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Real-time Non-photorealistic Rendering Method for Black and White Comic Style
in Games and Animation

Abstract

Abstract: To address the issues of high resource consumption and lengthy workflow in general
nonphotorealistic, this paper proposes a real-time non-photorealistic rendering method for black and
white comic style in games and animation. A specialized lighting model is designed to highlight the main
environmental light and the grayscale grading of diffuse reflection based on the analysis of the lighting
model effect. The pre-processing of the scene is achieved by merging the various components of the
lighting model. A screen space three-phase edge detection method is proposed to sequentially perform
depth edge detection, normal edge detection, and color edge detection on the pre-processed scene
lighting results, and the edge detection results are combined. The scene lighting results are rendered by
screen space partitioning, utilizing dot shading and line shading respectively based on the grayscale value
of the lighting results, with interpolation applied to shading boundaries. The results are merged by
designing a segmented function based on the grayscale value of the lighting model results, combining the
screen space three-phase edge detection results with the screen space partition rendering results to
obtain the final rendered output. Experimental results demonstrate that the proposed method can achieve
nonphotorealistic rendering of black and white comic style with relatively low resource consumption and
reduced error rate, showcasing a distinctive black and white comic style.
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designing a segmented function based on the grayscale value of the lighting model results, combining the

screen space three-phase edge detection results with the screen space partition rendering results to obtain

the final rendered output. Experimental results demonstrate that the proposed method can achieve non-

photorealistic rendering of black and white comic style with relatively low resource consumption and

reduced error rate, showcasing a distinctive black and white comic style.

Keywords: black and white comic style; non-photorealistic rendering; real-time rendering; specialized

lighting model; edge detection

T

0 5

W A 3 35 B IR AT M PR R, Lk B xR
FRBGEG M TR H e ghn, FR s —H

HAUF S 37 5t 3 AT AR SR BGE G IR AT e
BEARN LA, 2 TR I i % 5 38 AT b ) o 22
ﬁ{@mo

A 48 1) JR 1 1 XM A S R e 3 AR
TERTNHFLEEEMNE . 2R N T AR,
ERTEITHR, HEWEER. Bk, A3E
R T — b 170 3 x5 S8 0 PR 1 I KUA% AR 3
SRS VR G U i, A DR IETE GRS L I Sk A
PRTHE G o FEAR AR B AT, Dy 3 18 i XUA%
FF F SR AR PR R ST i

1 AHRIAE

iSRS S s NI RN I SN
P O S TRRED . AR, HETHARR
SITE G 5 15 I F AN RE T8 1 R 2 B A HE BURE 5E 1Y
BB IEHEAT 7328, DRI A AT Bt 5 FR) e A
JriE.

LI AR S BGE S AR B TSR B R R
HBIE GGt . SCHR[4]2E T Phong % (4
BERLPE T A A E R, RS iR
PR 7 AR R R T 7 A SR e Xk, GA 3]
WRIEECRHK, EEXSZERE LRI L.

B, 2 AT 5 i ) T 0 B — YUK AR S
HEGe, PlRCiE QAR R . SCHRISTHR Y T /K%
BRI A F S B By ik, i A HEAR A
BHoE . WIEE O RGN ERET =%

SRS AL TE S, RS ULKCRE 0 ) OB R JK
XS A 35 WY RS AR Y (R B AR A
RN G IK R 2 ] AR AFAE . SCHR[6] A2 28 1 2
AR PR BT FE R E T SRS B

BRI it S A B PRV G E AT 7 i AR
5 BARIREE, SCERI7IA T SRS AU
T 25 Sl 0 BT 2 ik 8 R o A 3 T TR 1 o i XU
Lt s, SCRR[8]ER Y 1 2 T 2 RIZ 2RI 5>
J2 EAG it i XK A 222 RS ZEAR S B il i 222
MR, SR AN TR RUBE AR 22 Fl 2 L AR 2810 240 6 I
FPig J2 21 .

