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Real-Time Diffuse Global Illumination Using Radiance Hints

Georgios Papaioannou
Athens University of Economics and Business

Figure 1: Examples of indirect diffuse lighting calculated in real time with the Radiance Hints method.

Abstract from the adaptation of generic global illumination methods to the
GPU (e.g. photon mapping and path tracing) are promising, cur-
GPU-based interactive global illumination techniques are receiv- rent methods cannot yet meet the high frame rate requirements of
ing an increasing interest from both the research and the indus-typical applications for large data sets.
trial community as real-time graphics applications strive for vi- o
sually rich and realistic dynamic three-dimensional environments. Sinceé on most natural or man-made surfaces a signi cant amount
This paper presents a fast new diffuse global illumination method ©Of light is diffusely re ected, the simulation of diffuse light trans-
that generates a sparse set of low-cost radiance eld evaluationPOrt within a virtual environment plays a major role in the realis-
points (radiance hints) and computes an arbitrary number of dif- tic image synthesis. The simpli ed rendering equation for diffuse
fuse inter-re ections within a given volume. The proposed ap- INter-re ections only has been extensively used in existing inter-
proximate technique combines ideas from exiting grid-based radi- active global illumination algorithms as it is very ef cient to ap-
ance caching techniques with re ective shadow maps as well as Proximate by direct irradiance integral evaluation. Furthermore,
a stochastic scheme for visibility calculations, in order to achieve diffuse indirect lighting varies slowly across space, thus enabling

high frame rates for multiple light bounces. the sparse evaluation and caching of radiance as a volumediic
ance eld Its low-frequency nature facilitates the perceptually con-
CR Categories:  1.3.3 [Computer Graphics]: Picture/lmage vincing blending of direct and indirect illumination even for rough

Generation Display algorithms 1.3.7 [Computer Graphics]:  &PProximations of the latter [Durand et al. 2005].

Three-Dimensional Graphics and Realism Shading,shadowing The Radiance Hintanethod presented in this paper estimates the

radiance eld within the volume of a three-dimensional environ-

ment by directly sampling thRe ective Shadow Mapsf the light

sources (see also the related work section below). A low-cost

geometry-less evaluation of the radiance re ected from the rst

1 Introduction diffuse bounce of light is performed at sparse locations (Radiance
Hints). Radiance Hints are subsequently used as radiance cache

Modern interactive graphics applications, such as game engines andPoints to evaluate surface irradiance on nearby surfaces and approx-

virtual reality systems strive for higher visual realism through the imate secondary diffuse inter-re ections, both at a very low cost.

inclusion of global illumination effects that are special cases of the

solution of therendering equatiorfor a three-dimensional scene

[Kajiya 1986]. Specialized algorithms for the real-time rendering 2 Related Work

of specular global illumination effects such as true and approxi- - . o .

mate re ections, refractive distortions and caustics have been Suc_The concept of indirect illumination interpolation from cached val-

cessfully implemented on graphics processors. Although results UeS Was introduced by Ward et al [1988]. Accurate irradiance es-
timates are computed using ray tracing on a few surface points (ir-

