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B ZOGIRENE D R T SRR R REES . AOONET A2 R IRETE
(Point based global illumination, & ¥{% PBGI) -5 .
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Hierarchy, EFR}N BSH) F, ZA=BIRGHHE T A, BREFHEFEY
M EMUIOLRER. FMER, FAAZRBREGHTHREE G RREEL
B, RESTEREN, [REXSRIE O ST ETB T A, RIET SR
& ORI FECRHAANE R, EERGEMT A, THREHEIESPRE—1
A, R SRR EINZE B A B R P X (BT IR E S B
BRI X B LT R GRIRX), IR S AT I, SRR i X A B
A, 5 EXTN AR A R4 R E(Bidirectional Reflection Distribution Function,
@555 BRDF), IR RASEENEREIZE G AREEOLRE. PBGI AR
ML e R E R EEMY, B2 PBGI BIEM A —S R, WtiEit®
R AL e s, RIANEERR TR EURI G B I T 3R T 2 (AT B S S S8 A R, T X
RORARFRICRPEREE, FIZEIIRE T PBGI BIAHINHTERE . fEATL
dr, FA1EH X PBGI HEFER R RIS, — T ERESESE, H—TEy B
ZEIEFEHIGFREZ &GS, HHb, AT PBGI B VAR FH 27 b 5 %
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HEFERRERD, HHh, R T REE RN AR T

AR T & TN PGBI B AT BR8P R Z AR &Z . 7
PBGI Bi%H, {#H RGB iR EFOLR, BRI K%L (Spherical Harmonics,
PR SH) RECEEME A = BIGEMP I EEOLR, BT RS T8RN ANE
B, RO IR B R . SRR A SH RFEMEIRIE AT R R e L% 8,
{5 BRDF e /D R EOR KR, 1=/ BRDF NFEARER SH R2%L,
T SH ASCRPIRIET L, FRE ™ BRI RS, e /R NE SR &
l, BEMENE, TAFEEATEEGNS; i, ERRSHRKENT, SHF
£ “ringing” EFE. ETLLERE, AR EAGRNOREFERCR, B/
AR S SR S, FESL T RN PRI, 7R R AT 4
BRI R INEREL, I BN R S B IRGE T #H T R A S, B
B /INERECFUGHEAT /NS, TEA BB IR AT SR T ST RS
AT AL, NTEENT A GEERT S BT S ZER) JEET Ty
RE RBERT AT O RS WMEDAE SR A, R AR
JZUREER BT SN REUNT, SR 5 708 ) B SRR SR DN . PBGI 7R
SRR ELE i BRDF 1B UL T 2 HEERE AR, X2 B TX t e BRDF R
ANEIERCH, AR AT DU R m AR I X B HE R AR, (BRI
FNEGRCR, 15 PBGI A RFEAEE LT, FHREATRE TEEZERNR
HXER, R7E “EE J7REMME RS HE%E . IRIE BRDF fIASHLEE
BV S E B R, W EEN SR RAERER, B SEIIER, i EE
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ABSTRACT

As the development of animation industry, there are more and more requirements for
the realistic rendering. Global illumination (GI) is an significant part of realistic rendering,
and it has been focused by researchers for many years. Not only the lighting directly from
the light sources but also the lighting reflected by other objects in the scene is required
to be computed, so it’s complicated to solve the GI problem that can be described as the
rendering equation. Several algorithms can be used to solve this problem, such as Monte
Carlo based ray tracing, photon mapping, many lights based approaches, point based
global illumination and so on. This thesis is about Point Based Global Illumination (PBGI).
PBGI is a popular rendering algorithm in movie and motion picture productions. This
algorithm provides a diffuse global illumination solution by caching radiance in a mesh-
less hierarchical data structure during a pre-process, while solving for the visibility over
this cache, at rendering time, for each receiver, using a microbuffer, which is a localized
depth and color buffer inspired from real time rendering environments. As a result, noise
free ambient occlusion, indirect soft shadows and color bleeding effects are computed
efficiently for high resolution image output and in a temporally coherent fashion. PBGI
has attracted increasing attention nowadays because of its efficiency and noise free quality.
However, there are still some problems, such as it can not simulation non-diffuse light
transport, that makes it have limited applications. My thesis aims to solve these issues in
PBGI and extend it to support more light transport path.

