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ȻɨɁɇɠɅɩǯǶ
Å3D ǵ̑ ǵ̬ ǮƲɠɅɩǵ
òКζó ǯòẆζó Ǔὑ ǮǔȒȉǵ

Å̋ Ǳ
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3D ɕɨɱɆ ȵɝɣɪɶȵɥɱ

Ǔ ǋǭǋȒ
⁫˧⁪ǞǭǋȒ

ʝ ǵɛɨȲɱǮ
ǋ◐ ș

ׄǔ̂ǘʥ֯

ȻɨɁɇǮǱǋȯɶȷ

Klein bottle



ȻɨɁɇɠɅɩǵ predicate 

Å3D ↔ Ἰᶰᴙ ǓȻɨɁɇɠɅɩǵК ǮǉȓǷ true șƲ
ǤǍǮǱǘȓǷ false ș Ǡ

ὪἸȡᴙ ᵐ ÔÒÕÅȟÆÁÌÓÅ

ÅɠɅɩК Ћ̱ș Ǡ ֻ
Ἰ ὪἸ ÔÒÕÅṒᴙ

Å͈
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ᾛǯ Ẏǵᾍ ȱɶɈɶǓǤȓǥȓ
ὼ ȟώ ȟᾀ ǯ ὼ ȟώ ȟᾀ

ǮǉȒȏǍǱ ̱

ἫșʴⱲǯǞǦӭ♄ὶǵ

ὪἸ ḧ Ἰ Ἣ ὶ Ὢὼȟώȟᾀḧ ὼ ὼ ὼ

᷈ώ ώ ώ

᷈ᾀ ᾀ ᾀ

c r

Ἰ

Ἰ



Constructive Solid Geometry (Boolean )
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ᴇ
Ὢ᷾ ἸḧὪ Ἰ Ὢ᷉ Ἰ

Ὢ᷊ ἸḧὪ Ἰ Ὢ᷈ Ἰ

Ὢʌ Ἰ ḧὪ Ἰ᷈ Ὢ Ἰ
⁪

CSG Tree

A B C

D E

ὃ᷊ὄ ᶺὅ᷾ Ὀ᷾Ὁ



ֵ̂ǔ ḹǲȏȒȻɨɁɇɠɅɩ
ÅSigned Distance Function: 3D↔ ǒȐ
ɠɅɩ ȅǮǵ

ὨἸȡᴙ ᵐᴙ

Å ֵ̂ǔ КζǮǶ ƲẆζǮǶ

ÅȻɨɁɇɠɅɩș Ǡpredicate:
ὪἸ ḧὨἸ π

ÅȺɫ Ι ǶɠɅɩ ș Ǡ
ἸȿὨἸ πṒᴙ

ÅƼ ƽƼɚɨɣɶɞ ƽ

Å Ι ǵ Ƕӆ ὨἸǵ ׄǯʝ
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c r

ἫșʴⱲǯǞǦӭ♄ὶǵ

ὨἸḧ Ἰ Ἣ ὶ



ǵɅȴȢɱ͈
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Ẏӭ♄ R, ᾛӭ♄ a ǵɆɶɧȷ

ⱳǡǞȉ ǯǶ ȐǱǋ



ǵɅȴȢɱ͈ ̬ (Metaball)
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ὨἸ Ὠ Ἰ Ὠ Ἰ

ὨἸ Ὠ Ἰ Ὠ Ἰ

Ὠ Ἰ
ή

Ἰ Ἣ
ὶ ὨἸ Ὠ Ἰ Ὠ Ἰ Ὠ Ἰ Ὠ Ἰc1

c4

c3

c2



ǵ ◐ ǲȏȒɠɶɓȡɱȮ
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Ὠ ▬ π
ς

σ
Ὠ ▬

ρ

σ
Ὠ ▬ π

ρ

σ
Ὠ ▬

ς

σ
Ὠ ▬ π Ὠ ▬ π



ǵ ș ȆֻȖǢǦɠɅɨɱȮ
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ǵ Marching Cubes

