Eurographics Symposium on Rendering (2007)
Jan Kautz and Sumanta Pattanaik (Editors)

Precomputed Radiance Transfer for Real-Time Indirect
Lighting using A Spectral Mesh Basis

Rui Wangl, Jiajun Zhu?, and Greg Humphreys2

! University of Massachusetts Amherst
2 University of Virginia

Abstract

Simulating indirect lighting effects has been a challenging topic in many real-time rendering and design appli-
cations. This paper presents a novel method, based on precomputed radiance transfer, for rendering physically
based, multi-bounce indirect lighting in real-time. Our key idea is to represent both the direct lighting and pre-
computed diffuse indirect transfer using a spectral mesh basis set derived from an arbitrary scene model [KG00].
The complete spectral basis set can approximate a spatially varying function to any degree of accuracy. For in-
direct lighting, we show that only 60 ~ 100 sparse basis coefficients suffice to achieve high accuracy, due to the
low-frequency nature of indirect illumination. This reduces the run-time computation of per-vertex diffuse indirect
lighting to simple inner products of two sparse vectors: one representing the dynamic direct lighting, and the
other representing the precomputed direct to indirect transfer. The key advantage using this approach is that we
are not restricted to parameterized models or any particular mesh topology. Our method simulates multiple diffuse
interreflections while at the same time permitting dynamically changing surface albedos. In addition, we approx-
imate the final bounce of glossy interreflection using a standard BRDF SH projection. Finally, we demonstrate
high-quality indirect lighting effects rendered at 15 ~ 30 fps with dynamically changing lighting and materials.

Categories and Subject Descriptors (according to ACM CCS): 1.3.7 [Computer Graphics]: Three-Dimensional

Graphics and Realism;

1. Introduction

Accurate simulation of indirect lighting effects is crucial
to many real-time applications such as games, lighting de-
sign, and cinematic relighting. Many current approaches use
expensive global illumination algorithms such as ray trac-
ing or photon mapping to simulate physically correct in-
direct lighting, but these algorithms are impractical to use
directly in real-time. Recent advances in Precomputed Ra-
diance Transfer (PRT) [SKS02, NRHO03] have enabled real-
time realistic global illumination by assuming static scenes.
PRT represents precomputed illumination effects using ba-
sis functions such as spherical harmonics (SH) [SKS02] or
wavelets [NRHO3], and linearly combines the results to sim-
ulate novel rendering at run-time. Because projection onto a
basis requires an appropriate domain parameterization, ex-
isting PRT techniques typically assume that the direct light-
ing is distant and can be adequately represented as an 2D en-
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vironment map. This assumption makes PRT difficult to ap-
ply in applications that require dynamic local lighting, such
as computer games or indoor scene design.

We present a PRT-based method for interactive render-
ing of high-quality, multi-bounce indirect lighting under ar-
bitrary direct lighting models. Our technique parameterizes
the direct illumination over the 2D domain of mesh surfaces.
This domain supports a frequency space projection method
by using a spectral basis [KGO0O0], which exists for meshes
with arbitrary topology. Our key idea is to project both the
direct lighting and the precomputed diffuse indirect transfer
functions onto this spectral basis set. The low-frequency na-
ture of indirect illumination permits a high fidelity approxi-
mation with only a small set (60 ~ 100) of sparse basis co-
efficients. The key advantage is that we are not restricted to
parameterized models or any particular mesh topology. The
diffuse indirect lighting can then be computed in real time
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(a) Statues (b) Horse

(c) Sphere

(d) Glossy Bunny

Figure 1: Realistic indirect lighting effects rendered using our system.

as a single inner product of two sparse vectors, representing
the dynamic direct lighting and precomputed diffuse indirect
transfer. In addition, we permit the final bounce of glossy in-
terreflection effects using a standard BRDF SH projection.

