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ƴ Goal of rendering  

ƴ Photo -like image ᵎ ᵠӢѡ ˣ╖ ᶙ ᴘ Ḙ♆ ₦ 

ƴGouraud  shading (1971)  

ƴPhong  shading (1975)  

ƴRay tracing (1980)  

ƴRadiosity  (1984)  

ƴPhoton mapping (1995)  

 

ƴ Research issues 

ƴReal-time vs. Reality  

ƴComputation cost Ř GPUᵎ ╧↑ ⁭ ˷ 

ƴSuper-realistic image  
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ƴ Ẉởᾏ♅ ᴅҔᵝ (NPR Ř Non Photorealistic Rendering)  

ƴ͌ ởᾏἘ╖ ̬ җ ͖Ⱳ╢ CG ♥͍ ḟḶ̐ѡ ѽᵖ, 

₆ὢ·ʾἘ› ͖Ḗ  ╩ʹ ♅ ₂ừ ♫□╖ ⌐  CG͖ ὢ 

 

ƴ ╩ ᵖ ᴅҔᵝ╢ ₆ 

[Seo13] 

█ᴌ ╧ḅּק / Ẉӭₓ 

NPR ͖ὢ 
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ƴ ╧ḅּק Ḑ Ẉӭₓ ͖Ḗ Ẉởᾏ♅ ᴅҔᵝ╢ ṧᵃ 

ƴ  ◐ᴫ(medium) › Ӹׇ 

ƴPainterly, pen & ink, mosaic, watercolor, stippling, cartoon ӫ 

ƴˆ╕  ◐ᴫׇҲ Ѹ‗  ♥͍ ḟḶ╧ ▐╘ 

Painterly [Hertzmann02] Pen & Ink [Salisbury97] Mosaic [Kang11] Watercolor [Bousseau07] Stippling [Son11] Cartoon [Wang04] 
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ƴ ╧ḅּק Ḑ Ẉӭₓ ͖Ḗ Ẉởᾏ♅ ᴅҔᵝ╢ ṧᵃ 

ƴᴅҔᵝ ᶆ Ѯּס› Ӹׇ 

ƴᾂ ᴘ  ͖Ḗ, ₂⁮ ͖Ḗ, ₆♫ ͖ḖŒ 

ᾂ ᴘ  ͖Ḗ [Seo13] ₂⁮ ͖Ḗ [Collomosse05] ₆♫ ͖Ḗ [Lee10] 
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ƴ ╧ḅּק Ḑ Ẉӭₓ ͖Ḗ Ẉởᾏ♅ ᴅҔᵝ╢ ṧᵃ 

ƴᴅҔᵝ ᶆ Ѯּס› Ӹׇ 

ƴᾂ ᴘ  ͖Ḗ, ₂⁮ ͖Ḗ, ₆♫ ͖ḖŒ 

ƴ͋ ׂש, ᾂ ᴘ  ͖Ḗ ḟᾌ╧ ʷ◌ Џᵖ ở↑ӄ„ֿכ 

Kyprianidis et al., State of the ñArtò: A Taxonomy of Artistic Stylization Techniques 

for Images and Video , IEEE TVCG, Vol. 19, No. 5, 2013 
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ƴ ╧ḅּק Ḑ Ẉӭₓ ͖Ḗ Ẉởᾏ♅ ᴅҔᵝ╢ ṧᵃ 

 

╧ḅּק Ḑ Ẉӭₓ ͖Ḗ NPR 

ᾂ ᴘ  ͖Ḗ ᴅҔᵝ ₆♫ ͖Ḗ ᴅҔᵝ ₂⁮ ͖Ḗ ᴅҔᵝ 

Painterly 

Mosaic 

Etc. 

Fill 

Shape 

Etc. 

Color 

Texture 

Etc. 
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ƴ ╧ḅּק Ḑ Ẉӭₓ ͖Ḗ Ẉởᾏ♅ ᴅҔᵝ╢ ṧᵃ 

 

╧ḅּק Ḑ Ẉӭₓ ͖Ḗ NPR 

ᾂ ᴘ  ͖Ḗ ᴅҔᵝ ₆♫ ͖Ḗ ᴅҔᵝ ₂⁮ ͖Ḗ ᴅҔᵝ 

Painterly 

Mosaic 

Etc. 

Fill 

Shape 

Etc. 

