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= objemova sit z hexahedronii (obecn& nekonvexnich)

@ méné elementii nez tetra sit (tj. kratf solution time)
@ dobra presnost

@ vhodné zejména pro jednodussi geometrie
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= objemova sit z hexahedronii (obecn& nekonvexnich)

@ méné elementii nez tetra sit (tj. kratf solution time)
@ dobra presnost

@ vhodné zejména pro jednodussi geometrie

[Lietal. 2012]

Hexahedral Elements
Pros

« \ery good accuracy.
¢ The mesh looks aesthetically pleasing to the eye.

¢ Reduced solver time.

¢ Less demanding on hardware. Ideal for lower specification workstations.
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= objemova sit z hexahedronii (obecn& nekonvexnich)

@ méné elementii neZ tetra sit (tj. kratf solution time)
@ dobrd pFesnost
@ vhodné zejména pro jednodussi geometrie

@ metrika kvality: Scaled Jacobian SJ € (0.5,1)

[
|
]
|
-}
s
s
s

kryomle : SJ 83 <«

3/83



Metoda: deformace na PolyCube

J. Gregson, A. Sheffer, E. Zhang:
, Computer Graphics Forum (2011)

= jednoducha reprezentace 3D objektu pomoci sjednoceni kvadri
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Metoda: deformace na PolyCube

J. Gregson, A. Sheffer, E. Zhang:
, Computer Graphics Forum (2011)

= jednoducha reprezentace 3D objektu pomoci sjednoceni kvadri

[ Livesu et al. 2013 ]
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Metoda: deformace na PolyCube

J. Gregson, A. Sheffer, E. Zhang:
, Computer Graphics Forum (2011)

= jednoducha reprezentace 3D objektu pomoci sjednoceni kvadrii

?olta Cube

ID lhpl-l* [ Livesu etal. 2013 ]

5/83



Bunny ear dilemma
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[ Eppsteimt Mumford 2010]

[Livesu etal. 2013]
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Rotace hran

@ dheeme  2arovnod nor-mc;Qs/
Pwrchova'dk) w2ld

S )j:lé) Ir2
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Rotace hran

@ dheeme  2arovnod nor-mc;Qs/
Pwrchova'dk) w2ld

S Ixyty T3 \

@ -FFQFO&-Q/
do obgmu

+ show P Verhteeg
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Rotace hran

@ dheeme  2arovnod nor-mc;Qs/
Pwrchova'dk) w2ld

S Ixyty T3 \

@ -FFQFO&-Q/
@) rovecer do oegimu
hremy = , tshorp verhtes
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Rotace hran
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3D rotoce
ul
Sendvicové nasobent Jednol:k.ova’m wvaternionem
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3D rotoce
ul
- -~ - . -~ n:
Sendvicove nasobent da.dnol:k.ovam vaterni onem
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3D rotoce
1l
Sendvicové nasobent Ja.dnol:k.ovgm wvaierni onem

SOUCIAN) ¢ (A“N:,) * (Al'(f‘_)-_- (s4 8, W3V, YR, + A, + Aan;‘)

LONJUGOVANY  KVATERNION) : ¥ = (o)
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3D rotoce
ul
Sendvicové nasobent Ja.dnol:k.ova’m wvaternionem
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3D rotoce
ul
Sendvicové nasobent Ja.dnol:k.ova’m wvaternionem

w-wf)) lwl=1, oeom>
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3D rotoce
ul
Sendvicové nasobent Ja.dnol:k.ova’m wvaternionem

w-wf)) lwl=1, oeom>

(or') = o(*(o,r)* ¥
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unﬂ-«-: Mmo- Poum&w
Kua.&urm‘onla< obd;_,mova'e"v uzld 2
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D-WU-: mo- PoUchu.«)
Kua.&urm‘onla< obd;_,mova'c"v uzld 2
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o D-WU-: mo- PoUchu.«)
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o D-WU-: mo- PoUchu.«)
Kuawnl‘onla — obd;_,mova'c"v uzld 2
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LU o povreluy
kua.lum‘onla< obd,'_,mov-a'c@v uzf 2
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D-WU-: mo- PoUchu.«)
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Rotace hran
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Labelling povrchovych dilki

1) labels — charts
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Labelling povrchovych dilki

1) labels — charts

2) relabelling: vyhlazenia redukce pottu

e zmenSeni zubatosti charts

e odstranéni falesnych charts

NoT RELABELLED :

e

Y
SNSA

=

charts

REABELLED

NS SESES

ARG
=
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zmenden zubatosh hran oharts
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2mengen)” 2ubatosh hran oharts
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2mengen)” 2ubatosh hran oharts
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Planar charts

@ harovnani charls
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Planar charts

@ harovnani charls

N
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Planar charts

@ harovnani charls
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Planar charts

@ harovnan; charls
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Planar charts
Vl{f eyl wwrnianc:
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/83



Planar charts
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Planar charts
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Planar charts

Vla’f";’l' kvodar r\('ama°

+ % c
rototion siep LR i )
O R O Te || %
O O R R .
s omezenim [’Bm s [:’; y o
Boiciowtet | LP ) [Loiridilet

/83



Planar charts
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Planar charts
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Planar charts
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Hex-mesh na PolyCube

@ corners — hrany — faces — objem
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Mapping na vstupni objekt

@ indexace tetra uzl( PolyCube do Octree struktury

@ barycentrické soufadnice + stejnad konektivita tetra uzld

50/83



Mapping na vstupni objekt

@ indexace tetra uzli PolyCube do Octree struktury

@ barycentrické soufadnice + stejnd konektivita tetra uzll

JJ-{°"MQ ha
Polua,cu-be.

