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Research status and progress of non-photorealistic rendering technology

Qian Wenhua'?, Cao Jinde®, Xu Dan', Wu Hao'

1. School of Information Science and Engineering, Yunnan University, Kunming 650504, China;
2. School of Automation, Southeast University, Nanjing 210009, China

Abstract . Many art works have high artistic and commodity values. The production of realistic art works requires considera-
ble time and strict manual skills. With the development of modern science and technology, the use of computer algorithms
to synthesize and simulate different art styles is a popular topic in computer vision and image processing. Non-photorealistic
rendering (NPR) technique mainly simulates art styles and expresses artistic characteristics. This technique is crucial for
the protection and inheritance of art culture. Researchers have simulated and synthesized cartoon, sketch, oil painting,
Chinese fine brushwork, calligraphy, and other art works on the basis of traditional image models. The development of deep
learning has enabled researchers to use convolutional neural networks to transfer art features from style images to content
images. In recent years, NPR research objects have been gradually enriched, research methods have been continuously

enhanced, and the application fields of NPR have been expanding widely. However, the simulation and transfer of different

I F5 H #7:2020-01-02 ; & [E] H #7:2020-02-12 ; F EN 7% H #7:2020-02-19

EEWA : }RK A ARERLIH (61662087 ,61540062) ; = WA T FA ARHARM K NG AA T H (20190B121) 5 = 7 & BHT I
BB IHRIT H (2019FA044 ,2018FB100) ; 5 B ANt ARG & 501 H (2018 YDJQO16 ) 5 4 [ 45 62 b1+ /5 BHF M4 3 H (2017M621591 ) 5
LA L RRT R 5 H (1108000197)

Supported by : National Natural Science Foundation of China (61662087, 61540062 )

1283

© b [H F G KR AR



1284

PEERERFIE

JOURNAL OF IMAGE AND GRAPHICS Vol.25,No.7,Jul. 2020

styles using computers are challenges and open questions in NPR. This study reviews some NPR progresses in five important
aspects, namely, traditional modeling rendering methods, depth learning transfer methods, digital simulation of Chinese
unique art works, emotion recognition of art works, and artistic transfer from videos. We summarize the important stylized
transfer methods in these aspects and show some simulation results. This paper further summarizes the issues that can be
additional study fields in NPR, including research objects, video coherence among different frames, artistic style emotion,
and evaluation criteria. Different art styles exist in the world, and the way to simulate these various works remain an open
question. Although the transformation of video styles enriches the application field of NPR, it is a problem when the texture
is complex, occlusion occurs, or the motion vector is inaccurate. Some artistic details are lost, which may cause disconti-
nuity among video frames. NPR should extract high-level semantic features of art works in addition to simulating low-level
artistic style features, such as color and texture. It can effectively improve the accuracy and efficiency of intelligent informa-
tion retrieval and simulate, protect, and inherit artistic style through high-level semantic feature recognition and transfer.
Evaluation standard also remains a problem. Whether the NPR algorithm can simulate real manual traces and users’ crea-
tive intention has become the standard to evaluate the merits and demerits of the methods. This paper elaborates and con-
cludes the problems that need to be further studied. First, we conclude that improving the generality and rendering efficiency
of algorithms can expand research objects and simulate different art styles. Improved NPR algorithms can also raise the
coherence among different video frames. Second, the recognition and extraction of emotional and intrinsic mechanism fea-
tures from different stylistic works are another research fields. We can transfer the emotional and intrinsic features to the
simulation results, which can improve the similarity between the results and artistic styles. Finally, the evaluation criteria
for simulation results are an important research question. This paper concludes that combination with subjective and objec-
tive evaluation models can increase the evaluation accuracy of the results, and the combination can be applied to optimize
the parameters of deep learning networks. NPR has important application prospects in computer vision, cultural heritage
protection, education, and image processing. However, numerous problems remain to be solved. With the continuous
improvement of hardware equipment, the comprehensive application of multidisciplinary knowledge and the expansion of
application fields will promote the development of NPR.

Key words: non-photorealistic rendering (NPR) ; image modeling; digital simulation; emotion recognition; evaluation criteria
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Table 1 Algorithms comparison of style transfer
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Fig.9 Simulation of Chinese traditional painting

(Li et al. ,2018)
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Fig. 10 Woodcut effect of NPR( Wang et al. ,2015)
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Fig. 11 Pyrography effect of NPR( Qian et al. ,2013)
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Fig. 12 Embroidery effect simulation(Zheng et al. ,2019)
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( (a)flow chart of embroidery style transfer; (b) target image;

(c) refer image; (d) simulation image)

LA BT R T RS T
M2 265 5507 10 B R I AR A T A
B U AT . AR, EREA SR
WS, 1 il = Xof A [R] AR ZBCR AU Y 38

Bk 5 32 LR R USSR 5 AR KA AL
PURAERTL BRI SO S A0 AR B 2, i A7 7
AT TR E FLREAN R A RN A, T U,
W EARMER AR 0k BRSO, SR X
FEAA L BRI 73X 3B 70 ZAAE dh (R AE AL 5
AR AR RIS AR KA P L 2 08 S AT
UM R AE
1.4 FEIXBRZRHERBERIRH

i R BN TR L 27 2] 05 12, B AR AS
[5] Ky AR, SRTAT , BT LA A XA 1 T AU AN BiE
FRHRA BN, T A AR 1) SRR I 1 A
AE S AR (R RS AR B 5, Bildn, = ma i v >
SRR 2R L 2 ) A T SR A4 5 AR AR, WA
13 IR, 25 & B R 25 3, IR B . (a1
SRR BEAERITFE T T, X <5 BH (2013 ) X6 3 AR
PR m A it EA T DRSS, A B B (R R AL 46 LA
e 229 #1130 A A B T -5 22 B A S il 1 5%
S SR T TR A 1 5B A P T A
Haseyama %5 A (2013 ) 4 48 1 26 T QAL TE X
B AR R B, 0 1 1 SRR A T 2
BERRR R BB A, b T Z B R AL 5
TTAYRITTE TAE o DRI, X 25 JRUAR B8 15 SRR ALE 23 B
AP, A TR S O A B S SR 5 ZAR XS 7Y
FHAARE , A AR FL SR il BRI T RIME R Z —

P13 FSARE 2 ARRCR
Fig. 13 Real Dongba painting effect
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Fig. 14 Style transfer and its optical flow
(Delanoy et al. ,2019b) ( (a) input optical flow;
(b)rigidified optical flow; (c) stylized video)
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Fig. 15 Video frame decomposition and style transfer

(Frigo et al. ,2019)
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(a) SEARLE M

F16 B ZARAE i S AR AR L ( Zha 55 ,2017h)
Fig. 16 Monet works and emotional feature extraction( Zhu et al. ,2017b)

(b) BUAFAE

( (a) painting of Monet; (b) frequency domain features;(c) energy extraction of different directions)
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