BE B WOL ORI A, SCIR[9] 52 i 1
1 0 AR WO A5 2 ) = 4 S KR AL TE
T, HRIE H i RO T XS A5 B =4 A
1A =4 ) AT AR

FEVEREDUAL TR R BN I 5t T, ARk
B Y 2 2K 52 4 DL A 25 8] i SR B 1) B0l 22 )
FERIERR . BER, AR SR G T LR
NRAEACHERE, 5 ] T PSR B AR A5tk . SCRik
[10J3 i 1 — b5t T 10 SR AT 5 3R 20 T B 1R
AR 2 AR F T i

R RS AR RS TE S, R YT
TERIAEE R, BN 675 & A
PR SCHING B, JF2  2E U 1 EAs An 'e
MERCR o IX— T ik P ) 0 28 198 1 R 31 5 R )
TN A i, H T /5 28 2 1) 2 F SCEL
K, JFRBOLIRRCR, HiE R g NAAIT
W . BT RS A R EAR XA, FR
SCBTE R IVEZRMBR, LBUUT IR S VG iR R A
RO, oAt AR 2L 55 ke e 7 v o DA B 2 A

http: // www.china-simulation.com

* 1700

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/16
DOI: 10.16182/j.issn1004731x.joss.23-0458



Hu et al.: Real-time Non-photorealistic Rendering Method for Black and White

236 555 7
2024 %7 H

TR g KR AR SRR b 32 B SCHA
RS XU AR SRR R BORIUIR I &, A
SCEET U 17 9 %5 B0 1 S T8 XA AR
SRR SEITE R T

2 kR

AT E B SO E 2% R
IR S AL FR AR R, S B 9 i XURG F JE ESE
BIE G . W R IR R, X AT eI st AT
FRALTE; BEAT B AT 1A SAHTL ARG I, i [ A
25 BAR R BEAT IR B D AR I . LR AT
BREGAZAGI, JE& IR LGNS R T
PR as (a)oy XIE G, Wit e B ELFE S
ik, ZHHE 4 sAE R A A R X
o BB, & IR PR I LG 4 R S
B et oy I E e g5 R, BRI AEGE R,
SICH B 1 1 XA () A B SRR G
2.1 IR IR AR A

N T RS HEAT R M E R L,
B 1 B (' BRI e i 4T T Ak B AT,
FH T 2 8 i XU T F B SRR TE Yo e 4 R A
TEHEASCIOAE, 4077 R i L5 2R,
WA SC 7 EEATY SR VS B Blinn-Phong B [ JEL , %
fEE— S EOEIR N =0, RIFREE. Mt
U518 AR R
2.1.1 SrHre AR B RUR

TEAL G B g e AR KA F, ERTAEE
A 4 308 3o ) O T (1 O PR A 54 S o T e
SIIRIUBR, I AR R IR .
T, 2l SR TE G R P RS AR 4
Py PR 85 00 BRSO AR T 5% i i P R B R
PR SA €8, I 55 i T rp S R R R
PR o N AE B S5 ot 400 i o % 223 1) 4 IX S8 e i
HRA IS (R 8, Ak T 52 38 10 o R 2 A, 2 1)
TERRA, TR AR DX 43 R AN R Y X 45k

T IS v AR v B R A A B e

e, S THD R S 18 1 1 1 I XURS A S R S T ik

Vol. 36 No. 7
Jul. 2024

YHFE LS P B AL AR R I S A 2 R L, A
P B A B IRZ IR BN 2 2 T hb . BEAk, EXS
5 G S AL BN, R TR i i XURS O ED
X S AT o A PR AR BE, AR S E #29 H Blinn-Phong
R () v G SO T, R LB G K e
R Ar 45 BB I ROR -

2.1.2 Bt EARR RIS

fER B E S, R E =R
W SO TEWRY), 522k EEY. =
AT AE 22 R DX ) T 37 55 v Ho A A 44 i €3
FICLIR R A o X TR, PRBDER
AIER W T A, SCRACR —E R L
PRI A 455 W3 15 A2 AT 7 AR A S B AR A, [R] N o 3R 35
AL A BRI ) R Bt BEA DL EREE, B
FEEDE AR I, 2% — B Lerp i {H
TR, BRI IE AR SR AE A B G O T
sz B HDGHEEE -

L=p,(1-D+p,I (1)
e LRI 23800 DO,
JEREGR I E AT, 0<I<1; p,~ p, AR E
Yk 5 BV AR I X 0 B . 5 — o
JRERLL, )RS R RAFH-FE R
% & BME IE 5 16 IR L, AT5 42 1) 72 0~1 2 [A],
H L AR I EOCHREE T R A, Wp,, p,
WAEp, +p,=1, Hp, p,>0. LA LLIE2IX T
(ENSE/LLNIHEZS: Dby