Color 

Texture 

Etc. 
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ƴ ᾂ ᴘ  ͖Ḗ ᴅҔᵝ╢ ♩╢ 

ƴᾂ ᴘ Ӧ╖ ᶑừ› ḡ ⁭ ╧ḅּקᵎ ѡ ḟḶ 

ƴᾂ ᴘ  

ƴ╧ḅּק ᶑ ừ›Ἁ ᴅҔᵝ ӆ ᵖḅ ẁ 

ƴ  ◐ᴫ› Ӹׇ Ѹ‗  ἳἘ╖ ּקѳ 

 

 
╩ ᵖ ẁשᾋ ᾂ ᵝ Ữ⸗╧ 

- Ữừ 
- ᶘ‗ 
- ͚╧ 
- ḟ  
- ᾂ  

é
 

- Ữừ 
- ᶘ‗ 
- ͖ 

é
 

- Ữừ 
- ᶘ‗ 
- ͖ 
 כֿ„ -

é
 



10  

   

ƴ ╩ ᵖ ᴅҔᵝ 

ƴ ḯᾂ› ╩ ᵖ ẁשᾋᵎ ḡ ⁭ Ҋừ ╧ḅּקᵎ  

ƴ ͖ 

ƴ┘♄╢ Ὕ□‭› ╢  ╧ḅּק ỵἘ 

ƴẁשᾋ╢ ἳἘ( ͖, Ữừ, ḟ  ӫ)╖ ╩ ᴄ ẁ ˪ Ἇ♩ 

ƴ∙ ѡ ⌐ › ᵞ→ᾂ ӫ╖ ╧↑ ᾂ ♥רּ  ᴘ  ḡ  

 

 

[Haeberli90] 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴ■Ҽ╓ᴘ Ҋừ ╧ḅּקᵎ ᴅҔᵝ ѡ ḟḶӦ╧ ӫ◌ 

ƴҔ ╧ừ ┘♄₫╢ ╩ ἧ› ♆♅╓ᴘ ╢Ⱳל  ,‹Ὸ͖ Ԃᶴ קּ

ởדӦ╢ Ŝ͋ ᵚ ͋ᵖѡ ḟḶŝ╧ Ḗ₂Ӆ Ό̃ᵖּסӦ ӫ◌ 

[Litwinowicz97] 

ẁשᾋӦ╧ ›ּקᵎ ḵ ›ּק› ˟ ѡ ẁשᾋӦ╖ ᴝ  ╧ḅּכ͋ קӭ†  ḟ › Ӹׇ ẁשᾋ ♆ 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴ■Ҽ╓ᴘ Ҋừ ╧ḅּקᵎ ᴅҔᵝ ѡ ḟḶӦ╧ ӫ◌ 

ƴ┘♄ᵎ Ҳ₫דѡ Ҳ̬›Ἁ ởד( ╕ ʷ)╖ ϼϼѡ ╩ּ̎קѨ╓ᴘ Ḙ♆ 

ƴΌ̃ᵖּס╢ ᶙ  : ╩ ᵖ ẁשᾋᵎ ╧↑ Ѹѡ ♫‏Ɑ˝ ›Ἁ 

█ᴌ ╧ḅּקᵎ ▲ ѡ(┘ở ) ˷̐ᵎ ᵠӢѡ ˣ 

Ẋ ḯᾂ ỵἘ 
╩ ᵖ ẁשᾋ 

͖ 
█ᴌ ╧ḅּק₫ 
┘ở ʷ? 

█ᴌ ╧ḅּק ˷̐ ╧ḅּק 

[Hertzmann98] 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴẁשᾋ╢ ŜἳἘŝӦ› Ҋ  ⁴̬Ӧ╧ ӫ◌ 

ƴẁשᾋ╢ ᶘ‗ 

ƴ ʷӦ╕ ּרἍᵠ╓ᴘ Ṯ  ּק ῸѡѸ! 

ƴᾂ ׇ╩╖ ╧↑  ̄Ἅ ᾂ ᴘ  ỵἘ 

ᾂ ׇ╩ ᾂ ᴘ  ỵἘ 

[Hertzmann98] 

p0 

g0 

v0 

p1 

g1 

v1 

p2 

g2 
v2 

†ӭכ͋ › Ὕּר  ḟ ╓ᴘ ᴛ ╩  ♅ ̄Ἅ ᾂ ᴘ ᵎ ╧↑  ˷̐ 

ᾂ ᴘ ╢ ͉Ữ̐ ▄˾  ╧ừ╓ᴘ Ѹᵍ Ữ╢ Ἕ╖ ᵠϫ˛ϫ, 

╪♩ ͚╧› Ҳѽᾋּ͢ק 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴẁשᾋ╢ ŜἳἘŝӦ› Ҋ  ⁴̬Ӧ╧ ӫ◌ 

ƴẁשᾋ╢ ͖ 

ƴ ʷӦ╕ Ѹ‗  ở╧ּכ╢ Ṯ╖ ở↑ Ѹ! 