2\

® : e sit”
,:?\ + hexa ey
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Mapping na vstupni objekt

@ indexace tetra uzli PolyCube do Octree struktury

@ barycentrické soufadnice 4 stejnd konektivita tetra uzli

A,_ﬁormaq 1
m -
iqgl:}CUAkxe
<t Thargemiie @&
Souradnic
* : eha Sf{:v
.:EP~ ¢ hexa s &
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Barycentrické soutadnice

2D :

dt‘ -7

o
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Barycentrické soutadnice

2D :

dt‘ -7

o

n” - N-‘°= a-'ﬂf,, - b'ﬂr?_
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Barycentrické soutadnice
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Barycentrické soutadnice
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Barycentrické soutadnice
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Barycentrické soutadnice
2D :

e

plots : (apzo ~ a*bﬁd) =>

=2 lez” uvnih:/ha hranicl. A
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Alternativni metriky pro méreni kvality hexa sité

@ idedlni hex je

@ jeden ¥patny hex miiZe ud&lat celou sit
nepouZzitelnou

Druhy metrik:

Diagonal Edge Ratio Jacobian Maximum Edge Ratio
Oddy Relative Size Squared Shape Maximum Aspect Frobenius
Taper Shear Mean Aspect Frobenius
Skew Shear and Size Stretch Shape and Size

Volume Distortion Dimension etc.

Metriky maji dileZité rozsahy a svou optimalni hodnotu:

C | normal range C | full range
degenerate invalid

Uvadi se:

’ min value \ max value \ average value ‘
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Scaled Jacobian

@ optimalni hodnota je

9= ie{gﬁll,r.]..,s}{ai}

&; = detA; = det [ ik Vit Vim
1 1 i 1
(virll " lIviall™ lIviml|

Vik Vil Vim
. X
([l <||Vi/| ||v,-,,,>

@ Jacobian 3 x 3 matrices: A; = (Vik, Vi, Vim)

e eg. Ay = (P1— Py, P3s — Py, Py — Py), presné definované potadi a smér
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Scaled Jacobian

C normal range C full range
(—1,1) (resp. (0,1)) | (—1, +o0)
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PolyCut

@ vylepSeni segmentace - u sloZitéj$ich tvari nedostaluje

M. Livesu et al.:
, Transactions on Graphics (Proc. SIGGRAPH ASIA) (2013)

PolyCut Segmentation PolyCube Extraction & Mapping

) )

\_a. Tnitial Labelling  b. Discrete Optimization/ ¢ PolyCube

Scaled Jacobian | Gregson et al. 2011 | Livesu et al. 2013
min 0.196
average 0.911 0.872
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Mesh postprocessing

G. Cherchi:
, Ph.D. Thesis, University of Cagliari (2019)
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Mesh postprocessing

G. Cherchi:
, Ph.D. Thesis, University of Cagliari (2019)
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Mesh postprocessing

G. Cherchi:
, Ph.D. Thesis, University of Cagliari (2019)
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Mesh postprocessing

G. Cherchi:
, Ph.D. Thesis, University of Cagliari (2019)

75/83



Mesh postprocessing

° Vs. padding
° Vs v, v
2D e AD e
<
K he
b

Singu\ak

ve ﬁ”\a‘( sinquiar ithns{s{-ewq

76/83



Mesh postprocessing
° = vyplnit co nejméné facet

HE . . Jocty k vap fhem
E ... hany F.. facty H.. hexy

minf = F, M/wg +A E m,o/ex:{y

S‘t )
E olion ZX.{; x4 =1 i 4
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Mesh postprocessing

@ vyplii jen tam, kde je to nutné

~

[ Cherchi 2019 ]
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Mesh postprocessing
EDGE T URN

\Ia’laln

3 {'—a.uﬂ—
VERTEX TURA




Mesh postprocessing

o o
o or
0.2 02
0.3 03
0 0.4
05 05
o0 0.6
0.7 0.7
0. 08
0o 0y
e Yo 100 200 300
85§
Mesh ~Mesh
Source select Local File... V a ? I Source Select Local File...
valec2 mesh891 verti ‘ q s valecmesh 1243 vertice
Quality | Scaled Jacobian M " Quality | Scaled Jacobian v

valen

Max:  Avg:  Var Max  Avg:  Var
0998 0885 0.045 0998 0832 0.007
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