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ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄
ɱˊʰ˒ʽˁʺ ʅ˖˂ʺ˄˖ˋʹ

Andreas Aristidou
andarist@ucy.ac.cy

http://www.andreasaristidou.com

CG apes from Dawn of the Planet of the Apes, 2014

ɲˏˇ ʴʶ˄ʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ʵʹ˃ʽˇˎˊʴʾʰ ʶʽˁˈ˄˖˄ 

ɰΦRay Casting

ÁFor each pixel
ÁFor each object

Send pixels to the scene

ɮΦRendering Pipeline

ÁFor each triangle
ÁFor each projected pixel

Project scene to the pixels

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄
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Ray Casting: ɰˇ˂ʺ ɮˁˍʾ˄ʰˌ

Áʃˇ˂ˏ ʰˉ˂ʺ ˃ʷʻˇʵˇˌ 

Áʃˇ˂ˏ ζˊʶʰ˂ʽˋˍʽˁʷˌη ʶʽˁˈ˄ʶˌ 

Áɮ˂˂ʱΥ ʰˊʴʺ ς̀ ʾʴˇˎˊʰ ˈ˔ʽ
ζˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎη

Images from LightWorkDesign Ltdɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄
https://youtu.be/1IIiQZw_p_E

.ǳǘ ǿŜ ŀǊŜ ƎŜǘǘƛƴƎ ŎƭƻǎŜΧ
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http://www.lightworkdesign.com/
https://youtu.be/1IIiQZw_p_E
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ɾˉˇˊˇˏ˃ʶ ˄ʰ ʶˉʽˍʰ˔ˏ˄ˇˎ˃ʶ ʰˉ˂ˇˉˇʽ˗˄ˍʰˌ 

Áɶ ʵʽʰʵʽˁʰˋʾʰ ʲˇ˂ʺˌ ʰˁˍʾ˄ʰˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ʰˊʴʺ
ÁʃΦ˔Φ ʴʽʰ ˃ʽʰ ʰʴʶ˂ʱʵʰ ʷ˔ˇˎ˃ʶ млΦллл ˍˊʾʴ˖˄ʰΣ ʰ˂˂ʱ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ˃ʽʰ ʶʽˁˈ˄ʰ мллл Ȅ мллл pixelsˉˊʷˉʶʽ ˄ʰ 
ˊʾ˅ˇˎ˃ʶ мΦлллΦллл ˉˊ˖ˍˇʴʶ˄ʶʾˌ ʰˁˍʾ˄ʶˌΣ ˈˉˇˎ ʹ ˁʱʻʶ ˃ʽʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵʽʰˋˍʰˎˊ˗ˋʶʽ ˍʰ млΦллл ˍˊʾʴ˖˄ʰ όˁʰʽ ˋˍʹ 
ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ˉˊˇˋʻʷˋˇˎ˃ʶ ʰ˄ˍʰ˄ʰˁ˂ʱˋʶʽˌΣ ˋˁʽʷˌΣ ˁ˂ˉΦύ

Áɾʶʾ˖ˋʹ ˍˇˎ ˁʰʻˇ˂ʽˁˇˏ ˒˖ˍʽˋ˃ˇˏ όʵʹ˂ʰʵʺ ˔˖ˊʾˌ ʰ˄ʰʵˊˇ˃ʺ)

Áɾʶʾ˖ˋʹ ˍˇˎ ˒˖ˍʽˋ˃ˇˏΣ ʱ˒ʹˋʶ ˃ˈ˄ˇ ˍˇ ˒˖ˍʽˋ˃ˈ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄

Áɸʶ˖ˊˇˏ˃ʶ ˉ˖ˌ ˎˉʱˊ˔ˇˎ˄ ˃ˈ˄ˇ ˉˇ˂ˏʴ˖˄ʰ

Áɮ˄ˍʾ ˄ʰ ʰ˄ʽ˔˄ʶˏˇˎ˃ʶ ʰˁˍʾ˄ʶˌ ˋʶ ˁʱʻʶ pixelΣ ʰˉ˂˗ˌ ʶ˄ˍˇˉʾʸˇˎ˃ʶ ˍʽˌ ˋˍʽˌ ˁˇˊˎ˒ʷˌ ˁʰʽ 
ʴʶ˃ʾʸˇˎ˃ʶ ˍˇ ʶ˄ʵʽʱ˃ʶˋˇ ʵʽʱˋˍʹ˃ʰ
Áʃʶˊʽˋˋˈˍʶˊʰ ˋʶ ʶˉˈ˃ʶ˄ʶˌ ʵʽʰ˂ʷ˅ʶʽˌ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Rendering Pipeline: ɱˊʰ˒ʽˁʺ ʅ˖˂ʺ˄˖ˋʹ 

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áʅˍʰ ʴˊʰ˒ʽˁʱ ˎˉˇ˂ˇʴʽˋˍ˗˄Σ computer graphics pipeline, rendering pipeline,ʺ ʰˉ˂ʱ 
graphics pipelineΣ ʶʾ˄ʰʽ ʷ˄ʰ ʶ˄˄ˇʽˇ˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍʰ ʲʺ˃ʰˍʰ ˉˇˎ 
ˉˊʷˉʶʽ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʴˊʰ˒ʽˁ˗˄ ʴʽʰ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˃ʽʰ ˋˁʹ˄ʺ оɲ ˋʶ ˃ʽʰ 
ˇʻˈ˄ʹ нɲΦ

Áʁ оɲ ʴˊʰ˒ʽˁʺ ˋ˖˂ʺ˄˖ˋʹ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ˄ ˉʽˇ ˁˇʽ˄ʺ ˃ˇˊ˒ʺ оɲ ʰˉˈʵˇˋʹˌ 
ˋʶ ˎˉˇ˂ˇʴʽˋˍʺΣ ˁʰʽ ˋˎ˄ʺʻ˖ˌ ˇ˄ˇ˃ʱʸʶˍʰʽ ʰˉˈʵˇˋʹ оɲ ˉˇ˂ˎʴ˗˄ˇˎ
Áɲʽʰ˒ʷˊʶʽ ʰˉˈ ˍʹ ʲˇ˂ʺ ʰˁˍʾ˄ʰˌ όray casting)ˁ ʰʽ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ʰˁˍʾ˄ʰˌ (ray tracing). 

Áʅˍˇ ray castingΣ ˃ʽʰ ʰˁˍʾ˄ʰ ʶˁˉʷ˃ˉʶˍʰʽ ʰˉˈ ˍˇ ˋʹ˃ʶʾˇ ˈˉˇˎ ʲˊʾˋˁʶˍʰʽ ʹ ˁʱ˃ʶˊʰΣ ˁʰʽ ʶʱ˄ 
ʰˎˍʺ ʹ ʰˁˍʾ˄ʰ ˔ˍˎˉʱ ˃ʽʰ ʶˉʽ˒ʱ˄ʶʽʰ ʶ˄ˈˌ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΣ ˍˈˍʶ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˍˇ ˔ˊ˗˃ʰ ˁʰʽ ˇ 
˒˖ˍʽˋ˃ˈˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ ˔ˍˏˉʹˋʶ ʹ ʰˁˍʾ˄ʰΣ ˁʰʽ ʰˎˍˈ ˇˊʾʸʶˍʰʽ ˋʰ˄ ˍˇ 
˔ˊ˗˃ʰ ˍˇˎ pixel. 

Áɮ˄ˍʾʻʶˍʰΣ ˋˍˇ 3D polygon renderingΣ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˉʶˊʽˇ˔ʺ ˉˇˎ ʶʾ˄ʰʽ ˋˍˇ ʶˏˊˇˌ ʻʷʰˋʹˌ 
ˍʹˌ ˁʱ˃ʶˊʰˌΣ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˁˍʾ˄ʶˌ ʰˉˈ ˁʱʻʶ ˃ʷˊˇˌ ˍʹˌ ˁʱʻʶ 
ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˍʰ ˇˉˇʾʰ ˉˊˇʲʱ˂˂ˇ˄ˍʰʽ ˉʾˋ˖ ˋˍʹ˄ ˁʱ˃ʶˊʰΦ
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ɱˊʰ˒ʽˁʺ ʅ˖˂ʺ˄˖ˋʹ 

