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Abstract: In this paper, we propose an efficient probabilistic visibility evaluation method for many-light
rendering. In many-light rendering, direct and indirect illumination is approximated by using many virtual
point lights (VPLs). The computation of the reflected radiance using a VPL requires a computationally
expensive visibility evaluation, which is the bottleneck for efficient rendering. Our method evaluates the
visibility function with a certain probability, and skips the evaluation otherwise. Our probabilistic approach
can reduce the number of computationally expensive visibility tests, but this yields additional variance due
to the probabilistic approach. To solve this problem, we calculate the probability that is optimized for the
trade-off between the computational efficiency and the additional variance. In equal-time rendering, our
method can render less noise images than the previous methods with exact visibility evaluations.
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Fig. 1 Overview of our method.
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VPL 4 v ZWVED 55 CTh L, iz s ot it
BT 525, B2 TIUVEDT 5 Th WS, HEED
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Fig. 2 Equal time (60s) comparison.

5. RERHER

RETIL, WHEBOMERNEHEOA I L 5 g, %7
72 CTdh % Veach DF-i [6] & O HELIZ L W R—REFOLHR)
P MEET 5. %8B, FEET Intel Core i9-71980XE CPU,
32GB AEY ZFEWLA-PCEMEHL, Y VFAXL vy FIC
EBHULEIT o TV A, LA &Y — DA E I fH
¥ 5 EdE LT — 7 #E121, SIMD @4 2o b Sz
443KO BVH[1] 2 f LT 5. REEOTHEKD
WERDINT A =5 THD topu & topp (&, THBEGEEHE
DEMIEEZ 0 & L7254, 18 LA CRBGIEOR
Gahkml, TORMERM2OFRE LR, T2, Tk
D HB OB 5 3472 DR I21E RMSE (Root Mean
Square Error) i3 5. 25 L Veach DFEO L%
#WE, Veach D FETIEORICTHEBOEMIE r; 0
L, XA TBITD (v;—r)? ZHRAMED 1 TEML T
WhLIETHDH, REBIZBITLL Y FY) v FEGEOMRGE
131,280 x 720 TH 5.

FRHEL > 7)) 7 TOREDIER R ZE 2 [IRT.
KV —VOBERMIIR 1LIRTEBYTHAE. &b, £1
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VPL: Yz —7 4 Y THOERE 7 T AS ) v 7, HEFs
ORI o 72 TH Y, o TS L 2w
AR CH L. EBRHRLD, RELEDI R SRS T R
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RMSE = 0.0787 RMSE = 0.0718
Veach O Tk PRk
®1 V-
Table 1 Scene information.
. . Visibilit toni
VPL | S Vo sk
Cluster teval
(a) 100K 262K 10 ¥ 0.15
(b) 200K 143K 12 % 0.32
(©) 200K 10M 2% 0.05

TETWDLZEDh5h. KIS, M 20b) IERMEEE
Ty—v, [2(c) 3V4 A M) PEMETH ) THEKD
MEDPNENY =2 THDED, TDEI) Y — Y THLRE
R DAL AR TE TS,

RIZK 2 DY — 2BV T, 2R P:E Veach O Tk
T BB ORI 2 1T H % WiHE L 7 it o m%
KT D DICLERIFR ZFH L 7R E2R 2 IORT.
B BEATO B E TEIL, Z#NZN Visibility Cluster D
Ba GO BELadbEVEETHL. /4 A% HATX
BWITE/NS LT BT, L VFEBEILEE 528,
Visibility Cluster ®FE X3 1 (R THBCRHEIETH Y,
MR TELITENEVEIGE 2B 720, TEIRTE#EL
EREEDOSDTH 5. fER LY, Veach DFFETIIRA
ThH 1.26 fEDOEFETH L DIZh LT, IREETIX 1.41
5 1.55 O EEEIE SN TBY, IRELEOBIE
mAH. M 2(c) DY — VIFTHREHEDORE I A N
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F 2 [FAFRAZWIE O LSRR O I (FEIRPIE S E =)
Table 2 Equal quality comparison (the number in each paren-

thesis indicates the acceleration ratio).

RG22 L | Veach O Fik PERE
60F> 53F (x1.13) |43% (x1.40)
® 50 #» 3% (x1.16) [33F (x1.52)
) 60F> 50 (x1.20) |43% (x1.40)
48 b 38% (x126) |31F (x1.55)
60% 53F) (x1.13) |49% (x1.22)
© 38 317 (x1.23) |27% (x1.41)

Veach @ Fik PERIE
- o e 5 ;

SEHIEIEF = 60.7%

| v

- r’_‘ &EEQ 5“3.—"‘”*1

PEIEMEER = 61.6%

S

woidingy

- Pl =

B #E = 38.1% SEHIE NG = 55.3%
= 3 WHBEEHG OB IKEOTHAL

Fig. 3 Visualization of skipping ratio of visibility evaluation.

WIZH b 5T, EE[LEINNS VDL, VF X bYA
BHETH ) IR TTHEBOEUATE T2V o L Bb
nas.

