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Research on Realizing Method of Soft Shadow Based on GPU

FU Yan-1i,LIU Xun

( College of Computer, Sichuan University ,Chengdu 610064 ,China )

Abstract; The shadow is the important characteristics of reality in the virtual environment. Because of the universal and efficiency , parallel

split shadow maps algorithm plays an important role to the real-time shadow rendering in the large scale and complicated virtual environ-

ment. But to tower simulation system which is large—scale dynamic scene,alias is still happened,using such as variance shadow maps to
improve its effect,and using the powerful floating—point operation ability and parallel processing ability of GPU to accelerate the realiza-
ments of real-time simulation.
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tion of shadow,so it can effectively guarantee the authenticity and real-time of the shadow. The experimental results show that the shad-

ow generated has soft edge, well anti—aliasing effect,and solving the problem of shadow biasing and light bleeding , achieving the require-
Key words: shadow mapping ; anti—aliasing ; GPU ;large scale environment; PSSMs; VSM
0 51 &

TR GEY R ETS FE B AR  2 w U Ke
TR IR E B R T aE T WGBS AR BT ARROR . AR
R AU FR B Y S SR S W T A R T LA 4 REMBRIEADOLR IR R (Ray Tracing ) 5 F& 51 5
BT AT A s [ B 2% SRR ¥ (Radiosity ) , HoJE SCHY BT OG5 88 5 % (Photo
W 2 B L IEDE B 1 (1 % R 4% 91 02 GPU ([EJE4b3# Mapping) . 7 2009 4F8 H 1) SIGGRAPH 21X |, Cry-
BATT) M B, (45 Rl B R R G R R R gF . B
RUMAT IR SE 500k 20 R & R G IR BE 3 Tk

(7 R MG T 3, T THDRE 3 30 6 5002 1 A A
A EL A A

tek N KA T —M 44 M light propagation volumes [
4 Jry ) FEARARAE X T Jm 0 O BRI 5, B A i

F IR A B I8 Ok A TOEIRA LM, if

UEAAT AR AR G IR A S0 150k RE 8 1 il 1 1T 1 5
e % R O A AR X LE R A

IRAYF- 6 b SEEASE DL L 8 S SR ' X A A 1 VR T
BIA ARG 55 1 SSAO ( Screen—Space Ambient

Occlusion , J7- %523 [A] A OGIHEHT ) S5 50 ik Re s AR5 AR
1 F LR

ZEIfFHHHF.2012-05-16; f&E H #:2012-08-20

YEZ R AT (1987 -) , L 05 A, EEHFFT U808 AL

I EIME ;X1

HRHLMLE LI R,

E£TE . B E ST & BRI (2009CB320803)
45
I o B2 e ) W o | -3 1 e 1B W

BT YR 52 LA Crow 19 BTS2 IR B0k AR
BASAAASR VR I 2 AR A I S T3 3 R R i L e 52
I AE BT DN e rp o 2 W DR = AR T, AT
T R IR RTINS %o 377 5t P R )
PEAG AT B TS R BR80T FVE R A 32 R, ]

BB R IR Y A JRE A B 1) PRI R A 9 S 855 A9
T BRI A S 2 0 37 5 00 P 6 S



52 1 IS5 . —FIIE T GPU 119 22 B 3% S0 BT 1L 5% .53 -
SR A 2 FAEEESM

ST B S v i BACR R R i SO 2 )
WA Williams 78 1978 4542 Y i) B 52 0 P 50
BRSPS SR i T RS i H AR R O i
U35 B TS W E A EL R I A R A E R SRR S
VRIS T8, o R L8 ks i iR 1 B S 2 1 ) — 4>
HEHTENA . HAT, A5 T B0 Rk i T 52
7 1) EEA T, E SRR R, AR R S
]t BEAE DGR 10 SR A4 B 5 | 32 B4 4 B
EREROR 2T7 EDCIR T R 2 R, 5 —T7
TR FBA T, HAR R AU ROL I T 9 B 2 4L
R AT RCR AR, th TRER R B A,
AR RCRATT G FAR AP i 2 PR B2 ROR , i 2
AL AE 532 DX b A7 W5 oo 0y, ™ A O B AR
A, AL T IR PR IR R EEHT TR
MY SRR R A

