1, 9]

[19] Ravi Ramamoorthi and Pat Hanrahan. A signal-processing frankefor inverse rendering. In
Eugene Fiume, editoRroceedings of SIGGRAPH 200Qomputer Graphics Proceedings, Annual
Conference Series, pages 117-128. ACM Press / ACM SIGGRARH#t 2001. ISBN 1-58113-
292-1.

This paper as well presents a solution to the problem of estimating BRDF and ilumin
tion from the same set of images for which an iterative algorithm has beetoged.
The paper is mostly well-known for the use of spherical harmonics to septenviron-
ment maps as well as BRDFs. This representation allows for computing thelctom

of the BRDF with the environment map by a simple dot product.

[20] Y. Sato, M. Wheeler, and K. Ikeuchi. Object Shape and Refleetddodeling from Observation.
In Proc. SIGGRAPHpages 379-388, August 1997.

In this paper shape and reflectance properties are captured usingniieesensor but
different illumination. There is no explicit registration step necessary to ngiicpe-
ometry and 2D images. The diffuse component of the BRDF is estimated pér pixe
while the specular component is constant per patch.

[21] G. Ward. Measuring and modeling anisotropic reflecti@omputer Graphic26(Annual Confer-
ence Series):265-273, 1992.

This paper presents one of the first methods to speed up the BRDF meastipgo-
cess. Ward's measurement device (imaging gonio-reflectometer) coosisthemi-
spherical mirror and a CCD camera with a fisheye lens. The main advantddge o
system is that the CCD camera can take multiple, simultaneous BRDF measurements.
Each photosite of the imaging sensor contains a separate BRDF value.gvibein
light source and material over all incident angles enables the measurehahitrary
BRDFs. Ward also presents a BRDF model that is based on the elliptica$i@auis-
tribution. The model is carefully designed to be physically plausible - it stippoergy
conservation and reciprocity. It is also relatively simple and can be aealedficiently.
The parameters of the model have physical meaning and theoretically casaseired
independently.
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[22] Y. Yu, P. Debevec, J. Malik, and T. Hawkins. Inverse Globaltioation: Recovering Reflectance
Models of Real Scenes From PhotographsPioc. SIGGRAPHpages 215-224, August 1999.

This paper considers indoor scenes. A few input images are aligned \gioraetry
model of the rooom and the furniture. Given the positions of the light ss rthe

light transport in the room can be simulated incorporating global illuminaticecedf

The estimated BRDF minimizes the error between the measured values and la globa
illumination forward solution.

[23] Y. Yu and J. Malik. Recovering Photometric Properties of ArchitedtGcenes from Photographs.
In Proc. SIGGRAPHpages 207-218, July 1998.

The BRDFs of buildings in outdoor scenes are estimated considering thernndid-
mination from the sun and the sky. Only the diffuse component is allowed ydnesaly
across the surface.
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BTFs

[1] Kristin J. Dana, Bram van Ginneken, Shree K. Nayar, and Jarodn#erink. Reflectance and
texture of real-world surfaces. lEEE Conference on Computer Vision and Pattern Recognition
pages 151-157, 1997.

This paper introduced Bidirectional Texture Functions to the computehgrajgom-
munity. The authors present the CUReT reflectance and texture databh&demade
BTF and BRDF measurements publicly available for the first time. The samplimg de
sity of the BTFs (205 images per material) was not yet sufficient for higddity ren-
dering.

[2] Jefferson Y. Han and Ken Perlin. Measuring bidirectional textaflectance with a kaleidoscope.
ACM Trans. Graph.22(3):741-748, 2003.

A promising approach for capturing several BTF samples at once udiatp@moscope
is presented. A problem with the approach is that it is quite sensitive to ingpierie
in the mirrors and their configuration because the light is reflected sermieg within
the kaleidoscope.

[3] Xinguo Liu, Yaohua Hu, Jingdan Zhang, Xin Tong, Baining Guo, &®ling-Yeung Shum. Syn-
thesis and Rendering of Bidirectional Texture Functions on Arbitrarje®as.|EEE Transactions
on Visualization and Computer Graphjc(3):278-289, 2004.

This paper can be regarded as a follow up paper to the BTF synthesisgfafpong et
al. from Siggraph 2002. It uses SVD to compress the BTF data and $tawthe BTF
can be synthesized and rendered from this compressed representaili@@achieving
a significant speed up compared to the original method. It is also showheoRTF
can be rendered with graphics hardware.

[4] D. McAllister, A. Lastra, and W. Heidrich. Efficient rendering ofatjal bi-directional reflectance
distribution functions Graphics Hardware 20022002.