Based on the spatial coherency, we propose a factorized solution of PBGI to make
it more efficient by reusing the tree cut and the microbuffers. In PBGI, each receiver
traverse the point cloud tree independently, but we observe that the similar receivers have
the similar tree cut, that means there is redundancy during the traversal process. A similar
model of the receivers is proposed at first, and then it is used to cluster the receivers. The
point cloud tree is traversed for a cluster instead of for each receiver, and a cluster tree cut

is obtained. The far nodes in the cluster tree cut are shared directly by all the receivers in

v
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this cluster without further traversing, while the near nodes are traversed for each receiver
independently. A cluster microbuffer is proposed to solve for the visibility of the far nodes,
while the receiver specific microbuffer is used to solve for the visibility of the near nodes
and the refined nodes. The final microbuffer by combining these two microbuffers is
convolved with the bidirectional reflection distribution funcion (BRDF) of the receiver to
get the final indirect illumination. Our algorithm offers a significant rendering speed-up for
a negligible and controllable approximation error and it inherits the temporal coherence of
PBGI.

We also propose a wavelet based solution to PBGI to compute the non-diffuse light
transport. As only the diffuse lighting of the point is baked in PBGI, it can not simulate the
non-diffuse light transport, such as caustics. PBGI tree nodes uses spherical harmonics (SH)
to represent outgoing radiance. Unfortunately, even using a larger number of coefficients,
SH are not able to capture high frequencies efliciently, which translates in our case to non-
diffuse reflections or refractions. Consequently, caustics stemming from metals, plastics,
glass and other reflective or refractive materials are not handled with classical PBGI
frameworks. Even when ignoring the performance issue induced by a larger number of SH
coefficients, ringing artifacts quickly appear. Compared with SH, haar wavelets support
non-linear approximation, so the the representation is compact. So we propose to represent
the outgoing radiance of the non-diffuse point with wavelet coefficients by sampling
according to a cube map firstly and wavelet transforming each face of this cube map.
The coefficients are further encoded hierarchically in the point cloud tree to decrease the
memory usage, that means the coefficients themselves are wavelet transformed, generating
two kinds of coefficients: node approximation coeflicients and node detail coefficients. The
node approximation coefficients are stored for the low level nodes (close to the root), and
the node detail coefficients are stored for the high level nodes. To avoid storing the entire
list of nodes vectors at any intermediate state, we compute this compressed representation
during a post-order depth-first traversal of the PBGI tree. Further more, according to
the artifacts problem that appears when there is high frequency BRDF or lighting in the

scene, we propose to use the importance driven microbuffer. The importance function

\%
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that includes the incoming lighting importance and the BRDF importance is used to drive
the microbuffer, that means when one pixel has high frequency information (lighting or
BRDF), it will be subdivided. Finally, our rendering algorithm allows to handle non-diffuse
light transport, reproducing caustics with a similar quality to bidirectional path tracing for
only a fraction of the computation time, with an intuitive control on the approximation
error.

Based on the previous two algorithms, we propose a view-tree based approach to
compute the multiple bounces reflection. In PBGI, the indirect illumination of each point
in the point cloud needs to be evaluated by traversing the point cloud tree and splatting the
nodes in the tree-cut, so each point is treated a receiver. We propose to organize all the
receivers into a view tree, and the point cloud tree is traversed for the view tree instead of
for each receiver. The view tree approach is based on the observation some nodes in the
point cloud tree contribute similarly to all the points in other nodes, that means we don’
t need to traverse for these points respectively but only for the node that contains these
points. This is an extension to the factorized PGBI from one level (cluster) to a hierarchical
structure (tree). Another problem for multiple bounces computation is how to evaluate the
outgoing radiance from the incoming radiance efficiently. As the outgoing radiance needs
to be computed for each sampling direction, the time complexity is O(n*), where n X n
represents the resolution of the hemisphere or square according to which the incoming
direction and the outgoing direction are sampled. The wavelet representation is sparse
that improves the performance, so we decide to wavelet transform the incoming radiance
and the BRDF and multiply them in the frequency domain. We propose a novel outgoing
radiance computation model by doing product between 4D BRDF wavelet coefficients
and 2D incoming radiance wavelet coefficients. Finally, the point cloud tree with multiple
bounces reflection stored is used to offer a preview rendering of the scene by utilizing the
GPU computing efficiently. We can support scenes that include diffuse materials and all
frequency glossy materials with a changing camera.

