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Fast Percentage Closer Soft Shadows
ZHU Min, WANG Jianhua*, LI Xiaowei, TIAN Wei
(School of Computer Sci., Sichuan Univ., Chengdu 610065, China)

Abstract: In order to generate high quality soft shadows with low time cost, a fast rendering algorithm of percentage closer soft shadows was pro-
posed. Based on the technology of percentage closer soft shadows, a multi-scale shadow map was used to preprocess the shadow map. By remov-
ing those pixels that contributed less to queries about shadow map, the cost of preprocessing was reduced. Based on the fast traversal algorithm,
an effective sampling mode was used to sample search area thus improved the accuracy of traversal results by utilizing sampling information. And
then, a reuse scheme was exploited. In the scheme, only one representative pixel was calculated for a group of similar pixels, and the other pixels
in the group reused the calculation result of the representative pixel, which reduced the amount of calculation and thus improved the performance
of algorithm. Finally, soft shadows were blurred to get more smooth edges. In addition, to determine appropriate parameters, a series of experi-
ments were conducted. In order to verify the validity and versatility of the algorithm, several randomly generated scenarios were used for test and
the comparisons with the mainstream algorithms were conducted. The comparison indexes were the quality of soft shadows and the running time
of algorithms. The experimental results showed that the proposed algorithm has higher performance while ensuring the quality of soft shadows.
Furthermore, the larger proportion of shadows virtual scenes has, the greater performance improvement the proposed algorithm gains.

Key words: soft shadows; percentage closer soft shadows (PCSS); multi-scale shadow map; fast traversal; pixel reuse

BH B2 119 A B 3448 RE D 3 s 22 il (9 B 500, AN S5 R 43 D B B AN AR B2, m AR mOE TR R
ST RS 55 5 0037 57 9 BLSCUEE, a wl DUARE B AT ] 2 Fﬁi,iﬁ%ﬂﬂﬁﬁﬁ‘ﬁﬁ?rﬁi FIE ORI RN, K
fip P IR Z R R 2 G & T BRI 52 B B B A U T o S TR

Yr¥s HHA:2019 — 01 — 02
E2EMA:EXKAARRETHE (61773270)
fEERN A B(1971—), 2o, POz, Wi+ wF5E 7 il R RE (5 B AL . E-mail: zhumin@scu.edu.cn
* A HEE R A E-mail: yishiliucaihua@163.com
P 4% R BB 12019 — 06 — 19 10 : 24 : 00 [ £& B R 41k : http://kns.cnki.net/kems/detail/51.1773.TB.20190618.1040.005.html

http://jsuese.ijournals.cn http://jsuese.scu.edu.cn



http://dx.doi.org/10.15961/j.jsuese.201900003
http://dx.doi.org/10.15961/j.jsuese.201900003
mailto:zhumin@scu.edu.cn
mailto:yishiliucaihua@163.com
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

5 439

A B AR PETE o USRI BT i S 141

G T IR S AR P B, i 932 A7 I I R o
1%, BRI FE IR T o 2 T B [T A B30k 32 2 37,
HDEBCRAED O RpCss!, iRk
SRAT LUA: U BB S AR B (BRI R RBOR, 12
AT RE RS o 4 A SRk W] AR AL L 22 R Y 4K
152, JF s A7 B ARG PR, (R R AR R 1Y 3
SN, N TR IUE RIS, Sl AR AL g X
B, i E S T s AT R

N T g R IX — (AR, SCHR (81078 4o fiff F B 5%
B R % B 5% M pR BRGHE AT SR, DR X T AR Y
b 8 X, A B A R b AR AR B R R SE T 2y
BRI R i, ln, B et 4 . = B4
sV DU SR S5 4, Xt B BRVE HEAT I AL, AR T
T T IR IR A PCSSFIAMES, IR R BIAM
SN 3K o P EE A, PRI T AR S ) R BH S B R e 1 T
It o EL s FH DU SRR 48548 14T 3k ) R AR A AL A AR
B B T Rk s TR e s s MR I T
PRI 4 FLEE VT 3R B (high quality and efficient per-
centage closer soft shadows, HQEPCSS ) 5%, HF|H
2 RUBE 15 R X0 3o U8 DX B R A 7RG 2, fiff et pd X
s R U1 4 38 3 I 6 2 ) T, e o 5 B R
T2 PR B R T AT LR, B SRV AT DU AE
Jor & WA 52, AEZ O IR AR 8 Y 50 T W is A7 B
PHSRANtE AR

B 3% — [B) L, A 25 ¥ FHHQEPCS S 1 i 5%
S, I XA g O BRI TG, H bR R A R IE
AR B ST, 3 — DR TR R RE .
TAEEFE AT 3T : |22 RE %
K, 22 ROBE RS2 AT A o, B AT A BT 4 5 AR5
R AEAR B A PR 3l I, et e DR 7 45 SR Y
HERf Vs e Rt A R 5 %8, sl IR o1t
BRI E TR, S E s TR,