 

[Hertzmann98] 

 ẁשᾋ›Ἁ □╕ ẁשᾋ ὠ╓ᴘ ᴅҔᵝ 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴẁשᾋ╢ ŜἳἘŝӦ› Ҋ  ⁴̬Ӧ╧ ӫ◌ 

ƴẁשᾋ╢ Ữừ Ḑ ◐ֹו 

ƴׂשᾑ♣›Ἁ╢ Ἕ Ữừ ở↑ 

֛ѡ, ẁשᾋ ᴛ ╩ Ӧ╢ ͉ Ữừ ở↑ 

ƴẁשᾋ ᾂ ᴘ › ᾂ ᵲ, ḵ ᵲ ӫ╖ ᵲ  ⁭ʾ ṥוֹ◐ ⁭

Texture map 

Bump map ᾂ  Ḑ ḵ ᵲ ╧ ♅↑Ӆ ˷̐ [Hertzmann02] 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴẁשᾋ╢ ŜἳἘŝӦ› Ҋ  ⁴̬Ӧ╧ ӫ◌ 

ƴẁשᾋ╢ ḟ  

ƴᴘ †ӭכ͋  ѡ ╪̒Ἐ ▐ѡ ḟ ╖ ͖ „ᴋ∂ 

ƴḟ  ṏʹ ḟḶ 

ƴקּ ⅔ד♣Ӧ(˃ †ӭכ͋  )ᴘṥ †ӭכ͋   ḟ ╖ ṏʹ 

ᴘ †ӭכ͋   RBF [Hays04]  
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴẁשᾋ╢ ŜἳἘŝӦ› Ҋ  ⁴̬Ӧ╧ ӫ◌ 

ƴẁשᾋ╢ ḟ  

ƴ ʷӦ╕ ẁשᾋ╢ ḟ ╓ᴘ ∂ּר▄╖ ͖Ҳ Ѹ. 

ƴ█ᴌ Ẉӭₓᴘṥ  ᶘἧ ḟ ╖ ӣ ⁭ ẁשᾋ ḟ ╓ᴘ ở↑ 

Canal with Women Washing  
by Van Gogh (1888)  

ᶘἧ ͖Ḗ ╩ ᵖ ᴅҔᵝ [Lee09]  
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴẁשᾋ╢ ŜἳἘŝӦ╖ Ɑ♇ ╓ᴘᾩ Ѹ‗  ᾂ ╪ ♅↑ ʷѨ 

ᾂ ╢ד ╪ 

- Ẅױᾎ ựỮ⁄ jitter ʺ 
- ἵ Ẅױᾎ ͝╪ᵑ ẋ̪♠ ͝˭ 

♣ᶬ  ᾂ ╪ 

ҟ hue/saturationנ -  
- Ẅױᾎ ͝╪ᵑ 0╖ᴛ 
  (∟  Ẅױᾎ) 
  

╩ừד╢ ᾂ ╪ 

- ʺ◑ Яᶁ  ᾅ ▀ 

[Hertzmann98] 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴṏѸ ἵί˪ ʷ╢ ẁשᾋᵎ ϼϿ Ὕѡ ?͢╖‮ 

ƴẁשᾋ Ң╧ Ḻ╧ᾂᵎ ở↑  ╩ ᵖ ᴅҔᵝ 

ƴ ʷӦ╧ ở↑  ẁשᾋ ᾂ ᴘ ᵎ ӣ ⁭ Ң╧ Ḻ╧ᾂ ̬  

ƴҢ╧ Ḻ╧ᾂ›Ἁ █ᴌ ╧ḅּק₫ ʷ◌ ┘ở  ẁשᾋᵎ ˡỮ ⁭  

[Seo12] 

ẁשᾋ ᾂ ᴘ  Ң╧ Ḻ╧ᾂ 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴởקּ╩ ╢דᵎ ̃ᴋ  ⁴̬Ӧ 

ƴSaliency› ͖Ḗ  ᴅҔᵝ 

ƴ ʷӦ╕ ד⅔ Ҋừ ⌐דᴘ 

ӭ ╪ ᶬởᵎ ͖Ҳ Ѹ. 

