A course on Hex-Mesh Generation and Processing
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Fig. 1. Hex-meshes can be categorized according to their structural regularity, which depends on the amount of irregular edges and
vertices present in the mesh (red dots) and on how they are connected to each other (bold lines). Irregularities and their connectivity
imply a decomposition of the mesh into regular blocks. The first three meshes were computed with a polycube method [Livesu et al.

2013], the latter with an octree method [Gao et al. 2019].
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Fig. 2. Left: Singular edges of valence k = { ,4, }. Right: There is a 1:1-correspondence between configurations of vertices in a

hexahedral mesh and triangulations of the sphere. Image from [Liu et al. 2018].
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Fig. 3. The singularity graph is formed by interior singular edges of valence k = (green) and k = (blue) and boundary edges of
valence k = 1 (green). Chains of edges with homogeneous type connect or terminate at singular vertices (red). Image from [Liu et al.
2018].
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Fig. 4. Two examples of the relation between primal and dual representations. Top: two alternative hexmesh connectivities. Bottom:

their corresponding dual cell complexes, formed by arrangements of 2-manifold sheets.
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Fig. 5. An integer-grid map f deforms the shape (left) such that its boundary aligns with a Cartesian grid of integer isolines (right).
Consequently, its inverse f~' deforms the covered grid cells into a structure-aligned mesh. Grid-preserving cuts (dashed green)
enable irregular vertices (red) in the mesh.
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1. geometric fidelity -f- een ] all.gnment of map E(f) = min
2. element count e > 2. grid volume
3. regularity .............................. ~» 3. map distortion translates into Mixed-Integer
4. element quality - =>4, map distortion Problem
5. anisotropy & sizing -t = 5. metric of map less discrete since

elements implicit
in the map

K highly discrete / K /

Fig. 6. Integer-grid map optimization algorithms turn the highly discrete mesh optimization task into a more tractable mixed-integer
map optimization. All mesh quality criteria are directly related to properties of the map, as indicated by blue dashed arrows.
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Table 1. List of alternative metrics for hexahedral elements, from the Verdict library [Stimpson et al. 2007]. Normal ranges are
intended for elements not having degeneracies.
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Fig. 7. Topology and geometry are tightly coupled: the number of hexahedra incident to a singular edge directly bounds the inner
angles, thus affecting the geometric quality of the elements (numbers below each configuration refer to the Scaled Jacobian of the

geometric map). Image from [Livesu et al. 2021].
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Fig. 8. Incorporating an input feature network (left, bold lines) into the output hex-mesh is not possible if the connectivity does not
align to it (middle left), even refining the mesh (middle right). Key to feature preservation is the ability to align surface edges to the
input network, carefully positioning mesh singularities (right). Image from [Livesu et al. 2020].
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Fig. 9. Example of advancing-front progression to fill in a geometric 3D shape starting from different pre-meshed boundary. On the
left, it succeeds in getting a valid hex-mesh, while it fails on the right. Image from [Ledoux and Weill 2008].
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Fig. 10. Skeleton driven hex-meshing starts from an input surface mesh and line skeleton (left), around which a tubular structure
composed of hexahedral boxes is initialized (middle left). Refining this structure and projecting it on the target surface yields a
hexahedral mesh (middle right) where the distribution of the mesh elements aligns with the skeleton guiding curves (right closeup).

Image from [Livesu et al. 2016].
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Fig. 11. Dual methods regularize the valence of hanging nodes (black dots) by connecting them pairwise along triangular bridges,
so that the dual is a hex-mesh. Top: the flat transition firstly introduced in [Maréchal 2009]. Bottom: the set of atomic schemes
introduced in [Livesu et al. 2021] to handle all possible transitions in strongly and weakly balanced grids. Images partly from [Livesu
et al. 2021].
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Fig. 12. A subset of the 3-refinement schemes introduced in [Schneiders 1996b]. The leftmost and rightmost elements correspond to
the unrefined and fully refined cubes, respectively. The other templates are used to manage the transition between them.
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Fig. 13. 2D pipeline of the feature preservation octree-based hex-meshing. Top row: adaptive quadtree constructed from the input,
dual of the quadtree, and quadrilateral (quad-) mesh including a scaffold mesh. Bottom row: topological matching of feature graphs,
variational padding of both the target mesh and the scaffold, mesh deformation to fit the input, and the final pure quad-mesh. Image
from [Gao et al. 2019].

Fig. 14. If a quad maps two of its four edges onto a linear feature line it becomes locally degenerate (left). Splitting it into 5 sub-quads
ensures enough degrees of freedom to produce all valid mesh elements. Similar configurations may also occur on 3D meshes, and can
be resolved with a special padding scheme that splits a hexahedron into 6 sub elements (right). Image from [Gao et al. 2019].
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Fig. 15. The pipeline for polycube based hexmeshing generates a locally injective simplicial map through volumetric deformation,
and then uses it as a medium to transfer a regular grid sampling of the polycube to the target shape.
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Fig. 16. Adaptively sampling a coarse polycube allows to restore major features that are not explicitly encoded in parametric space
(right), and that could not be obtained with a regular sampling (left), not even with a dense one (middle). Image from [Pitzalis et al.

2021].
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Fig. 17. Frame field based hexahedral mesh generation: Given an input tetrahedral mesh (left), first a boundary aligned and smooth
frame field is generated (middle, yellow). The frame field serves as a proxy for the local orientation of hexahedra and thus enables the
efficient generation of an integer-grid map (middle, red), which induces a hexahedral mesh (right). Image from [Liu et al. 2018].
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Fig. 18. Some challenging examples of hex-dominant re-meshing using [Gao et al. 2017b].
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Fig. 19. Some CAD models remeshed by [Livesu et al. 2020]. In this case the meshes are hex-only.
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Table 2. Summary of the main properties for each class of hex-meshing algorithms reported in Sec. 4. Some of the columns in this
table correspond to items also listed in [Blacker 2000]. As a rough indicator for the extent of (ongoing) research activity, we list the
number of overall works and recent (published within the last 5 years) works (referenced in this survey) dealing with each class.
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Fig. 20. Examples of self-intersecting sheet (green) and self-touching sheet (red).
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Fig. 21. Two meshes generated using sweeping are not conform along a contact surface (top); Performing sheet operations on the

green mesh allows to get a conforming interface (bottom).
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Fig. 22. The set of the hexahedrizations of the buffer cubes that the [Erickson 2014]’s algorithm uses to mesh arbitrary domains. (top)
Cells with 20 quadrilaterals are meshed with 37 hexahedra. (bottom) Cells with 22 quadrilaterals are meshed with 40 hexahedra.
Elements are colour codeded to show the different sides of the original cubes (top-left and bottom-left). Image from [Verhetsel et al.
2019b].
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5.5 Structure Enhancement/Simplification
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(a) doublets (b) divided shrink set
(c) padding layer (d) optimized hexahedra

Fig. 23. A summary of the padding pipeline: (a) The hexahedra H1 and H2 share two faces forming two doublets. (b) The shrink set is
disconnected to the other elements in the mesh. (c) The elements of the shrink set are linked to the mesh forming the padding layer.
(d) The hexahedra involved in the refinement can now be optimized with a smoothing/untangling step.

Fig. 24. Without controlling of alignment, the same set of singularities can introduce two hex-meshes having base complexes with
different complexity. Image from [Gao et al. 2015].
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Fig. 25. Removing either a base complex sheet (left) or a chord (right) on the global structure of a hex-mesh monotonically reduce the

number of components of the base complex. Image from [Gao et al. 2017c].

Fig. 26. Turn an octree-based hex-mesh with a highly complex structure into a hex-mesh with a coarse structure. Image from [Gao

et al. 2017c].
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6 GEOMETRIC OPTIMIZATION OF ELEMENT QUALITY