L,=p,+1-2p,1 2)

R, TS H R Ep, FBUE VLR Y X
[H[0,1]. */=p, =058, PREIGXFREA. 4
pi2I, RQPBSRAE2 DRI, IFRIEITN
AN EUE AT AT 38 . sl B 1 R oR R R
ALK BB AT A SR, A2 p, BUNKE, Wik P
DG LR B IEM KA BEE p, B
BT K, VAR T IG5 S PRI 0K B W
BNFAR . X TR, DRI
JEURLORIFAE 0~1 Z[A]

http: // www.china-simulation.com

* 1701 -

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 16

H36 B T
2024 %7 H

1 B R HIE G

Fig. 1 Function image of ambient light change

2.1.3 Wi IKEEST 4% )18 [ S TR
TEREATIE AT BT, T 2 8 1 36 AR RUR
K EERERD, AR AR 7 AR,
W g R AT TR B IR R BN 2 AR,
DI EEeE . R, HEINZERME Y
A IR A 2 5 20 5 I B 2 PR T T = AR AR A, 7
R 43 B I R AR 5 B e 1 PR AR B X o B
JEEA R RS, R R S ARl I i R RE 2 IR gy
RH, PEEBOTN D R IRy B BT Bk
M, ARSCETE TR RIE SO R TV, Ak
VIR 18 ISR
| pg(kyl, max(0.N-L)) |

Ld - pmax (3)

b py WIRFEJZIRIE s P e N pg AT KA S
HE K, €0,100], 1 py €0,p,als ke NIB IR
WRE, AT RIS R EIRIE: 1M
FJEURME IR . NIRRT b 52 el s 1)k
Ml LONBERTEZ SN . AR SCR )
TN ECEE 7 U IR S T R IR A R R
W B RZABEEE, DMEEEE . WRMH—
MY N7 R, AT R § BURE Z OB
WA L], MR E g R IKE 2R 3 25
FH T R R AR R 3 £ 52 o e 2 L) VAR FBE 5 Tl ) 738 A G

RGN AR

Journal of System Simulation

Vol. 36 No. 7
Jul. 2024

FE o R AR, IR A B A B R B
S, HHEE B RPR IO R RE - IR LA K
T 0~1 2Z 18], R BEJZ IR A A TE N 0~10 2
[A], e B i S S O B DA HE S 1 0.68 0 7
T2 SIS SO IS, AWk R L )2 IR
(BB INE P VAR R P82 20 A oH 72 A B 22 [ B € )%
o TR PR U BRI S ik A K B R
OAAH LA FERmAE DL Fg KBS R L B
EHONOW, WK AP BRI, HILE
EE YRR
2.1.4 FIEIBRELS I

T 2O AR LA 2 O, TR L L
S PINELJE: BN R RS IR E R By
AR

2.2 R =A%

TE R F e HE AR 2 25 SR AT 4 X At iy,
SRR RS I IR . L. Bt =AML
ATILGATIN,  FE15 2 0 R R (0 A 1R
AR 1E 75 0 28 Snet i G 8 SR e A T3
2.2.1 XHGRARR 25 Bk AT IR BEIA G )

H T IR A8 P AR X BN AR TE T Wi i b 2 i
SRab, XS R RN, DRI S o R B B AT W 2%
A0 T DAAS 3 %o o' BB AL i R /s A T
g

FALLAT 5, Sobel 5 1 4b 3 J7 Ui 1, PR
B, AT LA R ARSI S B s R . R,
ALK Sobel HF AT I GAG I .

Sobel B 7 FHAE ]« Jh 17 AN 3x3 15 5 A4
5, AAietEG 5 G, @R . 7ERE L
P RERCE A, A3 B E R EUR 1 — PR BeE .