ƴъ› ▲ֻѡ ṥṧ╖ Ҕ ■Ἒ  ᴅҔᵝ 

┘♄ ╩ ╢ ‹ἧל  saliency map [ Hertzmann  01]  ■Ҽ ˾ỢӅ Saliency map [ Collomosse  05] 
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴ ♩ ʷ╢  ṧἊ╖  ᾂ ╪ ̬  

ƴ♣ᶬ  (Ὂׇ, ᾋІ ӫ) 

ƴṏỮ ṋ ᵎ ╧↑  Ữừ  

ƴ (ὠỮ + ṏỮ)╖  Ữ  

ѻὠ Ữừ  

ṏỮ ṋ  

Ҳ ╧ 

A Sunday Afternoon on the Island of La 
Grande Jatte , 1884Ř1886, by  J. Seraut  

ṏỮ ṋ ᵎ  ♣ᶬ  ᴅҔᵝ [Seo10]  

RYB ש ᶘҥ 



22  

   

ƴ ╩ ᵖ ᴅҔᵝ 

ƴ█ᴌ ╧ḅּק╢ ˊ  ṧᵃᵎ  ╩ ᵖ ᴅҔᵝ 

ƴ█ᴌ ╧ḅּקᵎ ͋ˣ╢ ̬Ἐ Ӧᴘ ṧ  Ḑ ˊ  ╩ᾌ 

ƴ Ӧ ʹ╢ ὠἉᵎ ̃ᴋ  ᴃ╧„ ỵἘ 

█ᴌ ╧ḅּק› Ҋ  ˊ  ṧᵃ ˊ  ṧᵃᵎ  ╩ ᵖ ᴅҔᵝ ˷̐ [Zeng09]  
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴ█ᴌẈӭₓ› Ҋ  ╩ ᵖ  Ѯᶆ╧ἧ 

ƴᾋʹ♅ ╪̒Ἐ 

ƴ ᴃ▄ ʹ ẁשᾋ ἳἘӦ(⌐ , Ữừ, ḟ  ӫ)╧ ╪̒♅╧„‎  

ƴ█ᴌ Ẉӭₓᴘṥ   ᶘἧ╖ Ӹׇ ẁשᾋ ╧Ҽ 

ƴẁשᾋ╢ ỵἘ/ἲᶒᾋ ᶕҲ ṥ⁭ 

╩ ᵖ  Ѯᶆ╧ἧ ˷̐ [Hays04]  
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ƴ ╩ ᵖ ᴅҔᵝ 

ƴ█ᴌẈӭₓ› Ҋ  ╩ ᵖ  Ѯᶆ╧ἧ 

ƴPaint -on-glass ḟᾌ╢  Ѯᶆ╧ἧ 

ƴḒϒ ṥṧ╖ Ҟ Ἁ ͋ᵖѡ ḟᾌ 

ƴᶘἧᵲ(∂ּר▄╧ Ḙỵ  ṥṧ)╖ ⁭ ẁשᾋ Ҟ › ở↑ 

╩ ᵖ  Ѯᶆ╧ἧ ˷̐ [Park08]  
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┘♄ ʷ╧Ӣᵎ  ₂⁮ ṧᵖ 

   

ƴ ╩ ᵖ ᴅҔᵝ 

ƴ█ᴌẈӭₓ› Ҋ  ╩ ᵖ  Ѯᶆ╧ἧ 

ƴ■Ҽ ›ѡ ˾ʷ ▐Ѹ. 

ƴ┘♄ ʷ╧Ӣᵎ  ᴃ▄ṇ ẁשᾋ ἳἘ╖ ♫„  Ὕ ▐ѡ ᾋᾂ  ˉḘ 

[Hertzmann12]  

ᴃ▄ṇ ᾂ ᴘ  ἳἘ ♫„ 
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ƴ ᶘ■╧  

ƴ ᶑ› ╪╖ ḡ ⁭ Ҋừ ╧ḅּקᵎ  

ƴẁשᾋ -> ╪ 

ƴẁשᾋ₫ ѽᵖ ᾂ ᴘ ( ╪)ʹ ˹ ╧ ↑ӄּק Ὸ╘ 