Our thesis improves and extends the PGBI algorithm so that it can be used in more

applications.

VI



LR KFHE L F ML

Keywords: global illumination, point based global illumination, realistic rendering,

haar wavelet, non-diffuse light transport

VII






LR KFHE L F ML

B EPERIKRy:. 2 LB/ (ThkReE2), A LR ydien (BEX
), ETESnmer) CLREIAC) , A TR IT 8 (Bikinnns) -

BEEHR . Shig iR R, AT ELBERNF RS, 2FEERIE
NESERERPERANE ), BEEORBERRE. B 1.1 Bz T JLERR
M REIRER ISR -

R, 2RLRERREEY R EER RN RS RE T SR
FEAMD RS EROER . 2RJCREMAR®EIAN . 2R S, FRREE
TRy, LS NSRRI R R, THENERMRE T R oZ R A
o IR EFRIERNEREEGRBSER RROLERES . St B 206U
TREFNEREREES, BARERER TN X EEE N B R
AT RN REET A ERERETR @ TRNET A& T2 RERER),
ZEEBRT R TR A B AR ZE /R T REMAH, TEMATEUE
i PSS U MG BRI EROR, (B RZEIEF RIS, HanfE

1



LR KFHE L F ML

S, RUEASONZEAEATI, BORE RN, HERSFEAENE L
HfEss, MNimEEERE T ZHIN A -

EATH, BTN BRI ROEASEATL, REndaE
BERICEERE, RENMEARS R TIEBE-

1.1 HHXTEig

1.1.1 ’ix

IO &R R JLADOEEER, RS DRI A SN BT
WL, R Z MR E G . thoh, Sl 12 TOCrBsntt, Hanfr .
FE—MIEOLN, XEZRHRCRHFAEE, H B2 R NS & W IR,
Ritt, 1R ZIESE A AR R A Bk

1.1.2 W& 2 5§53 16 ek B A =1 551 99 7o e 3

R[] 52 555 4347 BRI (bidirectional reflectance distribution function, & #3-% BRDF)
[1] 2 LAEFR M LR S B R T ASHEE R T7 A F 5L 77 MBI S 4EmEe, &

NXANR:
dL(x,w,) dL,(x, w,)
dE;(x, w;) B Li(x, w)(w; - n)dwi.

Hrf p R BRDFH, x AT RN E, o FRASHEERTTE, o, ZosH
BRI, L FoRHADERRE, E ZROCHIRE, L RRASIEHIRE,
n FoR ST RV . BRDE ROREE w, 71 AR RTR A R AR E o, L
ANITRRSTHREE A EL G, HEAGRE st HA sr RoRBALLARA

BRDF fiiid | 71 BUR I HIA MRS, FLInEie . StEE . RERES, &—
MREOCRT . 5 OSSR R, T AT DAV 5 AR AR 567 1A 58
U528 . BRDF f— P EHZEMEREGETE, YRR E R TRER T #
WeEIft, Bl BRDF ROZim & LR A3

p(x’ wia w()) =

f(xa a)i’ w())(wl" n)da)l S 17 va)()'
Q

BRDF iR B e ST4FAE, [RIFEH, XL [A]5% 5T 5048 BR %L (bidirectional trans-
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(a) ARG 2 5t (b) B AR ] S 5+
. n : n Wo

(d) —f& S5 (e) SLEEEH () — T

& 1.2 & A BSDF 17

PR A XL el BT 43 BRI £ (bidirectional scattering distribution function, & ¥4 BSDF
)e
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Dielectric [3]-

