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[Abstract]

This paper proposes a painterly rendering method that reflects 2D image relighting and color variation
to visualize the effects of light on oil paintings. The proposed method relights a 2D image and uses the
resulting shading values as weights to reflect corresponding changes in color. For the relighting process,
the 2D image is approximated as a 3D surface, and normals are estimated. The angle between these
normals and the specified light source is used to compute shading values. Users can freely set the
position of the light source, and the resulting color changes under varying lighting conditions are derived
with reference to prior research. Unlike conventional local-based painterly rendering methods that produce
flat and overly simplified results, the proposed approach effectively captures faded colors and a sense of
depth through image relighting. This allows for vivid, three-dimensional representations that closely
resemble real oil paintings. Ultimately, the method contributes to the expressive depiction, prediction, and

restoration of color changes in cultural and artistic works.

» Key words: Non-photorealistic rendering, Painterly rendering, Qil-painting rendering, Relighting,
Discoloration, Faded color
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III. The Proposed Scheme

1. Painterly Rendering
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(b) Stroke area image

(a) Input image

Fig. 1. Stroke area image computed from the input image.
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(a) Input image (b) Stroke distribution

Fig. 2. Stroke distribution image computed from the stroke
area estimation image.
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Fig. 3. Stroke attributes.
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Table 1. Faded color table (left color : original color,
right color : faded color).

Fig. 4. Process of painting with a brush.
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Fig. 6. Relighting image computed from the input image.
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IV. Experiment and Results
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Fig. 7. Faded color based painterly rendering with our
method.
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Fig. 8. Painterly rendering results experimented on a
wider variety of images.
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Fig. 9. Comparison between traditional local-based
painterly rendering and our method.
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V. Conclusion

2 =2o|AhE 2D ojujxlo] AEY] ohe AR wats  BAsith
uloldt ja}A A J| 0 AEA AL J1E @ B4 AR Hat Elojelr BEstof Clofal A me
TollA] ChRA] ord HWlo] gk mejsiel duejxg AV WEE AEsH wHgskle o APE ot
hdstgion], o2 ol slatd Al urt damel Aol SYMI A YA wislo] mE MK dae
AR oA H5FAL sHdct E3h 71E @gja] Anpete]  BHIE & Q=R HolHE HEsh, olF i o
HlS £3) xlo]2 &Holsty, Z7pE9l ojnjx] BlAES A AMIAGS B deetaAt gt 29 HlolEizt
2s)5to] Wof| 2 Az Wst2 vrolst alga 7)wo] A FAEOY, o5 7|8teg MY ol AE AlAfo] 7155
Lo ol=z}oic} == 30Y duelEe 29 Aol

sjals Acio] oigt choet ARt 71E0] 2aE9
on}, 53] AE23 wjx] U A A BUY L
S 3ol BYE] 9l dHolt. & A= o] ACKNOWLEDGEMENT
g 71R VEe Ve AlE, 7IE A48 sl 2
Sh= 7o AR U1, oieut 7he wiskst R A} 7] The National Research Foundation of Korea(NRF) grant
2A LS Aotstaict. funded by the Korea government(MSIT) (No.

AR, AEZ T WA AX 3ol A AFRE LeeQ] MAF  RS-2023-00254695, Contribution Rate : 50%). This work
W3 Al AN & X50] MAFHo|HE ARt Al was supported by Institute of Information &
3 Aoy, B =2oAE s HlojlHE RAY 7]¥F  communications Technology Planning & Evaluation
3]} gy gAY Uoja ARXoz 2859t (IITP) grant funded by the Korea government(MSIT)
£3] CIELAB A3zt 7]8F AxE xjo] AAF — RGB w3 (No.RS-2022-00155915, Artificial Intelligence
— 29 7}12R] ALolele Ao HAF BALS &) AN Convergence [nnovation Human Resources

o []
AAF WIS W5l AE2 3 AAF Oy & v2]58 & Development (Inha University), Contribution Rate : 50%)



62  Journal of The Korea Society of Computer and Information

REFERENCES

—
—
[

Shiraishi, Michio, and Yasushi Yamaguchi. "An algorithm for
automatic painterly rendering based on local source image
approximation." Proceedings of the 1st international symposium
on Non-photorealistic animation and rendering. 2000. DOI:
10.1145/340916.340923

Kyprianidis, Jan Eric, et al. "State of the" art”: A taxonomy of

—
3
—

artistic  stylization techniques for images and video." IEEE
transactions on visualization and computer graphics, vol. 19, no.
5, pp. 866-885, 2012. DOIL: 10.1109/TVCG.2012.160