The authors present the first real-time rendering framework for BTRey used the
Lafortune model to approximate the spatially varying BRDFs which leads trteanee
compact representation amendable to hardware implementation. Since thihafo
model does not approximate meso-scale shadowing and masking efféictsigvenly
suitable for materials with minor depth variation (SVBRDFs).
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[5] Jan Meseth, Gero Mler, and Reinhard Klein. Reflectance field based real-time, high-quality
rendering of bidirectional texture function€€omputers and Graphi¢c28(1):103-112, February
2004.

This paper addresses the problem of using parametric functions f@seing BTFs
with significant meso-structure. They propose to fit parametric functiagothe
whole per-texel apparent BRDF but to the per-view per-texel refheetdunctions
which use to be relatively smooth functions.

[6] G. Miller, G. H. Bendels, and R. Klein. Rapid synchronous acquisition omg#y and btf
for cultural heritage artefacts. [Fhe 6th International Symposium on Virtual Reality, Archaeology
and Cultural Heritage (VASTpages 13-20. Eurographics Association, Eurographics Assogiation
November 2005.

Based on a camera array of 151 of-the-shelf digital cameras a methoapidty ac-
quiring the geometry and reflectance of objects with significant meso-sealaajry
is presented. It combines image-based 3D reconstruction and BTF csigpreand
rendering techniques.

[7] G. Mdller, J. Meseth, M. Sattler, R. Sarlette, and R. Klein. Acquisition, syntla@sigendering of
bidirectional texture functionsComputer Graphics Forun24(1):83-109, March 2005.

This comprehensive overview discusses from acquisition, over ssisthe rendering
of BTFs most of the topics covered in the BTF-part of this tutorial. The eglepubli-
cations in the field of BTFs up to the year 2005 are introduced.

[8] G. Milller, R. Sarlette, and R. Klein. Data-driven local coordinate systemsnfage-based ren-
dering. Computer Graphics Forun25(3), September 2006.

In this paper a data-driven technique for computing local coordinateersgsfrom
image-based reflectance measurements is presented. These coorgditetes sallow
to align the per-texel reflectance measurements which results in increasgdession
performance with negligible run-time overhead.

[9] M. Sattler, R. Sarlette, and R. Klein. Efficient and realistic visualizatibclath. Proceedings of
the Eurographics Symposium on Rendering 2@083.

In this paper the first BTF real-time rendering framework based on statidata anal-
ysis is presented. It describes the whole pipeline from measurementaifitiy au-
tomatic setup over compression to rendering including image-based illuminatibn an
large scale shadows. It also introduces the BTF Database Bonn whicbffeti the
most detailed publicly available BTF data.

[10] Peter-Pike Sloan, Xinguo Liu, Heung-Yeung Shum, and John@&nfi-Scale Radiance Transfer.
ACM Transactions on Graphicg2(3):370-375, 2003.
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The authors combine Precomputed Radiance Transfer with BTFs to adtitkiag
real-time renderings of BTF-covered objects realistically lit by environmeags. They
represent the BTF by projecting the data per sampled view direction into theriSal
Harmonics basis.

[11] Frank Suykens, Karl vom Berge, Ares Lagae, and Philip &uitnteractive Rendering of Bidirec-
tional Texture Functions. |Eurographics 2003pages 463-472, September 2003.

This BTF compression and rendering method approximates the BTF dataekeunse
ing a sophisticated factorization scheme called Chained Matrix Factorizatieridéa
is to factorize the data with different parameterizations which are suitabliéodif-
ferent significant features of the per-texel apparent BRDFs.€lyethe data can be
reliably represented with a much smaller number of factors compared to sfamda
trix factorization based on SVD.

[12] M. A. O. Vasilescu and Demetri Terzopoulos. TensortexturedtiNfiear image-based rendering.
In Proceedings of SIGGRARAugust 2004.

This work introduces tensor representations for image-based datasatsirast to the
classic matrix representation multi-linear tensors allow a so-called strategicslonen
ality reduction. This means that e.g. more components can be spent faimgtoe
view variation which results in perceptually more satisfying reconstructions.

[13] Hongcheng Wang, Qing Wu, Lin Shi, Yizhou Yu, and Narendra jahuOut-of-core tensor ap-
proximation of multi-dimensional matrices of visual datdCM Trans. Graph.24(3):527-535,
2005.

