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Motivation

Yearly Publications for hexahedral meshes
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Trilinear Map

Injectivity
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Validity

Necessary: 8 Corner Tetrahedra
Sufficient: all 58 Tetrahedra

Ushakova 2011
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Situation

Physical




Target vs. Physical Space
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Untangling using Foldover-Free Maps

Garanzha & al 2021
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Fig. 6 in Foldover Free Maps
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New Situation
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Reference Space and Formulas
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Reference Space and Formulas




Reference Space and Formulas
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J(T)

Reference Space and Formulas
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Epsilon

detJ +1/ €% + det*J
y(detJ, e) .= \/2 , €
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Fig. 2 in Foldover Free Maps
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Algorithm 1 58 Tetrahedra

Input: X, List of Unit Tetrahedra
Output: X

BaSIC validity <— check mesh validity(X, Tetrahedra)

if not validity then

Algorithm i
while det,;; < 0 do
Forev < energy(X k €k Tetrahedra)
Xkt Xk 4+ AX
F < energy(X**1 e* Tetrahedra)
e*T1 + update epsilon(F¢y, F, €*)
end while

end if
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Physical Hexahedron

Algorithm 1 58 Tetrahedra

Input: X, List of Unit Tetrahedra
Output: X

validity < check mesh validity(X, Tetrahedra)
if not validity then
eV 1
while det,i, < 0 do Physical Tetrahedron
Fprey < energy(X k €k Tetrahedra)
Xkl Xk 4+ AX
F < energy(X**1 e* Tetrahedra)
e*T1 + update epsilon(Fj¢y, F, €*)
end while
end if
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Physical Hexahedron

Algorithm 1 58 Tetrahedra

Input: X, List of Unit Tetrahedra
Output: X

validity < check mesh validity (X, Tetrahedra)
if not validity then
eV 1
while det;;;, < 0 do
Fprev ¢ energy(X*, e*, Tetrahedra) Physical Tetrahedron
Xkl Xk + AX
F < energy(X**1 e* Tetrahedra)
e*T1 + update epsilon(Fj¢y, F, €*)
end while
end if
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Algorithm 1 58 Tetrahedra
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Algorithm 1 58 Tetrahedra

Input: X, List of Unit Tetrahedra
Output: X

validity < check mesh validity(X, Tetrahedra)
if not validity then
) + 1
while det,;; < 0 do
Forey < energy(X k €k Tetrahedra)
Xkl Xk + AX
F < energy(X**1 e* Tetrahedra)
e*T1 + update epsilon(Fj¢y, F, €*)
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Algorithm 1 58 Tetrahedra
Input: X, List of Unit Tetrahedra
Output: X

validity < check mesh validity (X, Tetrahedra)
if not validity then

EO — 1 tl”JTJ
while det,,;, < 0 do ]CG(J ) .= >
Fyper < energy(X ", e*, Tetrahedra) ()((det J, (—j))?

XFrl Xk 4+ AX

F < energy(X**1 e* Tetrahedra)

e*T1 + update epsilon(Fj¢y, F, €*)
end while

end if
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Before

Algorithm 1 58 Tetrahedra

Input: X, List of Unit Tetrahedra
Output: X

validity < check mesh validity(X, Tetrahedra)
if not validity then
eV 1
while det,;; < 0 do
Forey < energy(X k €k Tetrahedra)
Xt XE DAY
F < energy(X*T1 €* Tetrahedra) After
e*T1 + update epsilon(Fj¢y, F, €*)
end while

end if
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Algorithm 1 58 Tetrahedra
Input: X, List of Unit Tetrahedra
Output: X

validity < check mesh validity (X, Tetrahedra)
if not validity then

EO — 1 tl”JTJ
while det,,;, < 0 do ]CG(J ) .= >
Fyrey < energy(X*, e*, Tetrahedra) ( ){(d@t J , (—j))?

XFtl « XF 4+ AX

F < energy(X**1 e* Tetrahedra)

e*T1 < update epsilon(F, ey, F, €*)
end while

end if
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Algorithm 1 58 Tetrahedra

€k — 2\//’tk(luk _ D;];l-l!-nl), Dzlqca-zl_nl < /’tk
0,

Input: X, List of Unit Tetrahedra D,]f{l'-'nl > ,Mk
Output: X
validity < check mesh validity(X, Tetrahedra)
if not validity then
) + 1
while detyin < 0 do uk = (1 = o*)y(DE ")
Fprey < energy(X k €k Tetrahedra)
XFrl « XF 4+ AX
F < energy(X*t1, €k Tetrahedra)
e*T1 < update epsilon(Fyey, F, €°)
end while 1 F(Xk+1 (—Jk)
end if o = max | —.1 ‘

10° F(Xk, ek
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There Is room for improvement!



Amount of
Tetrahedra

Reduction by Factor of
58 /8 =7.25
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# Hexahedra

# Tetrahedra

2832

2832 * 58 = 164°256
2832 * 8 = 22°656




Blobs

Use of exact Validity Condition
Johnen & al 2017
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Blob Construction
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Blobs

Reduction by Factor of
22’656 / 2’536 = 8.93

# Invalid # Blob
# H h # Tetrahed
exahedra Hexahedra Hexahedra etranedra

317 "8 =2'536
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Boundary
Relaxation

45 Iinvalid Boundary Hexahedra
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Boundary Penalty

L=F+1I,

enalty

— 2
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B Blob Whole Mesh (Ours)
1400+ WM SOS Paper

|
Results
B I

Marschner & al 2020
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Dolphin

e [imes:
 Qurs: 1.24474 s
¢ SOS: 2.45 min
 Boundary Displacement (Scaled)
e avg: 1.171649E-05
« max: 4.158615E-03
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Horse

* [imes:
 Qurs: 29.7245 s
e SOS: 22.15 min
 Boundary Displacement (Scaled)

. avg: 8.840065E-03

, Before  After
!r"\.

e max: 7.445004E-01
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Conclusion

Unit Cube

e 58 Tets / Hex

Tetrahedra

<7
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Conclusion

e 58 Tets / Hex

Algorithm 1 58 Tetrahedra

Input: X, List of Unit Tetrahedra,
Output: X
validity < check mesh validity (X, Tetrahedra)
if not validity then
* Foldover Free Maps 01
while det;;, < 0 do
Fyrey < energy(XF*, e*, Tetrahedra)
Xkt Xk + AX
. . F < energy(X**! ek Tetrahedra)
* Basic Algorithm e" 1 + update epsilon(Fprey, F, €*)

end while
end if
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Conclusion

e 58 Tets / Hex

 Foldover Free Maps

* Basic Algorithm

* |mprovements
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Thank you for your attention!
Any Questions?
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