T S mx ¥ %S Wmg g r WS Wy S ®mpr ss x firs s pgmr s mw
w s s » wm s MRS W m S ®m mSSW P X S P W »
inverted rwm g J » AR W mwms( S )T ss ms » nopwWZ RSP
s® S M mz « w s mms » sp fi Pr W WM W XS W X WS
prsr wg WS W W X sur » wapr o W R W s P Mms  ww fi
ng vg W N WS r s r wmwm r xx s geometric optimization smoothing x
untangling ma s [ 1 .S p r ®m ) wmsw 17T X xRS ¥ AR R WS s
wa s sp fi us Wrx w wg zZr ruR r W ox WMS SW wapp [ 1]
x r WS S r ™ mrx e fim m wm ox RS mnfis wr frms wmr s
() »ogr ) » R W x MR SW RS () ) » AR R SR W
»s » Guss m » gr wmp ws(us g m% ) ws mwm () ) » R B S
RRPS » mms mmrs r() ) » TR R S®M RS s wa rsp fi
» ®(s) ws mmn T s m x P RZ B R AR Ng Ng W s sx us w
s mr ()T gmrx s mr s wg TS ) » A m w everym® ®» s
w s mwm 1. xs mrx ] s ®mpmwmz » rwme  w®s  wWp Ng W Wz x
uw s ) » AR W S 1 S S gRrXr ®m S g W r ®»mWmzZ w™W s r
s S s™m s m frm wg S x Wam s r ms pwz mse s[r w
o8 » , 1.Ssx » S wmz 14S «rrx 1] ma g S m® W
xS x P WzZNg S g W ox
W™ S finm m we oW s g momowew (TR www) WS S S au WS
» ss r g wnfi e (w r r xS WSt WS sux ros w swx
w s ) r SS W s m W R WS X 0§ MW N X W »
Xr s g P owR e » T wus x g MWS § W r P Wz ™S oW W
» XESp R Mg P WZ  WW s P waws » SWowm o« MRS R R MZS S
e S SS s ) Y rpr au m r s(s S )

nNUS TP su W



RS qu W mow ffrwm » il S sm » WzZ WNSKXr g WS L I
PeRNr g » Wz mSx g S x » Wz qu X Ss " s r s(S
X S mgm s rm s » M X Xprx rsmw wyp r s wg ')
s s g W us  wm st s » G wss S r  ws(S 11) X X § XX
» wm T o8 ssr g S » no» W qu X ®xr oppRe
W Ng byl noOw »ox wmwms T x S®m®r s » Xg Ng e
R e mrs r ®m sg s ffrw I i s rms pwmz wmn(S
» xXs r s sgr ppr mas s r m ssgnfi m WP KX RN r X ¥ X
s r mos om S MW r

6.1 Global Optimization

S r w rs wm P Wz WS aQu swaM W WS wp Wg r ms wns g[G wm »
WZ W wze g 1. x » M ORSEY X SW S MSWP NPAS SW x s
» » mr gnr s wng T ws 8 CHRCINR RS S X p WMZNgW S au
® s g P Ssx [ ]I w sn[ 1] r x x W r oWas Srsp
O e w s x » Wz S P WX ss we w X ®S WS T ®
ssx WS » G wuss S »pr S wss m LS T8 » xg P rxs W WS
6.1.1 Gauss-Seidel Iterations. X m oWz W ppr s r [ » G rxg ] = x
® X orm s ¥ S sm 4 re ¥ m™x e o8 s W x » rorm
uS SW)Pp & W x res & PSS WMWNg r SS S WRMWZ » B W rg ¥ oww
wwllo—1/N; > ol
' JEN(D)
rovixms xr ms wmsNjs rx » m N(@) r r s m iTs s rm
S nsuffi w oo au wpUSE MW S S S wap R » swr g W
Qu swx qu WS oW s g [ mupp . xz s wm RPp r s 1. ne
Jwus mar sp s N rg I S wm » Wz sz S ng S
Sx 0 wap e [ ] » Mo Xg W x » ORIV o sr wg
r m S S ™ mwex X
M= (e ,ei,e)
X e x &S MW wmg r m x T swm « » »RaR r Xs m
s ( ™ xs ng s °)  sm wss W s x w r s m s
R W Z XS r  xg W ORIV R e s w s x Su X ]
x r fi e ow » s pr z L i did S s su W s W™ gurw
» rs mr wpw Sp fi x » e we wg  pr us  mox R om o
ssx ™ W T qu W nrX o ow W » X MRSH X W wrs  wg we xS
wS wow [ »m1 ]S rx xs r xs wp W S ¥ mos wm s
s ww wmg wg[ wupp .tz s wm»Pp r s 1']Sp fi sugg s RS X W
L s s » B XS WS W ¥ » we Wg Wem s rs »nox mws Tr wap
us sau rr [ x Jus s er m wepp [ 1] firs em wg W s

nUS TP SU W

=1

=



P rw mpw S ffrG x wwa s G S = F w o) oom s
» ® ORUPY S Sa x W owg W™ x ws wg wa [ wopp ] wsx mwg
B KR S W NS rmW N W B XS W X Sp T W Sk P W W NAARL WP S
XZ S W wmp [ 14 ] pEwSsS W feCeit H x x P WZ W Sgw x W
MR WS S s rwaw ®S X sM  Ssw MRS x » s ® RS ¥
s m XX MR N NN
e[ 1 ]mwrms BN N WNg W us s s XX W W ¥ WS
ne o R WX » S xor T »rg  ww » P SS S » s x »
nRNg nARA XS r & xos w ws T wusr aqurng e a=(v1—-0) (v —
o)X (v —0) oo ( r v, i=1 X ™ xS m0) nRRg » s s
MR Z R Swwa
> lal - a)
[
X 4 W XS rmom X ™S X L IRC U S ww noow
R W Z S ®m WSZ X UG masT pr = s wfigur » W XSkge SSWNWZNg
m £ » rg
Dilla—ev| - (a-ev))
[
r Vs » re WS mw sz ( wpw s w S ww nuw r w W S)
m €s wsx fim prmwm xT s ppr WS ¥ S P ™Mz WNrXg S W s wm 0w
s ng X ®Ss ®m s u ®m oW ¥ Mg S W X X S WSWSWg W pPr Y
» »WZ ®WSKr g S W Sgu rwW uwe we us xs W x MRS M X X oum
» " r sT sm S MWLM WpMS us s o) ne WO S rom »oWm
MOMAR RrsSM W s w oW
RS ® WX r m rs [ wzGx wms 14 1. s w11 s w 1] «x
G wss S »r s x©  wap xx ®ox MRS W wapr r e WS
» S xXs W rsws sp £ Sgm S P W ¥ » WS mWwg W
MRS W » B oWr g Ng W Ng N »ox mmsSp fi S r o rm W r wmr w
[ meppp 1] »m m S ® zZxr W pr S W zZx W mens G w 3 »
mor M oW s s r ms fim Mmoo » ®RaNa X
o M
D(Mm) /
s g s wfim s AR W

r |lp s % mauswm xwm w D(:) s R W
Xz « rsrpp  D(M) ID(M)++/D(M) +48 rds wsr
”

r[ wz

»pr szx T
sp fi osm w T T ®sS s x ffrmsr g s x p wzng Xsu Ng Mmrg wmpr
Gr ms 11w s »oppr r G wss S up PX OIS M OM S P gr W
s m x MR RMRAP T KRS S M IS uwpn qu O S sx mS WSS W
wam wawwa G wss S w ssu s w s X

nUS TP sw W



urs w s Gmx m wm Pr sswg 1

Fig. 27. Corner-based approaches optimize hex shape by considering the set of eight tetrahedra formed by each corner and its three
incident edges.

6.2 Local-Global Optimization
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Fig. 28. A degraded hex-mesh obtained by randomly displacing interior vertices (left, first two columns), optimized with a state-of-
the-art corner based approach [Aigerman and Lipman 2013]. Hard constraining the surface does not allow to fully untangle the mesh
(middle right, see red elements and spikes at the bottom and top). Relaxing it yields a mesh with positive minimum Jacobian, but
introduces excessive surface deviation (right). Scaled Jacobian is color coded, from pure red (S) < ) to pure blue (S = 1).

Fig. 29. Cone-based methods cast mesh untangling as the problem of finding a valid axis for pairs of oppositely oriented cones
associated to mesh edges. If the axis of each cone stays on the positive half space w.r.t. its base, then the Jacobian at the corners of
each element incident to such edge is guaranteed to be strictly positive. Image from [Livesu et al. 2015].
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Fig. 30. From left to right: pyramid, wedge, and knife — the only hybrid elements listed in the Verdict Library [Stimpson et al. 2007], a

popular reference for the computation of quality metrics of finite elements.
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Fig. 31. The interactive visualization tools offered by Hexalab: Internal exploration using a sweeping plane (a) or the peeling tool (b);
Coloring elements by their quality and the resulting histogram (c).
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Fig. 32. Two polycubes having non 3-connected graphs. The red nodes at the left is 6-connected; the one at the right is 4-connected.
These orthogonal polyhedra are not included in the graph characterizations provided in [Eppstein and Mumford 2010] and [Zhao
et al. 2019].
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8.3 Practical Challenges
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Table 3. List of input/output datasets for the hex and hex-dominant methods surveyed in this article available at the time of writing.
Meshes that are included also in the HexalLab database [Bracci et al. 2019] are flagged accordingly.
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Table 4. List of available implementation of hex-mesh processing algorithms.
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Table 5. List of existing open source toolkits for visualization and processing of hex and hex-dominant meshes. Note that while some
of these tools endow a broader set of facilities (e.g. for surface mesh processing), the table summarizes only the aspects that are
relevant for the scope of this article.