Figure 1 shows examples of our rendering results. Con-
ceptually, our technique generalizes previous SH-based
PRT [SKSO02] to support local lighting effects: where they
use an SH basis to approximate distant environment illumi-
nation, we use a spectral basis over the mesh to approximate
arbitrary illumination, including both distant and local light-
ing. Using our method, we demonstrate high-quality indirect
lighting effects on complex geometry at 15 ~ 30 fps with dy-
namically changing viewpoint, lighting, and BRDFs.

2. Background and Related Work

Global illumination: Global illumination has been one of
the central themes in computer graphics research for over
two decades. Standard algorithms such as radiosity, Monte
Carlo ray tracing, and photon mapping are known for their
high computational cost. Even with recent advances in in-
teractive ray tracing [RSHO5, WIK*06, WBS07], real-time
image synthesis under complex lighting and illumination
models remains a challenging topic. Several projects have
taken advantage of cached sparse illumination samples to
enable interactive global illumination [WDP99, TPWGO02,
BWGO3]. These types of techniques are typically hampered
by interpolation or visibility artifacts. GPU-based global
illumination algorithms [Kel97, PDC*03, NPG05, CHL04,
DS06] have also been presented but are typically limited to
small scenes or suffer from degraded rendering quality. In-
cremental instant radiosity [LSK*07] enables real-time in-
direct lighting on modern GPUs, but only supports simple
lighting and single-bounce interreflection, and assumes that
the motion of the light source is smooth.

Radiosity algorithms [CWHO93] use approximation bases
and finite element methods to solve the global illumina-
tion problem. The choice of basis have been extensively
studied, including piecewise constant functions, linear func-

tions [Hec92], higher order polynomials [Zat93,TM93], and
wavelets [GSCH93]. These basis construction schemes re-
quire either a parameterized model or a remeshed model,
while our method does not impose these limitations.

Precomputed Radiance Transfer (PRT): PRT was first
introduced in [SKS02, NRHO3] as a general technique for
real-time rendering of global illumination effects. PRT en-
codes precomputed light transport effects of a static scene
model by frequency space projection onto a orthonormal
basis set. Run-time rendering under dynamic lighting can
then be expressed linearly using precomputed illumina-
tion data. Subsequent work has extended PRT to handle
changing viewpoints [LSSS04, WTL04,NRHO04], local light-
ing [ZHL*05], deformable geometry [SLS05, RWS*06] and
changing BRDFs [BAORO6]. However, existing PRT tech-
niques typically assume distant environment lighting rep-
resented as 2D environment maps. This has limited their
usefulness in many practical applications such as computer
games or indoor lighting design. Annen et al. [AKDS04]
extended PRT to handle mid-range illumination effects, but
their method does not support arbitrary local lighting. Kris-
tensen et al. [KAMIJO05] simulate indirect lighting by parame-
terizing local incident light using a 3D volume and applying
clustering techniques to reduce the precomputed data size.
Their system is limited to omnidirectional lights.

In a recent paper, Hasan et al. [HPBO6] presented a pre-
computed direct-to-indirect transfer technique for simulat-
ing cinematic lighting effects. They use an unstructured
point cloud to sample direct illumination over the mesh sur-
face and apply 2D wavelets to compress the precomputed
diffuse indirect transfer. Mapping point clouds to a reg-
ular 2D domain for applying wavelets is non-trivial, and
they propose a hierarchical construction technique to solve
this problem. Their method limits the number of sample
points to be an integer power of four, and they only demon-
strate image relighting with a fixed viewpoint. Kontkanen
et al. [KTHSO06] use a 4D wavelet basis to express indi-
rect transfer information that also accounts for glossy view-
dependent effects. Their method is limited to simple param-
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eterized geometry, while our method does not impose this
limitation and can thus handle complex geometry with arbi-
trary mesh topology.

Spectral Mesh Basis: The spectral mesh basis was intro-
duced by Karni and Gotsman [KGO0O]. They showed how
classical Fourier analysis can be extended to represent func-
tions defined over an arbitrary 3D mesh. To reduce the con-
struction cost, they subdivide a large input mesh into sub-
meshes using a fixed partitioning scheme. The application
they explore is geometry compression, where they approxi-
mate mesh data with a small number of spectral basis coef-
ficients. In recent years, spectral-based geometry processing
has received much attention in computer graphics, such as
mesh simplification [KGO0O], resampling [DBG*06], morph-
ing [Ale01], and watermarking [WKOS5]. Our technique is
the first to make use of the spectral basis to solve the real-
time relighting problem.

