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A Survey on Many-Lights Rendering Methods
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Abstract Many-lights rendering has always been an important research topic in computer graphics. It
is one of the important methods to achieve global illumination effects, and it is a great demand in
related industries such as games, movies, and animations, etc. However, efficient many-lights
rendering is still a big challenge in both fields of off-line rendering and real-time rendering. This paper
reviews the main progress of many-lights rendering methods in recent years. Among those many-
lights rendering methods, their major goal is to improve the rendering efficiency. In the field of off-
line rendering., we first review the algorithms of accelerating visibility test computation for reducing
the average rendering time of a single light source. Then, we discuss light source clustering
algorithms, and review accelerated rendering algorithms which are directly based on light source
clustering. Different strategies for light source clustering are discussed, including strategies using
hierarchical structures and strategies based on matrix analysis. After that, we review important
sampling methods based on light clustering. In the field of real-time rendering, we introduce several
rendering algorithms based on light culling. We also provide comparison and analysis of the advantages
and disadvantages of various methods, and summarize the research trends and challenges of many-

lights rendering.
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Fig. 1 Global illumination in path tracing
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Fig. 2 Complex illumination in Coco
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Fig. 3 Illustration of direct illumination
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Year Reference Accuracy Additional Memory Application

1994 Ref [6] Approximation Little Illumination Calculation
1996 Ref [5] Approximation Little Importance Sampling
1995 Ref [7] Approximation Large Illumination Calculation
2000 Ref [8] Approximation Large Importance Sampling
1999 Ref [9] Exact Large Illumination Calculation
2002 Ref [10] Exact Large Illumination Calculation
2003 Ref [11] Approximation Large Importance Sampling
2009 Ref [12] Approximation Little Tllumination Calculation
2013 Ref [13] Approximation Large Illumination Calculation
2013 Ref [14] Approximation Large Illumination Calculation
2013 Ref [15] Unbiased Little Illumination Calculation
2014 Ref [16] Unbiased Little Illumination Calculation
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0 s Ak S A S IR R K.

2015 4 Huo 48 AN 1o 3R Al — 4~ 5 W 1k & (]
RO T 2R 2 22 5 B ROR A AT B B SR
M Z A8 LightSlice 55 5 # 47 R 2, I J5 2 43 1l
() JE B AT SR AR K 75 BEAS /D 5 st 8]l 1T L 1

Matrix Slicing and Clustering

Predict

Unknown Reduced

Lighting Matrix L Validate

Fig. 11
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Matrix Prediction
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1E VPLs HE4E Oy T4 I = 55 SRR 2 i RAOCR
— 8 A R DL RO YR 8 O R DL 2O YR (virtual
ray lights, VRLs)"™ o i 481 3 6 ¥R (virtual beam
lights, VBLs)" 22 H fI1H2H T LightSlice Bk
SEVESTORT IR N Y R B 5 R DL X X
2 WNAEA# 5 GPU A ar X — B T8 19

FIZAREIX 3 AN T3 TN JE TR 1% 5 ISR 28 O vk ik
T ) O TR IR 2 T vk R AT X e A FE 2R TR A 5
V5 BT AR I B0 SRR Bk th TR BRSO BE A% A
W o POAT oy P R AEL ey T 42 i I 1) — B 5 il i
BRI 7 16 b AT 2z ) 5 TR R B9 J5 3k GPU 2%
LT3 T R B 1 O 3 A A 5 R A58 O A7
i 36 o AT AR E AR

Table 2 Analysis of Light Clustering Methods
F2 RBEREFELER

Method Memory GPU-Friendly Generalization Ability Typical References
Tree-Based Low No Lightcuts2) , MdLightcuts22) , IlluminationCut-26
Matrix-Based High Yes MRCS3, LightSlicel32]

SR AR L AT BT A 48 1 05 VR Y B A Al T
PESRAE X RE BRI T IR B 5 LA AR T I 1) 1
A BT BT PR A5 SR B AN B R AT i . O IR
St R LU SR i 3 o 2 SR AR A MR R 0 A B35 A
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2) TEJCIRFE C 1y ERRAE — G £