. . . Tools for
Name Type Support?d File RenAdtzr'mg . Vlsua‘l Meslh volume License URL
geometries formats facilities inspection attributes .
processing
o w s v
s
s ms[ sa 1]
sar W ppvg
s ar v pp vg [0 1]
T pvs v gwx
roox
T (s g ) roas » s
[ ® . ( TTT) vr ! s s wg x [ wp xx 1) T g
su » ev B W v S » WS x »
» » » LR W WS xS ws
T g»t W swm »g
sa s ws w s
» s
LLY w T osw
[S waps » ]
» % s ws
s vg N
S s ot orows @ morsw »s
» " s » v ) or
1 T ¥
[ ] - s s . ) [S waps » ] s @
wm w ms W
FR—
r gvr
g'(‘ o Prwms G G s N rowms «n M rs s
["’ ] §s s L * s gr ws zr
e rs s ™ NS
( vs W ws)
ER;
» Ll N X o s
[ :ﬂ . . o ) v » - A - op »e
WS NS
' S TS W xS
P S » x
. rr s s P v v x - T »s
[S ] (s up ws  wows
»® » mvg
s w )
b s . S s s w s
[ e ] Poo® rr . S s P v v r - - »s
T g »* ms  mws
P v rx v gr ras
Poow oxx S s » s v - T "
[« R * i N @ ) ¢
1 ws//ls w  wwm  su/ » / /wmsx/ww [ w [/ x _ » 4 »s/l s xrwm /s / g/ s wm
w»s// grp st » /m /rs e _fis/ _wpa_ wp szp w»il x x/s r/g grw/ [/ wm/g i _ _sar w
»s/is w w/g g/ as_  _ mww _ms wgl /ms t/st/ms g ps/l grw sk v /m /pv wmwms.s / wanv v pw wm s
T r 1 T »x » Proceedings of International Meshing Roundtable
T x ng » rou oW ] x w® s wg n Proceedings of International Meshing Roundtable 11—
e g g
T e ) xs 1 S ws m gswP s rwg X s Gmr w gr wm Engineering with Computers
a ) -
MW S x P W ®S S w P xx z » 1 » g rCr »s » s wmg ACM Trans.
Graph. 4( 1)
wawa s Twawa  wap r w 1 G Sru wr P wmz W W rox s s Computer Graphics Forum ( 1)
- 4
WKL S rem P rw wr  Pupp w TS r Trm wm s w1 o s Gmr wmw Pr sswg
Sur Computer Graphics Forum (1) 1-
RS WK R TOW » gr W x Ngu ®» ACM Trans. Graph. x T (wm )1 pss
JCEC IS AR 1 Pr S| m gr pwmz ®w rg w r pr sswg wmInternational Conference on
Curves and Surfaces Sprwg x 1 —
L ar Ju U s o ®» wpa rgr» s ACM Transactions on Graphics (TOG)
4 ( ) -1
y o r wmS w wz myswmTS p ox xS x ®»  ® Proceedings of International Meshing Roundtable
14 -1
j r mjyswmn®S m» xr » S » nZ s w wmg T wgSwp x s s wmp G wmxr s w

Proceedings, 8th International Society of Grid Generation Conference

nUS TP SU W


https://github.com/mlivesu/cinolib
https://www.hexalab.net
https://github.com/cnr-isti-vclab/HexaLab
https://members.loria.fr/BLevy/PACKAGES/geogram_1.7.7.zip
https://www.graphics.rwth-aachen.de/software/openvolumemesh/
http://polyscope.run
https://pymesh.readthedocs.io/en/latest/
https://github.com/cg3hci/py3DViewer
https://github.com/mlivesu/cinolib/blob/master/include/cinolib/io/write_HEDRA.cpp
https://wias-berlin.de/software/tetgen/fformats.html
https://www.graphics.rwth-aachen.de/media/resource_files/hexex_input_examples.zip
http://alice.loria.fr/software/geogram/doc/html/geofile_8h_source.html
https://github.com/gaoxifeng/robust_hex_dominant_meshing/blob/master/src/meshio.cpp
https://www.graphics.rwth-aachen.de/media/openvolumemesh_static/Documentation/OpenVolumeMesh-Doc-Latest/file_format.html

P rw mpw S ffrG x mwa s G S = F w ) % m s
J mPS m » 1 w m ne MmO ox » mz wn Computer Graphics Forum4 (1) -
x r Trw P rw x su w P gnm 1 nooR AW xox x was s Computer-Aided
Design 11 (1) 4-
x xr r%r g » P ox wupp T wmas wrwm w o) »or T san s w mpr o W w
T ® Proceedings of International Meshing Roundtable
N x WS W x wp » wea Prwm rz ™ wwmz ™ ¥ x s wg ACM Trans. Graph. 41 4
)
»xox, x s Gup »s » » x wp W T x wajp xS xu wx v W\p s 0w
Computer Graphics Forum 41 ()
S» » w x Ps P x w »P w » oW row oW m o ws RS ® wp
o » wnga p s mwg The Journal of the Acoustical Society of Americal 4 ( ) - 1
wos o uff o mow nR R zau 7 ® ss x wrmg Pr wmas wg m ps r r s w w Mathematical Models
and Methods in Applied Sciences ( ) —4 ws// rg/1 114 /S 1
»ws o wm orgr r Trwm = »rx P ws 1 s s s m Computer Graphics Forum »w xx
» wGaspp P w» w Sp gvu 1P s Grp r wa roox ® SS »oxp »nG m
» P S xs arXivpreprint arXiv:2102.11578 (1)
S wng wg » Twa JTugs 1 P WZNg KR I SSEEN W su wa psar s Procedia Engineering1 4( 1) -
s » Srg s x mmms ng Gmr W w WS rowrr o osu s ®» Computer Methods
in Applied Mechanics and Engineering 1 ) 1=
x wap W RS W 1 o PSW S Wg «u « ws wmw W s ACM Trans. Graph. 1 4( 1) 1-11
x wap W PR oz oW S w w m Pwzz w ms 1w 1T i omow ws s r »orW Qu »
ww r  ACM Trans. Graph. 4 (1)
X p R W 14 w srp ng W ¥ sgv e wsaswg s sxws ACM Trans. Graph. ( 14) 1-1
X wmp N w S m)orw U »s rm 1 S m ssPrm rxz w ¥ oxrrx ms r x xxr G was ACM Trans.
Graph. 1( 1)
X mp w® w TS » »s rm 1 »s r mSwp R ws ACM Trans. Graph. 4 ( 1)
x Wy R R ms rm 1 Sma «x »s m T Gu TSpms Prx wp  ACM Trans. Graph.  4( 1°)
r s x®mr ™ jyswmn S p ox »S ru »r nST W x s G mr wm w Proceedings of International
Meshing Roundtable 4 -4
J ss » wg wg Jmfrmos m » Twma rxwr m» 1 OGP x s »wnusG 1 owwm s w x
was s J Comput. Phys. 1 ( 1) 14 -1
»ox wmwm "rwos owr J mTre s m » ) »m wS ng w1 prswm wgT x WS W xss® s swg
wr r xT ws xs m Proceedings of International Meshing Roundtable LS
) nRNg » S wwang G o ng W » w1 »oppr Ng P Wz WS »fl muw r wsx wms Computers
& Graphiecs (1) -
ng » Gwg wuS ng we S »ym wwg 1 NSTM Mg wW T PIrm® rz ® S N ¥ grp swp fi »
iy « srxu wr rwa wp s s Computer Methods in Applied Mechanics and Engineering 1( 1) 4 —44
G xr P z S w» »ow mms 1 S P wg P » s X s mg Computer Graphics Forum
1( 1) -1
G wwa x x X s W xS w 1P w Swp fi »ox s ws Swr s W wwa s Computer Graphics
Forum (1) 1-
G wmwa x x x su r S m oW x » Ts mxr wsms rmegwmnsuaswgfl wmgp o wm ACM
Transactions on Graphics (TOG) ( ) 1-1
G wwa r x @« Pz sG wmw r Trwg 0w r S W 1T P x Pr P m rx x sPr »ng
»G wm r Pr  sswmg w Smart Tools and Apps for Graphics - Eurographics Italian Chapter Conference
P m G x Finite Element Method for Elliptic Problems
r T o x T oxwa »s// x xwa w/pr w s/ r W /g rwww/
x T orwa roorM W s s s wg Sam Wmwm S ws// wn wa/ T «aP »_
Y mamow nRorw 1 S mama x wg “r ma s ACM Trans. Graph. 4 ( 1)
X wrw oW vrooxr s ow nSs 1 0w »r Fren au wns m » ® s s IBM journal of Research and
Development 11 (1 ") 1 - 4
AW OTW w srawm w» P xS r x 1 Tx e ws » st Sar s Computer Graphics Forum (SGP) (1)
1 -1
AR OX W x Pw »m P xS r r 11 SpaTrms ma ws st Swr s ACM Trans. Graph. 4 ( 11)
T T »s//w swm g
3 » s w TS JswnS p xr w » » w r r ms swp fi ®» ACM Trans. Graph. = ( ) 1-

nUS TP su W


https://doi.org/10.1142/S0218202522500099
https://coreform.com/products/coreform-cubit/government/
https://www.youtube.com/watch?v=TOfq-Pknl_A
https://cubit.sandia.gov

xS 1 s gn ng » nmor gwn rwm fis

S 1 wr mor s Ger AW ® Proceedings of International Meshing Roundtable 4 "—41
Xr WS s » wg ACM Transactions on Graphics (TOG) (1)