1 EXAPEZEEZREMRS
TR e A, RS EA LR,
DS, T2 e, IR —fh T

PR AR AT b — ik — 4e s BRAT A% 1 3 5T

FEAR BB MR 2% AR TG IR A H A 52 1 0 43
2)ifi& M GPU #4558, GPU &—Ff & [ THF

REFREE WA B B 58 R 1Y 37 A BB T RO AT

AbFRRE ST, FE IS F T A E OB R i ., B AT

GPU I T 1 B 4 vl g R | r LA — g A B 5% T 3k

ATLARSHEE] GPU L, MM i Vi Yl
3) SEELE R S ML . BT AR T R

BA S BIR S R PR e X K AR 2 VAT R )
(I, B2 L SR A AR A A e MUY g st 2

FEIRL, BRI A i B 52 I A T T RAE, W 2R B

I 43 BER AR TR TR SR B 43 A e LI Y 36

BRI A SE I A — i A2 45 28 BB RS

SEM I = A 1) B B3 R AL 48 22 77 A B (ARG A 4%

et 4o ARG B o DGR SRAE RN 5 5 R AE 1 Ml 25t £

7 A TR ) 8, LB S A B 5 h— SR B (B 1

FEBIG: , FE XL R R T AR 2 ek i B

RIF %, S W3k 1,61,

SCHRER IR R T A S b B X R BH O S B B

o PR BHOGAE F RS R w R, — s, 5k

7 B 1) B 5% R T DR A T AT R A, (P 2 5 i — 2

WCHE T 5 T LA RICRAIE B 5% T B30 325 1 P st ) e figp i A4~

[ R 33X (A5 91 5 PTG 3 ol 2 5 AR e 8, 3

HREL e R P AR R FHOE SEBLAY B |

FR A A B SRS A B P LSRR [ 7 ~9 ], 7
DI EIERRAERTS I 1 fos .
JCUETT )
e 1L L1 L
! I I | T T |

| n
-
|
btk $--——-————1

A1 FeskikTem s

XF T /INEY ST 8 A TS A B 5 e o TR B Y

AR R w = ~ -2 Jquy iy, B e
t, z cosf

R SRR TR 7 ) B RSE, o WAL 5 Wik
FM M n I B ACIE T 5 n B S, KT
AT LUE S S BORDCIR 28U € )5, % &
PR RS Z, o BA R, Z 5iBEMEFA X,
o, B SHEGEFA K, BOEERE IR T Ry &R By JLAAT 48
WL ER A s O B I B T E A 7 A T L 4
FHRUNE , AN T 3 55, T D3 o it 45 52 1 T R ik
AN o T IO a2 A0 A 1) e 1l A T SR B
it P13 v e e AR P X 2 — , TE SR i JLAR B R
SCEBLA U £ 00T OE LE MR 0 IR e O ik, Hrh
PPSMs ( Parallel split shadow maps) " 1] L4136 & H b Y
AT )2 T BRAR R i xR A 25 A g FH b, 28R
R e b A SRR ROR |

75 PPSMs H1 | HEAAROTAT THGEF- T 2408
BPTE (BN m) EIREANRIE R I R s —
AL P NG T e, BRI .

1) W& LT 1) i F AT T 4552 7 18 19 4 17
TR AR AL HE A 73 B m ARG

2) XEHEREAS 43 1 1R A AR AL A A 1 — SRR
PRHEAA 3G U5 HE 1A () WL 5 IS L

3) REA G FIFR A2z B ]

4) LR B

TEE— A | o B R e 55 BT 67 2, T
DI EL A B 37 5o R B 4 B AL AT DU ] PPSMs
(52 F 43 #) J5 % ( practical split scheme) , ‘& J& X 043
HT M —Fr & 7 R ALA, T LA o 4 #E A DL
A TR EE Y BB AR 3T Th SRR B

TESE 20 SCHR[ 11 ] R T A OB TR HE R Y
PIFN 5 3% b ST T 3 5 00 T s RO T 5 9 5 1% i
TR LA DGR HE A 25 5 3] 4 B HEIR A 2% 8




54 HRHLEAR S LR

03 &

HAAR) G55 B F 0 fag B T J 2% 2 57 B G IR A 1A
AL T AT RES L BT B 21 23 B HE R LRIk,
DR X S B H R i de L A . RSP, B IR EIR
WL 5 A S 2 P, SR AL T 3 55 B 7 Wk 7 Ot
TR HEA

