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

Hu Yan, Chen Lizhe", Xie Hanna, Ge Yuyao, Zhou Shun, Cai Xingquan

(School of Information Science and Technology, North China University of Technology, Beijing 100144, China)

Abstract: To address the issues of long workflow, high resource consumption, and difficulty achieving
real-time performance in general non-photorealistic rendering methods for black and white comics, a
real-time non-photorealistic rendering method for black and white comic style in games and animation is
proposed for 3D scenes. First, 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. Then, 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. Next, the scene lighting results are rendered
by screen space partitioning, using dot shading and line shading respectively based on the grayscale
value of the lighting results, and the shading boundaries are interpolated. Finally, 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 rendering results. Experimental results show that the proposed method can achieve

non-photorealistic rendering of black and white comic style with low resource consumption and low error
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rate, improving the rendering effect under limited resources with a significant black and white comic

style.

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

lighting model; edge detection
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Fig. 1 The function image of the ambient light change
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Fig. 2 Edge detection was applied to the depth, normal, and color spaces and their respective single-space detection results were
directly combined with the original image to obtain corresponding output results. Furthermore, the edge detection results of the
three spaces were merged and combined with the original image to obtain final results.
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Fig. 3 Shade the target using the generated dot texture
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Fig. 4 Shade the target using the generated line texture
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HREMKR.
3.3.2 TR IRE NN

5 1) 2 2% B P A [, o P AR SO vk IE —
ERFTA MR 5, 7TUS SR Ts . =M
5yeIR B EIE, 184 WA TS AL

P

1 SEIG ) =T TR 2
Tab. 1 Detailed Information of 3D Models Used in Experiments.

R A4 R R T i 3 R 1 4 KA
Cornell Box 56 42 5
Utah Teapot 3644 6320 LYIRUN

Chess Set 26464 53072 LYIIUN

Stanford Bunny 35947 69451 Ao
Zuo Ling 46548 109169 NP
You Ling 61823 128472 AV

Stanford Dragon 871414 1742368 st

2 T HuE S L R %R
Tab. 2 The Relationship Between Vertex Count and Time Cost

T i 7 CPU B A FF4S (ms) ¥ GPU B P4 (ms)
10 21. 47 6.26
100 10. 16 17.85
1000 6.6 2.32
10000 49. 64 17. 81
50000 33.57 14.92
100000 25.83 13.72
1000000 43.27 27.55
10000000 23.41 8.83
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Tab. 3 The Relationship Between Triangle Count and Time Cost

— AR “1¥ CPU I TAIJT4H (ms) 5 GPU I EJF44 (ms)
10 12.56 2.32
100 24.42 5.54
1000 24.91 4.94
10000 38.91 9.98
50000 42.33 14. 06
100000 32.14 8. 64
1000000 33.65 11. 58
10000000 42.53 22.23
4 SLIEECE S IR
Tab. 4 The Relationship Between Number of Light Sources and Time Cost
JeiRAUE ¥ CPU I [AIJT4S (ms) 1) GPU B RIJTA (ms)
10 1. 94 0.63
50 5.39 2.42
100 13. 94 6.18
200 19. 38 8.56
300 29.98 13.77
400 43.63 19. 84
500 59.13 29.38

B 6 R, o0 AL TR = MmES Ot
VB A FHE P IR GE S, T LR B
SR = AEADCEE Z LT, ERNAF
JPASER L T BTt oL, B BT BIAIE . 0t
R, JE G AFTTA HUR 37557 T A 45 B AT
[l 1D N N U2 el LT = Nl e i 77 e
P 15 R B A 3 A TT B IR L

WAEITEY (MB)

0

0 2 4 6 8 1
Wit AE B ACE x10°
B 6 % EoR TR A A AR 3 R A B AR T AR
GAIEYT

Fig. 6 The image shows how the memory consumption for
rendering varies with changes in scene information