1.1.3 #5718

s P RARE IR TR RN E B, BB N NG R RSO
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B R RS RRRE R REDE, UAERS ESMA PP, WE
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%, HIISEEMEZ, WE 1.7 () Pros. SXCERIREMEL, BRRE LT EE
BHIM - ZAHASEET, SR PE/NEIRE, SEIRGOtSR S i ] §ert
PR, WSS, AIMETREER (LS)+DE) i, 2B AR #
Ao AERMOCTRGEATRAE, ATLAEARLL LR, T (8] A1 [9] A2 tH X [F B {2 R
BR (0B 1.7 (b) Bi7R)e FBSARERES, MOLIRFAIETLIT I X sk, S 59 %

YRS, BENL ARt BEEIS AN GENADLTR) M2, &a1Em
PEIEAE (— BRI AR AN B RRE R RS TR, I
PIRIT R &AM TIEN) . Veach & ATE [10] FHEH! T Metropolis light transport (MLT)
BIE, X A EUR TR B A2 =5 18] OO R . 12 RIE S Z BB 5
H, RARHIXAETET R AT EHRIEE, mAEZEEI, Kt
WTIEN TRESF OIREE — NI RSF ARG FER) FRAME, ¢
HWH|— KBRS, RESFEHMARE. ZTRNER G2, ERNERAE
FEARE B KT T RERIREE . XA [11] 15 DUBR, ZEORIRYE &
BRHEBREEARIE TR . Vorba SEATE [12] FHEH T ERTELE NI IERES

BUEREE, ETACEE GIGR) M Bt U SR T Ot 1) N2 5 I E 24
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AES AR, EERME, FRSFRIRM AR SR, A LUH T B
TREREAII E B IR ER, TR M T R E L IRE AR «

X—RERFRIETE, BERAE: B—, WHEAHRIRD, S5, AR
K BSDF; =, THi; BN, RESITEGER I Sasd: T
Yy R AR AL S [R],  [RL G ] 2 IR

1.3.2 {RBBEE L

RS EETA (13] eI R i i, WWRE A Z EEHEEER gEUE T,
SR IR ERA B — L REMC B AP ERIRE, RS g iR, 5
RAE [14], [15] SrPadtfT TR0k, WHRARE AT RE Z R REOLI, ERTI%
TR E SRS . A, MTHRETTESM A ZEHEEER, FiseR
B, ﬁlﬂ@%ﬁﬁﬁﬁ%@mﬁHMﬁTﬁﬁ% R AL R SR
RS R STREZ AR L. 8aE . BT RER S0 A,
HIPORZ75 i bplin D o I%Tkﬁ?ﬁﬁkﬁ@mm%ﬁﬁ ELUnRE PR 5
B, WERENANFFEE T, £=. ITEERMEIUMIEE S REN, RE
i

1.3.3 SRt

YT BREFAE [17] FH Jensen &, HE—MREFRTEE, FEIREWNAE 1.8
FiRe ZJTEAT U Z M2 ROt RACR, HInE Il R AL AERCKIE R
IRECZ D SO R RIE LN, ST REA S RERDE THRBE RIS, J5RE
[18] FAEIELE, XE—MEERNERE, EF -SRI ERREGIIEER,
HEZIEMZ DRIt TIRE, FERFpLTE, FEERZOETEEREAR
HREEEE, BUOCTREZR, SRSFINEH. EZX5EFH, BHOETEA
TEERAAENFT, BT DR AR RONFEXEEREE, e 2)e7 EAR L
S H- Hachisuka 58 A\TE [19] $& HF Y67 B2 AT W eR B0/ AT 28 ZMR RO
AR, W EERAFEFER ST WATEEN . ZEAEHT PO ek 8 TR
/INIBEBR DL IR XSS RER RS B L T e IR ARG AE T R RS T A Itk
WEENE, WH%EE] BRDF WEZEME, B AE A& %45 BRDF (15
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IWRKREB LT FMIL
R B

-
psatm)

R ST
eI

B 1.8 TN REL. EE R FE, BEIRASOET, SRR
W, SRS E AT RIS RO T, WakEREE R F TR, ALK
BPtsk, IWEHHE - FREA A (ZEER R N ), e T EER kil
ABEIR) TR HIZ SRS R