3. Algorithms and Implementation

In this section we describe our algorithm in detail and also
explain the implementation of our rendering system. Our
technique makes the following assumptions:

e Static scenes: As in standard PRT, we assume that the
scene models are fixed. It is possible to extend our
technique to rigid body dynamic scenes using an ap-
proach similar to the Shadow Fields presented by Zhou
et al [ZHL*05].

e Fast direct illumination: We assume that the direct illu-
mination can be quickly computed using an existing tech-
nique such as shadow mapping for point lights or PRT for
environment lighting and area lights.

o Diffuse indirect transfer: We assume multi-bounce
diffuse-to-diffuse indirect transfer and ignore intermedi-
ate glossy transfer paths such as caustics. Real-time ren-
dering of glossy transfer is a challenging topic itself and
remains an open problem. We do, however, support a sin-
gle final bounce of glossy interreflection by using standard
SH projection of BRDFs.

3.1. Review of Spectral Mesh Basis

We first give a brief review of the spectral mesh ba-
sis [KGOO]. Considering an arbitrary piecewise linear mesh
as our domain of interest, the second derivative over this do-
main can be approximated by the Laplacian of the binary
mesh adjacency matrix. The eigenvectors of this Laplacian
will serve as an analog of the Fourier basis defined over the
mesh. Specifically, given a graph representing the topology
of a mesh consisting of n vertices, the mesh Laplacian is de-
fined as a n X n matrix L such that:

1 ifi=j
Lij= fi’, if vertices i and j are neighbors
0 otherwise
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Figure 2: Example of spectral basis functions generated on
a small partition of the bunny model. Red indicates positive
values and blue negative. The upper row shows some of the

lowest frequency spectra, starting from the first (DC) com-
ponent; the bottom row shows high frequency examples.

where d; is the valence of vertex i. The eigenvectors of L
form an orthonormal basis that spans the mesh, and we can
compute these eigenvectors using the singular value decom-
position (SVD) of L. Note that the construction of such a
basis set is determined only by the topology of the mesh,
and is independent of the actual spatial location of each ver-
tex. The associated eigenvalues can be thought of as fre-
quencies in the sense of classical Fourier analysis, with the
smallest eigenvalues corresponding to the lowest frequency
bases. Due to the computational cost of SVD, a big mesh is
typically partitioned into smaller submeshes, and the spec-
tral basis for each submesh can then be computed individ-
ually. Figure 2 shows several representative spectral basis
functions constructed for a small partition of the mesh.

Once computed, this basis set can then be used to rep-
resent any per-vertex varying signal defined over the mesh.
Much like a Fourier basis, a spectral mesh basis has non-
compact support and is not well suited for representing high
frequency signals. However, it is very suitable for the rep-
resentation of indirect illumination, which is a smoothly-
varying, low-frequency effect by its nature. This property
of indirect lighting has been exploited frequently by previ-
ous work to accelerate global illumination calculations, such
as irradiance caching [WRC88] or photon mapping [JenO1].
The key observation is that smoothly varying spatial func-
tions should yield a very compact representation using only
a small subset of the basis functions.