X NZ /2] x » 1 » » ¥ WS wg ¥
s ™SS s G ms »// M S g WS W/ W WS Wg WS g WS w
Juowm wap xx Pow » G r » x wmorr 1 Su Prmwm sPrsms m rm Torx x

Proceedings of International Meshing Roundtable (1 ) 1

S » wmgP rTwa rxmr Gr w» r Psw n)ow x Sp r Sar o roRgw ®» ACM Trans. Graph.
( )1 -1
ng o MO8 TW W RgR W w S x s » e wwan » T Ju ngswmp s fin wm
ACM Trans. Graph. 4 ( )1 -1
wm S nu P ow J ow ns ™ ¥ sr w11 s xp » rwangr fim man  qu x xrom X WS s
us wg r fim wawm wap s Internat. J. Numer. Methods Engrg. 1( 11) 4-
s » wugas pp 1 % m nSTH W Sp m» Ser s x xr Tp» g T wnProceedings of the 23rd Annual
Conference on Computer Graphics and Interactive Techniques ~— — 4
m s » us s 14 nSS W x ng Ng W MW W gr W ox x wms gwnr m Advancesin
Engineering Software = (. 14) -1
s w1 »ox W x was gwnrx w Computational Geometry1 1 (1 ) -1
ms ® oW » oW 1S »zT xrwms r r gn P r  ® Proceedings Symposium on Computational Geometry 4 —4
JFr osm 1T x n s r wms gwmr W wProc 29th Annu. Symp. Comput. Geometry Workshop Mesh Gener. 1 -1
JfFr oswm 14 fi W s ngT wgs T » & Discrete & Computational Geometry ( 14) 4 -44
™ pr mgr W we e s Swma » sr ms r wmp G wm r ® ws w Proceedings of International
Meshing Roundtable 1~ -1
» T oW Gawz wrg r 1 »x rm Tss ns ns W g r s Siam Review41 (1 ) -~
mr sT or wm S nP W G T wpa ®m g wm r gr ms rr wProceedings of the 17th ACM SIGSPATIAL international
conference on advances in geographic information systems -
wZ wg T wmg Jm w wg wngTwg » wow 1 x row rowma R G m r  w IEEE Transactions on Visualization and
Computer Graphics (1)
nZ wg " nNg u o waw »im wwng 1 s mg Swg S mwaom o P w  ACM Trans. Graph. 4 ( 1)
1 41-1 4
T = » S 1 s x ng ar nr » Engineering with Computers 1 ™ ) -
Srmow TM Sg XSSM MW X W W s) e 1 wgPr T rx x  ACM Transactions on Graphics (TOG)4 (1)
1-17
D S » P ox wapp T wes m ®m Swz ww S Wz WP rs W P WZ AW S rm s «u wpr W m
Engineering with Computers ( ) 1-'4
Ps % w» PuG rg Mesh Generation: Application to Finite Elements: Second Edition s
ng o ng W » ng w 1 fi w ww xR o » wsxa w Computer Graphics Forum (1) 1
»g To W ng w1 P Mg B FS W Ox »pwgs  Swap ss wm ACM Trans. Graph. (1)
»g“w wg w W »ng Gu 1 npy Ng » PP NgS » PS ACM Trans. Graph. 4 4( 1) 1-1
ng “w ) w»PwgSu Ng o wg  ng we Ng » gnNg 1 ®m xs mr g W Fr W ppwg WNSIX® W sar
Computational Visual Media = (1) -1
a »gG wm JxgP xs 1 wpr w x v s P s » Sarg S wmaw » w International Conference on Medical Image
Computing and Computer-Assisted Intervention Spr »g r " 1-
G » Gu wwg »o 1 R I x s p wz wm w Proceedings of International Meshing Roundtable
ng G gwg wng » Gu mwg »o 1 ¥ WS X prwm rz ®mrxwm gw s wmp ACM Trans. Graph. 4 4( 1)
14
»e G Jw» wwg » x ngP wm gng wg » CGu mwg 1 u ng s ow x s xx ®m ™ ss
Computer Graphics Forum (1)1 -1
ng G nZ ) x Trm = n Pwoazz 1 us W s Gnrxr w» swg" s P X g Wmr w
ACM Trans. Graph. 4 ( 1) 1141-1141
»¢G T s =a$ ng » » gng wng » Cu wmwg ®» 1 Sra wr wwa Mp s 0w Gnr z S pwg
IEEE Transactions on Visualization and Computer Graphics (1) 1 -1 11
ng G » Pwozz npRg Ng gng wng m Cu mng » 1 s sra wr swyp fi »ox x m s wmg ACM Trans.
Graph. (1)1
ng G » S » = »n Pwnozz 1 % wr Prsx wmg x s X s wg Computer Graphics Forum (1)
1 -14

nUS TP SU W


http://www.meshgems.com/volume-meshing-meshgems-hexa.html

P rw mprw S ffrG

] x mm s G S = 7 v )T om s
mrQG r owz gr Pr®m wm w x s twm sPr s N » mwmr S 1% x S »s W n s
ACM Trans. Graph. 4 4( 1)
yow Grrx wnor wmsTr » Ps Pxrx wm »nPw » W w » neu W su sp
mrx  wmrx  arXiv preprint physics/0606148 ( )
rs 9 Guz m » J m%rwm s m Gwas fim MW WS gmIr X W  WM]Pr W P S Pr  SSNg s
Internat. J. Numer. Methods Engrg. ~ 11 ( y1r -1 1
G sp rsSpreg ™ W AR OX W 1 srx noTv an » P r Swr s ACM Trans. Graph. 4 4( 1)
G rg wm »gS 1 nw P S P rom wwa r S wxP ws Procedia Engineering 1 4( 1) 4 —
mr G Js x mrowm »  Sprw 1 x » rGmr ng$n$ rssT s swg s r r r$ $T ws xs
SIAM Journal on Scientific Computing 4 (1) 4 w»s// /1 11 /1 1
JwsGr sm wm om  gr ¢ » gu wm WP r x 14P »rPrwm rz wmwmsg mr w» ss = Mathematical Methods
for Curves and Surfaces 1 - 1
» » G w T wms gu »wox 8r o WS » fim SN ) Pr I W
s » /» ww s w Computer Methods in Applied Mechanics and Engineering 1 ( ) 1=
JmsCOrgsw S ffr m wgnw ng 11 s Gur wm ww xR » rwa  » Computer Graphics Forum
(11) 14 141
G S Grp s p S wmp w »// X s wp rg
wng Gu » W Wg wWg W W ng w w » ow P w WS r wr x wm s wg ACM Trans. Graph.
4 )1
» x Algebraic topology  wax g wm Prss mr g
wsw r 1 Sww  wg x s s m Proc. of the 28th Annual Conference on Computer Graphics and Interactive Techniques (SIGGRAPH
01) -
x ™oz rs)yrg sr Sr ws m e » re » » r owgw row Z r wm WS
Investigacion Operacional ( ) 1=
wa e xR rom S ffr s Prwm xz »T r =» Pr » ACM SIGGRAPH ASIA 2008 Courses
ng Wg wiWm  w W ng ) ss ng 1 » X s Genr ®» s ® X L P wg wm
Proceedings of International Meshing Roundtable
ng Wg w W ng ) SS wg 1 »x ™ ss » s P L] wSTM W ¥ » ¥ ®ms gmnr W
Computer Methods in Applied Mechanics and Engineering (1)4 -41
» aTs S » «x R mg WS Tm W »n  Pwozz s ox ¥ WS ng W ACM Transactions on Graphics
(TOG)  4( ) 11 -1
» oW Nge W [ »g G 3 S® WS rm W »n Pwoazz 1 T x X Was wNgw ACM Trans. Graph. = 4
(1) =1
Jw wwg Tweg ) wng we S ngT ng www » w s rem 14 f£1 s wsre  wm P n PS r oW wap
S » s ACM Trans. Graph. (14 1- 11
Jm wowg ngT ng wg w o waw 11 wm gv  Sm xss rowm T ACM Trans. Graph. ( 1) 1=
T was) wg sy 0w x oWz s sg ™M r m™m SS fim WS S g mr m oms rfinmn
Computer Methods in Applied Mechanics and Engineering 1 4 41 ( ) 41 -41
sus » S » x Sw x s x sw o« r WS §®Mr MUSNg W S rfimwmm wp s
Internat. J. Numer. Methods Engrg. "~ 1 ( )1 -1
S noyw S » wz Jswm"S p» r =S x1 T G T » x Tres » gr m
Xror o omg W x » S » W s ® Proceedings of International Meshing Roundtable -
Twrg J mg)m wwng wwnz ®» nNg wngT g » www 14 Tt ma i swgw x xx X oW W x z w» IEEE
Transactions on Visualization and Computer Graphics ( 14) 11 -11
mar ) mm) T m » rs p Guz w 1 G m x wr m rfim wm n s J. Comput. Phys. (1) -
moar ) mow ) » )T o om 1 ws w» fi oW » »ox x wa »  Procedia Engineering (1)
1-
TRyur o m o » o T ws wm x Twm JTugs » wa X8 Twn g fi s
x s s.Prx MR TS W »T Sur » ESAIM Proceedings 4 4-4
R X s sr m »r R x T x Sar Prwm rz wmuswg rw r mgs Computer Graphics Forum
) -4
s wur S s mow Suwa sr g uow ¥ WS gmIr N WSWg W Wpr s g
w sox ms wm fi »pr wr  Engineering with Computers 4 ( ) 1-1
» W sz zmrz » rsP x 1 s wapr W w g W s wp »rSer s w Proceedings of
International Meshing Roundtable