e-mail: gepap@aueb.gr radiance sample points) and for the remaining surface points fast
interpolation is used. Wang et al. [2009] presented a method to cal-
culate the irradiance sample points in advance and implemented the
algorithm on the GPU. The method is accurate but it achieves inter-
active frame rates only in very simple scenes. The Irradiance Vol-
ume, which was rst introduced in [Greger et al. 1998], regards a
set of isolated irradiance samples, parameterized by direction, each
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spherical harmonics representation to store the incident radiance aKaplanyan and Dachsbacher introduced a volume-based method,
the vertices of a regular grid. Incident radiance is estimated by ren- the Cascaded Light Propagation Volumes [Kaplanyan and Dachs-
dering a cube map at each grid point sampling the resulting texels bacher 2010], where RSM-generated virtual point lights are in-
and encoding the radiance eld as spherical harmonics coef cients. jected into a volume texture. Instead of evaluating the low fre-
The indirect illumination at the surface points is approximated by quency indirect illumination from the VPLs at the surface points
interpolating the radiance from the closest grid points. This method though, the method uses an iterative propagation scheme to transfer
supports multiple bounces and indirect occlusion but is very expen- energy from voxel to voxel, taking into account occlusion caused by
sive for complex dynamic scenes or many cache points due to theblocking voxels. Blocking voxels are marked by storing any avail-
capture and encoding of the cube maps. able depth information from the camera depth map and the RSMs
o i . into a separate occlusion (geometry) volume. The method achieves
Instant Radiositynethods, introduced by Keller [1997], approxi-  high performance for a relatively small number of propagation iter-
mate the indirect illumination of a scene using a setidtial point ations with respect to the volume size, which in most cases is not
lights (VPLs). VPLs are points in space that act as light sources gdequate to model multiple bounces of diffuse inter-re ection. The

and encapsulate light re ected _off a surface at a given location. A ethod also suffers from popping artifacts due to view-dependent
number of photons are traced into the scene and VPLs are creategycc|ysion information.

at surface hit points, then the scene is rendered, as lit by each VPL.
The major cost of this method is the calculation of shadows from

a potentially large number of point lights but since it does not re- Thiedemann et al
quire any complex data structures it is a very good candidate for '
a GPU implementation. Lightcuts [Walter et al. 2005] and more

recent work such as [Dong et al. 2009] reduce the number of the re-
quired shadow queries by clustering the VPLs in groups and using
one shadow query per cluster, but the performance is still low for
complex scenes.

[2011] introduced an interactive volume-based
global illumination method, where the spatial occupancy and color
data are generated by injecting a geometry texture atlas containing
point samples of the polygonal geometry. The authors propose an
optimized ray marching scheme for intersecting the gathering rays
with the volume data. At each hit voxel, the RSMs are looked up to
determine its visibility from the source, and subsequently its normal

Re ective Shadow map@RSMs) [Dachsbacher and Stamminger and the incidgnt light. The_ir me_tho_d produces f_ast and high quality
2005] consider the pixels of a shadow map as VPLs, but the con- rst-b_ounce diffuse global illumination but requires model prepro-
tribution of these lights is gathered without taking scene occlusion €€SSing and extra storage for the texture atlas and is sensitive to the
into account. To achieve interactive frame rates, screen space inter0int sampling rate and surface deformations. The authors suggest
polation is required and the method is limited to the rst bounce of that secondary indirect light bounces should be handled by iterative
indirect illumination. An extension of this method by the same au- Path tracing but do not provide a solution. Mavridis and Papaioan-
thors [Dachsbacher and Stamminger 2006] transforms the gathering?®Y adopted a similar volume population approach [Mavridis and
operation for the incident radiance on a surface into an image-space”@Paioannou 2011], where occupancy and direct illumination of
VPL splatting procedure which achieves better performance, but e geometry are injected into the volume as vertices of the tes-
still ignores occlusion for the indirect lighting. Recently, Nichols ~S€lated geometry. Supplementary points are generated by injecting
and Wyman [2010] further improved the performance of RSMs the view camera and RSM G-buffers into the v_olume, similar to
by performing multi-resolution splattingmperfect Shadow Maps ~ [Kaplanyan and Dachsbacher 2010]. Ray marching at voxel level is
[Ritschel et al. 2008] use a point-based representation of the scenesubsequently applied to simulated global illumination with multiple

to ef ciently render extremely rough approximations of the shadow bounces at a cost proportional to the volume size and sampling dis-
maps for all the VPLs in one pass. The method achieves good re-t@nce. Both methods produce a full-scene occupancy volume and
sults at interactive frame rates for one-bounce inter-re ections. can thus correctly handle secondary light bounce occlusion.