TN REENEAAET: ERITESMEREICR, HHEEF—20t.
AT, FEMSEFRT R, FERF -

134 ZXBEFE

Z R 7 1% B L Keller % ATE [20] & Y, PR EVEE B (Instant
Radiosity, fIFEN IR), ZEIER—MHILEE, HFAERESREEEREE -
VR ZEEAERENE 1.9 Bror. ZTESE TR FERH TR, et
BE R BRI R, 7 Ea m IR & SRR R T R S ol A R
(density estimation). [15R * A2 B R FUL S B VR (Virtual Point Light, & FRA VPL)HY
PEAZES, WA LU R VPL P2 A/ N EDRITE . IR B FZERIEET,
HE B MEEBURT VPL B8, S RE A, BIEFAT L. Walter 55
NAE [21] 3EH TORTRFIRIE (light-cuts) AT AR FHE] IR 1, °Rf VPL HZHFIZ IR
LiM(ELYA BSP 1) A, FEVERCES, XPEEE TR, MR TEA VPL A A
RITEBEEOLR, BEESNE. HTRENNESERNKREENT A4S
FRN VPL,  H A ERIEH ARG Rtk ied. o, Z 5 VPL BEE
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8 SR

(a) SrRI%E (b) JEUEE!
B 19 (L BIAEIRE. F—80, BOEIRASPLE, S5%RMACIM VPLE N\ AE);
Fowbn, WTEIMEEAGEERE), @il SRR (M8 VPL Z SRt it H
[AEYER.  (b)JEIRE], B T SRR IRGEFIZHE VPL-

REEORIEFZELI GERETEEAET) B, 2 ERBEARRER, s
H clamp KB 1EZRERE, ERZEROCHRRK, ZRBTE [22] A (56 HE 7
BRIEOEIR (VSL) 103 VPL 15 LU . Walter % ATE [23] H142 X ADEIREN 77 1%
(Bidirectional Lightcuts) SRIRINEERL, FEZTVET, MUEH—H5 (T4 VPL) i#
IBIATTE, B8 VAL L) it Tig)d.

ZRFIER S AETROCI M NG = U s L R, AT N R
T, XESETRSAERL. Ah,  VPL B ERT DL T2 e T 2 F05E B 2 (Al
s, EHBRTZRNA, WSS E R R EEER. 506
TRRTTIEML, ZTRES ARG R FRE TR R4, HAREE D,
ZRFENBRAAET, ZHERERE, Ao, AT HRECHR AR W FHE
B -

14 AR TIELARAAGH

ATCE N 2T R A2 Rt META R EER AR5, MRS &
MR, HIZHINA. A TIEERE T
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T SRR E B . PO ET AT 2 R B e 5 2
ST TT AR, SR AR R SRR
ET NS ERAR . FET BTN S R R 8 K 4
Sk B IR, BT NSNS, 3 HIR N BRI L
RAFSHEHER, o, BATHES EERR MR K R, AT
PRI R BT R B O BRI A R R R
3. BRI S YR ATHOR SR RIF - RTINS, AR T
BT AMOS IR, RAMAE A2 NS E, BEAs
e T B AT SR . 7E TR S0 A 2 RO, AT
L PR U4 RS A RO TR T T R AR R SR B
. BT RS S TR PR, AR, A
SO R RS R R
KIS RN, RENERATIE L RSB SRR, JFR R ET %
HANF: ST SAARTASENARURES, S50 BET RN AER
SRICHMEE, BINEAGET NEN A ST 2R, EEE A AR
SRS RERT, AR, H EIRE USRI T -

1.
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BLE ETREGFNEEER

EARTEF, TATH SEFEREE PBGD #HITH 454 PBGI A MTE
Christensen [24] F g2 5, B2 T/ ZHIRE, WRH T HEEZMENEHES,
tan GrBEBhA3) - CREIMAL) « (PhRkARE2) f1 (BER%E) % @k 1.1
PRy ZENEFRDEARER S RIEMN, TEMER . TS BIARSRER
FHEEEFEESE A 2.2 fiR). PBGI BIRAEESE| EREE TR 2Rt
MR, (EERBA M, THX AN TREHIERREE.