Hegde, Siddharth, Christos Gatzidis, and Feng Tian. "Painterly
rendering techniques: a state~of the~art review of current

—
W
=

approaches." Computer Animation and Virtual Worlds, vol. 24,
no. 1, pp. 43-64, 2013. DOI: 10.1002/cav.1435

[4] Hertzmann, Aaron. "Painterly rendering with curved brush strokes
of multiple sizes." Proceedings of the 25th annual conference on
Computer graphics and interactive techniques. 1998. DOI:
10.1145/280814.280951

[5] Wexler, Daniel, and Gilles Dezeustre. "Intelligent brush strokes."
ACM Siggraph 2012 Talks. pp. 1, 2012. DOI: 10.1145/2343045.
2343112

[6] Khan, Salman, et al. "A guide to convolutional neural networks
for computer vision.", pp. 1-207, 2018.

[7] Huh, Soo-Jung, and Jin-Wan Park. "Analysis of the Oil painting
for the painterly rendering-focusing on the 19C Impressionism
painting." Proceedings of the Korea Contents Association
Conference. The Korea Contents Association, pp. 259-264, 2006.

[8] Nolte, Florian, Andrew Melnik, and Helge Ritter. "Stroke-based
rendering: From heuristics to deep learning." arXiv preprint
arXiv:2302.00595, 2022. DOI: 10.48550/arXiv.2302.00595

[9] Hertzmann, Aaron. "A survey of stroke-based rendering." Institute
of Electrical and Electronics Engineers, 2003. DOI: 10.1109/MCG.
2003.1210867

[10] Hertzmann, Aaron. "Paint by relaxation." Proceedings. Computer

Graphics International 2001. IEEE, pp. 47-54, 2001. DOIL: 10.
1109/CGI1.2001.934657
[11] O'Donovan, Peter, and Aaron Hertzmann. "Anipaint: Interactive
painterly animation from video." IEEE transactions on
visualization and computer graphics, vol. 18, no. 3, pp. 475-487,
2011. DOI: 10.1109/TVCG.2011.51

[12] Kang, Hyung W., Charles K. Chui, and Uday K. Chakraborty.
"A unified scheme for adaptive stroke-based rendering." The
Visual Computer, vol. 22, pp. 814-824, 2006. DOI: 10.1007/
$00371-006-0066-7

[13] Nakano, Reiichiro. "Neural painters: A learned differentiable

constraint for generating brushstroke paintings." arXiv preprint
arXiv:1904.08410, 2019. DOI: 10.48550/arXiv.1904.08410

[14] Zou, Zhengxia, et al. "Stylized neural painting." Proceedings of

the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. pp. 15689-15698, 2021. DOIL: 10.1109/CVPR46437.
2021.01543

[15] Kotovenko, Dmytro, et al. "Rethinking style transfer: From pixels
to parameterized brushstrokes." Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition. pp.
12196-12205, 2021. DOI: 10.1109/CVPR46437.2021.01202

[16] Zheng, Ningyuan, Yifan Jiang, and Dingjiang Huang. "Strokenet:
A neural painting environment." International Conference on
Learning Representations. 2018.

[17] Liu, Songhua, et al. "Paint transformer: Feed forward neural
painting with stroke prediction." Proceedings of the IEEE/CVF
international conference on computer vision. pp. 6598-6607,
2021. DOIL: 10.1109/1CCV48922.2021.00653

[18] Ganin, Yaroslav, et al. "Synthesizing programs for images using
reinforced adversarial learning." International Conference on
Machine Learning. PMLR, pp. 1666-1675, 2018. DOI: 10.48550/
arXiv.1804.01118

[19] Huang, Zhewei, Wen Heng, and Shuchang Zhou. "Learning to
paint with model-based deep reinforcement learning."
Proceedings of the IEEE/CVF international conference on
computer vision. pp. 8709, 8718, 2019. DOI: 0.48550/arXiv.1903.
04411

[20] Haeberli, Paul. "Paint by numbers: Abstract image representations."
Proceedings of the 17th annual conference on Computer graphics
and interactive techniques. pp. 207-214, 1990.

[21] Litwinowicz, Peter. "Processing images and video for an
impressionist effect." Proceedings of the 24th annual conference
on Computer graphics and interactive techniques. pp. 407-414,
1997. DOIL: 10.1145/258734.25889

[22] Hays, James, and Irfan Essa. "Image and video based painterly
animation." Proceedings of the 3rd international symposium on
Non-photorealistic animation and rendering. pp. 113-120, 2004.
DOI: 10.1145/987657.987676

[23] Kovacs, Levente, and Tamas Sziranyi. "Painterly rendering

[t}

controlled by multiscale image features." Proceedings of the 20th
Spring Conference on Computer Graphics. pp. 177-184, 2004.
DOI: 10.1145/1037210.1037237

[24] Seo, SangHyun, JinWan Park, and KyungHyun Yoon. "A
Painterly Rendering Based on Stroke Profile and Database."
CAe. pp. 9-16, 2009.

