
Hexahedral Meshing with 
Varying Element Sizes

Kaoji Xu, Xifeng Gao, Zhigang Deng, Guoning Chen
University of Houston

1



Why Hexahedral (Hex‐) Meshes?
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Existing Hex‐Meshing Techniques
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Existing Hex‐Meshing Optimization Techniques
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Why Adaptive Meshes? 

Adaptive meshes: Element sizes adapt to the feature sizes.

Octree
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Meshing quality in the linear elasticity problem

The small the min. eigenvalue, the more accurate  in 
modal analysis

#hex = 9044
min eigen = 2.6X10-3

#hex = 9045
min eigen = 6.4X10-4
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What’s the problem? Singularities

Octree[MeshGem]
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Base‐complex



What’s the problem? Feature Loss

Polycube and frame field based method tend to smooth out surfaces.

Octree L1-PolyCube
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What’s the problem?Too dense! 

Use the pipe example, first show the octree-based and L1-polycube results and point 
out their respective problems

#hex = 9k #hex = 50k
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preferred Not preferred

L1‐PolyCube
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Is there a way to generate adaptive hex‐meshes with 
simple structure?



Inspiration ‐ Anisotropic Quad Meshing

Anisotropic Quad Meshing [Panozzo et al. 2014 - Frame Fields  Anisotropic and Non-Orthogonal Cross Fields]
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Our Adaption ‐ Anisotropic Hex‐Meshing

Deformation                    Uniform Meshing                Mapping
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Our Pipeline

Input Surface segmen-
tation & feature 
size estimation

Magnify ROIs Generate hex-
mesh with 
uniform 
element size

Map the hex-
mesh back to 
the original 
sapce
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One Realization of the Pipeline
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Segmentation through Skeletonization

[Tagliasacchi et.al 2012 - Mean curvature skeletons]
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Input Triangle Mesh Segmentation

5k triangles                                         13k triangles
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Identify Regions‐of‐Interest (ROIs)

Segments with feature size smaller than the average feature size of 
the entire mesh are candidates of ROIs.

The user can alsop manually select ROIs from these candidates, 
but this is not required.
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Magnification – Determine Bounding Box

Scaling factor ோைூݏ/௔௩௚ݏ
Or     user-specified
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Magnification ‐ Surface ARAP 

ARAP
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Anisotropic Magnification
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Hex‐Meshing Using L1‐PolyCube
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Issues of Using Polycube Methods
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Issues of using polycube methods
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Mapping Back to the Original Space
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Results

25



Results

Put the result gallery here...
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Result ‐ Anisotropic Meshes
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Result via Different Hex‐Meshing Techniques

Polycut

28



Result via Different Hex‐Meshing Techniques

Closed-form 
Polycube
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Improve Polycubes

before afterbefore after
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Singularities comparison

Octree[MeshGem]

Polycut
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2656 components

86 components!



Singularities comparison

Close-form polycube

L1-polycube
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Performance

S Time, P time and H time show the timing for segmentation, L1-polycube construction, 
and hex-mesh extraction.



Limitations
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Limitation 1
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Limitation 2
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Limitation 3
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Thank you for 
your attention!
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