FESS =0 BEXEAR R RE A | W] LA ASTR] 4 52 3
J7ikZ WKL 12 ], SO AT LA 3 €0 i 2 1 vk 5 B
T DirectX10 25! BUREPF I , 1o YL i K L&l 2 e
NS

bosE

Il

HEA R
Il

HE A B

JL

sen B
JL

XA BT S A0

JL

R

B2 BEAKE

2w RO AE R PPSMs Jm B2 300 Sk 45 AR
W BRI R T i — b s B i, AT DL B
5 U U R 45 Pl DL A6 T 2 0 B 5% L iR A T B 4 145 Ak
. BRI A S kAR, o PCF' E i AR
— MR FE AT 2 GBI DL 3k BB 4 5 2R, 1
VSMs JHF7EAT 32 a3 DX P A - 40 A 0 e 24 114 48
FFTEBOE, T GPU 1 — WO 2k i AT FH i) S0 20
A B, AT LAHE Z2 A4~ SO ] — 5k Bl (9 2 8 v o
AT LR B | RO SE — A vh | S AS ] B9 L il B
(4n PSMs, LiSPSMs , TSMs ) 1153 45 £ 5 Y5 75 40 40 4
AR SRR HER SRy T IS SO R TE RS, T DAFEAR TR
a0 e S E I N i B NN O Y SIS o R
AU X T ORI B0 TR AR R A v 4 A5 F)
PITREE , ISR R B RS i (. X B R A 2R 4 i
UEE AR T B IR VSMs S G HE TR A . R
A R TR 2 1) 2 R B 1 AR

VSM( Variance Shadow Maps, J5 2= B A) , iz H
T YIRE J (Chebyshev ) A% i i 115 B &2 & &
AMERZR IR A I Ay 22 ok R R R (.,
VSM A5 5% B 52 I T T 08, B ARE T X B
R EE PO T IR B SOEREM B 1Y,

VSM 52 [ L AT A A4 e 38—
PRAETRBEAE, 7 — MR AR T 7, X AP
E T LI B 52 B AT i8R A5 3] . SCrh SE s R g4

Pass, — M 1) i 8, — AL vk HE iR LA
RLUSPeas EARE,
LT AT LA BIGR B B B R 5 22

M, =E(x) = f:xp(x)dx

M, =E(x%) = waxzp(x)dx

w=E(x)=M,
o’ =E(x) —E(x)’ =M, - M,
G L B2, e AU VIR | RN,
0_2

o+ (1-¢)

PIRERAERN one—tailed IEX HXF ¢ > o F
MR <@, p,. =1, BHEPEERT,

SR K F B R E B VIR T RS
LR MER R TR EPE (FE ) BERER,

J7 22 B2 W R 4k 7K T A o B 52 s P | aike o5, 4n
T B EERG FE T B ADGB B ER . 208 IR
PSR AR (T RE T 2B L AT TR T
ml) BRI B B AR 25 o 7 A i 5 (R) AL, VSML ] —
UHEAEAE TR MR R R BE S 1R, 418 BH 52 0 ] v ) —
ARG 2 2 A ey A S T AT T AN 2 JE A
BRI A 4R EBOTREE LN o, T LR N

flxy) = +x%+y%

R R EAERAE E(x) =E(y) = E(xy) =0, 1T
CXGE

M, =E(f)=E((¢ +x 2L 4y Uy
0x dy

P(x=1) <p,, (1) =

- pe) 50 [ 2]k [2]

AR G R BAT AR oA, 25 e &

I, AE(e")=¢ E(x")=E(y")=0"=(0.5)?=0.25
2 of1’ a1’

HIE M, = ¢ +0.25([£ + [%] )

MRk 0 B, AE R M, = o (BRI 3%
15 Y AT o

THA AT i B (RS B n) AL, W LA o A
PIRE RN A Z ATHE 22 B/ IME IR — R H /N
{ER AR 17 HaX A~ 5 HAR R 3 5% B JU AT 14 T8
X, AR E—IR,

BB (968 G IR 3 R, 4 % Ak

LIRS E:D R STIE S8

FEXPEB LG 1E R Y5 b 2GR B /Y
PERE , 7T L2 B0 A I 4y R 22 | i LA AT LAl
FEAE . W%, QSRR R ¢ i — A 3R T
BLBC TR IE O o 05 U DO R IR A ¢ > AR



2

RN S . —FPEET GPU ROZRFIYI S SEBL T VLTS .55 -

Chebyshev N4, p, (1) = < 1,Hp5¢

g
o+ (1 -¢)’
PP X R AR A R4 N SR B e 4
HISERE, ATLLE B p,, (1) RFEERIELE I,
FORTIR Y A (A B ATEL R (0, 1) X H], BBR
A DX 3 AT DAAR B AR ) S ok iy, — S 00T, o8
o™ E SR T AR, R 2 B R R AT

111111

H H T 1 3 X

<>

i X
A3 kHEeni

Zoxt Bk 2 )5, AT LUR 212 5 2 2 18 i 5 9

AR S5k, A 45 W 16525 Ak R BH B v B AR Ak, T 2t — A0 3k

FTodct, P OREE s JU 5 A, BB TR | 995 100 B ik

R, T ARSI 4 S B 3R AN T3 G i), 7T U I

B a e 4 P(x =1) < p,. (1) = ﬁ

JeisE

2
o N _‘/\
o’ +C(t—¢)2’jg!: !