3 TR L FRFE—A Ay,

TG IR Y R D TR IR JE OB IR
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D YR58 PN TS SR AR DI R T LAl T P 1) R A SR R
540 383 5 SR A w8 AR 40 16 15 R SR O 5 B SR RE
— KGR R KR T A R AT IR
RN 8] 52 2% B 15 01 YR a2 P v L S T R 4 A

R Y AR O BEERAE v [E] I 25 O IR G e GX
BARHE OCIE A5 B 5 L3 3 B0 F1 BRDEF 1)
fHR W WA 1997 4F i Veach™ £ I 1Y £ & &
FPE KA (multiple importance sampling, MIS) J7
252 43 B BEOG IR O 5% BE A3 8, 05 BRDF 1Y 43 A i
AT B OGRS AETHI, HRRE 45 R JEAT A 2. 5%
ol 7 v AR 92 R TRT B 7 8 L A 2 3 TR A ) TR 9%
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VB SR 119 S 22 L 3k b I L 326 B W 8 P 5 O TR
#E47 BRDF {5 B Al TF A9 J7 2 1 550 5 B/ {RUORS i
BAK.

BRDF ¥ HL A =5 5URR P o 7 6 U5 % N O 1 78
b A 15 7 A5 ME LA 7. 2009 4F Wang 25 ANV
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Fig. 12 Detect the number of BRDF sample intersects

for each cluster”
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(i e 2, I HUME DL 9 R 380 78 Ol R P SR AR DG IR
FFUR LR

2013 4F #2 B9 VisibilityCluster 75 32512 fg 1
T B I SR 28 AR TE O TR SR AR P B & ] UL
PR ABATHE B 13 Frs (9 20 Bk Al i ar WAk . & %G,
A8 TUART AFARLE 43 301 % D6 5 R0 €0 AT SR 265 AR

Unknown Visibility Matrix Initial Clustering

2

J& - BEMLHEAT AT DDA, Ak 34 A /N B B o7 1
AL UL 5 P38 o3 B O TR o — 2D A G R R T
fli 145 20 0] WL A5 B 2 5, 45 A i 3R R AR D7
TR RIAT AR S VR A SR A IR S 2 RO IR O S
BRDF FA] ULk 3 350 9K T, 2 T 40 P 19 3 28 AL A5
B R A M DUE BT R 5 1 22 4.

Average Visibility Estimation Local Refinement

Homl = Bl 1
INHEEEEIEEE INHEEEEEIEEE
adl N Chel AR L
5 = R

Fig. 13 Construction of VisibilityClusters-'?]
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T SR o I A0 ) S R Al AT 22 7 3 5 R 4y ol ¥ )
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1117 e 7 2 e e v [ 33 07t P o i A ' TR 114 SR A
E A < A6 25 €5 T R DX S e b Bl LR A — 2 40
{7 SR S TR 1 3 SRR A5 Y RE TR L I TE

JSLXF 2% DX IR 8 DI YR SR 3 A1 A2 B 1k 5 B R AR ]
BB TR AT OL IR R 2 YO R Bl i B 2 A
A DX PR B O U SR R 4 A 14 ) i S T A 2 K i
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2018 4F Vévoda 25 A 4k 22 BF 5% 2 o i 17 748
2016 AFHE A L 4 Sl DL 307 Il 5 4 A A
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Xt R e B 3 I b AT O IR R ORI L 28
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D) JE T BISHE S ] & PO IR A5 A R A
P G 5 6 VR AR P9 O R R R 1Y Y BE TR 1 B AT
XK, X5 IERETTER 09 7 224 K.
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2T R M RS b B R R B 5 R W i X ) OB
Y EE S AL T R WL AE R AR O R R
1) 373 5% v AL BB 8 A AR B A 22 1l BOR.

[F)4F , Estevez 58 N 55 — A~ i BE XF 2 6 I8
F18) T S SRR ) B AT O . B Y B A D R AR R
FAT I < X G IR A L SR T X B A A A SRR — AN
AT TTRR A 3 AL
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SAOH) K 51 TG IR JZ U 45 14 AL 22, 15 75 4 181 45 [a]
A7 AN ] O IR AL TR — 35 R R AR AL
W BT B4, O HRE 98 AR 4 b 3 H T A& DG IR (mesh
lights).