Jensen [1996] introduced the concept of photon mapping, where in

a rst pass photons are traced from the light sources into the sceneThere exist several high performance methods that rely on pre-
and stored in a k-d tree and in a second pass the indirect illumi- computed radiance transfer and visibility functions, such as [Sloan
nation of visible surface points is approximated by gathering the k et al. 2002], but a detailed discussion on this speci ¢ genre of al-
nearest photons. In [McGuire and Luebke 2009] the rst bounce gorithms is outside the scope of this paper, as fully dynamic scenes
of the photons is computed using rasterization on the GPU, contin- and lighting conditions are considered.

ues the photon tracing on the CPU for the rest of the bounces and

nally scatters the illumination from the photons using the GPU.

Since part of the photon tracing still runs on the CPU, a large num-

ber of parallel cores are required to achieve interactive frame-rates.3 Method Overview

Recently Yao et al. [2010] introduced a photon splatting method

that calculates ray-surface intersections in the image space of mul-

tiple environment maps (with normal and depth information) care- . ) ) )
fully placed within the volume of the scene by optimizing volume ~The proposed approximate method combines ideas from the grid-
coverage. The method dispenses with ray-polygon intersections byPased radiance caching of Nijasure et al. [2005] and the Re ective
employing the Distance Impostors method proposed in [Szirmay- Shadow Maps approach. Similar to [Nijasure et al. 2005], it stores

Kalos et al. 2005], which performs ray-environment map intersec- SParse radiance eld values at regular volume locations. Instead of
tions. constructing cube maps to sample the visibility and incoming ra-

diance, though, it employs re ective shadow map sampling in one
Ritschel et al. [2009] extended previous work for screen space am-pass for all sampling locations. This allows for a signi cant perfor-
bient occlusion calculation [Shanmugam and Arikan 2007] and in- mance increase in radiance eld computation at the selected points
troduced a method to approximate the rst indirect near eld dif- and does not require any additional rendering of the scene’s geome-
fuse bounce of the light by only using information in the 2D frame try, as all necessary information is already stored in the RSMs of the
buffer. This method has a very low computational cost but the re- light sources. Furthermore, the radiance cache points are updated
sulting illumination is hardly accurate since it depends on the pro- and queried using a stochastic approach as discussed in Sections 4
jection of the (visible only) objects on the screen. and 5, hence the nankadiance Hints - RH
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Multiple light bounces are handled by stochastically exchanging @)
energy among the RH points. To account for occlusion in sec-
ondary diffuse inter-re ections, a fast light attenuation scheme is
proposed, which takes into account the measured distances fro
the RSM samples and imposes no additional cost.

Compared to other modern techniques, four major improvements
of the Radiance Hints method are the fast estimation of the spa-
tially varying radiance eld, the ability to capture multiple diffuse

inter-re ections with a very small overhead per light bounce, the [_] RH volume cel

physically-based modeling of the light transport and its view- and =/ @ RH center N
geometry-independent nature. A comprehensive comparative eval- @ RH sample position
uation of Radiance Hints against the latest real-time diffuse global ! ® Accepted RSM sample
illumination methods is provided in Section 9. An outline of the ® Rejected RSM sample

proposed method is provided below.

Optional RSM sample
attenuation (occlusion)

Prepare the RSMs for each light source.

Con gure a lattice of Radiance Hints as a volume texture. If
Ny > 1 light bounces are requested, prepare a second set of
RH points for interleaved radiance eld update.

For each Radiance Hint, sample the RSMs from a number of [IEEEEEES
locations inside the RH cell to build its approximate radiance
eld (Fig. 2(a), Section 4). Encode the result as spherical har- !
monics coef cients and store them at the RH voxel (Fig. 2(b)).