JEBLEAR i CREAT LAGE 25 )2 A S 825 1 ke ) 5
R

WA P(x=1t) <p,, (1) =

3 ZAWe

e 4 fros  Herp R s 1 e, g, b Al
rg BUGETE I 735 WL T B2 BT A 1]
BRI T VSMs BT 4528, AN T B9 A AS 1)
BRI

B4 EE&PHFHEF VSMs &z R

P 5 vl LU H 0 A I 5 B3 M TR PR 28R

K5 %6 PRgHR
Pl 6 g T F1 52 4 32 1 i i 5 — 2 B RS i 4
MR LT3R

P

e

LA LR
waw
LA

ﬂ.‘\“
A
i\'."\.' LN

A6 #¥&FPEFTHR
S 25 BAE GeForce GTX470 KB 7 K F k45
B, 43 HER A 1600 = 1200, ff FH T 1024 * 1024 IR
& 4 J22 PPSMs, VSM H# [i1] I8 1k 4% R 1) 306 0 % A
4,

4 HRiIF

SCHAR T B ARG P IR, X
5 1B B 0 — A BF T LA AR JUAS 7 T A

1. W% GPU $5A B9 B, — S50 B R 1k 1 3, 9
SR T AL 5 O RO IR

2. BRI, B2 IR AR AR IR R 1Y
TG AR 22 T 6 U5 R 2 TR U8, LA e B 2 1 B
B | SRS A R A AR T 2R AR, A
T 1 37 55 2L SR (EL BN T A T A X
LRI, 22 509 5 1R 3 1 b B0 35 6 06 Y N o — 52
Jr B, £ B R AU 7 A T R, S e 2 A e —
BRI E 2,

34 Ze g B RIE A R, B R,
KT HREE WIS W5 55 X 5T
T 30— B B L B | A R TR S R
T, BNASI B SIE A A% U S S — A 5T
P T LSRN SN 1 A

4. ST 1 5 BT T 3 Fh /N B SRR R K
S BRACRARE I, B R BRI U4, 4R



- 56 -

HRHLEAR S R

03 &

B NIRRT A

S 3k

(1]

[2]

[4]

[5]

[9]

TR FEIUPREE T IR A S R RS [ D] KN
RS B TR ,2000.

Cass E, Kilgard M. Practical and Robust Stenciled Shadow
Volumes for Hardware—accelerated Rendering[ R]. [s. 1. ]:
NVIDIA Corporation,2002.

McGuire M. Efficient Shadow Volume Rendering[ M ]. [ s.
1. ] :GPU Gems,2004 :137-166.

McGuire M, Hughes J F, Egan K, et al. Fast, Practical and
Robust Shadows[ R]. [s. 1. ] :Brown Univ. ,2003.

Williams L. Casting Curved Shadows on Curved Surfaces
[J]. Computer Graphics,1987,12(3) ;270-274.

oW B RS ST I R BT A Y
PR [I]. B LA B 15 B 2227 41, 2010 (4) :579 -
591.

Stamminger M, Drettakis G. Perspective Shadow Maps[J].
ACM Transactions on Graphics,2002,21(3) :557-562.
Wimmer M, Scherzer D, Purgathofer W. Light Space Per-
spective Shadow Maps[ C ]//Proceedings of the Eurograph-
ics Symposium on Rendering. [s. 1. ]:[s. n. ],2004 ;143 -
152.

Lloyd B, Tuft D, Yoon Sung-Eui,et al. Warping and Parti-
tioning for Low Error Shadow Maps [ C |//Proceedings of

the Eurographics Symposium on Rendering. [s.1. ] :[s.n. ]

s

[10]

[12]

[13]

[14]

[15]

[16]

[17]

2006 :215-226.

Zhang Fan, Sun Hanqgiu, Xu Leilei, et al. Parallel-Split Shad-
ow Maps for Large—Scale Virtual Environments|[ C ]//Pro-
ceedings of ACM International Conference on Virtual Reality
Continuum and Its Applications. [s.1. ]:[s.n. ],2006:311-
318.

Zhang Fan, Sun Hanqiu, Xu Leilei, et al. Hardware —acceler-
ated Parallel-split Shadow Maps|[ J]. International Journal of
Image and Graphics,2008,8(2) :223-241.

Nguyen H. GPU ¥5#: 3[ M. bt . 3§k Ak, 2010
164-177.