2) R LR T A G R I R A R AR R
BRI B AT SRAE S AT 4 S 3 S 3 g O PR AR R SR AR O
P, B MART  h A Ak i e A 119 s B P L BE AL
SR> F 1 R A0 3 A B R AR Y R X R —
R s CUF R A T A6 1 IF 8] 5 00 5 500 DA 1 O R
R X HOCF SEI T ] 4 k.

3) R TR BE B B G IR Y A AL YOG IR
22 5 A RRACR , Hy Al T 00 B SRR B S AR AE AN U
B s 5380 2 A R AL T A AL & A BB
U0 JC VR B AG VT 32T A0 T AR R X Tk st
(B R, AT 52 1 7 3l g 6 PR AR B S AN SRR T A
T S HEAT 70 85 Cspliv) #8841 6] kX 7247 45 i k47
. A S S ROGRE DTk R 25N T —E E, B
O T N ARG A A IR S B A T
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I3 ERAE — S G L 1B 6 RE TR I AR . M A 1Yy

FABERTE %)y vk B il D A SR R O ik 2 — Ot
T3 PR 2R R DI TR £ SR i

2019 4E“Ray Tracing Gems” M A4 T iz &
B0 GPU S2 8, JF LU T Z2 RO IR R i 7 k.

2019 4F Liu % A" 3 T Estevez % A T4,
7GR AR H % BRDF {5 B AT B A /9
T G IR A BT 7 iEH 0 Ak 3T BRDF 8 6 U5 A 1 A5 %
o7, [l & I ST AR AR T B AR A3 DL SR O R AR T
ALY BRDF 52 PE R ABATT 09 77 12 7T LUA R0 T
TE R} 6 75 22 06 TR AIOE b 5 19 7 5 v 4% 48 BRDF
KA TT AU R SR L T ARG B AT R
FKAERT JC: 7% 1 BRDFE 15 & AT B 7 AT R 75 22
Y BRDF R EHITHS.

/—— Shading Point

[
L]

(a) World Space

(b) Light Tree
Fig. 14 Importance sampling with adaptive

tree splittingt**
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B B 2 2 i b Ak B 2 e TR 3 o 1 R T B A S
ZHTAT AR IR Al R I Ol IR R 2R HE AT O
RO 2 AR R TT 0T 't 5 2R 2 ) o B SR A A
i B TR L b a] D5 T A A Al
FHF I HRSE IR G w4k 35T ¢ B 24 Al 5 Ol IR
FRPEAT HAHOE M S AR 5 A AT UM T 40 gl S 47
ARG TR R FIOE IR B o o B R AR Y AR

T 3 XA G C IR LT I AT T OHOER.
AT LA B, A6 SRATE I 2% B8 AT DLk T4 5 32 A A 2 o

Table 3 Analysis of Lights Sampling Methods
x3I RBEREFELER

Year Reference Consider BRDF Term Consider Visibility Term Memory Additional Features

2006 Ref [40] N N Large Precomputed Visibility via PRT

2009 Ref [41] N X Little Better BRDF Evaluation

2006 Ref [43] X N Medium On-line Learning PDF

2016 Ref [44] X X Medium Per-region Clustering

2017 Ref [38] X X Large Per-region PDF; No Clustering

2018 Ref [45] X N Medium On-line Learning PDF

2018 Ref [11] X X Little Better Light Tree; Tree Traversal Sampling
2019 Ref [48] N/ X Little Better BRDF Evaluation
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Tk L 35 A B B b AE £k 2% 2] LT % 1 BRDF 3
(9 77 AT AR B A AR R I o5 2 2 [ An o] oE R AR o A
rf SR St b [ B 2 O IR Y RT D R R Y
BRDF , T3 88 & — N E A5 4R 1 09 3% .