. . Figure 2: Estimation and application of the RH radiance eld.
ForallN, 1 bounces, update the Radiance Hints by accu- (a? RSM sampling from randomly placed points inside the effective
mulating radiance from other RH points (Fig. 2(d), Section 6). volume of each Radiance Hint. (b) Optional depth-based occlusion
Use stochastic occlusion in the radiance transfer process (Sec-attenuation of RSM samples followed by radiance eld encoding.

tion 7). (c) Global illumination reconstruction from near radiance eld. (d)
. . . . RH-to-RH secondary light bounces. (e) Reference path-traced im-
Estimate the irradiance at each fragment using the con- age

tribution of appropriately selected Radiance Hint samples
(Fig. 2(c), Section 5)

In the current implementation of the method, the RH locations are L&t 7 (x) be the incident ux on each RSM texel For a distant
selected as the lattice nodes of a uniform partitioning of the scene OF directional light with total power ., each texel receives a ux
volume. For each RH and RSM pair, the radiance eld is sampled . 7(X) = (Hini=Mrsw . Mrsw is the total number of texels
from multiple locations inside the RH volume cell, with an average " the re ective shadow map, n are the light vector and the nor-
position equal to the the Radiance Hint location, i.e. the voxel cen- Mal atx, respectively andji denotes the dot product. For wide
ter. The RH position is the representative of the individual jittered SPotlight apertures this power can be also analytically computed.
RH samples and the approximate radiance eld in its volume cell. Since the RSM is sampled only Bt locations, the incident ux
The resulting radiance eld, encoded as Spherical Harmonics co- i (Xk) at each sample is the corresponding texel ux scaled by
ef cients for the three color channels is stored in volume textures, Mgrsm =Ns.

along with the minimum and maximum RSM sample distance. The Assuming a suf cient sampling of the shadow map, i.e. a small

two distance values are used in the secondary light bounce calculasignting variation near each sampte, the irradiance in the vicin-
tions and the approximate visibility function (see Sections 6 and 7 ity of xx becomesE; (xx) * i (xk)=Ax, whereA, is the surface

respectively). The individual RH sampling locations are not main- 5reg neax,. Unless a very dense sampling of the RSM is per-

tained. formed,A corresponds to larger area than that of a projected RSM
texel. Please note that RSM samples are not regarded as point lights

4 Radiance Hint Calculation here, but rather as small area lights.

Since only diffuse inter-re ections are considered, the outgoing ra-
In the Re ective Shadow Maps method [Dachsbacher and Stam- diance in any direction in the hemisphere abryds constant and
minger 2005], indirect light at a poimt is estimated by projecting is given by:
it on the re ective shadow map of a light sourcls normal, po-
sition and brightness samples are acquired in a disk centered at the Oy = _ (k) (X)) i (xx)
: ; | . Lo(Xk;!) = Lo(xk) = —Ei(xk)= —F——= (1)
projected coordinate pair in shadow map image space and the con- A
tribution of each one is accumulated. RSM samples with a normal
vector facing away fronpry are rejected. The disk coversasw Let nowyy be thek-th radiance sample position around the Radi-
fraction of the total RSM. ance Hint centepry (Fig. 2(a)). Considering a narrow solid angle
from patchAy to yk, thecumulative radiance contributioaf Ay
In Radiance Hints, instead of considering a xed location, i.e. the to the radiance eld ayx around directionxy ! yy is:
RH centerpry for all Ns shadow map samples, different posi-
tional samples with a distributioD gy around eaclpry are taken 7
(Fig. 2(a)). This results in an estimate of the overall radiance eld,
representative of the entire space in the vicinitpgf; and not just L(y«) = Lo(xk;!)d! =
a single location.

z -
Lo(x)hyx  xjngi

e xg @

Ak Ak
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rendering the RH attributes into a volume texture, slice by slice.
Alternatively, sparse, unstructured RH points could be created and
stored along with their oating point Cartesian coordinates in a sin-
gle layer bound to a two-dimensional texture.