3.3.3 SO RN sk

b 573 o A TR N B T BRI ], O et
A7 E G DA DL 3 1198 1 56 AR XURS ) D' BEACR 5
T AR O SR AT VEAEAT T DASS B F) B e

RO, AEE TG PR A B 0 P e, R AR
S, AR E TAEZEXE UV 31T F3hE0E 3)
TR E 25, DLIGE R AL e R 3 507,
WAZE 7 T 22 N T v a8,

NBUEAR ST iR T S, SR a7 S B
PIREG sE R K E R R S R A, s A ST
WeE 5 v 55 b 5 B ) T v T A B ) TR e 45 SRk
FPXFEG, SRE VAl A SOV OR o 76— L fd] 137
so, LRI et 1 7 N S R, IR
148 FH S0 U V] 7 9 AR AR ST U T PR Y S T 11 2
SR E 3 R e R IS R KPR
SR RFERE, AT A FI BRI

TEEE— AR rp, EEL T FEA S 5 TS EOR
F 1000000, = A HEI%EZ 500000 HYyGIEEAT 250
MR ZpF AT E IR . 45 R BoR, fEEYM
HARR b, RSB S TG 715 SRINAETE S
i [A] S YE Y N A7 5 A b, AR SO ik A I
GIMT AT SN, A ST EAS T BRI AR IE — A SO
P, T B AR B SR B B, 1B MR
ZHE SRR BRI A, £ 5id% TR 5
HH R T - TR A o6 B

TEES ZHe R, EEL T FEAR S 5 T AR
T 10000, =AMAHEHECAT 8000 HIGIRECK T 50 1)
— R R TE IR . g5 R EoR, RIE 2N T F
BFRENG B 8], AR ST VEATY SR AR I 8] 5 25 (A &
JE FEA BRI HI, EiXRgsdh, H
TS DAL 3 50M 5 B A, ASCHE G
B AR A KR T R

TEEE =5 AR, EEL T FEAS7 5 B IS E
T 100, =MAmEE/NT 100 HIGTEHUNT 10
IR TE RN . 5HAGFNEREE R 5L
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ASCTTETRAENE RETT 8 L B B AR 4 RIS,
M ERE Bt — Db, AT G E R I
RAR A T,

2ot =He Xt ek, T PR AR 5

IFAETERETT A Lom iR T S P NGB 7 ik . R,
AR R R R BIERRVE A, AT B A
MTERAGG T IRAEUR — EIE R R 26T
(R AT

* 5 RIS

Tab. 5 Performance Cost Statistics for Complex Scene Testing

BT FLg MR E S 25)3E e [A) R4 CPU 348 JL It (7] 45 GPU ¥4 78 JL i [8) 4
4 11. 23MB 32. 14ms 9. 13ms
LU E 7% 8 17. 1I9MB 48.32ms 16. 32ms
16 30. 06MB 78. 49ms 28. 97ms
AT 0 3. 18MB 8. 0lms 1. 69ms
% 6 Hddy sl e g
Tab. 6 Performance Cost Statistics for Normal Scene Testing
TEYL 7V FLg M EHE S IE e (A T4 CPU P47 L b [ 14 GPU P78 YL [A] FF 44
4 7.30MB 9.51lms 3.33ms
SUHRNG % 8 9. 12MB 28. 43ms 5. 18ms
16 11. 63MB 48. 92ms 10. 97ms
AT 0 2. 54MB 3. 54ms 0. 52ms
7 RS R A ST
Tab. 7 Performance Cost Statistics for Simple Scene Testing
TEYLTT FLo N E = SPEE G A T4 CPU P47 L b i) FF- 44 GPU “F-¥78 YL i [a] FF 44
4 2.92MB 2. 14ms 6. 54ms
SUHR N 5 8 5. 48MB 3.32ms 3. 75ms
16 8. 65MB 5. 40ms 2.32ms
KT 0 1.29MB 0. 52ms 0. 39ms