Áʃʰˊˈ˂ˇ ˉˇˎ ʰˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ʵʾ˄ʶʽ ˉˇ˂ˏ ˕ʹ˂ˈˍʶˊʶˌ ˍʰ˔ˏˍʹˍʶˌʰˉˈ ˈˍʽ ʹ ʲˇ˂ʺ 

ʰˁˍʾ˄ʰˌΣ ʵʹ˃ʽˇˎˊʴʶʾ ʵʽʱ˒ˇˊʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˂ˎʻˇˏ˄:
ÁProjecting the verticesόˉˊˇʲˇ˂ʷˌύ

ÁClipping to the view volumeόʰˉˇˁˇˉʺύ

ÁVisible surface determinationόʰˉˈˁˊˎ˕ʹύ

ÁRendering a polygon in 2Dόˋʱˊ˖ˋʹύ

ÁLightingόʊ˖ˍʽˋ˃ˈˌύ 

ÁShadowsόˋˁʽʷˌύ

ÁGlobal illumination (Radiosity)όʴʶ˄ʽˁˈˌ ˒˖ˍʽˋ˃ˈˌύ

Áʅʺ˃ʶˊʰ
Áʃˊˇʲˇ˂ʺ ˁˇˊˎ˒˗˄ 

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Projection

Clipping

Visible Surface Determination

Shadows

Rasterization Lighting       +

Global illumination

Rasterisation
Lighting*
Visibility*

The Graphics Pipeline

ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ 
˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ(GTM)

ʆˇˉʽˁʷˌ  ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ

ʁˊʽˋ˃ˈˌʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ
(object definition)

ʃʰʴˁˈˋ˃ʽʶˌ  
ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ

ʅˏ˄ʻʶˋʹ ˋˁʹ˄ʺˌΣ 
ˇˊʽˋ˃ˈˌ ˁʱ˃ʶˊʰˌ 

ʃʾ˄ʰˁʰˌM 

ʅˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ 
ˉʰˊʰˍʹˊʹˍʺ  

ʃʾ˄ʰˁʰˌQ
ɼʰ˄ˇ˄ʽˁʺ ʃˊˇˇˉˍʽˁʺ -
(canonical Perspective)

Aˉˇˁˇˉʺ
(clipping)

ɼʰ˄ˇ˄ʽˁʺ ʃʰˊʱ˂˂ʹ˂ʹ
(normalised device Coordinates)

ʃʰˊʱ˂˂ʹ˂ʹ 
ˉˊˇʲˇ˂ʺ

Display  
space

Set pixels
Drop the z and 

Map to view-port 

ʊ˖ˍʽˋ˃ˈˌ
(Lighting)

ʃʰʴˁˈˋ˃ʽʶˌ  
ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄
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ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄
ʃˊˇʲˇ˂ʺ

Andreas Aristidou
andarist@ucy.ac.cy

http://www.andreasaristidou.com

CG apes from Dawn of the Planet of the Apes, 2014

ɹˋˍˇˊʾʰ ˍʹˌ ˉˊˇʲˇ˂ʺˌ ˋˍʹ˄ ˍʷ˔˄ʹ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áʅʹ˃ʱʵʽʰ ˉˊˇˋˉʰʻʶʽ˗˄ ʴʽʰ ʰˉˈʵˇˋʹ ˍʹˌ ˉˊˇˇˉˍʽˁʺˌ