PBGI

B 21 PBGIL: B, MR HITERE R (EEEE) WEZEIR GREREL%)
Az HRHRBIZSRRRE (LA BSH) (CL 6 AR Bl E T s M2 IR
)y de BIprBL WTEANEGR CLEERE), MEMEPX EREER), B =R
IREEHE, R B R R i T R0 AT R ). &E R X+
MIBIEME, 5HEXRE) BRDF UL AT ERRREIZE A AR

PBGI 73 NP BB FIAL R BOAIIE R B, WnlEl 2.1 Fos, R EHX A
B BOAT A4
2.1 FAERRER

TRAL TR B H 2 Bt M ES R IR AP AT, FERA
SHRBH BB IREH
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FeLk g, 545 b PBGI, 277 #»
e EREE, 2074 PBGI, 436

B 22 JE&IRERS PGBI AUR XS . B R SHIER BT 251, 20 5% Sk Hin
(Madagascar: Escape 2 Africa) 5 (Monsters vs. Aliens) HHJZ5-

2.1.1 R

—
2
aC
i
S

A 2.3 5 Ttalian 5.2 -

ETCEM B, BN R TR BZMITER DH TY R0 SRE,
b an 5 AR 4 A 2K X (Cumulative Distribution Function Y3 Inverse Transform
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Sampling, B ¥ 8 CDF) BSRHE [26]~  JHIA Z KA (Poisson Disk Sampling) [27] [28]
[29] LA T REYES [30] HIRIF- 2T CDF BRIFE, EIEXTHRFT =AM
HAT R R s, N NZRECP TSR, RIEEESD = AN
PHATEISRAE . BT/ERERMER, ZERIE T RESHD A5 = AR IR
RCIECH;  BEMB =S HIREE, ERARRIEEM DR ZRIRR/NER. R
EORFE, BESREAD R Z A B/ NERE AR NT — P BIE, #2ERE (blue noise)
PR, FPAERRCREL, HEZFRLTET CDF K75, REYES RiER7 5+
WIREA M EZ A, NEMIEZOEESR, FHEEA =R

BOATEASMNER. E, ER, HEUNEREE (RGB ZH#ER)
(B 23 FroR)e PPERME AR, BOSHLAANAT ATt AT SERT HoAd AT I
FRH 7 7 A TR AR

212 BEBXRER

&
ST SH RE
[HF SH R4L
Do dud oeedest
.O“..‘Q ....llll““‘

N

I} .
LT T T L

B 24 HzfZIREE .

GRAMZ)E, RoHEE TEELR, SaXE R ER R RN (A%
R N TR R T FRE D AN E AR EERT AR, BAR A SHAE
— DNRIREER T, INTTHBOZ ) — R — &3 E B s AR, BZERATTEAR
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(Level of Detail &34 LoD ). Z R a] IHTHEA S =, i/ \ X B [24],
FHTIMNERT )\ X (out-of-core octree) [31] LI 1 EKJZ IXE5H) (bounding sphere
hierarchy, f&FR>N BSH) [32] [33] [34]- & 2.4 H1LL BSH WFIE/R T H = B i
AR EHEZNE B M EMER, BT AR T RS TR I B
B, hsE - BRI EE%. PBGI K HAEKE K%L (Spherical Harmonics,
fRIPR N SH) Fon T A F I E DL . SH 772 /D 2 1) AR B AT R IR R0 R
B, BAOTA, EHED 3 ENL =3) BERREL WM E 9 MRE e T RER
FHRATRE 9 MARYFR, BEECRNGEE 27 M RECEE R 81 A58 iR
AT E A
A,(w) = max (0, 7TI"2<II, (u)) .

PO HITAR SH RAETE A ZUN:

f”:fAv(w)Ylm(a))dw.