Typical values for the total number of RSM sampiés per Radi-

ance Hint is between 12 (single RSM, spotlight) and 70 (6-8 RSMs
or omnidirectional lights). The coverage of the RSM samples on
the parametric shadow map a@av should be small ( 5-15%), if

a light source illuminates a large area (i.e. sunlight). In this case, in-
direct illumination exchange is expected to have relatively localized
effect and few, concentrated samples are preferred. Indoor spaces
and scenes of small physical scale on the other hand, may use up
to 90% of RSM coverage. The number of RH points depends on
the desired detail of the reconstructed irradiance and the size of the
scene. Typically, scenes with clustered elements (such as the Cor-
nell Box example) require fewer Radiance Hints than environments

. . . . with many isolated thin structures (such as columns in the Sponza
A is represented by a single sample and thus, replacing outgoing atyium or the Sibenik Cathedral).

radiance from Eq. 1 in Eq. 2,(y«) is approximated as follows:

Figure 3: Three-bounce diffuse global illumination with ()"
and (b)3™ order spherical harmonics (Sibenik Cathedral model,
19 15 9 RH grid, 50 RSM samples per RH). (c) Path-traced
image. All images were rendered®124 1024 pixels and bright-
ened for clarity.

5 Reconstruction of Indirect lllumination

Cye) = X XM XN e
Yk Xkj? In order to reconstruct the re ected radiance at any given surface
Equation. 3 can be rewritten as: point p with normaln, the incident radianck; (! ) from a direc-
tion! is interpolated from Radiance Hints in the vicinity mfand
(xk) T(Xx)Mgrms hyk  Xkjnki integrated over the hemisphere centered .atn contrast to other
Elyx) = N sjyk  Xkj2 (4) radiance caching techniques, e.g. [Nijasure et al. 2005], where the

integral of the radiance eld and the hemisphere abpvedirectly
(xx) T(xx), i.e. the output ux of each texel, is stored in the applied as a three-dimensional texture, a more careful sampling was
RSM illumination channel texels. Equation 4 is evaluated for each sought to remedy the following issue: Radiance samples must be
one of theN s selected RSM samples in the volume associated with drawn only from the hemisphere abopen order to avoid severe
the Radiance Hint centered @y . light leaking and ensure that all selected samples have a signi cant

. . ) contribution to the reconstructed radiance.
The radiance eld can be now expressed using a convenient set of

basis functions, such as Spherical Radial Basis Functions (SRBF)The re ected radiance (p) for a Lambertian surface is estimated
[Leung et al. 2006] and Spherical Harmonics (SH) [Sillion et al. by evaluating the irradiance in the hemisphereabovep from the
1991]. In this paper, similar to many other global illumination radiance eld atNgy locations:

techniques, the light eld is approximated by projecting it on the p) z

low-frequency terms (order 2 and 3) of the real Spherical Harmonic L:(p)=——+ Li(!)cosd ’

basis functions, although any set of orthogonal basis functions can

be adopted for this purpose. ”’XRH 7

By projecting eachC(yx) radiance eld sample into the low- (p) L(pru,;! )cos d! (6)
frequency Spherical Harmonics basis functiofi&( ;’ ), the esti- Nori

n

mated radiance eld gbrn in the direction( ;' ) becomes:
where (p) andn are the albedo and the normal vectoipatre-
X X spectively.
C(pru;;’ )’ C(pru:m)Y™ (7))

I m= |

Having expressed the radiance eld as a truncated series of or-

(5) thonormal basis functions and by doing the same for the oriented
hemisphere of Eq. 6, the integral over the hemisphere centered at
can be ef ciently evaluated by a dot product of the corresponding
coef cients. The reconstructed re ected radiarice(p) atp then

where ;' « correspond to the direction of incident light at the becomes:
k-th RH sample position from thk-th RSM samplely, ! X. New X X
Figure 3 demonstrates the image quality difference in the case of | (p) = ()

2" and3 order Spherical Harmonics.