-1 0 1 -1 =2 -1
G=|-2 0 2.G={0 0 O 4)
-1 0 1 12 1

B )G, RS TS bR R A 4 R AT
R, BRI 2 R B L -

G,=/G>+G> (5)

http: // www.china-simulation.com

* 1702

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/16
DOI: 10.16182/j.issn1004731x.joss.23-0458



Hu et al.: Real-time Non-photorealistic Rendering Method for Black and White

236 555 7
2024 %7 H

PABEJE KN 58 3 05 RGBAE I N 0 1Y
YT R ATIRE, R R MR

fion=(1-G,)(0,0,0) +E (6)
X ENFEEGAOME. B MEGEMHE
SCATHL fooon =00
2.2.2 WHRBEAGAIN G R ATELR LGN

RENRBED GRS R G, NIRRT A
A A PETRAS I X Ak 2, A 34T 0248 23 ]
ARG o Xk e 25 1) (1) 30 S D = AE AR R
T LA 25 ) 1 3 Py DX Al HH 3 2%

5 2.2.1 o BT 4 (R FE 2% [R] 1 2 s M 4B
TE AT VE L 2 AL A B, SR T 1 R B ARG
(RSB P, ATHAR X124 % [a] R4 A T Sobel 5 -1
B RABRER G IEASEMNENSGRE
REE DA 5 BT A3 B AE AT A6, BT 13 2035
L A G AT N 25 R -

Sroma =1 =G )(0,0,0)+F e (7)

AT R, froma = 0o
2.2.3 WHELIAGAIN G R AT Bl Gl

TEHATIE LI GATI G, ysitl iR B F IR
FEZR ] VELRF I IA G AR, FEERR A,
X % (A1 A ) 5 SR AT B 8 25 (RS A
[RS8 2 (] P 30 56 W 4 SR B b e %6 i
SR OB A 2 S IR FE AR AL BB AR AL,
RICHIA L. kB LR HI, Sk il
I 2 SRANTR], P 2 () P 30 A ) P P T VA 2
25 (ARG 25 SR F Rtk b gk AT, T € s (] Y i 2%
g R G, R EE RS &, AL L%
A0 PR 285 SR AT B DAAS 300 €0 7 [ Ab B 45 R

Jeotor = =G5 )(0,0,0)+ 1 grmnal (8)

FIEL AL £ =00
224 SHEBESILG/MNER

b W o = T 5 R PN S Al TIPS
2. Bl R g R. T i—F

e, S THD R S 18 1 1 1 I XURS A S R S T ik

Vol. 36 No. 7
Jul. 2024

s IA G MG R, HFHBRAGHENZ R,
PR VRS S 7 (8] 1 12 e il 46 SR 4T 45
PEAE -

J=a Jaepm+ @2 fromar + @3 feotor ©)

RRIE fyeptn Srommats Seotor FIE LA, @ arn ay
Wi a +a,+a,=1. FN, WIEAGHIE L, &M
Wita,,ay,a,20.

2 froR, fERG BB TTES, 1T
A3E A o 2 1 P 0 A (R R AT L Al 31X — 0%
¥ E ks tE B RN, e
W RSP =% — KRBT E,
Toik S AR B 5 A I S5 M A A5 B . TAE
KA SCOITERIREE . Bl 5752 =/~ (814 %
R HEAT A G A I I e B — RGBS, &
AEE R0 T RN EE B .

2.3 Bt B A A o X I 5

FEAS BIAE FH 120 S 0 S5 (0 A A0 ' TS 28 X 45
Rl oy A BREE BG , AR SN 8 I ) 5 R
ZANIKPEX, FHAEAN[F A RE X v B FH AN [R] 5 £
J7 3, A AT AR BB s 1) 4 X eiE G
2.3.1 B REGRTE

TR IR AR 388 i 340 43 3047 W i B,
%23 B uv ¥ 508 e (R M o, 6T B IA) AT
B P, BUOLARARI 5 AR NEGE 5), X
AN NEGER 73 5 15.0.5,0.5) U BE B . Jd ik R Py
BV S AR, WD EAE R AL E A,
WP IIE N

C,=|eP-LP)-(0505)], (10)

S B R LA ) A AT A ) K R R AR R
P A RN, HEE BRI AR, ROk
Z R AT EAGAREE, DA 3007 9 R I
AR

B 3 AR FH M S5 B A A B 3k 47 55 8 1
R

http: // www.china-simulation.com

* 1703

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 7, Art. 16

536 B4 7 ) ARG 1R Vol. 36 No. 7
2024 47 H Journal of System Simulation Jul. 2024

depth space

normal space

Original image Edge detection Edge detection output Final image

K2 hGkailEr &R
Fig. 2 Merge result of edge detection

FIFFE (8] P AT 20 A -

B sz\_w|y—axUmod|_k2+d2+1J (11)
A ’ N Aot w A SRR, T R R
. . i‘%j AR T BAREG GRS A — S Bl st
Global rendering result y AR AT ) ' R ot I B AR etk AT 0 1
, P P BT EORDCHA B, LA L R
| BEIRGUSRL. 1855 g, IR 2% 407
: A B AE — B R FE EAN—%, PRt nr DL A 4k
Generated point TEREHIZL W, na(12) TR .
texture map Localized rendering result
o C,=|w|y—N-ax||mod| k*+d>+1] (12)
3 A R S S0 H bR AT B T B
Fig. 3 Target shade with generated dot texture 4 JEoR TAE 5 B br bt e s AT &
o E B RE B .