Q

a
HEOLER SH RBUTHEATN:

p'= fQ BA, (0) ¥]" (w) dw,
Hr B R AT EROEIGE R (H RGB £71)-
2.2 BEHE

ETGENEER TESEECRNAZERENE, BFEATIHHEER
RERECR. AR EALL, TRABCHRMEZEDSE . EENATE
IREEFFEATIRDT, 758 7 1 R i 7 O S LA SR KT R S T 4k
B, EEHREIREXN M ETE A A EER T A, BT AR, R
W] (tree cut)e HEIWUIZ 5, AEBMEBSWEMEFX (BEF TIREME®
JE I H R R X)) TR AR DL, B PARR R AR 1R X R B B R T
BN, B 12 x 12 B R TR R O % £ . Christensen 7 [24] HY,
T FAT T2 R AT AR AR ) 32 77 R e i IX (6 4> 2D B ) FE AR i X
Ritschel S5 7E [32] A T8k GRS qUERAERE], BIRHEAATRR) RAE TR
ZPIX, BESTT A B AT DU AR ERERSEL, AN Nusselt B

15



LR KFHE L F ML

R

B 2.5 TEIET B B R B R IRGEREIR D) (2B, IRJERED) T R S A SRR
GMHETER (R BRI REEENBRE (u,y) SR T IT1H O, ), B E T LF
Qi y)e BT RBLEAANEDT — MRENNETER EHEET SR EE
RERSE

D(x,y) = (x,y, V1 -2 —y?), WATLUEF B E SCBRET. 5277 AR i X A A
K, FEVTEIMERRETES, BE RIS EAE LT R i X L RS A
R, BRAEGE, MERMPXE 6 P, FrUBItEHERE :, MHESMRERML
AREARR e PRGN XA AR BRI, B BRE RS A AR -

R BT R ERZ R I X%, AR T R R E (B R ARAT, AR AT A
TR MNP X ETE, EEERSNE N, WEFYELET (ray casting) %
RA L.

SR Mo 2R, FHERMXPENMEENEGES &SN
[] ) BRDF {6 DL OSL AR AT B RG2S R A IR BOLIUE (ARSI -
BT x~ RN n FEEBRAE w, 777 LSRR R R AR T

M
L(x, w,) = Z Li(k)p(x, wi, wo)s(k)(wy - n), 2.1)

k=0

Heb M MG X BRI, w BN M TGN XABRER c AT, Lik)
FERE K PRIBIEE, st RIRE k FISLIEA-
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2.3 PBGI I E fb i FH

PR T AL AU A G A, PBGL AR LN B BB J6 i I 3
(glossy reflection)~ Y~ Z IR HT (multi-bounces) . FENERITH, AFE
A FEA BN B i X (1R3E BRDF 1:€), 7E1% A E LM AR E R
MR AR, RS B IR mADCI T REE, B AR A
PR —EHRE S BRGNS, KasmEh s, R & HEFRL~ 4
MEREOLE. 75b, PBGLIAAI LI EY BIIZIXRSHIEN, FAE=FRED
AEVEEAA, IWEHENMEECR, WIS sP%FE T BRI —IXEE
JH, BHHZA D ERR DR IREWNE O R TRECRITER, g
L5 SR — IR AR BRIk (R R AOAN, IR T £

B 2.6 LTEMGKER PBGI MAERPIEHFRRCR; TE=5REDAIFRERLH . —IX
SR IR HORCR, B R RIRT (241
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24 o

e PBCGIEEEZNFAAET: F—, HHT AZRREWRAH S, N
LR M LoD BoR, ZERIEFERAIE MAEEER, H2, SABdEPA
NESFTHBEELES TIILAEER, NmERITERZARILERR S, £=,
R TR (X TIERIRER S, PRI X B A ERICR) BRI H A
AR (BB R AT AT o DL E=MR%E T PGBI B H A0 EL TELR
EREIR A U mact it B SEROR, I HIEREE R TOR A -

B MERRREZEY PGBIREFEELUNHA: £— BHEZER
[F(biased), HEENEH—E M (consistence); F_, FELIHREMNGE H=,
AR IR L AL -

BT PBGI FufBR s, Fofi 178 T 1 A E " R i 52 -
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B=F ETroEHRZEGEE2RER

PBGI BIAE &P M B, PR BIAE R B BB ERH A S =W
9 BN R RAHEIR D) (ree-cut) - [T X BF LK S BRDF #7EMH. H
R AR R NME S A AR SRR L. T ESERER M, P
I HE B R BRI, FE SRR AR, WA 3.1 FR.