Reeves W, Salesin D, Cook R. Rendering Antialiased Shad-
ows with Depth Maps[ J]. Computer Graphics,1987,21(3) :
283-291.

Brabec S, Annen T, Seidel H P. Practical Shadow Mapping
[J]. Journal of Graphical Tools,2002,7(4) :9-18.
Donnelly W, Lauritzen A. Variance Shadow Maps| C|//Pro-
ceedings of the Symposium on Interactive 3D Graphics and
Games. [s. 1. ]:[s.n. ],2006:161-165.

Annen T,Zhao D,Mertens T,et al. Real-time all-frequency
shadows in dynamic scenes [ J]. ACM Transactions on
Graphics,2008,27(3) :341-348.

Liang X H,Ma S, Cen L X, et al. Light Space Cascaded
Shadow Maps Algorithm for Real Time Rendering[ J]. Jour-
nal of computer science and technology,2011,26(1):176—
186.

(EE% 51 1)

(2]

[3]

[4]

[5]

[6]

(8]

[9]

[10]

FSBAH , = far , 0 S | 45 AUt AL B T 7 0 1R
WA BRI T AL AR 5 R R ,2010,20(7) <216
-218.

RIGEHE, 2% 2L, S8FUM. B T oo nk R B s o 5
IEZHHER[T]. BHE R ,2011,29(9) :53-56.

Yang Kai, Zhao Zhiqin, Nie Zaiping. Optimization of Une-
qually Spaced Antenna Arrays Using Fuzzy Discrete Partical
Swarm Algorithm [ J ]. Journal of University of Electronic
Science and Technology of China,2012,41(1) :1-6.

Wen Guangrui, Zhang Xinning, Zhao Ming. Application of
Partical Swarm Optimization Algorithm in Field Holo—balan-
cing[ M ]. Berlin Heidelberg: Springer—Verlag,2010.
Foow, EREIL — R AR L OB A AR B R
[J]. AL TR S5 0 H ,2007,43(4) :47-48.

X R, . i Fe 4 B fRORE 1 RS IR TR IR R 0 45
HRGE PRI A [T]. ARG, 2012,21 (1) : 13-
16.

BT REdE . TR RS 1 8 I3 ) 1 3 A T A A
[T]. IFEALE AR S & J#,2010,20(9) :24-27.
TRNFE L EARSC, TT N R TR BOR BT 5 N
JELT] ATENLE AR S K ,2007,17(5) :249-252.

BB, e R, BORL M. BLACR RS E B S T [ M)
Jemt B iR 2009 :180-247.

(1]

TRFEIED, FRERAN, XK, 45, —Ropi 3010 7 BE PR R k315 2R
Hr R ALY FEEHL TR 51T ,2009,45 (36) 1216 -
218.

s, B S — RS A SR AU B R AR T R
FELT] HENEOR 5K 8% ,2009,19(2) :137-139.

M BFORFRAOUARSE 1 BB RF [ D] KA i RK
2#.,2010.

FAE, B, LR TR SR IR SOIR 5 &
JEMEIR[T]. AHEA 2008 ,48(5) . 7-11.

REV. — b b TR A (1] AR 5 &
J%,2008,18(11) ;106-108.

FRA, T E . AL T RS v B E 1 5258 5 43
[T]. &G T4 ,2005,20(2) :194-198.

IR SR T RESRE SO RS [ D] AN AT H
FRHE R ,2009.

Trelea 1. The partical swarm optimization algorithm ; Conver-
gence analysis and parameter selection[ J . Information Pro-
cessing Letters,2003,85(6) :317-325.

Eberhart R, Shi Y. Comparing Inertia Weights and Constric-
tion Factors in Partical Swarm Optimization [ C ]//IEEE
Congress on Evolutionary Computation. Piscaway: IEEE

Service Center,2000 .84 -88.



AT CPUMR RIS ST BT [H2RAR

E=r {3, XIfE

== e PONERE: VSRR, D91 %#8 610064
% IR 5 R

YL A4 Computer Technology and Development
B 2013 (2)

A CHEHE: http://d. g. wanfangdata. com. cn/Periodical wjfz201302015. aspx



http://d.g.wanfangdata.com.cn/Periodical_wjfz201302015.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%98%e7%87%95%e4%b8%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%be%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%9b%e5%b7%9d%e5%a4%a7%e5%ad%a6+%e8%ae%a1%e7%ae%97%e6%9c%ba%e5%ad%a6%e9%99%a2%2c%e5%9b%9b%e5%b7%9d+%e6%88%90%e9%83%bd+610064%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx
http://d.g.wanfangdata.com.cn/Periodical_wjfz201302015.aspx