nNUS TP su W


https://doi.org/10.1137/19M1287857
http://www.replicabilitystamp.org

urs  w s Gmr m wm Pr sswg 1

weg W W we G w wm 1 x MR R Y owms we W Q% US W@ TR x M RSPrST NS rp @S W
@ xs Engineering with Computers (1 1) ws// g/l 1 /s 11
» AR OTW xr Pwm » P S r xr 1 G P®mx wfi s ACM Transactions on Graphics (ToG) 4 ( 1)
1-1
P wopp 1 gnr nSs » wa rg®mx wg MSs s w » mws ® g wm r s m Proceedings of
International Meshing Roundtable -1
P or napp " Remarks on Mesh Quality T = mr Sw » S ) LT T (» S s)
P wopp Tz » » » mr T wa 1 » Sar T owmg » Tnwgn » r g *x x 8§

pwmz w( 1) «x 1 11

P ox wapp 1 » nox s rw r wmp Computer Methods in Applied Mechanics and Engineering Tt ) 1-
P or o wg fim MR WS an Wz 0w M MR T W oW WSS aww sPr —
x W ¥ X WM WS PpwWZ B R » »Raw x J mwa r Internat. J. Numer. Methods Engrg. 4 ( ) 11 -1
L napp 1 g r s w r s SIAM Journal on Scientific Computing ~ 1( 1) 1 -1
K nopp 1 x wm Trx x s wm wg wg Engineering with Computers1” (1) 1-
P ox nupp wa r r was s » pwz w Internat. J. Numer. Methods Engrg. ( ) 1 -
Juom o wmpoxx ST oaow x moror » TR fin wa » wox roow x s s X wg »
mSs rp x  ® Proceedings of International Meshing Roundtable ~ 1- 4
s s Trw « m Ps 1 Swma  msstr wmrwmfi gmr wm x x wa s wg Computer-Aided Design '
(1) -
s s Trw u S » » S ) » 1 “ams w ng s W om WP S Wox x
wa s s Engineering with Computers (1) 41-
romox RS W 1 PR wm s — xs » s sru wr xr » P s W
Proceedings of the 21st International Meshing Roundtable Spr wg r  1- 4
X omx waw s s mow 14 Advanced Automatic Hexahedral Mesh Generation from Surface Quad Meshes 14' -1 4
ng & S »owZ » oW ¥ WS gnNr B g®WIr Z Wa » S ur o rg S »Ng
Internat. J. Numer. Methods Engrg. 4 1 ( ) 1=
R o »s//g w/xw w /m W
R w wm jswS p x 1 Ty g m fi ns ¥ ms s s P ws x sw  Engineering with
Computers 4 ( 1) 4 —44
B w w ) om xrsp » RS W s wg & r wm w Proceedings of International Meshing
Roundtable 1 -
» ng Ng ) W) wg w »Ow » ngCGu 17 w x room ¥ WMs gmr ™ S » ser »
r Computer Methods in Applied Mechanics and Engineering 1 ( 1)~ -1 Sp ssk M Sg W r ™ SsPrgrssw ng S
roox Certificates of positivity and polynomial minimization in the multivariate Bernstein basis P ss r RS 1) sl
roum G Grm »// x x/s x /g gr m/
uw Grp w// x x/s x/grw /| wa/
rum P P W rmspr X ns w wR gr Mg MM S X wwn r s J. Comput. Phys. 4 1( ) 11
rum » ng w1 » owr rm Tss » WS ws ACM Trans. Graph. 4 ( 1) 1-11
» ng wg w g ®» 1 Gwnr z P « Tr x  Sp wm s w» Shape Modeling International ~ 1-
» ng ng » g ®» 1 Ser WS we x o Sp oW xS m gmx z » w s IEEE Transactions on
Visualization and Computer Graphics1 (1)1 -1 1
ng P ou g mr Smamm Sz wmg W jus mS wmw 1 mx s wg o wmp s » ACM
Trans. Graph. 4 (1)
TS g ®»n G rmsr wg ¥ WS MguSNgW P W Su s ™ m w g rpr gr wawang Computer Methods in Applied
Mechanics and Engineering 1 4 1 (1) 1711
o g W ® pNg N W »ng Gu 1 s mg swgSwgw x sr s ACM Trans. Graph. (1)
ng mSmm)w ng »ooww) w1 n Gu r » s Gaxr w NS T W wwa x 7 wg
g r wm Computer-Aided Design =~ (1) 1 =11
NS RN PW 1 mS P rgwx » r ms s xs wgP s m Proceedings of International Meshing Roundtable
g wPuw ng x njus mS mwm W mwmys 1 Swga r NS X W r fis ox x ms ng ACM
Trans. Graph. = 4( 1)
Jow wS u Sewm w nea wg » - SPo— ¥ S wpr WWwm W we o x r  m Computational Mechanics
Sprwg x 1 -1
uw  Ng Ng Ng wu W np Ng g 1 F wr prsr mgTms NS XM N USWES nos » w s Computer-Aided

Design (1)1 -1’

nUS TP Sw W


https://doi.org/10.1007/s00366-021-01526-0
https://arxiv.org/abs/2105.12165
https://gitlab.com/franck.ledoux/mambo
http://alice.loria.fr/software/geogram/

P orw wpw S r G x mwm s G S = 7 w o) w s
S wmgs wg w W G 1 w W x s Grnr wm wurs » » S p» ww wp s m w Proceedings
of International Meshing Roundtable 1'- 1
SS w) row G 1 W g W r— p 8 NS T W ppr x ] MO OpS®M S PSS PBS S PP x
m s g wr w» Computer-Aided Design 1 (1 ) 41 —4
x su 1 » G mr Pr gr waw wg row xx xPr sswmgP gm w P x s s wm Transactions on
Computational Science XXXIV 4-
x s x » Guspp P » w Sp swa 1 » »x ms rGwmrx Tww xS s Computer-Aided
Design (1) ' -
x s ss®mr wm m wr  Pupp 0w r S 9w 1S norow » x s wg Tew xS s Computer
Graphics Forum (1) -4
X s P xwm» wx  Paupp S ffix »n P g » wus Pr T wr Prsr wg WP s wmox
Sr wng MR N s wg ACM Trans. Graph. 4 ( )
r se w Pz s »n G mwrx x 1 pwm w S ms «x » Gr s w s wmg ACM Trans. Graph. (1)
x su S ffr s mmg W x Trxm 1 Pr s P Wz W g » fi ®» ACM Trans. Graph. 4
4( 1) 1411-14111
x su s wwg S ffrymsCGrgsnm w» xS wm 1P o » w» Grp ws P o s wp
ws xa  w ACM Trans. Graph. (1)t 1i-111
o S rs ®» xr xrm™ms s » ns » » s 1 surRgg Wr «n ffrm X o®mR ®s
Numerical Algorithms (1) 1- 4
J ™ s ®mg  wm oW WS B W rSsS w » S m 1 LU T T =11 S® o w W mp s 0w x x
was g wr w Journal of Computational Design and Engineering 4 4( 1') -
g w G » Twm JTwugs 1% wr s M S Wg W s wrr gn mom wwa wp s w» Computer-
Aided Design ( 1y 1-
wwow xSS » xr ) mTwm s m x x X ™m Sz » X s » rs W™ s
G wmr m ssas wProceedings of International Meshing Roundtable 4 - 4
» RS W 1 xr s r oms r ®» ACM Trans. Graph.  4( 1)1
Jow » 1 Two-Refinement by Pillowing for Structured Hexahedral Meshes P ss »
ns » » x ap w fi »p s g r r rprm rxz » s sux s » g »
Computer-Aided Design 1~ () 1
ws » wz » RS W x wp W RIRS W »grp w s x r w s wg Computer Aided
Geometric Design 4 ()
r noswm ox s x s Gwr m w» wgS xp 7 wrs w Proceedings of International Meshing
Roundtable - 4
s mr P owmrxP g ® ) S mw x s pr Sewm Seurs » Computer Graphics Forum ( )
1 -14
2 sstr ®m Grs wm x 1 sp®m S rm r r wwm ¥ » wg Computer-Aided Design = (1) -4
x x x ms Jsw®TS ®or W y o orom ' s ® wns Gwr z S nS T WX X
s mwg w Proceedings of International Meshing Roundtable -
S H » » T wmarx Gnrnr »mg m WS e rom x X rW MuWw r wg x wa s Internat.
J. Numer. Methods Engrg. 4 1 ( )1 -
) rs ®» T JTugs 1 T T MR R S Wg £ W S WP MWW » T » IMR
GP s wm sprss 11 Fx S PpSw fim e oW IMA Journal of Applied Mathematics (1 1) -
S 1 r oxz w @ r r ms s sur " wap roms »os e w
Proceedings of STACS 96 4 -4’
S » Twm JTugs 1 P g w s fiawg s nser T % sS «x s w & w Proceedings of
International Meshing Roundtable
S » S p w ss 1 o WS gwmr RmW ¥ # ms ws m Proc. eighth annual symposium on Computational Geometry
1- 1
su s = T x x s Gmr m swg w s ®»r g r w w Proceedings of International Meshing
Roundtable -
S rx sP g G ww »n 9 S 1 ® Ss mR X gnw xx » fin WW ST Z B WWRS XY wr
wa s s m Proceedings of the 22nd International Congress of Mechanical Engineering
»noow s ™ wg w waw wmg 1 S p rgerx » ns rp g™ /p X WS S wmp i W s »m oy wusG r oW
st z » Numerical Methods for Partial Differential Equations 1 1( 1) -
S . r AW oW em 1S ng x wmp s rwmas gmwr w Graph Algorithms and Applications (1n -1
nuS TP s W