Áɳ˂˂ʹ˄ʽˁˈ ʲʱʸˇΥ ʃˊˇˋʷ˅ˍʶ ˍʰ ˋ˔ʶˍʽˁʱ ˃ʶʴʷʻʹ ˍ˖˄ 
˃ʹˊ˗˄ ˁʰʽ ˉˇʵʽ˗˄ ˍˇˎ ɾʽ˄˗ˍʰˎˊˇˎ

Áɮʽʴˎˉˍʽʰˁʺ ˍˇʽ˔ˇʴˊʰ˒ʾʰΥ ʃʰˊʰˍʹˊʺˋˍʶ ˉ˗ˌ ʹ 
ʰˉʶʽˁˈ˄ʽˋʹ ˍˇˎ ˋ˗˃ʰˍˇˌ ˉʰˊʰˉʷ˃ˉʶʽ ˋʶ ˃ˉˊˇˋˍʽ˄ʺ 
ˈ˕ʹΣ ʰ˂˂ʱ ˍʰ ˉˈʵʽʰ ˁʰʽ ˍˇ ˁʶ˒ʱ˂ʽ ˎˉˇ˄ˇˇˏ˄ ˉ˂ʶˎˊʽˁʺ 
ˈ˕ʹ όˉˊ˗ʽ˃ˇˌ ˁˎʲʽˋ˃ˈˌΗύ

Áɶ ʸ˖ʴˊʰ˒ʽˁʺ ʺˍʰ˄ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˃ʽʰ ˃ˎʻʽˁʺ ʽˋˍˇˊʾʰ

Áɶ ˉˊˇʲˇ˂ʺ ʶˉʽˍˎʴ˔ʰ˄ˈˍʰ˄ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ˋˁʽ˗˄

Áɽʶˉˍˇ˃ʷˊʶʽʰ ʰˉˈΥThe Invention of Drawing 
(1830) ςKarl Friedrich Schinkle

William J. Mitchell, The Reconfigured Eye, Fig 1.1

Greek vase from the late 6th

century BC
Tomb of Nefertari, Thebes  

(19th Dyn, ~1270 BC), 
Queen Led by Isis. 
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ɹˋˍˇˊʾʰ ˍʹˌ ˉˊˇʲˇ˂ʺˌ ˋˍʹ˄ ˍʷ˔˄ʹ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áʆˇ˄ моˇ ʰʽ˗˄ʰ ʱˊ˔ʽˋʶ ˄ʰ ʵʾ˄ʶˍʶ ʷ˃˒ʰˋʹ ˋˍʹ 
ˋʹ˃ʰˋʾʰ ˍʹˌ ʰˍˇ˃ʽˁʺˌ ˉˊˇˇˉˍʽˁʺˌ όviewpointύΣ ˍʹˌ 
ˉʰʴˁˈˋ˃ʽʰ ʶˊ˃ʹ˄ʶʾʰˌΣ ˍʹˌ ʵˏ˄ʰ˃ʹ ˍʹˌ 
ˉʰˊʰˍʺˊʹˋʹˌ όʽʵʽʰʾˍʶˊʰ ˍʹˌ ˒ˏˋʹˌΥ ɮˋˍˊˇ˄ˇ˃ʾʰΣ 
ʰ˄ʰˍˇ˃ʾʰΣ ˁ˂ˉΦύ
ÁMasaccio, Donatello, DaVinci, Newton

Áʅˍʹ˄ ˍʷ˔˄ʹΣ ˅ʶˁʾ˄ʹˋʶ ˃ʽʰ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ 
ʰ˄ʰˉʰˊʰˋˍʰʻʶʾ ˇ оɲ ˔˗ˊˇˌ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʱΣ 
ʶˉʽˁʰ˂ˇˏ˃ʶ˄ˇˌ ˍʹ˄ ʰʾˋʻʹˋʹ ˍˇˎ ˔˗ˊˇˎ όˈ˔ʽ ˈ˃˖ˌ 
ˋˎˋˍʹ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹύ
Áʁʽ ʴˊʰ˃˃ʷˌ ˋˎʴˁ˂ʾ˄ˇˎ˄Σ ʰ˂˂ʱ ˈ˔ʽ ˋʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 
ˋʹ˃ʶʾˇ

William J. Mitchell, The Reconfigured Eye, Fig 1.1

Giotto, Franciscan Rule Approved, Assisi, Upper Basilica, c.1288-1292

ɹˋˍˇˊʾʰ ˍʹˌ ˉˊˇʲˇ˂ʺˌ ˋˍʹ˄ ˍʷ˔˄ʹ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áʁ Vermeer ˁ ʰʽ ʱ˂˂ˇʽ ʵʹ˃ʽˇˏˊʴʹˋʰ˄ perspective boxes, 
ˉˇˎ ˈˍʰ˄ ˃ʽʰ ʶʽˁˈ˄ʰ ˉˊˇʲʰ˂˂ˈˍʰ˄ ˃ʷˋ˖ ˃ʽʰˌ ˍˊˏˉʰˌ 
ʻʷʰˋʹˌΣ ʶʾ˔ʶ ˋ˖ˋˍʺ ˉˊˇˇˉˍʽˁʺΦ

