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Hybrid-resolution shadow mapping design and hard
shadows anti-aliasing in special effects movies
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Abstract: In order to reduce the aliasing artifact due to the finite resolution of shadow mapping in real-time
rendering ,we propose a hybrid-resolution shadow map based on a parallel line-sweep algorithm. First, our
method generates a high-resolution depth map from light's view, and analysizes the mean difference of depth
using parallel line-sweep algorithm with threads and kernels. Then this method merges the texels from bottom
to top to establish indexes for the texels and discusses the storage methods. At rendering pass, our method ren-
ders shadows in real time using the hybrid-resolution shadow map for occluder detection. Experimental results
indicate that our algorithm improves the resolution of boundaries’ area over 20% compared with standard shad-
ow mapping and reduces the time consumption about 9% -18% running by Dragon model. Verified by practical
application, the hybrid-resolution shadow mapping is an effective real-time shadow rendering algorithm, which
can effectively reduce the aliasing artifact.
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Fig. 1  Bottom-up merges of high-resolution shadow map
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Algorithm 1 Line-sweep shadow map

pos is the coordinate of the first step in the shadow map and st is

a vector for one step along the scanline.

While ( steps — —)
%
float3 sampleTexel (pos) ;

for all (mapstexel s,s e input) do
D, =Depth At Point(s. Pos. Top Left())

D, =Depth At Point(s. Pos. Topt Right())
D, = Depth At Point(s. Pos. Bottom Left( ) )
D, =Depth At Point(s. Pos. Bottom Right () )

If (Mean Difference(D,, D,, D,, D,) <eg,) then
{ Parent Point = Merge Average(D,, D,, D,,D,)

If ('s. position)
Output. Add('s. Parent Point( ) ) ;

Store normal and ID to new shadow map| else output. Add(s) |

pos + =st;
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Algorithm 2 ShadowTest

for Each view sample
Project to light space intersect with texeli

read from HRSM

if texeli is indexed to subtexel, search index until end

then Read d; in HRSM
if d,<d; then return true;
else return false; |
else Read d; in HRSM
if d,<d; then return true;

else return false; |

3 KRS

AE SB35 K Intel (R) Xeon (R) CPU
E5620@ X{#% 2.40 GHz ,NVIDIA Quadro K5000.
FIFH GLSL 153 % CUDA JH4T4R RS, X T4
PERNRAE 512 x 512 S LR BIR A 73 HE R B 5
BEEDE IR A 0 HER DY BIRCR BT o PR ik

AHBCR A T 1024 x 1024 K2 DL FAFL, 38 1
AT PR BIRE P, R TR IR0 4 AT LA SJAS 5 v
JHE 1 RIS RO, [ 6 AR [ 15 2 o 6t 19 i 42
TR G PR KR TSR ] ] R4 45
5 PR HE AU B2 TR 9 TR e 37 CPU-GPU
YT 5 B FERORBITE ™ AR P AL R R AL
SEAHUEZ AR A A Tt T as TR, P 4 P
AN HPRHERIRZ I SM S SCH L HRSM 92 il 24



551 3] AR RO TR RS

A3 R BH R S5 0 B 5 SOE RE 93

(a) 1024X1 024
(a) 1024X1024

(b) 2 048X2 0484 %
1024X1 024
(b) 2 048 X2 048 down to
1024X1 024

(©) 512X512
(c) 512X512

(d) 1024 X 1024 %512X512
(d) 10241024 down to 512X 512

(e) 2 048X2 048
(€) 2 0482 048

(b) 40964 096 %
2048X2 048
(b) 4 096 X4 096 down to
2 048X2 048
B4 SRMERIRE A (A9)) 5IRG /PR EI
BT BRERXS H, BRI 4 BE 43 5
H(a)l 024 x 1024, (b)2048 x 2 048 [ 5
1024 x1 024, (¢)512 x512, (d) 1024 x 1 024
B 512 x 512, (e)2 048 x 2 048, ()4 096 x
4 096 [#& % 2048 x2 048
Fig.4 Contrast of SM(left column) and HRSM ( right
column) , with the resolution of shadow maps are
(a)1 024 x1 024, (b)2 048 x2 048 down to
1024 x1024, (¢)512 x512, (d) 1 024 x
1024 down to 512 x 512, (e)2 048 x 2 048,
(£)4 096 x4 096 down to 2 048 x2 048

SR H (ALK [ Stanford Dragon) . [ 1,
FrRUE RIS 73 HE28 5300 R (a) 1 024 x 1 024, (b)
512 xS121( (e)2 048 x 2 048 ; 18 443 B R A 5%
B85 (h) 2 048 x 2 048 [#ZE1 024 x 1 024,
(d) 1024 x 1024 [ ZE512 x 512 F1 (£) 4 096 x
4096 572 048 x 2 048, 45 WL i 71 T AR S0 vk g