This paper improves the 3D tensor representation of Vasilescu et alrdoygarg the
data in higher-dimensional tensors (e.g. 5D). This allows to exploit therenbe
along other dimensions like between the rows and columns of the measuredsimage
The method achieves very high compression rates, generalizes to Higtensional
datasets like time-varying BTFs and can be implemented as an out-of-conggieeh
The reconstruction costs are a disadvantage of the method.
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Near-field Reflectance Fields

[1] Billy Chen and Hendrik P. A. Lensch. Light source interpolation fparsely sampled reflectance
fields. In Qinther Greiner, Joachim Hornegger, Heinrich Niemann, and Marc Staremied-
itors, Vision, Modeling, and Visualization 2005 (VMV’'Qfages 461-469, Erlangen, Germany,
November 2005. Aka.

Captured reflectance fields are typically sparsely sampled in the light direfdioain.
In this paper, a method is presented that allows for smoothly moving light seimc
near-field reflectance fields. The system treats high frequency illumineffiects such
as highlights and shadows separately from slowly moving effects sucheaso#iine
fall-off and interreflections, for which linear blending is sufficient tonaghuce the ap-
pearance of intermediate light source positions. Highlights and shadewdetected
using intrinsic images and then moved according to the detected optical flevte@-
nique further exploits the properties of near-field reflectance fields tonpervirtual
3D scanning.

[2] Yanyun Chen, Xin Tong, Jiaping Wang, Stephen Lin, Baining Gud,l@ung-Yeung Shum. Shell
texture functionsACM Transactions on Graphic83(3):343—-353, August 2004.

This paper presents an appearance representation approach thetciglarly suited
for heterogeneous translucent objects. The translucent objectidediinto a homo-
geneous diffusely scattering core surrounded by volume of hetegogertranslucent
material. The shell texture function (STF) provides an intermediate datawgeuep-
resenting the light transport and the mesostructure of the outer shellaEbrvexel
in the shell volume the irradiance due to light impinging from arbitrary directisns
precomputed and stored in a 5D data structure.

[3] Frédo Durand, Nicolas Holzschuch, Cyril Soler, Eric Chan, and Frigng. Sillion. A frequency
analysis of light transporfACM Transactions on Graphic84(3):1115-1126, August 2005.

This paper analyzes the different effects of occluders, reflectwrthe propagation
of light in free space on the spatial and angular frequency contenedfainsformed
light field. The authors propose a signal-processing framework aow shlarge set
of instructive examples. They further show how the analysis of the &ecycontent
of the light field can be used to control sampling rates or the choice of satmtion
kernels in rendering, pre-computed radiance transfer, and invensiering.
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[4]

[5]

[6]

[7]

[8]

Gaurav Garg, Eino-Ville Talvala, Marc Levoy, and Hendrik P. Ankseh. Symmetric photography:
Exploiting data-sparseness in reflectance fieldRdndering Techniques 2006: 17th Eurographics
Workshop on Renderingages 251-262, June 2006.

Capturing dense light transport matrices so far required a sequemtisihgeof indi-
vidual incident light rays. In this paper, two techniques are combinedderdo al-

low for fast acquisition of arbitrarily complex reflectance fields. The fsghe use of
H-matrices which subdivide a matrix hierarchically until each sub-blockbzarepre-
sented sufficiently well using a low-rank approximation of the block. Tto®isé in-
gredient is an symmetric acquisition system where cameras and projecasugried

by a beam splitter allowing for emitting light and sensing light along exactly the same
rays. This turns the captured reflectance field into a symmetric tensor whbdglocks

can be determined in parallel given that they are of low rank. The papéures one of

the first full 8D reflectance fields, at a rather low resolution, though.

Michael Goesele, Hendrik P. A. Lensch, Jochen Lang, Christiach§, and Hans-Peter Seidel.
DISCO — Acquisition of Translucent ObjectACM Transactions on Graphics (Proceedings of
SIGGRAPH 2004)23(3), 2004.

This is the first paper that captured the diffuse reflecta®gef a real translucent object
with inhomogeneous material properties. The object is pointwise illuminated and its
impulse response function is captured with a HDR camera. A hierarchica¢lnadd
transfer functions is computed from a large number of input images. Regd=n be
performed in real time using an earlier approach.

Akira Ishimaru. Wave Propagation and Scattering in Random Me@iaademic Press, 1978.

This book describes the physical principles of single and multiple scatterivayious
types of media and derives the mathematical formulations.

Henrik Wann Jensen and Juan Buhler. A Rapid Hierarchical Rergl€@echnique for Translucent
Materials. INSIGGRAPH 2002pages 576-581, 2002.

The authors propose a hierarchical evaluation technique to speed wntiering of
translucent objects using the dipole model [8]. This is the first of a whalessef
papers proposing various rendering techniques to speed up evalo#tiba dipole
model — see e.g. [5] for a list of such publications.