O i
—CE SARYRY) - S BRI D)

B 31 EEFERGRTH LN ECS AMB, AEFEENFIMY. A KIRYIFE 4
S EE, B RIMYITE 6 D #RIE, MEAR 425 A HHEF-.

AREEEN MR PR TURAA, FIRHRRGIEGEMLNERR,
PRTMHR 2T 0 T ERE AR RE R E B A Z AR, I Bt — B
X, AERIEERTERER FREEERSCE. A UNHECEN
PBGIMEZRAF, Z T8 ATAREMEER PBGI —2, HEEVFRIIR
BEERMES. o, BANWTEREES PBGIHFIRFRLESME, HIRHZETR
N TFERER, EWSWZ AAEENE KRERELENMESHY). AR
REHFPIE, RNeEERREET ORI AEFERLEEL.

3.1 #HXTITE
3.1.1 PBGI fETFHYIBEHR

Maletz %5 A\TE [35] R E IR MY E X, I B8 A B B Rm ) -
Holldnder 28 A [36] 5231 72T GPU Y PBGI, A% T SEAUR0E, TR AR

19
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Wi A€ H Lazy 30, REAEFRLE S % FREAMD . ZENZSGIBIE A, 3
TR E S BE S E /T EH . Tabellion [37] IR H T & sh AL B % (High
Dynamic Range Imaging & 5 77 HDR){E WEIMERLGT I L N I PR BEE, 7
HDR F R ERE VR REL, WRHB/NILAER, BED S = 2 IR R REER

ﬁjo

SRR B SER

(a) FEETIRE 22 (T (b) MEE R T

B SHER

(c) PIZRSF

Bl 3.2 BEATHE A H IR — LR A A 21 R i AT AR (8 S b W& R
F(A, B, C, D), FEEIEM TR AR LA TERGCMADEERRESTRARESE), TR
HX KA 1 RS FE (RGB) . HEITHEYRHE A ELGEE) 2RI, @it
JE R SRR IR ES S MRZEEAAEEERER, NEETEZECA
W R BMAZERIERIIR S . B REE A LR S ES f e LR
T (NERIE SR L, VR BRI AT M B ASTRRST BB
REATERR . B0 E G AR OREEG S E GBS REN AL, #A5
7K BRDF (A KR G BENZE O R AT RS - R S —EE R,
xp), FEEFRDWICEE T R AR BRT) -
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3.1.2 BRPMERRAR

MAEIHHTERESRICEEZRTH—IEEZLOR . #id &= HBORAT
WAOESMITE, NMERGRERCE. HEHBOREH TR EE. B R
PHNSERTRE, B 3.2 FioR. Ward & AAE [38] #e ) T 2T ER B R BVEEST I
Z, Hf‘@ﬂ@%%ﬁ'hmﬁ S RGENENREATHEERSS . 39 PAHEE
FRTHEE, NMEZPHERRCR, RIFES RE 227 (rradiance Caching). 7]
Hﬂﬁ Wang %6 A [40] 1 k-means BiEXNTE B A #HITRE, HANENRE
TR —D R RS R R BREh, T A A &S S A U\ﬁﬁﬁﬁﬁ"
TEBREIA AT ERE . Wang 6 ATE [41] LB REFTREMNBENEHR, 2
TRREPLOEALAMEECRE, REANNEME O SIEHZE, EiIH
W5 I EIZR R B RERAI R LB NRE, R ETNER . Wi =EEF
(Radiance Caching) ${ /K& Krivanek 7£ [42] IR H AT, {FREE KL (SH) REF
PR RS RRS 2, NMEF T EER, FRERRME SRR E
AYHEEBIE O A ES = R/, &/55% % BRDF {] SH A¥(CE0E T
cosine W) FHIR/G 15 EI R RIEICRE, HITETOAR T Z B4R EEA B A&
T8 SR EHISREE - Holldnder 7E [36] HH 4 HE RS Il 8] = ] -

3.1.3 ;-iEX 4

FE—EETCRA AR, BT BRI ORI SRR . Shanmugam 5 ATE [43] FFAKTE
XF & LR L B B N T R AF A R 4, N TR o Arikan 55 A7E
[44] FBz R 50 B T A B8 48 (final gathering). AEARZET A, FATHXHH)
T 