O LS R w r r sar WS S s W rs wg W s x r wms gwmr w Computational Geometry
C ) =
P r wr S » wnz T r m S 17T sp s W meww e s m XX Pr S W Wg
x fim wa ® wa s s Finite Elements in Analysis and Design (T )1 -4
s s s P rm w s rm 14 s © sv G Prwm rz wm ACM Trans. Graph. 4 ( 14)
s m M OXr W WS T UNPp RN N W ¥ K S T AW 1T m S ws » » rNg ¥ x s wsp »
IEEE Transactions on Visualization and Computer Graphics (1) 1-1
sr o » P o111 =Prm rz w» wwa s Computer Graphics Forum (1)1 -4
S » w WR oz o sprow r S »n P gem W P rw 1 o x wPrsx ng » wg
w r ox s s ACM Trans. on Graphics (1)
S W » » S g Suw ® ®mm T »pr ®» omg Tt W s wg Internat. J. Numer. Methods Engrg. 1 4 ( )
-1
S w) wml sur wRSTH WX WS gRMT W ® & Proceedings of International Meshing Roundtable -
S ) » » S » x NS 1 wap s ppr i I x x fim wa m  Computer-Aided Design
(1) 4
G sP pp P Porr Punm »m raw 1 7 wgP wmm wa s Saer s s ™ Sewr s W RRZ W
Computer Graphics Forum (1)y1r -1
G sP pp P s Porr Punwn S ffxr » raw 1 r W s s T ox x s s ACM Trans.
Graph. 4 4( 1)
P mx R s ® jus mS W W s T pr s W ms r wwa r “rw % s ACM Trans. Graph. ( )
P xxs Joorow S » » S nZ ’ S »er TR fim w » s re wr x wm
W s s m Proceedings of International Meshing Roundtable — 1-
Jmm P orm wmaer J mm om ) wmSrwm s W 1 » ng W 0w ns x rom x x s st g
Procedia Engineering (1) -1
P ng wugw ng S x s » P ow 11 e wg r ow x X s s ACM Trans. Graph.
( 11) 11
P oxw X N w S ffr G wwarx X wawa s »g G xS w frw ) mTreos om »
x su s Gmr w®» wm Pr sswg Sar ACM Trans. Graph. (u ) ws// xg/1 114 / 4 jJus »
P rn S » w T mwas rg P gvm W r Trwm 1 wr » r waw rws wg ACM Trans. on
Graphics4 4 ( 1)
w Pz s «x su G wwa x X G » r S 1Gwnr z » fim mawm rGOr s X
s wg ACM Transactions on Graphics (SSGGRAPH Asia) 4 (1 ws// xg/1 114/ 4 1 4
© waw Prowzs 8 ng oW x P uszw Bezier and B-Spline Techniques Sprng r r g
xwaw Prowzs 0w 1 4 » rgw su s ™ m  gr » Advances in Computational Mathematics 1 (1 4) 14 -1 4
Pr » G st wg 1 r WS gmr ® W sur s s mPr s s . » » g s Internat. J.
Numer. Methods Engrg. 4 1(1 ") 111-1
Pr G rwmsr wg W S w1 ¥ WS gnmr ®m W sur s s mPrxr S s » g s Internat.
J. Numer. Methods Engrg. 1 (1 ) -
twm sPr s » x s e mwa wm Srom @ ®m mwmr S ws wwmz w» PR o »s
Computer-Aided Design 1 ( )
R I neg »g 1 S % wr Prsx »wox s x s Gmrx w» x ss W s m Proceedings of

International Meshing Roundtable 4 —

m » oW neg ng 1 uow WWS T Wr r WS gmNX NIM PSS IR W RW

ss wa s Engineering
with Computers  4( 1) 4 -

WS ™ ow o rs 14 Tr s e s ngGwnr S sauswg s Tr ms xwa Procedia Engineering  ( 14)
» P roww n Pwmzz » gSrnw mwewg 1S » w pp wgs ACM Trans. Graph. 4 ( 1°)
1
s mr S »rem 1 Pr rwm i gwmrx w ACM Trans. Graph. (1)
s w xS » o Srow oW ruw 1 MR R WS Ng W g » Computer-Aided Design 1
(1) 41
Ter z fimxz » »r P 1 pm s wyp s raw r r wmas s Computer Aided Geometric Design ( 1) -4
» x »x MR ® ) ®mTTRe s W 1 UI T ) 3 s rowa T xx »ox s arXiv preprint

arXiv:1912.01248 ( 1)

» x » r s Srm s W mwas ™) ®mTrm s wm 1 wus P 8
weox rms s (1)

nUS TP SU W


https://doi.org/10.1145/3554920
https://doi.org/10.1145/3478513.3480508

G rg Pr » jspSnr 1 finm g w sars r g r xP wmxTr mg s » wr s Gnr w»w
Proceedings of International Meshing Roundtable -
» ) S o »r o ws wnSwmp s T X s wg m Proceedings of International Meshing Roundtable
1T- 1
P » o s wawa zr Ps Prxrx m» O S B ¥ W oW s wew Ngu w )
LS v Computer Methods in Biomechanics and Biomedical Engineering: Imaging & Visualization (1) —4
wzGr wms » ) smS 11 swg wapu » MWW r s g m »pr wr orwaw s » P
g © wms Advances in Engineering Software 4~ ( 11) © —'1
wzGrws » ) spSrr 1T Ng r W W » ¥ WS gmr W x r w ws Engineering
with Computers  4( 1) 1-4
wzGr ws ® Js Srr 14 » mzwg s s r om xXr room » s W » s

Procedia Engineering ~ ( 14) 1 1-11

wzGr ws 3 S xx »omgr W j s r 1 Swu % wsuw Wg ¥Ng B sW ng @u r r 0w x
WS SwWSwmg W rom r W x  Advances in Engineering Software (1) 1 — 4
m r wrS wm 1 Spline finite elements P ss » s W s
s S gwm w®m s gum w1l 4 s x ™ gnwnr » rzwwg wfin W S—  sar Sadhana1 (1 4) 11—
yspSrr w S wzGrms » rmos ) x xx 14 wsru wx M S W STM wr ¥ WS g®mr MW s
Computational Technology Reviews 1 ( 14) - 4
S ®» xSsr wm Swzww S mz 14 pr § I orwa TN S qu wpr W m ®m ww wg wg Engineering with Computers 4
( 14) -1
S m» xPrs Ssr wm Suz ww S wmz mprswm Gr m W ss ™ s Wz s T «x x s W
wapr  wa m  w Proceedings of International Meshing Roundtable  1- 4
S «rrx wnzxr m PSS wmwawme 1 fi us wm xg v rs ®  wz w» Internat. J. Numer. Methods Engrg. (1)
Ts S =» x ) rowa ww s ng G x s » Pwmzz =» ms rm 1 P Spw "wm ww ACM Trans.
Graph (1)1 1-11
Ts S = x Bow)orowa wva s »g G » Pwmzz w» ns w1 wp Wg s wan » wr rWaAw S«