WD 2 A i ERE. R LA T
Dragon F5& U 75 9 i J7 125 k2 4 43 B S A [R) 4 50 T
(2 il s 1], bl B2 [ o3 HE S i 3gn  3 153 s i)

21N 9%y /03 18% , BRI IR 70 B A8 iy, ATk
AL BRI 2 o ISR R 1) b 5 9 70 B,
PR HBREAR T B2 P S 75 S o B IR B T
BRRZ IR 1085 23 e R I P 1 XA [ 3 5 1) 3
BEPERR , BR TR 22 S RRRIE G H o

%1 SM 5 HRSM T Dragon fJit&
A 18] i FEIE 5L ( B2 : ms)
Tab.1 SM and HRSM time consuming of

Dragon ( Unit: ms)

sy¥E% SM(T,) HRSM(T,) (T, -T,)/T\/%

1024 x1024 32.6 29.5 9
2 048 x2 048 34.9 30.8 11
4096 x4 09  62.9 51.5 18

(a) brufk SIS, (b) A PR P IR 0%,
53 WK 2 048X 2 048 53 EF 1 4 096X4 096
(a) SM with resolution of %% 2 048 X2 048
2048X2048 (b) HRSM with resolution

of 4 096X4 096 down
to 2 048 X2 048

(OF A rr (d) A2 WER B 5%,
SrPEERN 2 048 X2 048 A3 WER 14 096 X4 096
(¢) SM with resolution of P2 2 048 X2 048
2048 X2 048 (d) HRSM with resolution

of 4 096X4 096 down
to 2 048X2 048

BS Az sk H s SOEREZ L B (a) Fil (o) obrif
R IR 1:, 23 A8 0 2 048 x 2 048 ; [ (b) FlI
(d) iR 5oy PR KA, o R
4096 x4 096[% % 2 048 x2 048
Fig.5 Anti-aliasing with tiny objects, (a) and (c¢) are
SM with resolution of 2048 x2 048, (b) and
(d) are HRSM with resolution of 4 096 x4 096
down to 2 048 x2 048



94 W [EDE2

%9 %

5 O 2 048 x 2 04853 R T YA RS 2 il B S
FERECR L, (a) L (o) APRUERARZIEL, 20 B
¥979 2 048 x2 048; (b) . (d) AASCTIL, 73 pER
4 096 x4 096 55 2 048 x 2 048 /F Ji, %I ist
Gy A 5 P AR A R BEAS T S X I8, L AR
R4

€ 6 2y HRSM J5 3k 19 H B3 22 AR R,
SERFIIZ T IR REIE A T A B S IR Rk
FEo BT X H TIRG /I HERBIRE B i AR B 46 70
PRI BORED PER 512 x SI2I 2 A0CR .
H, (a) B(d) I RERAZ ] 512 x S12 22 I RICR 5
(b) () M Ce) Ak A o BRI I, S0 BER 7331
12 048 x 2 0484 % 512 x 512,4 096 x4 096 % %
512512 DL 1024 x 1 02442 512 x 5124
HBCR o AT IR & PR AR VI 00 2 B 1Y
P, B FAR 2 B AR o o e 2 B 2

o R TN R A % R X6 B B R ), A S
5% Dragon , Bunny . Ball model Fl Spheres #4771
I, 45 R s A Y O AR SRk ) T BRI Al
B, I [R5 % ~ 12% , 413k 2 Fis .

K6 IRADPERIIREE D A BEACR, 7 B
2048 x2 048 f&E 1024 x1 024
Fig. 6  Self-shadow of HRSM with resolution of 2 048 x
2 048 down to 1 024 x 1 024

(a) FRUERISEIE 512X 512 2 HI8UR (b) A2 WA FSE I 43 W th (c) TRA ST WER PR 0 43 R ey
(a) SM with resolution of 512X 512 2048X2 048 FER SIZXSI2IRHIRCR 4 096X4 096 [ 2 512X 512 fl LAl R
(b) HRSM with solution of (c) HRSM with resolution of

2048X2 048 to 512X512

4 096X4 096 to 512X512

(d) FRUEBI RS 512X 512 IO
(d) SM with resolution of 512X512

(e) A WERPIE I M43 B 1024 X1 024
W2 512 X 512 I A RIRCR
(e) HRSM with resolution of 1024X1024 to 512X512

B7 ARG HER AR GBI BT L, (a) F1(d) AR HERTRZ I 512 x 51222808 5 (b) L (c) H
(e) JPIRA > B I S P 19 43 B3 43 B 1 2 048 x 2 048 [ 28 512 x 512,4 096 x 4 096 [ % 512 x 512 L) J%

1024 x1 0244 % 512 x S12 (A 22135 5
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