X

C(pru;lm) = LYY« «)
k=1

N C(Pru,:Em)HA (M) (7)
RH

n=1 | m= |

For multiple light sources a_1r_1d consequently different re ective whereH , (I:m) are the SH coef cients of a hemisphere aligned
shadow maps, the superposition of samples from each one of the”\/vith n '

is trivial. The number of samples per light source can be determined

by evenly distributing the totdlls samples among the sources, by Ramamoorthi and Hanrahan observed that for the real Spherical
power law or any other importance sampling scheme. The sameHarmonics basis functions, the truncated SH expansion of the ir-
principle also holds for omnidirectional lights implemented using radiance integral with 2 approximates the slowly varying dif-
cube maps. Consecutive passes, one for each RSM, accumulatéusely re ected light with an accuracy of up to 99% [Ramamaoorthi
Spherical Harmonics coef cients (as well as other attributes) in and Hanrahan 2001]. An analytical expression for the Spherical
the current frame buffer object, using a pixel shader. When reg- Harmonics coef cients for a directed hemisphere and 2 can
ularly spaced RH locations are used, their data are calculated byalso be found in the same paper.
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Sampling the Radiance Hints If the Radiance Hints are the ver- wherel:ék)(pRHj; iv i) = Li(k)(pRH as is’ i) is the radi-
tices of a volume grid, as is the case in the current implementation, ance from thg -th Radiance Hint sample ang is the sum of the
this task is trivial. First, an offsetyise:  from the shaded poind visibility V(pru;;pry,) over theNp samples. The radiance is
equal to the diagonal of each voxel is chosen. Whg sampling integrated only over visible RH samples since the domain of the
locationsprn,, are arranged on a surface-aligned hemisphere of ra- approximated integral is the spherical solid angle arquig, and
diusroftset  and shifted by ottset =2 along the normal direction. thus only the nearest (visible) points should contribute to the eld

This shifting ensures that no RH points behmdre sampled. The  atpgrn,. This modi ed Monte Carlo integration formula evaluates
radiance eld atpru, is trilinearly interpolated from the nearest to the same result as standard Monte Carlo with rejection sampling.
Radiance Hints. Practically, even using as few as 4 RH samplesThe con dence factors; are easily computed as:

produces a good estimate of the smoothly varying radiance eld.

The sample arrangement on the hemisphere is pre-calculated and Xo

rotated to match the normal pt For all the test cases in this paper, G =@ rra;mn)= (@ TRH;min) 9

the rst sample is directly abovp, while the remaining 3 samples i=1

are positioned at equidistant locations on a circle 80 degrees away . ) o

from the normal direction. Since no surface normal is available at any of the contributing Ra-

diance Hints, the radiance that is re ected backptgy, from
. . . a distant Radiance Hint sampfery; emanates from a hemi-
6 Approximate Multiple Inter-re ections sphere aligned with the incoming sampling direction ;; ' ;).
L . The outgoing radiance=() (pr i; ') for any direc-
Instead of distributing energy among surfaces, radiance from sec-jon in the hemisphere due to diffuse inter-re ection is directly

?ndarytrt:our%ce;is sameIetd ar:t_hele(-jl Ioczﬁionibydrﬁﬂwmtg r("’_‘:di"’l‘”Ceproportional to the corresponding radiosity and in particular
rom other Radiance Hints (Fig. 2(d)). uniform Monte Carlo Egk)(pRH,; o) = B-(k)( . *1)= . The radiosity in

sampling of the radiance eld surrounding a RH popiy , can ; L - !
be achieved by uniformly selecting contributiNg RH samples in this case equals the |rrad|an_ce on the same hem|sphe_re, which can
be evaluated from the spherical harmonic representation of the ra-

the storage volume inside a sphere of radits and centepgy , - . .
I'max represents arange beyond which contribution of incoming ra- diance eld atpry; (EQ. 5):
diance from secondary bounces is considered negligible and can

equal the diameter of the scene. Usually though, a much smaller (k) . N Bj(k)( i i)
value is preferred as it helps concentrate few samples in a more o (PrAj 55 1) = -
signi cant range in terms of energy exchange. X X
= c* Vpra EmHM (53 7)) (10)

