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Quad Meshing

> Generate a quad (or quad-dominant) mesh that approximates the input
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Applications

> Fitting B-spline surfaces




Applications

> Simulation
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Applications

> Texture atlas
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Applications

> Fitting B-spline surfaces
> Simulation

> Texture atlas

> Modeling & design

> Architecture




Requirements

> Lengths/angles distribution
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Requirements

> Regularity
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Requirements

> Lengths/angles distribution
> Orthogonality
> Regularity

> Planarity




Requirements

> Feature alignment




Methods

> Structure from curve tracing

Anisotropic Polygonal Remeshing [Alliez et al., Siggraph 2003]



Anisotropic Polygonal Remeshing

> Compute curvature directions

Min curvature Max curvature Cross Field



Anisotropic Polygonal Remeshing

> Compute curvature directions

Umbilics: minimal curvature = maximal curvature



Anisotropic Polygonal Remeshing

> Compute curvature directions
Umbilics generate singularities in cross field

There is no consistent selection of 1

direction which gives a smooth vector field




Anisotropic Polygonal Remeshing

: o . o : 4 PPt Al s ST s G piecewise linear
> Find Umbilics/Singularities SRR G, interpolation of
X LA 2D tensors

Conformal 2D tensor field using
parameterization barycentric coordinates



Anisotropic Polygonal Remeshing

> Find Umbilics/Singularities

Regular case Minor directions Major directions Both directions



Anisotropic Polygonal Remeshing

> Find Umbilics/Singularities

umbilic
(spherical point)
2D tensor
proportional to
identity

trisector

wedge

trisector




Anisotropic Polygonal Remeshing

Minor net Major net Overlay

>

>

> Trace curvature lines

1. Generate curves tangent to cross field

>.  Intersection of curves - vertices of quad

mesh



Anisotropic Polygonal Remeshing

Minor net Major-net

>

> Trace curvature lines




Anisotropic Polygonal Remeshing
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> Overlay
Add umbilic points in
isotropic regions




Anisotropic Polygonal Remeshing

Vertices
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Anisotropic Polygonal Remeshing

>

> Meshing

straighten lines of
curvatures

+
Delaunay
triangulation near
umbilics




Anisotropic Polygonal Remeshing
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> Meshing




Methods

> Parameterization from cross fields

QuadCover [Kalberer et al., EuroGraphics 2007 ]



Parameterization from cross fields

_ differential . . integration _
> Function > Gradient vector fields > Function




Parameterization from cross fields

> Integrability: given f find g, s.t. f = Vg
> Only possible if f is “integrable”

A vector field U is locally integrable iff VX U = 0

potential field V/u curl-component JVv harmonic field H
integrable © not integrable ® locally integrable ©

Hodge-Helmholtz Decomposition



Parameterization from cross fields

» Potential field :min [ ||Vu — X||? » Au= -V - X
u

» Curl-component: min [ [|JVv — X||? - [Av];; = —[V x X];;
u

Edge-based Poisson equation




QuadCover

> Assure global continuity of Y along Homology gens




QuadCover

> Assure global continuity of Y + H along Homology gens

1. Compute Homology generators ¥4, ..., Y24 (= basis of all closed loops)

.. Measure mismatch fy_ Y,ds € R, fy_ Y,ds € R

. Compute L, smallest harmonic vector fields H;,j = 1,2 s.t. fy_(Yj + H;)ds € Z



QuadCover

> Assure global continuity of Y + Halong Homology gens




QuadCover

> Global integration of Y + H on the mesh gives parameterization




Methods

> Structure from curve tracing
> Parameterization from cross fields

> Mix-integer optimization

1 Mixed-Integer Quadrangulation

2 Instant Field-Alighed Meshes



https://graphics.rwth-aachen.de/media/papers/bommes_zimmer_2009_siggraph_011.pdf
https://igl.ethz.ch/projects/instant-meshes/