5 LR § F B9 S IR S BR (light culling)
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X LY TR A0 8 300 o G YR S I ok i 2 o] R 1
L BOGER E#E T LLAL T 2015 4F 19 SIGGRAPH
WY BEITIR AT .

WLy T b B 2 O S RV 2 RN R
i FH 4E 3R & {8 35 (deferred shading) K& A IFE 1] &
0,3 (forward shading) , H:43 8 2 25 #4E . 78 JLAT Ab
BB G S 47 (G-Buffer) f2 07 W A o iy JLAa[ {5
B TR B B, 3 Dy 4 A 56 X H 52 e i 6 A
RATT U e i AT 4. TR 4 il — A oo A
— AT WO R B ER T 22 S G-Buffer, X 25
2o b T AR & Al 58

R T R T P A AR, — S8 TR AR
Y R 4k IR 3 6,72 (tiled deferred shading Y, deferred
lighting) . 4 J5L A 2 il B B 19 P 0106 26 801 3] - XF G-
Buffer #1944~ F o0 , £ $% 7 e 32 52w 1) G U, 43 53
HEAT 2. T 4 OGBS 32 5 el 1 DG IR L A AT R R
Vg o e 2 () DO A% ] 43, A T A% e =2 A [ 1 D' U5
e IR R e p= NN N 5 B8 i D R e S
A3 TR RS S IR 52 B 5 4% 2 o) 0 A BBl 6, % g
A0 BBl P T A A DX 3 SR R I B G IR &R G

Ry T sk G SE IR €8 AR B T B A A R
Y1 R L AR s T30 E 17 o ek, i B T80 2 UE
[ %5 {8, 1 (tiled forward shading, forward-)F8%,

2012 4F Harada""" $2 th 76 U1 v 20 43 B
X AN U) DR ST b A T fe /D B RIRBE 38025 52 i [X
B A F G,

2012 4F Olsson 8¢ N 0] & kY -

R HE {07 (clustered shading) A & . J7 4 19
Yl 07 B 1E B 4 25 [ AT ORI 40 1L, o T [
PSR T Bt e 3 1) 0 Ol U5 25 B2 AN ) o 2 i B5F 1] 58 3 AN
B 7 PR G I, AT 2 8 O SR AR B R A TR AT R
C(tile) GIATRBE , #4044 FH A% 0] 3 (Bt 5 46 bk 7
] 35400 53 R BE Oy ) X 43 L SR X A AE A
(1) A% BT HEA TSGR A L, an il 15 PR, Z ), — 4k
AR HAR RSBy B AT T AR R a0

(a) Tiled Shading

(b) Clustered Shading

Fig. 15  View frustum in tiled shading and clustered

shading!®

P LS 0k 0 2K 7 o L

2017 4 O’Donnell 58 A" 4 H 3 33 W % ¥ 7
[e] 37— 2 Y 58 4 SUORORAFA A PR D0 R B0
PR A 0 A Herb (6 IR L JF Hga i T GPU K 4F iy
A 3 Rk Iy B R RE 5 R AR Bk A5 A W LUR
B 57k AU A JS T 0 A R R B L R L O TR 4R
i Z Ry,

T A R S R Bk R AT BIR B Y YRR e Y
Rl L 3 2 i Bl EME 25 SR B9 A IR M. 2016 4F Tokuyoshi
S NP B BE LG IR AR T 1 (A 2 ) 4% R AR
T ABAT 23 53] g A A D PR B — A [ SE 1 BE AL AL
18 3 R 2 48 7% (Russian roulette) B 5E £~ YEIRAY
SEMA R SR 5 T A OGN B 7 v AT 25 4.
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KT LUE 15 G 1 8 3R 5 68 1 2 o5 AL 221 9.
L) R X A, R 2B R KA AL A A Rl
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AE D855 e A7k

Table 4 Analysis of Lights Culling Methods
x4 RBEHIBRFELER

Method Innermost Loop Bandwidth Use View Dependence Memory
(Traditional) Deferred Pixels High Low High
Tiled Deferred Lights Low High High
Tiled Forward Lights Low High Low
Clustered Deferred Lights Low Low High
Clustered Forward Lights Low Low Low
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