ÁO Brunelleschi ʁ˒ʹˏˊʶ ˃ʽʰ ˋˎˋˍʹ˃ʰˍʽˁʺ ˃ʷʻˇʵˇ 
ˁʰʻˇˊʽˋ˃ˇˏ ˍ˖˄ ˉˊˇˇˉˍʽˁ˗˄ ˉˊˇʲˇ˂ʺˌ όʰˊ˔ʷˌ ˍˇˎ 
мпллύΦ ɲʹ˃ʽˇˏˊʴʹˋʶ ʷ˄ʰ ˉʱ˄ʶ˂ ʶˉʾʵʶʽ˅ʹˌ 
(demonstration panelsύ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ 
ˉʶˊʽˇˊʽˋ˃ˇˏˌ ʻʷʰˋʹˌκˉˊˇʲˇ˂ʺˌ ʴʽʰ ˃ʶʴʱ˂ʹ ʰˁˊʾʲʶʽʰ 
ˋˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ˍʹˌ ʶʽˁˈ˄ʰˌΦ
Áɶ ˉˊˇˇˉˍʽˁʺ ʶʾ˄ʰʽ ʰˁˊʽʲʺˌ ˃ˈ˄ˇ ʰˉˈ ʷ˄ʰ POV(point of view)

Áɱʽʰ ˍˇ˄ Brunelleschi h ˄ʰ˒ʷˊʻʹˁʶ ˈˍʽ ʷ˔ʶʽ ˉˊˇˋʵʽˇˊʾˋʶʽ 
ʰˁˊʾʲʶʽʰ ˋˍʰ ʷˊʴʰ ˍˇˎΣ ˁʱ˄ˇ˄ˍʰˌ ˃ʽʰ ˍˊˏˉʰ ˋʶ ʷ˄ʰ ˋʹ˃ʶʾˇΣ 
ʶ˅ʷˍʰʸʶ ˍʹ˄ ʰ˄ˍʰ˄ʱˁ˂ʰˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋʶ ʷ˄ʰ˄ ˁʰʻˊʷ˒ˍʹΣ 
ˁʰʽ ˋˏʴˁˊʽ˄ʶ ˍʹ ʴˊʰ˃˃ʺ ˉˊˇʲˇ˂ʺˌ ˃ʶ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ
Á ɶ ˕ʶˎʵʰʾˋʻʹˋʹ ˉˇˎ ʵʹ˃ʽˇˏˊʴʹˋʶ ʶ˄ʷˉ˄ʶˎˋʶ ˁʰʽ ʱ˂˂ˇˎˌ ˁʰ˂˂ʽˍʷ˔˄ʶˌ ˄ʰ 
ʶ˅ʶˊʶˎ˄ʺˋˇˎ˄ ˍʹ˄ ʴˊʰ˃˃ʽˁʺ ˉˊˇˇˉˍʽˁʺ

Perspective Box of a Dutch Interior
Samuel van Hoogstraten

National Gallery, London 

Perspective Box
Samuel van Hoogstraten

National Gallery, London 

paintingmirror

baptistry
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ɹˋˍˇˊʾʰ ˍʹˌ ˉˊˇʲˇ˂ʺˌ ˋˍʹ˄ ˍʷ˔˄ʹ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

ɱˊʰ˃˃ʽˁʺ ˉˊˇˇˉˍʽˁʺ (Vanishing Points)

