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Constructive Solid Geometry (Boolean)E&
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faus(P) = fa(P) V f5(P)

fa
. fane(P) = fa(P) / f5(P)

faxs(P) = fa(p) N —f(p) / v \
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p—c 1t ©e 0 dp)=di(p)+dy(p) +ds(p) + da(p)

d;(p) =

> d(p) = di(p) + d2(p)

d(p) = d,(p) — d,(p)




Fast metaball rendering

GPU-based Fast Ray Casting
for a Large Number of Metaballs

Yoshihiro Kanamori, Zoltan Szego, Tomoyuki Nishita
The University of Tokyo

GPU-based Fast Ray Casting for a Large Number of Metaballs [Kanamori,Szego,Nishita,EG08].mp4
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Flz(I2+y2+22+R2—a2)2—4R2($2+y2)=0
Fo=(2*+y°"+2°+R*—a°)’ —4R*(2° + 2°) =0
Fa=(2"+y"+ 2"+ R*—ad®)’ —4R*(y* + 2°) = 0

F(xaya Z) — Fl(xaya Z) ) FZ(xaya Z) ) F3($ayaz) —c=10
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A gradient-based implicit blend [Gourmel,Barthe,Cani,Wyvill,Bernhardt,Grasberger,TOG13] 12
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ShapeShop v002

Demo Reel

Shapeshop; Sketch-based solid modeling with blobtrees [Schmidt,Wyvill,Sousa,Jorge,SBIM05]
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Sketching Interface
for Modeling Internal

Structure of 3D Shapes

A sketching interface for modeling the internal structures of 3d shapes [Owada,Nielsen,Nakazawa,lgarashi,SmartGraphics03]*
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Marching Cubes: A High Resolution 3D Surface Construction Algorithm [Lorensen SIGGRAPH87] 1
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The asymptotic decider: resolving the ambiguity in marching cubes [Nielson VIS91]
Marching cubes 33: Construction of topologically correct isosurfaces [Chernyaev Tech.Rep. 95]
Topology Verification for Isosurface Extraction [Etiene TVCG12]

A Fast and Memory Saving Marching Cubes 33 Implementation with the Correct Interior Test [Vega JCGT19] 16



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

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

Marching Cubes ((ZREEIDEDHSE)

Feature Sensitive Surface Extraction from Volume Data [Kobbelt SIGGRAPHO1]
Dual Contouring of Hermite Data [Ju SIGGRAPHO0Z2]

http://www.graphics.rwth-aachen.de/IsoEx/ 18
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* Neural Marching Cubes _awa
* SIGGRAPH Asia 2021 — |

(a) Marching Cubes 33

(d) NMC (ours)

L]
¢ N eu ra | Dua | Contou rl ng Grid of Grid of Grid of Point cloud Noisy point cloud
signed distances binary voxels unsigned distances without normals from raw scan
* SIGGRAPH 2022

MO CERILES
https://czq142857.github.io/
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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] 5
Exact and Efficient Intersection Resolution for Mesh Arrangements [Guo SIGGRAPHA5|a24]
https://libigl.github.io/tutorial/#boolean-operations-on-meshes
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Robust Inside-Outside Segmentation using Generalized Winding Numbers [Jacobson SIGGRAPH13]
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Multi-View Stereo
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o« BERE x; = (x;,v3,2) EEMRE 0 = (nfnd,n?), i € {1, ..., N}
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* f&x) =i
* VA(x;) = ny
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« “Scattered Data Interpolation” EI[IN DERE

* Moving Least Squares
* Radial Basis Function
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Modelling with implicit surfaces that interpolate [Turk TOGO02]
Hermite Radial Basis Functions Implicits [Macedo CGF10] 25
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Fm - Least SQuares (5x/J\_Z)

« ROFZV\BEHEDIREIEEIRETD : f(X) =ax+by+cz+d
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Overconstrained System
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Weighted Least Squares (MY =&/ )
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Moving Least Squares (2&)5=/)\ _ )

» BH w; DN FHHIIE x ICHRTF

w;(x) = w(llx —x;[)
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wq(X)
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Wy (X)~ ]
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wq(X)
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Interpolating and Approximating Implicit Surfaces from Polygon Soup [Shen SIGGRAPHO04]
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Input : Polygon Soup