232 WItRFEOTE

NTE AT RS, ARS8 Xa fE N FTTE R
HELR IR, LR 2 AH AR B 26 2 [l (R PR B9 d
BT B R R R A BRI Bk,
Vb 75 ARAIE 5 B2 2 [ FOE 28 d M2 . B 3 2
RIS, T LUK LR BE R A AR
ARRR ZR y il R, PO A R BB, R RT AS

http: // www.china-simulation.com

233 FRABETELEEADT
N T ARAIE 45 B G S ORI e, RO
3 DXV e 130 AT B A 4 P A A 1) 7 A8 e
TR o T 7E B a3 7] b e MR AR R 4 BLIR A M 1
(g — Xk, FHCARAE K A
C,.=C,I+C,(1-1) (13)

* 1704 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss7/16
DOI: 10.16182/j.issn1004731x.joss.23-0458



Hu et al.: Real-time Non-photorealistic Rendering Method for Black and White

2536 B 7 W

2024 427 H e, S THI R S B8 A 1 1 KUK A SRS E TV

A TidE &%, H R <1, EHAEN0S
I, PARE G 7 o e R R . i
TAREA S RAE, 207 & T e XA 7
AR ERS BEAR O ORI — 40 2R s A T 45 32
FI .

. >
¥

Global rendering result

A/

Generated line ) ;
textare map Localized rendering result

B4 A R 2 2k SO H AR EAT 6 £

Fig. 4 Target shade with generated line texture

234 GIHFERTE S XIFERLE R
TEA FF Bt 45 23 0] 43 DX 38 e 7E & A X3 vE
Jegb B, Aot AR B 2 BLIK BEAR R o) B A H
P A X P X R AL B (X DA S 48 2%
HEXEHE—KEEG L, 4R,
C,.I>a,
C=4C,.a,z21>a, (14)
C,.I<a,
b DGR R IR a o, FIERTTIE
[R5y AL E . 4 5 B R e 2 () K FEAB R T a, B
B RAMAEETT R UKEEDNT b,
SRHLKEOTTA: AKEELT 0 a, ]
I, 22K 4G 7 A B il 5
24 BHGER
TE A FF Bt % 25 A) 43 X S e 5 R 5 B 25 ()
A G R G5 R, R IE R &RNE IR
AT LA R BIR FE Hh Of B A &5 SRR AE . P S R
X —IEE R B E s R .

Vol. 36 No. 7
Jul. 2024

A/ .4

shade with line texture

£ ik

combine two pass

shade with dot texture

K5 G56 PR aUET B ) R 2 E R BOR
Fig. 5 Final rendering results obtained by combining two
textures
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TR 44 5K R 2 AR AT R Byt WK 2~4 Frox, A ERE G A4S
Cornell Box 56 42 Yk Yy P I s A = AT S R RS, R 53
Utah Teapot 3 644 6320 LULEN = R AR R R
Chess Set 26 464 53072 LUEEN
Stanford Bunny 35 947 69451 Wi %2 TURECE S IR R
Zuo Ling 46 548 109 169 N Table 2 Relati(isih/jip betv;:ef; vertex co;nitljand tir;l;: %ost
. - *1-12) CPU I [| 112 GPU I [H
You Ling 61823 128472 A#fata T i Bt TF-65/ms TF-65/ms
Stanford Dragon 871 414 1742368  hWifaes 10 2147 6.26
. _ 100 10.16 17.85
3.2 Whriahn 1000 6.60 2.32
AT = TR bR PPN IE R S5 R, i 10000 49.64 17.81
e e 50 000 33.57 14.92
et [l A7 o S B R P2 2
e - A 100 000 25.83 13.72
TEMEREIPAE 3R, MR IAN | 00000 4307 2755
75 TN 8 bR o T8 G 8] 45 8 4 2% M Z% 10 000 000 23.41 8.83
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Table 3 Relationship between triangle count and time cost