3.2. Precomputing Direct-to-Indirect Transfer

In this section we derive algorithms for precomputing the
direct-to-indirect transfer function. In the following, we use
the function 7 (x,,x;) to denote the differential form factor
between two surface points x; and x,, taking into account
the binary visibility V (xo,x;):

cos ;- cos0,

T (x0,%;) =V (x0,x;) (1)

[li — o[>

One-bounce diffuse interreflection: Assuming diffuse
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materials, the reflection equation can be written as:

Lo(x0) = fr(xo) /M2 L(xi) T (xo,xi) dA(xi) = fr(x0) E (x0)

@)
where L(x;) is the incoming radiance at x; due to direct light-
ing, fr is the diffuse albedo of x,, and E(x,) represents the
total irradiance received by x,. The domain of integration
M? is the entire surface area of the scene. Assuming static
scenes, T is a purely geometric term and can therefore be
precomputed and represented as a matrix. Thus Eq. 2 can be
written in matrix form as:

Lo=p-(TxL) 3)

where p is a vector containing the diffuse surface albedos,
and T and L are matrix and vector versions of T'(x,,x;) and
L(x;) respectively. We use the same set of mesh vertices for
x; and x,, so the matrix T is an n X n symmetric matrix where
n is the total number of vertices.

Let S be our set of spectral mesh basis functions. We can
then project both the lighting vector L and the rows of T
onto this basis, achieving a projected lighting vector L* and
transport matrix T*. Because S is orthonormal, the reflected
radiance L, is still computed in the same way:

Lo=p-(TxL)=p-(T° xL") “)

Recall that L* represents the dynamic direct lighting that is
projected onto the spectral basis set s at run-time. We could
further project the columns of T® onto the spectral basis,
resulting in a new matrix encoding basis-to-basis indirect
transfer. However, doing so would eliminate our ability to
dynamically change the per-vertex diffuse albedos on the fly.

Multi-bounce diffuse interreflections: Multiple inter-
reflection bounces are simulated using a straightforward
gathering approach from radiosity literature:

Lt =p- (T x (L'+L)%)
where L is direct illumination, L’ is the indirect lighting
evaluated at th¢ i-th bounce, with L set to zero. Note that
the resulting L' from each bounce is added to direct lighting
L at the start of the next bounce, and projected again onto the

spectral basis set s. Because our spectral basis set is small,
this projection can be computed quickly in real-time.

By computing global illumination in a multi-bounce fash-
ion, we can easily modify the BRDF diffuse albedos at run-
time. Note that if the BRDF f, were known to be fixed at
precomputation time, we could combine the multi-bounce
transfer into a single matrix 7™, encoding the linear relation-
ship between direct lighting and the total indirect lighting.

Final-bounce glossy interreflection: We include the final
bounce of glossy interreflection by using an SH projection
of the BRDF. In this case, a general glossy BRDF f,-(®;, o)
is approximated using a linear sum of 16 SH basis /;:

K

Sr(0,00) ~ Z Pi(@o) - x (@;) )]

k=1

Figure 3: Example of partitions generated by MeTis [Met].

This allows us to approximate glossy interreflection by:

Lo(xo,®0) — /A L5 £ (5 — %o, @0) T'(Xo,xi) dA(x:)

Q

Y /A L () (s — x0) T (o x5) dA(x;)

= Lox(on) /A L (x5) T (ko 31) dA ()

= Y pr(®0) - (T} x (L)) ©
k

where T}, represents the precomputed indirect transfer ma-
trix after double projections: first onto the spectral mesh ba-
sis (spatial projection), and then onto the SH basis (BRDF
projection). pi(®,) is computed on the fly as the user
changes the viewpoint; this is done with a simple texture
access using modern graphics hardware. Note, however, the
SH projection (Eq. 5) cannot currently be computed in real-
time, we therefore precompute and store the projections of
several glossy BRDFs, and switch between them on the fly.

The use of only low-order SH coefficient limits us to low-
frequency reflection effects, which means high-frequency
BRDFs such as shiny metals may not be approximated
with sufficient accuracy. Note that we are only limited by
this approximation for the glossy interreflection compo-
nent — our direct lighting component uses programmable
shaders to compute reflections from analytic BRDFs. There-
fore, our overall rendering still demonstrates convincing
shiny reflections with subtle glossy interreflection effects
(please see the accompanying video). Alternatively, we
could use other BRDF bases such as wavelets [WNLHO06]
or RBFs [GKMDO06], which are proven to be more accurate
for high-frequency effects.