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áʁ D̔a Vinci ˁ ʰʽ Albertiʵʹ˃ʽˇˏˊʴʹˋʰ˄ ʰˁˊʽʲʶʾˌ ʴʶ˖˃ʶˍˊʽˁˇˏˌ ˍˊˈˉˇˎˌ 
ʶ˄ˋ˖˃ʱˍ˖ˋʹˌ ˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ˉˊˇˇˉˍʽˁʺˌ ˋˍʰ ˋ˔ʷʵʽʰ ˍˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 
ˍʰ ˋʹ˃ʶʾʰ ˒ˎʴʺˌ όVanishing Points)

viewing 

distance

Distance 

Point

transversals

ñLittle Spaceò

diagonals

perpendicular
CP

baseline

5ŀ ±ƛƴŎƛΩǎ aŜǘƘƻŘ

!ƭōŜǊǘƛΩǎMethod

13

14



07/2/2021

8

Albertiʴʽʰ ʴˊʰ˃˃ʽˁʺ ˉˊˇˇˉˍʽˁʺ(View Points)

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áάɾʽʰ ʸ˖ʴˊʰ˒ʽʱ[ˍˇ ʶˉʾˉʶʵˇ ˉˊˇʲˇ˂ʺˌ]ʶʾ˄ʰʽ ʹ ˍˇ˃ʺ ˃ʽʰˌ ˇˉˍʽˁʺˌ ˉˎˊʰ˃ʾʵʰˌ
[view volume]ˋʶ ˃ʽʰ ʵʶʵˇ˃ʷ˄ʹ ʰˉˈˋˍʰˋʹ, ˃ ʶ ˋˍʰʻʶˊˈ ˁʷ˄ˍˊˇ ˉˊˇʲˇ˂ʺˌ [center 
of projection]ˁʰʽ ˃ʽʰ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ʻʷˋʹ ˍˇˎ ˒˖ˍˈˌΣ ˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶˍʰʽ ˋˍʹ˄ 
ˍʷ˔˄ʹ ˃ʶ ˍʽˌ ʴˊʰ˃˃ʷˌ ˁʰʽ ˍʰ ˔ˊ˗˃ʰˍʰ ˋʶ ˃ʽʰ ʶˉʽ˒ʱ˄ʶʽʰ[the rendering]Φέ

Á (LeonoBattista Alberti (1404-1472), On Painting, pp. 32-33)

Áɴ˄ʰˌ ʵʽʰ˒ˇˊʶˍʽˁˈˌ ˍˊˈˉˇˌ ʰ˄ˍʾ˂ʹ˕ʹˌ ˍʹˌ ˉˊˇˇˉˍʽˁʺˌ ʰˉˈ ʷ˄ʰ ˋʹ˃ʶʾˇ ˒ˎʴʺˌ

ɹˋˍˇˊʾʰ ˍʹˌ ˉˊˇʲˇ˂ʺˌ ˋˍʹ˄ ˍʷ˔˄ʹ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Duccioc. 1308

Leonardo da Vinci, The Last Supper (1495)
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ɶ ˁʱ˃ʶˊʰ ˁʰʽ ʹ ˋˁʹ˄ʺ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

}ʆʽ ˁʱ˄ʶʽ ˃ʽʰ ˁʱ˃ʶˊʰΤ
}ɽʶʽˍˇˎˊʴʾʰ ˋʶ ʷ˄ʰ ˍˊʽˋʵʽʱˋˍʰˍʹ ˁˈˋ˃ˇ
}ʃʰʾˊ˄ʶʽ ˃ʽʰ ˋˁʹ˄ʺ(ˉΦ˔ΦΣ ˍʹ˄ ˉˊˇʲʱ˂˂ʶʽ) ̀ ʶ ʷ˄ʰ ˃ʷòнɲ (ˋʶ ˒ʽ˂˃ ʺ ˃ʽʰ ˇʻˈ˄ʹ)

}ɶ ˋˎ˄ʻʶˍʽˁʺ ˒˖ˍˇʴˊʰ˒ʽˁʺ ˃ʹ˔ʰ˄ʺ ʶʾ˄ʰʽ ˍˇ ˉˊˈˍˎˉˇ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ 
ˉ˗ˌ ˃ʽʰ ˍˊʽˋʵʽʱˋˍʰˍʹ ˋˁʹ˄ʺ ˉˊˇʲʱ˂˂ʶˍʰʽ ˉʱ˄˖ ˋʶ ˃ʽʰ ˇʻˈ˄ʹ

о5 ˉˊˇʲˇ˂ʺΥ ʹ ˋˎ˄ʻʶˍʽˁʺ ˒˖ˍˇʴˊʰ˒ʽˁʺ ˃ʹ˔ʰ˄ʺ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áʅˎ˄ʻʶˍʽˁʺ ˒˖ˍˇʴˊʰ˒ʽˁʺ ˃ʹ˔ʰ˄ʺ

Áɸʷˋʹ ˍʹˌ ˁʱ˃ʶˊʰˌ

Áʃˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ

Áʁˉˍʽˁˈ ˉʶʵʾˇ (angle of view, wide, narrow, normal...)