Interpolation

Approximation 1

Approximation 2

Interpolating and Approximating Implicit Surfaces from Polygon Soup [Shen SIGGRAPHO04]

Approximation 3
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https://en.wikipedia.org/wiki/Polyharmonic_spline
Scattered Data Approximation (Wendland, 2004)
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» EIZU X112 RITRIAMSRICIZ DD TY Kl
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https://en.wikipedia.org/wiki/Polyharmonic_spline
https://doi.org/10.1017/CBO9780511617539
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f(x):zllvzl{ dp(x—x;)+ qu(x—xl-)}+ x+ by+cz+

. f DDED ) o
Vf(X) — Z-=1{ V¢(X — Xi) + H¢(X — Xi) } +

- RFROHIE VF(x,) = n; 280 b by ¢
Hey (%) = <¢:(< ¢::r ‘ijz)
byx ¢zy Pzz

. . . . . Hessian 13751 (B9£X)
Hermite Radial Basis Functions Implicits [Macedo CGF10]
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Hermite Radial Basis Functions Implicits [Macedo CGF10] 8 38
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Variational Implicit Point Set Surfaces [Huang,Carr,Ju,SIGGRAPH19]
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Variational Implicit Point Set Surfaces [Huang,Carr,Ju,SIGGRAPH19]



Poisson Surface Reconstruction



Poisson Surface Reconstruction (PSR)

Kazhdan et al., Symposium on Geometry Processing 2006
Cited by 3437
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f B
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_ equation

* https://github.com/mkazhdan/PoissonRecon i



https://github.com/mkazhdan/PoissonRecon

7% . Stochastic PSR [sicarapH Asia 2022

T Db,
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v | ] | | | ]
Groundtruth e
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-“7a /
s a X
0
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. i ~ . . ‘ )/ / O
Input point cloud ~~~.__
: /
S 3 /
PSR Mean Variance PlxeciQ) P(z €09)

[Kazhdan et al. 2006] Our Stochastic Poissoﬁ Surface Reconstruction
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Variance

flx) ~N(uo?)

P(x € Q) = P(f(x) < 0) = CDF, ,2(0)

P(z € Q)

+ (out)
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= [Total Uncertainty] EVNVDEZETETED

Uspsr = / (0.5 —|P(x € Q) —0.5|) dx
B
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_Integrated uncertainty
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AT D FR: SPSRZ VA LIS /ARRTS @ DH

[Sellan22] DMEZE LT 1 I
"uncertainty"{s1Z: Uspsr = /Q 5 ~IP(x € M) - dx

IRZE: RIS E Duncertainty gt

1
F= [ geGolp(xe M) - Jlax

X P(xeQ) = 0
" Q. dr(x) > 0
O (x=-pi)-ny
AGEDY
o lx = pill2 . - P
- -
s L7 | P
— i e BN = i X / J / J |
G—|S|Z(II1 ,U), ﬂ—IS|Zﬂl I/ I, XO
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L-BFGS Ca@1t
« KR EIBEEIE TR

Stochastic Normal Orientation for Point Clouds [Huang,Fang,Zhang,Liu,Fu,SIGGRAPHAsia24] >
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0 iterations 5 iterations 10 iterations 20 iterations Optimized result
NC =99.15% ; NC = 98.91% _ NC =99.61% \ NC = 100.00%
IPSR PGR GCNO Ours
[Hou?22] [Lin22] [Xu23]
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Stochastic Normal Orientation for Point Clouds [Huang,Fang,Zhang,Liu,Fu,SIGGRAPHAsIa24]
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(SIGGRAPH Asia 2024 Journal Track)
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Spatial Al#)98= X5 |=: https://speakerdeck.com/spatial ai network/surface-reconstruction-using-rotation-systems-siggraph-asia-2024 >3



https://speakerdeck.com/spatial_ai_network/surface-reconstruction-using-rotation-systems-siggraph-asia-2024
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» State of the Art in Surface Reconstruction from Point Clouds [Berger
EG14 STAR]

* A survey of methods for moving least squares surfaces [Cheng PBGO8]

» Scattered Data Interpolation for Computer Graphics [Anjyo
SIGGRAPH14 Course]

* An as-short-as-possible introduction to the least squares, weighted
least squares and moving least squares for scattered data
approximation and interpolation [Nealen TechRep04]
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