Since we are interested in the contribution of radiance that is re-
ected back from surrounding geometry, Radiance Hint samples

closer to surfaces mu_st_ be favore(_:i. _Howeve_r, the Radiance Hintsp consequence of the above energy exchange mechanism is that
methoo! uses no e?(pllclt geometnc |nformat|or_1 and therefore, & color bleeding takes into account only the outgoing radiance of di-
probabilistic weighting mechanism must be devised that associatesyect jllumination, as no interaction with actual geometry occurs in
a normalized con dence factay with each sampleg; mustbe  consecutive bounces. This is manifested as a constant (white) re-
hlghe_r for RH locations near surfaces and lower for Radiance Hints octance in Eqg. 10. Full color bleeding can be achieved by main-
positioned far from scene geometry. taining and sampling a separate low resolution albedo volume rep-
resentation for the scene at the additional injection or voxelization
cost. The number o, RH sample points can be small. 16-32
points are adequate considering the slow variation of the overall
radiance eld.

I m= |

When sampling the RSMs in order to estimate the radiance eld at
a Radiance Hint, the minimum and maximum distar‘rq:e,g;min ,

IrH;max 10 the sampled RSM points are maintained and saved
in the RH data. Both distances are normalized with respect to
I'max . The condence factoig; can be directly associated with  |n Eq. 8 and 10 the radiance eld in bounce stedepends on ra-

the minimum distancer ; ;min at the RH sampling locatioprk; - diance eld values of the previous diffuse inter-re ection iteration.
rrH;;min S (trilinearly) interpolated from the corresponding stored  This necessitates the use of two identical volume texture buffers
distance information at the closest Radiance Hints. with alternate read/write roles (ping pong rendering).

In contrast to the irradiance reconstruction from the Radiance Hints . .

(Section 5), where only the radiance eld near the surfaces is sam- / Handling Occlusion

pled, in the case of secondary diffuse inter-re ections the receiv-

ing Radiance Hinpry, can be signi cantly far from the radiance ~ Correct visibility, i.e. interception of light incident to a poipt
sampling locations. This necessitates the introduction of a visibil- due to the obstruction of the light transfer path by geometry, is one
ity termV (pri ; PrH ) between the two points. Since no geomet- of the main bottlenecks in interactive global illumination render-

ric occlusion data are maintained(pry ; Pr , ) is stochastically ing. Ambient occlusion [Zhukov et al. 1998] has been extensively
estimated from the minimum and maximum distances stored in the Used as a statistical measure of light attenuation according to the
Radiance Hints, as described in the next section. closeness of geometry in the vicinity of, but unfortunately, it

leads to erroneous shadowing of areas with strong indirect light
Taking the above two factors into account, the updated radiance exchange (corners, opposite surfaces etc). In volume-based ap-

eld at a Radiance Hinpgry ,, for thek-th light bounce is: proaches, blocking voxels are injected in the volume representation
of the scene either by full-scene voxelization [Gaitatzes et al. 2010;
9 (pru,m) = ©X D (pry,;lm)+ Thiedemann et al. 2011; Mavridis and Papaioannou 2011] or by in-

jecting view-dependent blocking voxels from the RSM and camera

4 X ) ) ] o, m depth information [Kaplanyan and Dachsbacher 2010]. \Afitki-
Vi V(PR PRHGIG Eo (PrAys 5 )Y (537 5) radiance[Dachsbacher et al. 2007], light that should be re ected by
=1 blocking geometry is negatively transmitted through surface bound-

®) aries and canceled out by unobstructed light at the next surface.


