ACM transactions on graphics (1)

Ts S w» X »oow »ngG Jrm ww s WS rwm W » P W ozz rg S wmprswm T or rom
X mms rS wmg P P s m mm ACM Trans. Graph. 41 x (% x ) 14p g s »s
/) rg/l 114/
S m» xs 1 8r s £ M r gwnr W r #» ®» w s s Engineering with Computers1 (1 ) 1 -1""

S ®m  xs 1 fin ng qu x row x ®mm W s s transition (1 )1
S » 1 w»m gr m r gNF W x MM WS S s 0w x » «u  w Proceedings of International Meshing
Roundtable 1 -1 4
S w» xs 1 w o row x ) s s w Handbook of Grid Generation g P r ) ST wps wm x Sw
() Pr ss » o1

rS m xS g§r WS rew r r 0w x was g wmr w Proceedings of the VKI Lecture Series on Computational Fluid
Dynamic 4 ( )

xS m  xs wm » owd W gmr W x fim wm w s s Computer Aided Geometric Design1 (1 ) -
S w» s S m x w7 x 1 r s Gmur w r ww s s m Proceedings of International Meshing Roundtable

-1
mrS wmewg wu wwmwm rm wsw wm T » roms PR w x ma g wm or T wwmw war
wmyp i Computer-Aided Design 41 ( ) -

S x X reow wa rws w1 The visualization toolkit an object-oriented approach to 3D graphics Pr = »
rs »S | «x s » ®m Pwmzz w» g Srnw mang 1 » »» ngs Computer Graphics Forum (1)
1 -1

S S nZ » S) » wpr M m ®» s pwg Internat. J. Numer. Methods Engrg.  ( ) — 4

| S mg wmg Gwm» » wu GCu 1 ¥ WS gnNT W NST B au ¥ x z » PLOSONE1 (1) 1=
sS P s » » S P rum

S fir Z N X MmpPpr oW x x 1 ¥ WS gwN~x »us Ng w x ®» gr 1w Engineering
with Computers1 (1 ) 4 -
wS » S wmang G oo ng 1Ty g »Pr  ms ng swgu » wa s Engineering with Computers (1)
1 -1

nNUS TP su W


https://doi.org/10.1145/3508372
https://doi.org/10.1145/3508372

awS » S wmwg G » oo ne r oms » ®m s wmps rr xxrrx s w w Engineering with Computers ( )
1-1
» S w ” » pw z w Pwnazz x wap R ow nSs  rw rssT s oW U 0 G
Prmwm rz wmrmPrsr » wm Sgw wr s ACM Trans. Graph. 41 4 ( )
ysw®mTS p x " Topologic and Geometric Constraint-Based Hexahedral Mesh Generation P ss r » S pu Ng s x(s)
) wmsm xS
JswmES p x x w wr S » nZ S m» w» S ) » 1 » S XS mwg ¥
« r r x wa s s Finite Elements in Analysis and Design4 1 (1) 1" -
JSS m o o w ) msw r ®as gmr ™ wmsr wms Engineering with Computers 4 ( )1 -1
Jm »S » s g » xfim I I I ) noow nRNg WS rp N au wm sar s (pr prw ) ( )
S » S wr 1 w m X s Gnr » S p ww P S wm W wp s w w Proceedings of International
Meshing Roundtable
S m » S m MR w s Grmr w» x » »r P wg ngu xS s = Geometric
Modeling and Processing 1
xS 1 Modélisation géométrique ss W xS rom
m xS » s 1 Fixing normal constraints for generation of polycubes T »r
wm xS s » T ORr O™ ruw 1 x MA W s mg ACM Trans. Graph. (1)1 1=
wsw S W w »S » » AR OXW 1 » W » swgu r s x w» xwa fl wwg ACM Trans. Graph. = 4( 1) 1-1
jus ®S  ma ™ wmr MR R mwa s 1 we LY r i s wm wws ACM Trans. Graph. (1)
Twwas Srgnm S s G wwa x nZW R Sp gvu T = WS au » WS au » xs ® X
MR R Advances in Computational Mathematics 4 1 ( ) 1- 4
T wawa s S xg » » Pr » S H Guspp P » P mw S x wzz G wwax nZR W
Sp gwu 1 » s arXiv preprint arXiv:2103.01614 (1)
S =S nAw o wm S W » 1 S » ng W r ¥ s wrwgS  pwg Engineering with Computers1 (1 )
1-1
S mow S m 1 s »osw r w w» w s s Internat. J. Numer. Methods Engrg. (1) - 14
S = x xS ») » o T x » wsxr m P wg m P s rwg Prgrss p» ® Proceedings of
International Meshing Roundtable
S » x mS  m) » T x o r Swpzzm ® » S m 1 B RMST M P S rwg X
MmSs gmr W N XM E WM o¥ wp s w Internat. J. Numer. Methods Engrg. 1( 1)1 -1'1
S »S w») » » T x » msr wm P wg&P s rwg x x s Gnrxr w»w
Proceedings of International Meshing Roundtable —41
S »)%S p» r 7 U | S m 1 x s g M T WgW N N W Ng x X
I ®» rwmawg ™ r s Internat. J. Numer. Methods Engrg. 1 ( 1) 14" -1
) S maps m s P wapp PP P »n T wyps w T X rx x rm w wa Sandia National Laboratories Technical Report
(G
Srxwm xr SwzTm* smnyr wP xGr »Tan gu »Travg s 8 Sgwam jus »S W w W ) mX S rmzwm
Sm ss Trwm ¥ gn » wam xSra wr s ACM Trans. Graph. 41 x 1 (w ) mes ws // xg/l 114/ 1
Su » Sw W x 4 u m ¥ WS gmr W rmw M W mp s m s ws wg o
8" s W Computer-Aided Design  ( 4) -1
uSuw Gu quw » »ow 1 " BPr RN R s x x MWW RS S » gnr us ng gr s
g r m Internat. . Numer. Methods Engrg. (1) -1
T S = xs ) » xS 1l 4T »noor MANS ®m rms wgwms rfimwmn w pp » s wau »
M xom »  pr ss s Computational Materials Science (1 4) 41- 4
ws T wa 1 uw S s mg W™ W x »pr us x z  w» Computer Graphics Forum (1) -4
r GT wsS oW s s Twew ws ) wnw = » » xx mswmn) Sz S smow
S » wm » sg§ ®m rwm X WM Wur Suswg » gmr W Swu nar mw (S w)fim W w
Stapp car crash journal ~ ( )1
T s p x ag m “wm W » 1 »Om r o ows W gmnr ™ rx rr r mg wms s ACM
Transactions on Graphics (TOG) (1) 1-1
r Trwm e P W R W » oW 4P u »s ACM Trans. Graph. ( 4
x Trwm wmr  Pupp » Pwzz P rm w» P gv » 11 S wap o wm oms r® gn s Prwm rz »
ACM Trans. Graph. ( 11) 11
T wa JTugsSr » » » T ms) moor » s wm fi » x mas sPrx s o s