3.3. Implementation Notes

Constructing the spectral basis: We compute a spec-
tral basis for our models using the algorithm described
by [KGOO0]. Similar to them, we use a static algorithm
MeTis [Met] to partition our models into submeshes. Each
submesh consists of 500 ~ 1000 vertices depending on the
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Direct lighting L
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Figure 4: Overview of our relighting algorithm. Dynamic direct lighting is first computed at each vertex and projected onto the
spectral mesh basis. The dotted line shows the approximated direct lighting (for illustrative purpose). The projected lighting is
then multiplied with the precomputed diffuse indirect transfer matrix and the per-vertex diffuse albedo. This indirect transfer
step is repeated several times to simulate multi-bounce transfer, and eventually the per-vertex SH-BRDF is applied to gather
final-bounce glossy interreflections. Finally, a hardware shader computes per-pixel direct shading color, sums it up with the
per-vertex indirect color, and displays the global illumination result onto the screen.

scene complexity. This reduces the computational cost of
SVD, and also has the advantage that each object gets local-
ized mesh bases to better capture local illumination changes.
If the partition size is too small, a large number of patches
will be generated, each having only a few basis functions
budgeted. On the other hand, if the partition size is too big,
the computational cost and numerical stability (in finding the
smallest eigenvalues) will become an issue for the SVD rou-
tine. We found 500 ~ 1000 vertices per patch a good tradeoff
between both. In general, the rendering results are insensi-
tive to the particular partition size or scheme we choose.

Figure 3 shows an example of generated partitions. MeTis
is optimized such that each partition consists of roughly the
same number of vertices. After partitioning, we run the spec-
tral basis construction algorithm on each submesh, keeping
roughly equal number of basis functions per patch. We typ-
ically generate a total of about 1024 spectral bases for the
entire scene, resulting in 20 ~ 40 bases budgeted for each
submesh. Note that we cannot optimize the partition algo-
rithm to preserve illumination discontinuities, as we do not
have any information about the dynamic direct lighting at
precomputation time.

Because we use model vertices to sample illumination
functions, significantly under-tesselated surfaces can cause
under-sampling artifacts. We therefore require the user to
reasonably tessellate the models to maintain uniform accu-
racy. Our algorithm is not restricted to any particular scheme
for tessellation, and is flexible to any mesh topology.
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Precomputing transfer matrices: In precomputation, we
evaluate the transfer function 7 (Eq. 1) and project it onto
the spectral basis set:

T (x0,£) = /A T (o x7) 0 (xi) dA (x:) )

where sy (x;) is the ¢-th spectral basis function. This is equiv-
alent to computing the total irradiance at x,, due to a spatially
varying illumination function exactly equal to sy(x;). There-
fore, we can easily implement the precomputation algorithm
using an existing Monte Carlo ray tracer [PH04]. To do so,
we use each basis s/(x;) as a spatially varying source to il-
luminate the scene, then cast rays from x, to evaluate the
integral above. Using linear properties of the basis, we com-
pute the results for all basis functions in a single pass. All our
demonstrated scenes are computed within one hour (includ-
ing the construction of spectral mesh basis) using 128 x 128
Monte Carlo samples.

For glossy interreflections, we further include BRDF SH
basis Ay, into precomputation, thus Eq. 7 becomes:

Tks(xmé):/AT(XDuxi)sé(xi)hk(xi_’xa)dA(xi) )

This results in a higher dimensional transfer matrix, each
slice of which corresponds to a different SH basis. We typi-
cally use 16 SH functions, which is similar to what has been
used previously for low-frequency BRDFs [KSS02].