Phong # A Ji G4 J7 3% it FH ISP RV 2R AT X B . N AE o o S5 CPU i ] SE15 GPU I ]
ISR BN st 5 6L 2 AM AR5k 1 77 I #i/ms I i/ms
TF 10 12.56 2.32
) VR 5 EEL e - - 100 24.42 554
TERL RO A s2 3 i, F A TR A 1 000 24.01 4.94
BT BUX —¥8hr . ZAR AR ISR TR R S A T 10 000 38.91 9.98
MNEREMNEZEEEGMEREE, fesHEHE 50 000 4233 14.06
RINAR4 A3 45, BERAOATH B AR EGAR S T 5 100000 32.14 8.64
1 000 000 33.65 11.58
A JRk 2 ~5 5 BIEAY . 2 *ﬂi:\
2 G ) A0 58 8 32 25 Y 0~5 43 E’]l??l AL 10000 000 153 2223
JE 3 % e — BG4 48 B iz S 1 3=
VAR . IR SE I A — TR B e ded TG SHITPR R
. Table 4 Relationship between number of light sources and
SIBAT RSy, TFEILVEFIME, BIRI1S Ry time cost
o it RS & N S35 CPU I ] 15 GPU I []
3.3 MEREVEAY SRS 10 1.94 0.63
‘ 50 5.39 2.42
VB G 7 VR R AT AT P S I SR T A % VAR O, 100 13.94 6.18
Rlt, ASC&E T AR PRl SE, BPRS (al R 200 19.38 8.56
Z% A T AN 2 B 2 4% 0 #T o 300 29.98 13.77
400 43.63 19.84
500 59.13 29.38
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Fig. 6 Memory consumption for rendering varies with
changes in scene information
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Table 5 Performance cost statistics for complex scene testing

TEH T TGN R FE G A IT/MB  CPU P IJE SN A T4 /ms - GPU ~F-3577&E 4L [A] TF4/ms
4 11.23 32.14 9.13
SrEENGE J5ik 8 17.19 48.32 16.32
16 30.06 78.49 28.97
AT 0 3.18 8.01 1.69
Fo Wity AT ST
Table 6 Performance cost statistics for normal scene testing
HERZSYRrS T B E  FIEGAIFE/MB  CPU I3 7E Y] (B 85/ms  GPU 134 7E B (8] HF45/ms
4 7.30 9.51 3.33
S ELY IS PIRPS 8 9.12 28.43 5.18
16 11.63 48.92 10.97
A5 0 2.54 3.54 0.52
*7 R R T STt
Table 7 Performance cost statistics for simple scene testing
=R/ SIReS FgriliEE  FREETRIFA/MB - CPUT4E JLIT (B 44 /ms  GPU “F-457E 4L [A] 7 44/ms
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16 8.65 5.40 2.32
A5 0 1.29 0.52 0.39
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Fig. 7 Rendering example of Cornell Box scene from a specific view angle
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Table 8 Ablation experiment results on influence of different lighting models on rendering effect

TEYLTT Cornell Box  Utah Teapot  Chess Set  Stanford Bunny ~ Zuo Ling ~ You Ling  Stanford Dragon
TAEAAL 3.00 3.00 3.00 3.00 3.00 3.00 3.00
R Rlib i 4.72 4.43 4.78 4.43 4.15 4.19 3.89
Rkt i 4.96 4.83 4.83 4.59 4.51 4.37 4.19
== noedge detection == remove color space i
36 remove depth space remove normal space 5.00 o ?g&%ﬁ?ﬁ%t texture
4.8t == control group 4.75+ -~ remove line texture
: 450 -e- control group
4.0r ’
4.25¢
Q + (5]
%n | = 4.00
> 2.4t > 35|
1.6r 3.50¢
0 8 L 3 25 [
3.00¢

0
Cornell Utah Chess Stanford Zuo  You Stanford
Box Teapot Set Bunny Ling Ling Dragon

8 B e 18] = AR Gk TN F VY S 0 4
Fig. 8 Results of ablation experiment on screen space
three-phase edge detection
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Fig. 9 Results of ablation experiment on screen space
partition rendering
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