PEE L Veach O T, WHBAEGEN % 40 L 724
EEAHEALEE K 3 1I2RT. fELy, BESLED
Veach DF & ) @ WABTERDIHF LN T WD Z L5 H
A YRIER O V70 WEIETH > T, Veach DFHET
FBAMEENMENTF T THLDITH L, EETIIHEZ
DHEHIERE VS 2 &L TRWEBEIHELN TV,

A BIEGHIE D A iR o FHE A (3 (15) 2B v T
o720 IO W THEET 5. 2 TOERTS 13 Veach
DFFELEM, RTINEEMETo2GGET 5. 1
BEBEOME v 021 THDLIENE, (v; —1)? %
max((1 —r;)%, (0 — r;)?) T SR 72 OHRTFI %238
PTH5. 2DEY—=VTOORNTTCLYF) 7L
72k & D RMSE & W HEHOFHEIEREER 3 IR T
FREY, RFNRELL YV IRFEOEBOHH, L%
COMHHEEREM L TBY, RMSE 2k TE T\ 5.
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Table 3 Comparisons between ours and Veach’s conservative

method.
TRSFI 723718l TERIEOUEL
RMSE | ‘B | RMSE | FHAHBKSE
(@ | 0.0145 39.6% 0.0130 60.7%
(®) | 0.0263 45.6% 0.0239 61.6%
()| 0.0770 40.5% 0.0718 55.3%

[ 2, [X 3 @ Veach O FEDER & RFH 2 O 5
B L7286, WEIXEFEED RMSE, “PHAIE=TH
D, PRFIZEMTIE, WTHBI SO FAT IR O BE A
ZIFHSNTVWLR W LRG0 5.

e, WHHEOFE I 2 M E WY — U E
BOMRNFFMORENTH S 2 & ZHEIRT 729012,
M 2() DY = I2BWT, LA &Y= rDREHEDSE
BT — & kI 7 2 9RO BVH [12] 2 V7286
LOWEEAT) . 250AKD BVH 2 V7258, tup/teva
(2 0.07 TH 5. ST EORGREE (GO 4B O g L
R, FERNREMiZ LT60 By Ly sy v 7Lk
KR & A CRAAE DM 2 R E L TES 2 DIZh 7o 72
B2 5 &, REHRITA40.7HTHY, EElbRIT 1.4
&5 1.47 51210 B L, Visibility Cluster @ RS % Bl
W, mEbERIE 15205 1635 IcmEL. 2ol
Mo, REGETHHEOFHEIA MPEVY — V38R
HTHh5.
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BWREFRZ VD2 ET, 52 NHRANTI Y EED
B CHGEEERT LN TEDL, REFOTHEED
FERAFEGEE WD 2 & C, HERkOTHBEROMESRAYE
ik & L, LORRWICL ) v T RFTFAAT L%
RL7z.
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B 13) 1%, WA ZERE L C VPL OFE LT L T v
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BEHEEOTE (X (3)) DEH

HREEHEEE (3K (2)) OABOBLTTFEIZOWTHIT 5.
DHOEFR LY, HOLFE A ) HERER X1, .., Xy
BT, SROOTH Z = (X1 4+ Xn)/N Ok
var[Z) B TOXTRIRE IS,

var[Z] = var |]17 ZXS]

1 N
= —— var [Z XS]
N s=1
1
=~ var[X1]
1

= S (BIX} - BIX.]?) (A1)

REEDOHE, X 13 tovs/ps ITHH L, Ny il VPL &
EDMEE & DEERIIERE-TH L Z L ITER T L, W
R E[t202 /p2], Eltsvs/ps] EDTFOXTEHE S NS,

Noypt Ny
tQUT 2 202 % 202
ElZ=s| = i Vi pi = i
[ p3 ; v ; pi
tsv ot t;v; e
IE|:S 8:| :Z ! Zpi:Ztivi:L(x,zv) (A.2)
Ps -1 Pi i=1

R (AL), S (A2) £, 3 (3) OB ED AT &
na.

EEHTEEOSE (X (10) DFEH

LB B O TEER BRI % 4T 9 By G DO REEEHEEME D 53 LD
EHHPIIOWTHAT A, SROERLY, MERER X,
YIZBWC, YA X IS5 L E, XY OFH var[ XY
B TOXTREINS.

var[XY] = E[X?Y?] - E[XY]?
=E[E[Y? | X]X?] - E[E[Y | X]| X]?
=E[E[Y? | X]X?] - E[E[Y | X]X]?
+EE[Y | X]?X?] - E[E[Y | X]?X?]
= (E[E[Y? | X]X?] - E[E[Y | X]*X?])
+(EE[Y | X]?X?) - E[E[Y | X]X]%)
= E[var[Y | X]X?] + var[E[Y | X]X]

(A.3)
REZOYEA, X X t/ps CHYL, VXV ITHY
T5. 20L& EY | X] &0 B EMEO W
MTHYN(B) LY EY | X] =v, TH5DH. £oT,
var|E[Y | X|X] = var[tsvs/ps] = var[LM (z,2,)] TH Y,
K (10) DEVIETH L. —H, var]Y | X\ EHEBEEOHEE
OB TH YA (9) TEEND., Th% Efvar[Y | X] X2
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AT TR (10) D8 2 TAHE H LS.

2 = (E&R)

2013 ALK > A 7 A LEERE
Holfg > A7 LA FREE, 2015 4F[H
KEFRFIE S A7 L THWZeR Y X7
L TR s LR HIERAR 5 T . 2019
EERKEFERE Y AT A T5eR s AT
L AR LR ARG T .

Bl B (ExA)

1999 4F B GUK 2B 22 TR G B2 R 26
3. 2001 4 [A] K 5 RS BE T SRR 1K
R e B M R T 22 B vkl - AT AR
FAET. 2004 4F [F K Bt 4 2 TRR
BAET. FEMIKILNATE Y AT 415
IS HEE v A T A F R T, 2007
AEFFERT. 2009 fEMEHIZ. Ll Tary¥a—¥7r7F
T A w7 AT AAFRICHESE. B
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