Quantization: We compress the precomputed transfer data
by quantizing the matrix elements to 16 bit integers and
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_—

(a) Direct lighting (b) Indirect lighting

—

(d) Approximated direct light

(c) Global illumination

Figure 5: Here we show the different illumination components for three example scenes. From left to right, we show per-pixel di-
rect lighting, per-vertex indirect lighting, global illumination, and approximated direct lighting resulting from our basis project.
(d) is for illustration only, not actually computed in our pipeline. Note how indirect lighting adds realistic and convincing effects
to the rendering. Also note the final bounce glossy interreflection effects in the bunny scene.

truncating all elements that are quantized to zero. This re-
sults in a sparse representation of T. This approach is espe-
cially effective for complex scenes where indirect lighting is
dominated by local transfer effects. Our experimental results
show that on average we keep only 60 ~ 100 elements per
vertex, and the precomputed data size is roughly 10 MB for
a diffuse 30,000-vertex model. This is crucial for the render-
ing algorithm to perform relighting at real-time rates. The
precomputed data size for glossy objects is 16 times larger,
but the relighting can still be performed at interactive rates.

Rendering: Our rendering algorithm is similar to other
PRT systems. Figure 4 shows an overview of the render-
ing pipeline. The direct lighting step can use any GPU-based
technique such as shadow mapping or shadow volumes. The
projection of direct lighting onto the spectral basis is com-
puted efficiently by taking advantage of the fact that each
spectral basis is localized within its submesh. For glossy ob-

jects, the intermediate interreflection passes only multiply
the first matrix slice T{) and the first BRDF component py,
corresponding to diffuse albedo, while the final-bounce pass
applies all 16 matrix slices and BRDF components.

4. Results and Discussion

Our results are reported on an Intel Core 2 Duo 1.83GHz
computer with 2GB memory and an NVIDIA 8800 GTS
graphics card. All programs are compiled using Intel Com-
piler v9.1. The precomputation is done using a modified ver-
sion of the PBRT ray tracer [PHO4], which uses only one
processor. The rendering has the majority of its computation
spent on matrix-vector multiplication. This is easily paral-
lelizable and therefore we used both CPU cores to accelerate
the rendering. Table 1 lists the precomputation and relight-
ing performance for several test scenes.

Precomputation: As seen in Table 1, all test scenes are pre-
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(a) Our method, ~25 fps

(b) Ray tracing reference, 2.5 hours

x10™

0 500 1000 1500 2000 2500

(c) Approximation error

Figure 6: A comparison between our method and a ray traced reference. This is a largely closed scene with a small open
window on the front wall. Our rendering qualitatively matches the reference but is significantly faster. Subtle differences are
noticeable on the ground floor close to the viewer. The blurry effects in our rendering are due to the soft shadow implementation
and the per-vertex shading of indirect lighting. The graph on the right plots the L? errors of the indirect lighting component
compared with the reference. The errors are measured at vertices and with a varying number of spectral basis functions from
32 to 2048. The mean indirect lighting luminance of the scene is 0.1. Through experiments, we found that 1024 basis functions
deliver both good rendering accuracy and desirable performance, therefore become our default choice.

computed under an hour. For all diffuse scenes, the sparse
matrix size is under 10 MB. This small footprint makes
our technique particularly suitable for real-time applications
such as computer games. For scenes that account for glossy
BRDFs, the matrix size is substantially bigger due to the in-
clusion of BRDF bases; nonetheless, these models still per-
form at interactive relighting rates.

Rendering: Rendering performance is also listed in Ta-
ble 1. Because our precomputation does not fix the specific
BRDFs to be used at run-time, we are able to change materi-
als dynamically on the fly. The multi-bounce diffuse transfer
only accounts for diffuse albedo changes, while the final-
bounce glossy transfer accounts for low-frequency glossy
BRDF changes. As dynamic BRDF projection is costly to
compute, we precompute and store several glossy BRDFs
and switch between them on the fly, as shown in Figure 7.

Accuracy: Figure 6 shows a comparison of our render-
ing result vs. a reference image generated using a stan-
dard Monte Carlo ray tracer. This scene (31,000 vertices)
is largely closed with a small open window on the front
wall, therefore the illumination result is dominated by in-
direct lighting effects. Note how our rendering qualitatively
matches the reference. The major difference is that ray trac-
ing generates per-pixel shading, while our technique gener-
ates per-vertex shading for the indirect lighting component,
combined with per-pixel shading for the direct lighting com-
ponent. We also use a soft-edge shadow mapping implemen-
tation to reduce shadow aliasing artifacts, therefore, our ren-
dering appears slightly blurry overall. In addition, subtle illu-
mination differences are noticeable on the ground floor close
to the viewer. These artifacts are caused by our spectral basis
approximation.