[25] Huang, Hua, Tian-Nan Fu, and Chen-Feng Li. "Painterly
rendering with content-dependent natural paint strokes." The
Visual Computer, vol. 27, pp. 861-871, 2011. DOI: 10.1007/
$00371-011-0596-5

[26] Zeng, Kun, et al. "From image parsing to painterly rendering."
ACM Trans. Graph., vol. 29, no. 1, pp. 2, 2009. DOL: 10.1145/
1640443.1640445

[27] Lindemeier, Thomas, Marc Spicker, and Oliver Deussen. "Artistic



Painterly Rendering with Image Relighting-Based Faded Color 63

composition for painterly rendering.", 2016. DOI:10.2312/vmv.
20161350

[28] Collomosse, J. P., and P. M. Hall. "Painterly rendering using
image salience." Proceedings 20th Eurographics UK Conference.
IEEE, pp. 122-128, 2002. DOI:10.1109/EGUK.2002.1011281

[29] Hertzmann, Aaron, and Ken Perlin. "Painterly rendering for video
and interaction." Proceedings of the 1st international symposium
on Non-photorealistic animation and rendering. pp. 7-12, 2000.
DOIL: 10.1145/340916.340917

[30] Mukundan, Ramakrishnan, and Charles Han. "A Fast Algorithm
for Painterly Rendering on Mobile Devices.", 2008.

[31] Fischer, Jan, Dirk Bartz, and Wolfgang Strafer. "Artistic reality:
Fast brush stroke stylization for augmented reality." Proceedings
of the ACM symposium on Virtual reality software and
technology, pp. 155-158, 2005. DOIL: 10.1145/1101616.110164

[32] Grubert, Jens, Sheelagh Carpendale, and Tobias Isenberg.

"Interactive stroke-based NPR using hand postures on large
displays." EPRINTS-BOOK-TITLE. University of Groningen,
Johann Bernoulli Institute for Mathematics and Computer Science,
2008. DOI:10.2312/egs.20081030

[33] Kang, Dongwann, and Kyunghyun Yoon. "Interactive painterly
rendering for mobile devices." Entertainment Computing-ICEC
2015: 14th International Conference, ICEC 2015, Trondheim,
Norway, September 29-Ocotober 2, 2015, Proceedings 14.
Springer International Publishing, pp. 445-450, 2015. DOI :
10.1007/978-3-319-24589-8 38

[34] Zhao, Mingtian, and Song-Chun Zhu. "Customizing painterly

rendering styles using stroke processes." Proceedings of the ACM

SIGGRAPH/Eurographics Symposium on non-photorealistic

animation and rendering. pp. 137-146, 2011. DOI: 10.1145/2024

676.202469

Baxter, William V., and Ming C. Lin. "A versatile interactive

3D brush model." 12th Pacific Conference on Computer Graphics

and Applications, 2004. PG 2004. Proceedings.. IEEE, pp.

319-328, 2004. DOI: 10.1109/PCCGA.2004.1348363

[36] Benedetti, Luca, et al. "Painting with Bob: assisted creativity for

35

—_

novices." Proceedings of the 27th annual ACM symposium on
User interface software and technology. pp. 419-428, 2014. DOL:
10.1145/2642918.2647415

[37] Bednarik, Jan, Pascal Fua, and Mathieu Salzmann. "Learning to
reconstruct texture-less deformable surfaces from a single view."
2018 international conference on 3d vision (3DV). IEEE, pp.
606-615, 2018. DOI: 10.1109/3DV.2018.00075

[38] Hun-hyung Lee. "A Study on the Oil Color's Light Stability and
Color Change Resulting from Ultraviolet Rays". Journal of
Korean Society of Color Studies. pp.106-116. 2013.

Authors

Jong-Hyun Kim received the B.A. degree in
the Department of Digital Contents at Sejong
| ANy University in 2008. He received M.S. and

\ Ph.D. degrees in the Department of Computer
?. Science and Engineering at Korea University,
in 2010 and 2016. Prof. Kim is an Associate Professor in
the College of Software and Convergence (Dept. of Design

Technology) in Inha University. His current research interests

include fluid animation and virtual reality.