Henrik Wann Jensen, Stephen R. Marschner, Marc Levoy, ahdHBnrahan. A Practical Model
for Subsurface Light Transport. BIGGRAPH 2001pages 511-518, 2001.

This paper introduces the dipole model as an approximation for translabgtts in
computer graphics. It describes the derivation of the model, it's usesfataring, and
compares the results to Monte-Carlo simulations. The authors describerakasare-
ment setup to determine the required parameters for real materials andepeotatile
of measured values. The dipole model is used in many publications includiag i/
fast method to evaluate the effects of subsurface scattering.
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[9] Shree K. Nayar, Gurunandan Krishnan, Michael D. Grosslzard Ramesh Raskar. Fast separation
of direct and global components of a scene using high frequency illummadti&sIGGRAPH '06:
ACM SIGGRAPH 2006 Papemgages 935-944, New York, NY, USA, 2006. ACM Press.

In this paper a very efficent method is presented for separating thé diré¢he global
compoent of the light reflected by a scene due to illumination by a projectekkdhob-
servation is that global light transport is due to multiple scattering and theerdfomp-
ens high frequency in spatially varying illumination patterns. The techniquesnase
of multiple shifted high frequency patterns and provides a very simple fortoyser-
form the separation from the minimum and maximum intensity observed for eeeh p
in the sequence of shifted patterns. The separation results to some egentdn the
frequency of the illumination pattern.

[10] Pieter Peers, Karl vom Berge, Wojciech Matusik, Ravi Ramamoal#sion Lawrence, Szymon
Rusinkiewicz, and Philip Dué. A compact factored representation of heterogeneous subsurface
scattering. ACM Transactions on Graphic85(3):746—753, July 2006.

This paper presents a method for transferring the reflection propeftiesechetero-
geneous translucent object onto novel geometry. In an initial acquisiteiffuse
subsurface reflectance is measured on a planar slab of material by illurgiradin
vidual points. The effect of subsurface scattering is assumed to bizbgthaving a
well controlled support. In order to compress the captured reflectameion the il-
lumination peaks are aligned to one column and a set of homogeneous BS$RDF
determined to describe the general shape. Dividing the measured samfiieshiomo-
geneous approximation results in a representation of the heterogerfeamis which
can be factored in a compact way. When transferring the reflectancédo to novel
geometry only the light transport in a local neighborhood is considered.

[11] Steven M. Seitz, Yasuyuki Matsushita, and Kiriakos N. Kutulakos.théory of inverse light
transport. INICCV '05: Proceedings of the Tenth IEEE International Conferenc&€omputer
Vision, pages 1440-1447, Washington, DC, USA, 2005. IEEE Computertgocie

Given a captured near-field reflectance field between a projector aadnara, this
paper analyzes how the reflectance field can be inverted in order terrémel scene
after the first, the second, or after multiple light indirections. The results atelithat

it is sometimes possible to remove multiple scattering effects from capturedaefitec
fields. Note that the inversion of the reflectance field is possible only fauale of

special cases.

[12] Pradeep Sen, Billy Chen, Gaurav Garg, Stephen R. Marschiiaek Horowitz, Marc Levoy, and
Hendrik P. A. Lensch. Dual photograpt&CM Transactions on Graphic84(3):745-755, August
2005.

This paper presents an acquisition system for capturing near-fieldtesfte fields,
i.e. measuring the light transport on a ray-to-ray basis. Using an adatjerithm, the
reflectance field between a camera and a projector is measured sucle thfitignce of
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every projector pixel to every camera pixel is determined, yielding a 4D trghtsport
matrix. Exploiting Helmholtz reciprocity, the light transport direction can be rit@ck
Instead of sending out light from the projector it is turned virtually into asgencamera
capturing the scene as if illuminated by a virtual projector at the location ofrtgmal
camera. The adaptive and parallel capturing scheme acceleration thisitamg, time
for sparse light transport matrices by three orders of magnitude.

[13] Xin Tong, Jiaping Wang, Stephen Lin, Baining Guo, and HeungageBhum. Modeling and
rendering of quasi-homogeneous materiad8CM Transactions on Graphic24(3):1054-1061,
August 2005.

This paper features an acquisition system and a model for capturingeadering

quasi-homogeneous materials. The model consist of a homogeneousfatdsa-

flectance function augmented by two functions modeling the mesostructects=iib-

cally, i.e. independently for the incident and the exitant point of the lighspart. The
subsurface scattering effect is captured by sweeping a line stripeokasethe surface
from various directions. In addition, a full BTF is acquired.
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