3.4 PHERCR AL LLS

TE LR R E R T HA R, ik, A
SV T PN GE ROV AG S50, B Y s 56 A S
SUHR MG B 5 06t b s
3.4.1 JHRRSLLG

FE RS, DS B A S A NS IR,
43 N BB e T AR SO VR R R G R AR | R
) = AHIA AT, DA R % 25 8] 23 X 38 L iX —

LIRS 2B RS EOEy, LR Fe A
ST 0 TR B AR G R ) DTk

e AT T G REARBT Y Ik A BV Rl SR « AR S
KH T HEHDOEREY 2 5 AR 7 TR G AR A E
RSEGAH , FF LA SERE A ST IEAE R R, XAl
A IS HE S B = R 5 0 AT TE g IS
B P o 2. P 7 2 PR T IR R R — e M TR
L] Cornell Box M5t fEIZSLIGH, 1EHU
st A TR R G BN AE N S B

Kl 7 Cornell Box 3 5t fE4FE LA T HITE SRR 1
Fig. 7 Rendering example of Cornell box scene from a specific view angle

kg 8 JEIR T 73 N A G A R AR AL
e MR R AR A7 S AT 0 B P Aot 0 B ]
R, FEX SRR ARG, SRR I
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It BT 25 5 2R SC U5 R P 2 RS 1 5 L
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HA G RICR . [N, R R, M
N BB A, AR SCOTEAE TN — SR AL

R A B S A AR R ROR  ZSEIRIE] 1AL
T N PR G B RY (s B

R 8 ANJF] e AR TR i 28R B M 1V Rl S B R
Tab. 8 Ablation Experiment Results on The Impact of Different Lighting Models on Rendering Effect

JEYL vk Cornell Box Utah Teapot — Chess Set Stanford Zuo Ling You Ling Stanford

Bunny Dragon
“AEf b B 3.00 3.00 3.00 3.00 3.00 3.00 3.00
L 3E S R 4,72 4.43 4.78 4.43 4.15 4.19 3.89
R iR 4.96 4.83 4.83 4,59 451 4.37 4.19

Wt 24T 5% T e 2 ) = 300 G A il 4V
S8 AEZSRYG T, WAL T =Rl o aliE kR
T HHATIA GG e 4E L, 1RNIA A S
R, ZHRTEN G SR 28T, &k
3 G AGL I 21 B A A ST 5 A B BB A N 2 55
KR, UL B A EAE R IR, & 8 R T
3k 2 1) = WU GRS DN 14 9 ik S 6 45

Bl 8 JGT B = 18] = AH AL G I Fr) v R S 36 45 R
Fig. 8 Result of ablation experiment on the screen
space three-phase edge detection

UnlEl 8 Fro, (RIS R A VR FE 2 ) e = ) A
VR R AT A G AT N 5 5 T8 G st R AT S AF A
WAL RIS, AENUARAF B Bl ek, Bt
V) AP0 2 2 11 32 255 o 0 ko 28 K R 8 52 Wi AH EL TR
JEE 2 (AL S A LR, TAE NP (55 A Ak
TR EE 23 18] (1) 320 G ks 00 U R0 5 280 SR 7= A T SR
SOMR o AZSRIGUE I 1 A5 10 N 5 s ) = A
L GAaT I  0 B

B Je BEAT 5 T 5 8 1) 73 X 3T % 1) i s
B FERZSRERh, WAL T PN SRERA, AR T
o XIVE e N fUE R RN 5 B (e, &
HARTER G ELIRAR. %S, DUREET B
T ) oy ITE R TR Qe 4 RAE N ZH R, PLSE
B ARSOTTEAE N IR . B 9 JoR T BR8] 7
DX 35T G O T R S 0 45 R

B9 ST ot s [ 7y DX I e Vi A S 6 27 2R
Fig. 9 Result of ablation experiment on the screen
space partition rendering
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B 10 A5 RCR R L S rh e B v G PR
Fig. 10 Some rendered images for visual effects
comparative experiment

Bl 11 ARS8 RICR N He kg 45 R
Fig. 11 Results of the visual effects comparative
experiment
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