» x ws ESAIM Proceedings 4 ( ) 14—

nUS TP Sw W


https://doi.org/10.1145/3516522

TTugs » Sx o Tp ¢ fi » x s s swng Mmoo s ®» ©  ws w Proc. International Meshing
Roundtable
T ®ma JTwugs 1T gwmr w ¥ WS S X ssw g W r sur ®» wr gr ss Internat. . Numer. Methods Engrg. 1
(1) 1- 4
T w JTwugs 4 S w» gr STe Wr W WRSXM WF WS X Pr S m » Engineering With Computers ( 4 -
T wa JTugsT r » S 1 T s x wg g1 m e s m X WSTM Ng X
fim wa ® w s s Internat. J. Numer. Methods Engrg. 1 (1 ) - 4
ST mju om owaporr W x woror 4 w W x fin owmaw »orw QW X room x wa s s Internat. .
Numer. Methods Engrg. 1 ( 4) 1 -1
Tss s T ss ws// ss w/
PTaurs »1 X mpSs ®m P ©  Posting to Newsgroup sci.math (1 )
P » Ta wm»s w» «x O B T MWW W WS r W m rwprgrssrpr wProceedings of the 6th International
Meshing Roundtable, Sandia National Laboratories, Albuquerque, USA 1 -1
rmos s X su W Pupp x Trxm w» xS w» 1 x » 3 1 Tr wg s Gu s
wr S ®» ACM Trans. Graph. 1( 1) 1- 1
W XS rz s w B omw W 14 fi » » G »wmz ®» s Swm ng s x ww s s m Proceedings
of International Meshing Roundtable - 11
Xz s W wp 14 fi w» s P Wz » swg G wm F » wwa SIAM J. Numer. Anal. ( 14)
1 -1
XS rz s W » sPp x s 1 wpr G T » S swa ng Computer Assisted Methods in Engineering and
Science  1( 1) -1
mr o omw x ap R g am n Pwmoazz waw S s rm » x » » 1 x » fi
sm ss sgw w pr sswg w Computer graphics forum »w x4 -
nor s J e P rmom) mTTm s m 1 44 mwm ms S ®m rsprm we wg fi w WS wg
»r  wms Computer-Aided Design 11 (1) 1
» or s y e P rmomj mTrm s m 1 “m wg ¥Z NS XSW  an ¥ Ngw »s sp x© ACM Transactions
on Graphics (TOG) 4 ( 1) 1-1
» x »oor » s wng 1 »oppr au WS W S M TR XSS W W PS W Gwnz wrg— » & x  SIAM
Journal on Scientific Computing 41 1( 1) 4 - 4
»ooox S w»m m raw o 1 Analysis of Non-Meshable Automatically Generated Frame Fields. T = »r Sw
» S ) nay e (» S s)
T S %mmaos x T 4 ws// g/ » 0w ®/up s/ 1/ 4/f S
s m » S m T wns © Gu R s Gunr w T rg g ws w Proceedings of International
Meshing Roundtable =~ -
r ng T mas s» w nroow 4 WS r r s x  ® Proceedings of the 2004 International ANSYS
Conference
o ng S wnang G ng W ) NN nNg » 1 s » & wpr W w s »nrwm fi » s uS W W
Computer-Aided Design1 (1) 1 -11"
o ne S w» ) wwang » » o » S wwang G 1S »r ™ s wmps W™ s wa s x WS wg
Computer-Aided Design  ( 1°) 1 -1~
noWw r Gaw X ss ™ wr z Z x 1S ® ss g r r™m s «n  » J. Comput. Appl. Math.
( nHn
ng ng ) ss ng »s Tsw »mrx Sp rs w x ) ow ms » T wmas) wg s 1 »
SP R WMSTM W MUNSTM WX € r r W r WS s » m »m rgm®m r swmsg wmr m ss Computer
Methods in Applied Mechanics and Engineering 41 ( 1) -
B r S ®» r w™m S wm rs1 Automatic geometry-adaptive generation of quadrilateral and hexahedral element meshes for the FEM
T = »r sssspp S » sssspp S S(m S s)
) ™ xrs p » Srom 1 1T rs W o W »ox X wWas wg
ng S » nz » Grgr S r wm 1 U x s Garx =» xw mp s 0w
a )
Sam S g w» S ) » 4 S » w m #mps ®» wa s wws Engineering with Computers
9 -
xm X s » xus Gr ss ’ m W » ow P x Computer Graphics Forum 9 - 4
T ws swm 11 Simultaneous Untangling and Smoothing of Hexahedral Meshes P sst wm s T m Swpr r wngwm 18 wa ws
m s Prs room

nNUS TP su W


https://www.tessael.com/
https://vtk.org/wp-content/uploads/2015/04/file-formats.pdf

T) s®m)Srr m owmgr ™) s r 1 » wg mg m Swa ng w o row x s s Civil-Comp
Proceedings1 (1)
» wwn S umngG 14w m S » ww ®ps W S »S p» x LI o »ox x s wg Procedia
Engineering  ( 14) 1 - 14

»n uS wwangCG o Ng N ) NwNg » 1 Fuzz ws rwmg S PSS« S P R .l S r W s Ng
Computer-Aided Design (1) 4 —
» uS wangG o ng e 1 g »er mn ss m®wms gmr m Procedia engineering (1)
4144
Jam w wng ng W ng G 1 sgn W P Wz W B XN Ng S ra wr s IEEE Transactions on Visualization and

Computer Graphics = 1( 1) 4 -

S ng wg wm )W w1 mmnS « T S wm xs P x wa s wgPr  m w P r ng ng T wp R s
s»( 1) 1 4 [s C]
Gwg u ®» mg wg ) ss ne u wg ngpvg) » Twanw z 1 Swgu r Sru wr Swp fi » x
s s s » wng Computer-Aided Design1 (1) 1 4
u » Gu »wg » 1 ¥ WS Sru wr  Sa Z N W ®  w IEEE Transactions on Visualization and Computer Graphics
1( 1)1 -1
o ng G » Gu »ng » 1 oW s au wWpr W W ¢ wg p wmz wn Computers & Graphics ™ ( 1)
1o
o »ng G gng wng » CGu wwg » 1 x s wg r mg mm Sz s Computer Graphics Forum (1)
4 —
S w » » S m P w rTwp s r w» 1 vg MR R s » s Engineering with
Computers 1 ( ) 11—
S w » » S m nroSwg wR row wn x ® Prsm mmsw N W s Twn &
Tr ms rwa  ws ® Proceedings of the 12th International Meshing Roundtable 4 —-41
S w » » S m 1 MW Ss ® ®m S m orsprm w s wgpr  wa International Journal for Numerical Methods
in Biomedical Engineering 1 ( 1)1 -1'1
ng W wg T m gwg w1 wpy wg Sur 4 u »s RS T W z  w Computer Graphics Forum (1)
gMAN WMz W ns wzn g »r S W WMz »noppr x r WS swm wng Internat. J. Numer. Methods
Engrg. 1( )
wouw ow Grn o w» ng ) ss ng HexDom: Polycube-Based Hexahedral-Dominant Mesh Generation Sprng r » 1 =
Pu s w»g w1 -1 ws// g/l 1/ 4
wan o ow oW »ne Gn» » Sp» p w s r WS WX W W WRSYM WX SP R MSTM W
rsg mr ™ ssrwm r m S » Springer INAAM Serie: Proceedings of INDAM Workshop “Geometric Challenges in Isogeometric
Analysis.”
P wg » » ng Ng Mg W W » wmg 1 T r x s Gnrx W N » ww Tr wgu oW
Proceedings of the 2018 International Conference on Mathematics, Modelling, Simulation and Algorithms (MMSA 2018) » sPrss -
S wmg w ng Sa r x s r »s ) » x WS
ng ng W nox » » oau « r  r / ¥ WS Mg XM wwm x Computer Methods in Applied
Mechanics and Engineering 1 ( ) 4 -
ng ne o »n Gu wng w Sur swa ng B qu BT W R eu ¥ x/ r WS s g m
fl Communications in Numerical Methods in Engineering 1 ( ) 1-1
ng wg war z sSwmr Gs wm »or »n T ms) ug s TP mosp fi swr S m ng r
s M r N SS fl Computer Methods in Applied Mechanics and Engineering 1 () 4-
wng T wg s 0w 1 » oW om s Gunr w r oW WS U x s Computer Methods in
Applied Mechanics and Engineering 1 (1)4 -4
neg ng WNg w wng » CGu wmg w 1 r us rfimmn gr mw x rroowm r ox s x

was g wr w Computer Methods in Applied Mechanics and Engineering (1) -1

o R »  wg N »g wg S ng Ng » wng ngCGu 1 P « S » Sp Computer Graphics Forum
1) 1-
ng » s w TG =1 R nwox s oz 0w x fim # m s Finite Elements in Analysis and
Design1 4 (1 ) 1— 4
ngw W o P s ws//ls w  w/P s /P s
ng® W o »nGrespaw ms rm W J smo 1 S KXW M WS xS g w1 ACM Transactions on Graphics (TOG) 4
(1) 1-1
ng® » nw ) sm 1 T ngl s 1 PR Ng W s arXiv preprint arXiv:1605.04797 (1)

NUS TP SU W


https://arxiv.org/abs/1807.09415
https://doi.org/10.1007/978-3-030-92540-6_7

nus 1 p

RIS

@
=

Sy



	Abstract
	1 Introduction
	2 Hex-Mesh Structure
	2.1 Primal Structure
	2.2 Dual Structure
	2.3 Block Structure 
	2.4 Structural Regularity
	2.5 Integer-Grid Maps 

	3 Hex-Mesh Geometry
	3.1 Geometric Map
	3.2 Shape Quality

	4 Hex-Mesh generation
	4.1 Input
	4.2 Output
	4.3 Advancing/Receding Front
	4.4 Dual Approaches 
	4.5 Domain Decomposition
	4.6 Grid based
	4.7 Polycube Maps
	4.8 Frame Fields
	4.9 Hex-Dominant Meshing

	5 Topological operators
	5.1 Sheet Operators
	5.2 Flipping Operators
	5.3 Atomic Operators
	5.4 Padding
	5.5 Structure Enhancement/Simplification

	6 Geometric Optimization of Element Quality
	6.1 Global Optimization
	6.2 Local-Global Optimization
	6.3 Non-Linear Meshes
	6.4 Simultaneous Geometry and Topology Optimization
	6.5 Meshes Containing Hybrid Elements

	7 Visualization
	8 Current trends and future perspectives
	8.1 Theoretical Challenges
	8.2 Algorithmic Challenges
	8.3 Practical Challenges

	9 Available resources
	Acknowledgments
	References