1 B5EBS

R TAE TR E AR R O, H e A A
FPCSSH 1%

Step 1 LATHIYEIE A0 S 40 2 il B 52

Step 2 X Tkt LSRR P, BRI RKX
B, A AR DA DR A 73 g, [) B i SRR
JEME/N T dp YRR PRI BRIy, i iy 58 iU T
Y- RIR B d

Step 3 BIHIDGCIR LR /NA s, WIAK IR 5 KN
sp AR

s, X (dp/d;—1) (1)
Step4 X TR E P, IPTEBARZ E L $% 52 55

L, o x sp b AR R B I R X (e T S
0, W PR T R AR /N Td R R S
A 2R XS AR R R L
PCSSH 1 1 il #5 J& Step 21 Step 4 ()3 [T 15
P, a8 R XKl K, & R BEIEERE M 208 T .
HQEPCSSH LA — & B L& T PCSSH L

Step 1 LAMDEIE A0 o AL i 22 1 B 52 P e Al
INEPEING -4 EE2

Step2 #FATHEIRTE YL, 4= i G-Buffer,

Step 3 X} T G-Buffer & 1ME &, FIHZ R
JFE PRSI, A B d 48 2 DXk, I 4 2 D S
o 2 1148 28 DX IR A7 PR g, A5 303 P4 4 19 -1
TREE B Ak T, P8I AT 08 X s AT L

Step 4 HEFFPCSSHIStep 3F1Step 4, 1153 5B
A

B RAEAR KRR s> T PCSSH 1 Step 21
3k B AR, (B 5 XFPCSSH ) Step 41EAT 1L,
T SR ) 3 4 R BTSSR AR K, 2 47 380 A5 4R
ENiEEI Y .

R T AR BRI ] F B A5 3 45 HLSE K
5, WA LLT AR A R R -

Step 1 LATAIG R o Ay #9045 22 1 B 52 1] B+
INGOERE N4 52

Step2 HATHEIRVE Y, 42 B{G-Buffer.

Step 3 X FG-Buffer ' B REAME R, FI H 400
KZ RV E, RS E R 2R X, I 25 R A7
PR X IR E

Step 4 Xf TR X E th iy AR R, FIHL
P D0 SRS &85 44 3k D e IO ) X3, i FH SR AR A S RN
ZHRTTE, B BEP Y 0 TR, 5 AL R X
BEAIE L, T 25 SRR B 0k X Bl R

Step 5 X T id UE X E iy FAME R, R
FER) A T30 D7, A5 BB SA, H8 H A7 B4k
B2 B

Step 6 XF AKX B I A TR b 2

B S5HQEPCSSHEIL AR Z AU T

1) 7EStep 1% 22 RUEE B 52 11 () 4 365 7 =47
TRk, DD AL R A

2) 1EStep SHINA T X PCSSH 7k Step 4191k,
Jf H 78 Step 4M1Step SRR AEAE B, Bk 1T 545
REEIE2EE SR,

3)7EStep 4MIStep SHHHE AT %, t—4 42
BT T

4) 7 Step 6 TR 152 1B HEA AR Ab B, ol 5 I
DI



142 TRERp A HEOR

5% 51 %

2 ERASZREREE

22 RUBE B 52 TR 2 % B 52 11 A 7 Ak 34 o 5 281 1)
— BRI, EORAE IR DT EUR TR X8 1Y 5
RURBE Rl /N EE , v g J2 5080 R A — )2 141 B
FEBR AT AR B, R A7 T S R I A5 2 IR
XiF BF 52 L R A s o A, 2 R 68 P s J2 e T DA A
FITFRE SR, BT N BARZ AT B R B R
FHE, RIEERACT I,

HQEPCSSH A 7E 2 R Hh il A T X Ik
SR B, AH R L A5 3R R L Y X3R5 95 1R B
Sy AHBE , PRI 7648 1 Ao i e 2 0 BB 080 vy it 2
ME TR .

____________

[E- A

E 1 BUEHUERR K
Fig.1 Lack of sampling data

i A A LR B, SRR AR R BN X
B AR R o BEARTT LLIE o B 5 2% 1 T 2O X 4R
FHEATRE O B THE, R R B S O B A
W TTERAS BAE L, PRI AT DL i Al S8R R, H
A FRRT R X A AL T I R R
21 WEARR

BB BB RN 2 x 2%, W 4 i =X 22 R [ 52
FIRHIRAN AR -2+ 1) x (2 =2'+1), = IN N

T%E’JJ?I?Q?ZEL&J W5 A 22 U B2 1R 2

IS ChIN S P SIS (S U P L b
WE28 7R o

- 1B £,

J—

LS I
5

JRig 2 R g 1ﬁ
|SH'1‘/P§I

B2 @R RERE

Fig.2 Decreased multi-scale shadow map
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Fig. 3 Organization of samples
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Fig.7 Comparison of the quality of soft shadows with dif-
ferent split modes
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