Å Ι șʢ ◐ɟɁȵɣǯǞǭ ї

Å ̱ ἧǵֺȹɩǲᾍǞƲ
(1) ̱ǵ 8 Ǯ Ιș

(2)Ǥǵ ǵɏȽɶɱǒȐƲ
ǠȒ ǵȽȢɕș ὑ

Åᾍ ǒȐר 15 ȑǲѝ

(3) Ιǵ ◐ ǒȐ
ǵ̬ ș ὑ

( Ǯ ȐȓǭǋǦǓƲ ǓўȓǦ)

11Marching Cubes: A High Resolution 3D Surface Construction Algorithm [Lorensen SIGGRAPH87]



Marching Cubes ǵ ר

12The asymptotic decider: resolving the ambiguity in marching cubes [Nielson VIS91]

ǠȒȹɩǵ Ǯ Ǔ ֻǞǱǋ ʥ ֻș ǠȒ ǦǱɩɶɩ



Marching Tetrahedra

Å ̱ǵ̈Ȗȑǲᶤ ̱ș̓Ǎ
ÅɏȽɶɱǓᾜǱǖƲ Ǔר ǋ
Č ὕ Ǔ Ӵ

Åֺ ̱ȹɩșƲ6 Ήǵᶤ ̱ǲѝҊ
Å( ȹɩ ǮѝҊǵׄǔșֻȖǢȒǚǯǲ )

ÅǔȓǋǱʢ ◐ɟɁȵɣș֝ȑїǠ›ẑ
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http://paulbourke.net/geometry/polygonise/

Regularised marching tetrahedra: improved iso-surface extraction [Treece C&G99]

http://paulbourke.net/geometry/polygonise/


ȵɡɶɕǱȦɁȶșͪ ǞǦ Ι ї
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Feature Sensitive Surface Extraction from Volume Data [Kobbelt SIGGRAPH01]

Dual Contouring of Hermite Data [ JuSIGGRAPH02]

http://www.graphics.rwth -aachen.de/IsoEx/

ἧȳȢȸ 65×65×65

Marching Cubes ᵎ
Marching Cubes ( ǵΙǵȆ )

ᵎ ( ǵӆ ȉ )

http://www.graphics.rwth-aachen.de/IsoEx/


ȳɶɓȥȷɟɁȵɣ ǵȆǲḨǬǖ CSG

Åɚɨɣɶɞ (=Marching CubesǲȏȒ Ι ї)
Č ̧ ↓Ǔ ἧǵׄǔȋ ϑ↓ǲ͒ἭL

ÅȳɶɓȥȷɟɁȵɣ ǲȏȒ CSG
Č ϷǵɟɁȵɣǵ◐ ș ὕǲͪ J

ÅɫɎȷɆǮҧ Ǳὕ Ǔ ǞǋL
Å Ҳᾛ ǵʸȈ ⁪

ÅԝὭǲֿǟ̬ Ǯ ǠȒ ǵʢ ◐

Åǚǚ ₴Ǯ Ǟǖ ӓ
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Fast, exact, linear booleans [Bernstein SGP09]

Exact and Robust (Self-)Intersections for Polygonal Meshes [Campen EG10]

Mesh Arrangements for Solid Geometry [Zhou SIGGRAPH16]

https:// libigl.github.io/libigl/tutorial/tutorial.html#booleanoperationsonmeshes

https://libigl.github.io/libigl/tutorial/tutorial.html#booleanoperationsonmeshes


ɟɁȵɣǵ ʹ (mesh repair)
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Simplification and Repair of Polygonal Models Using Volumetric Techniques [Nooruddin TVCG03]

Robust Inside-Outside Segmentation using Generalized Winding Numbers [Jacobson SIGGRAPH13]

ὑ ș █ǞǦ
winding number ǲ
ḨǬǋǭКẆșѨὑᶤ Ў ǒȐ ǷǞǦɪȢǯǵ

˧⁪ǲḨǬǋǭКẆșѨὑ

ɚɨɣɶɞ ȳɶɓȥȷ


