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* Direct methods
« CVT, ODT, OCT...
e Remesh in 3D space
* Projection, large computational cost!

* Parametric methods
* Remesh in 2D space, and map into surface % _
* Depend on parametric distortion -
e Optimality in 2D, but not 3D

 Hybrid methods
* Parametric method + Direct method et
* Projection + Optimality issues o e
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Small number of elements
Small Hausdorff error

Good element quality
Well-preserved features

Input CAD model

How to formally describe these requirements?

Output triangulation
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Input CAD model Size field Output triangulation

@Uniformly describe them via a size field
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 Define on a background mesh
* Intuitive and simple
 Large computational cost 3D space query!

* Whatis good background mesh?
Chicken-and-egg dilemmal

@Directly define on the current mesh
« O(1) query
 Good triangle mesh = Good background
mesh
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Size Field Optimization
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Requirements of good triangulation

min ||H — Humax||*, ' Small number of elements

b VM <log(r), VEET.

Honin < Ho < H, Yv e, "

W=y, VfEF

Constraints in the gradient form hard to satisfy!
The whole problem is also hard to convergence!

Small Hausdorff error
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Numerical strategies

* Relax to linear constraints min || — Huax||* + ) weQ(|VeH[; log(r)),
t
0 T < a St. Huin < Ho <H, Yo €V,
x;a) = RN
Q ) (33—0,)27 T > a. Hfzmm(Hf,Hf) VfeF,
* Initial value via geodesic Ho(p) = = 13}% ta
3.70 : .' p ." :-:’. 0.03 99001 | Uniform zero = : Uniform zero
\ .l* .';'* x . Geodesic § 10" ' Geodesic
| | 5 9800 H
: ‘ ;,.';-,- ;_.-r '"-\_ o 9700_ 'T‘E 10—1_ \ ,
1.20 W) 0.00 —— LW
0 200 400 600 800 0 200 400 600 800
optimized field initial field relative error iteration iteration
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Numerical strategies

e Relax to linear constraints min [|H = Humax|* + D w,Q(]| V1] log(r)),
t
(0 r<a St. Hunin < Ho <H, YEV,
Q(r;a) =1 ) ’ -
|(z—a)*, z>a He=min(Hs, Hy) VfeF,
(] . ) . 7/—1
 Reweighting schedule wi = J Pin(max, wi ™ *2), - [[Ved] > log(r),
max(Wmin, wy ~/2), otherwise.
. ] 2 +9.634x10% .
3 70 0 8 0.61 e ,E: 1(}'“-E Constant
I : 5 0.4 / Adaptive % | v j _ Addl?tl“
1.20 0.00 001\ = LN
' ' : 0 200 400 600
adaptive weight constant weight relative error ’ z?tﬂmioi““ o iteration
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Geometry-aware
Remeshing Operators
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* Centroid Voronoi Tessellation (CVT)
 VoronoiCell Q;={xeQ||x—x;|| <|x—x;|,Y,5 #i}

_ sz p(x)xdo
fQi p(x)do

e Site of the Voronoi cell c¢;

 Optimal Delaunay Triangulations (ODT)

RPN SO
. ODT-verices = CVT:sies A
R VARSY

13
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 ODT condition guided by the density field p
 Bestlocation in the 3D space B qu(/v) zp(x)dx

*

xS =
* Not rely on the CAD surface Joonry P(x)dz
* ODT condition in 2D and remap to 3D
« Always on the surface e S up(u)du
e Optimality only in 2D [y p(w)du

2

e ODTin 3D +relocate in 2D Jyoney (@) da

*

»  Optimality + Intrinsic remeshing wz* |© = [ p(z)dz
s.t. " = o(u),u € . \

14



Multi-patch relaxation (/7 Modeling
2024 and Processing
For a vertex shared by more than one patches

1. Find the optimal solution in each patch, _ (G

2. Select the solution with the smallest function value
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Results & Evaluations
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Projection free around the concave region.

V : 28030
F : 56060
Ounin = 3.83°
Oavg = 48.36°

19
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Distribution on comparison to Gmsh

Time Hausdortt distance Min angle Ave min angle
r i : i ‘ :
51 : J
H q{ I | I |
2101 oo 1 | JIE
2 0 1 B || 2 ol - g i
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 Contributions
e Alternative size field optimization and remeshing
* Efficient initial value and adaptive re-weighting
* Accurate approximation of surface ODT condition

* Limitations
* Only consider isotropic size field
 Cannot handle many singular cases in CAD models
 Without theoretical guarantee to prevent degeneration
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