Áɰʱʻˇˌ ˉʶʵʾˇˎ(field of view: near distance, far distance)

Áɳˋˍʽʰˁʺ ʰˉˈˋˍʰˋʹ(Focal distance)

Áɼ˂ʾˋʹ ˍʹˌ ˉˊˇʲˇ˂ʺˌ(Tilt of view/ film plane -ɳʱ˄ ʵʶ˄ ʶʾ˄ʰʽ ˁʱʻʶˍʹΣ ˉʰˊʱʴˇ˄ˍʰʽ 
ˉ˂ʱʴʽʶˌ ˉˊˇʲˇ˂ʷˌ)

Áʃˊˇˇˉˍʽˁʺ ˍʹˌ ˉʰˊʱ˂˂ʹ˂ʹˌ ˉˊˇʲˇ˂ʺˌ(ɼˇ˄ˍʽ˄ʱ ʺ ˉˇ˂ˏ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʰ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ʰύ

17
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ɾʶˍʰˍˊˇˉʺ ʰˉˈ оɲ ˋʶ нɲ

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄

Áɶ ˉˊˇʲˇ˂ʺ ʶʾ˄ʰʽ ˃ˈ˄ˇ ʷ˄ʰ ˃ʷˊˇˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˃ʶˍʰˍˊˇˉʺˌ ʰˉˈ ˍʽˌ оɲ ˋʶ 
˃ʽʰ ʶʽˁˈ˄ʰ нɲ

Clip against 
view volume

Project onto 
projection 

plane

Transform to 
2-D device 
coordinates

3-D world 
coordinate 

output 
primitives

2-D device 
coordinates

Albrecht Durer 1525

ɾʽʰ ʰ˂˂ʹʴˇˊʾʰ ˃ʶ ˍʹ ʸ˖ʴˊʰ˒ʽˁʺ

Áɴ˔ˇˎ˃ʶ ʷ˄ʰ ˁʰ˂˂ʽˍʷ˔˄ʹ ˉˇˎ ˁˇʽˍʱʸʶʽ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ ˉ˂ʰʾˋʽˇ ˁʰʽ ˃ʶˍʰ˒ʷˊʶʽ ʰˎˍʱ ˉˇˎ ʲ˂ʷˉʶʽ 
ˋˍˇ˄ ˁʰ˃ʲʱ

Áʆˇ ˉ˂ʰʾˋʽˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˉ˂ʷʴ˃ʰ όgrid)˃ʶ ˍʶˍˊʰʴ˖˄ʱˁʽʰΣ ˁʰʽ ˇ ˁʰ˃ʲʱˌ ˍˇ ʾʵʽˇ
Áʾˋʰ ˋʶ ʰˊʽʻ˃ˈ ʰ˂˂ʱ ˈ˔ʽ ˁʰˍΩ ʰ˄ʱʴˁʹ ˁʰʽ ˃ʷʴʶʻˇˌ

Á(scene pixels, screen pixels)  

Áʃˊˇːˉˇʻʷˋʶʽˌκˉˊˇʲ˂ʺ˃ʰˍʰ 
Áɮ˄ʱ˂ˎˋʹ, ˁ ʾ˄ʹˋʹ ˍˇˎ ˁʶ˒ʰ˂ʽˇˏ, ɻ ʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ ˋˍʽʴ˃ʽʰʾʰ 

Image from Hitachi's Viewseumat http://www.viewseum.com/

ɳʃɽпнс μ ɱˊʰ˒ʽˁʱ ʇˉˇ˂ˇʴʽˋˍ˗˄
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