(© The Eurographics Association 2007.

On the right of Figure 6, we plot the L? errors of the indi-
rect lighting component using our method compared to the
reference. This indicates the error in the perceived color that
is directly visualized. The errors are measured and averaged
at scene vertices (we have slightly modified the ray tracer to
produce color per vertex). The experiments were done for a
varying number of spectral basis functions from 32 to 2048.
At 1024 basis, the error is quite small relative to the scene’s
average indirect lighting luminance, which is 0.1. Note that
the accuracy improvement of using 2048 basis functions vs.
1024 basis functions is small. This supports our findings that
1024 basis functions deliver both good rendering results and
performance in the experiments.

In Figure 5 we show side by side comparisons of dif-
ferent illumination components. In each example, we show
the direct lighting, the simulated indirect lighting using our
method, and the global illumination result. We also show the
approximated direct lighting resulting from our basis projec-
tion. Note that this approximated lighting is not directly vi-
sualized, therefore, even when there are non-smooth changes
due to mesh partitioning, the indirect lighting result is still
nearly artifact free due to the smooth nature of indirect trans-
fer. In all examples, the scenes look unrealistically dark with
only direct lighting, while indirect lighting adds important
color bleeding effects, making the overall appearance realis-
tic and convincing. Also note the final bounce glossy inter-
reflection effects in the bunny scene.

5. Conclusions and Future Work

We have presented a method for interactive rendering of in-
direct lighting effects using a spectral mesh basis and PRT.
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Statues Horse | Bunny (Diffuse) Plank || Sphere | Bunny (Glossy)
Vert. count 35K 25K 31K 7K 4K 28 K
Tri. count 71K 50K 61 K 14K 8K 54K
Partition size 1000 1000 1000 500 500 1000
BRDF SH basis 1 1 1 1 16 16
Prep. time 30 min | 32 min 38 min | 12 min 4 min 54 min
Basis storage 3M 3M 3M 3M 3M 3M
Coeffs/Vertex 63 62 66 85 1400 1645
Matrix storage 8.7M 6.0 M 8.0M 25M 24 M 180 M
Direct Fps 120 180 130 280 300 150
Global (1) Fps 25 35 26 74 30 6.5
Global (3) Fps 18 20 17 45 28 6.0

Table 1: Precomputation and relighting performance for our test scenes. The first two rows show the total number of vertices
and faces in each scene. next two rows show the partition size and the number of BRDF SH basis. All test scenes took less
then one hour to precompute. The storage size for the resulting spectral basis data and transfer matrix data are reported in the
middle rows. In the last four rows, we report the rendering frame rates (fps) for direct lighting component, the overall (direct +
indirect) relighting performance with 1-bounce and 3-bounce indirect lighting respectively.

B | .

Figure 7: Our system supports dynamic manipulation of diffuse albedos and switching of glossy BRDFss.

Our system incorporates an arbitrary local lighting model
into a real-time high quality global illumination environ-
ment. This ability is especially attractive for interactive ap-
plications where flexible local lighting is important, such as
games or lighting design.

We anticipate several directions for future work. First,
to address the limitation of low-frequency glossy inter-
reflections, we plan to experiment with other BRDF bases
such as wavelets or RBFs to better capture all-frequency
reflection effects. Second, we are extending our technique
to handle textured models by representing the spectral basis
set as texture functions over the surface geometry. This
can better suit our method to applications that require a
very low polygon count. Third, the requirement that the
scene be fairly evenly tesselated is quite restrictive, and we
plan to address this limitation by exploring adaptive mesh
partitioning schemes. Finally, our approach should easily
extend to rigid body dynamic scenes using a neighborhood
sampling approach similar to Shadow Fields [ZHL*05] or
Ambient Occlusion Fields [KL05].
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