600.657: Mesh Processing



Data Structures

Polygon/Triangle Soup
Indexed Polygon/Triangle Set
Winged-Edge

Half-Edge

Directed-Edge



Polygon Soup

* List of faces
* Each face represented independently
* If polygon soup, vertex count per face

Polygon Soup:

Polygons F

Ryt X115 Y115 Zaz s oes Xigps Yk Zig
Ryt Xa15 Yo15 Zo1 s eves Xopps Yoy Zok
Ret Xers Yris Zpy s oo Xeres Yeres Zek

Q: If the mesh is manifold, triangular with low
genus, what is the storage cost, per vertex?
(E-F+V=2-2g)



Triangle Soup

e List of faces

* Each face represented independently

Triangle Soup:
Triangles F

X115 Y115 Z115 X125 Y125 Z12s X135 Yi3s 2313
Xa1s Yo15 Z21s Xoas Yoo Zoas Xy3s Yozs 23

Xe1s Yr1o Zr1o Xe2o Yrs Zr2s Xp3s Yre3s Zp3

Q: If the mesh is manifold, triangular with low
genus, what is the storage cost, per vertex?



Polygon/Triangle Soup

Advantage:

* General

Disadvantages:

 Redundant storage
* No (chance for) connectivity information
* [Polygon] variable-size data structures



Structure of Meshes

Common:

* Connected (small # of connected components)
* Two-manifolds

e Water-Tight (?)

* Orientable (?)

* Triangle meshes (?)



Indexed Polygon Set (Take 1)

e Lists of vertices, faces
* Each vertex stores geometry
* Each face points to its vertices

Vertex List: Polygon List:
Vertices V Polygons F

X115 Y115 Z11 Ry Vig seees Vi,
Xy1s Yvis Zn Re: Veg s eees Vi,

Q: If the mesh is manifold, triangular with low
genus, what is the storage cost, per vertex?



Indexed Triangles Set (Take 1)

e Lists of vertices, faces
* Each vertex stores geometry
* Each face points to its vertices

Vertex List: Triangle List:
Vertices V Triangles F
X115 Y115 211 Viio V12 » Vi3
Xyis Yvis Zn1 Ver s Ve 5 VEs
Q: If the mesh is manifold with low genus, what

is the storage cost, per vertex?



Indexed Triangles Set (Take 1)

e Lists of vertices, faces
* Each vertex stores geometry
* Each face points to its vertices

Vertex List: Triangle List:
Vertices V Triangles F
X115 Y115 211 Viio V12 » Vi3
Xyis Yvis Zn1 Vel 5 Ve 5 Vg3
Q: If the mesh is completely disconnected, what

is the storage cost, per vertex?



Indexed Polygon/Triangle Set (Take 1)

Advantage:

* Reduced storage

Disadvantages:

* Doesn’t leverage manifold structure

* No (explicit) connectivity information
* Can’t store per-edge information

* [Polygon] variable-size data structures

_ Non-Manifold | Non-Orientable | General Polygons

Indexed P. Set (1) Yes




Indexed Triangles Set (Take 2)

e Lists of vertices, faces
* Each vertex stores geometry + neighbor face
* Each face points to its vertices + neighbor faces

Vertex List: Triangle List:

Vertices V Triangles F

X115 Y115 Z115 f1 T l1p » 1135 F11s F12s T3

Xy1s Yvis Zyis fv Tey s Ly s Less Fris Fras Trs
Q: If the mesh is manifold with low genus, what

is the storage cost, per vertex?



Indexed Triangles Set (Take 2)

Q: Given a vertex, how do we enumerate all of
the vertices in its one-ring?



Indexed Polygon/Triangle Set (Take 2)

Advantages:

* Reduced storage

* Explicit connectivity information

Disadvantages:

 Partially leverages manifold structure
* Messy connectivity information
* Can’t store per-edge information

* [Polygon] variable-size data structures

_ Non-Manifold | Non-Orientable | General Polygons

Indexed P. Set (1) Yes
Indexed P. Set (2) Yes/No Yes Yes Yes




Winged-Edge Mesh
e Lists of vertices, edges, faces

e Each vertex stores geometry + neighbor edge
* Each face stores neighbor edge

* Each edge points to vertices (x2), faces (x2),
next edge (x2), and previous edge (x2)

Vertex List: Edge List: Face List:
Vertices V Edges E Faces F

X115 Y11> Z115 €1 || Vais Vios Fi1s F125 N1 Ny Pi1s Pio €,

Xy1s Yvis Zyis €y || Vers Veas Fers Feos Ners Nexs Peis Peo €r

Q: If the mesh is manifold, triangular with low
genus, what is the storage cost, per vertex?




Winged-Edge Mesh




Winged-Edge Mesh

* Example:
(X?,! y?,! 23)
(X4, Y4: 24)
(X1, ¥y, Zy) €2 e

(X9, Yo, Zp) ° (X5, Y5, Zs5)

VERTEX TAELE EDGE TABLE 4 1 o m
VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo |Xo Yo Zo | &g e |V Vo Fq 81 €1 €3 &g
Vg | X3 Y3 I3 |e3 eg | V2 Vg|Fy Folep e5 e o4
Vg | Xq Yqa Z4 | €5 eq | V3 Vg Fole1 e3 e7 e
Vg | X5 Y5 Z5 | eg e5 | Vo Vg|F2 F3le3 eg eg4 ey
eg | Vo Vg |F3 eg € €7 o7

97 V,_1r V5 F3 94 95 95 95

FACE
TABLE

Fi| e
Foles




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(xgs Y3= 23)

(X1, ¥4, Z1) €2 e

(Xp, Yor Z) ~° (X5, Y5, Z5)
VERTEX TABLE EDGE TABLE 4 o1 ow FACE
TABLE

VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg e |V Vo Fq e €] e3 eg Fileq
V3| X3 Y3 Z3 |e3 ez |V2 Va|Fy Folep e5 o1 eq| |Fo|eg
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg

V5 | X5 Ys5 Zg5 | eg e5 | Vo Vg |Fo Faleg eg g4 o7

¢g | Vo V5| F3 ¢ ex e7 €7

97 V,_1r V5 F3 94 95 95 95




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X3, Y3, Z3)
€4

(Xg: V45 24)

X4, Vi, Z 2

X9 Yo 21) (Xo, Yo, Zo) € (X5, Y5, Zs)
VERTEX TABLE EDGE TABLE 4 o1 ow FACE
TABLE

VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg e |V Vo Fq e €] e3 eg Fileq
V3| X3 Y3 Z3 |e3 e3|V2 V3| Fy Falez e5 e eg| |Foles
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg

V5 | X5 Ys5 Zg5 | eg e5 | Vo Vg |Fo Faleg eg g4 o7

%6 | V2 V5| F3 °5 € €7 o7

ez V,_1r V5 F3 €4 €5 e ©eg




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X3, Y3, Z3)
€4

(Xg: V45 24)

X4, Vi, Z 2

X9 Yo 21) (Xo, Yo, Zo) € (X5, Y5, Zs)
VERTEX TABLE EDGE TABLE 4 o1 ow FACE
TABLE

VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg e |V Vo Fq e €] e3 eg Fileq
Vg |Xg Yq Z3 | e3 ez |Vo Vg |Fy Foles e5 &1 e Fo|es
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg

V5 | X5 Ys5 Zg5 | eg e5 | Vo Vq|Fo F3leg eg eq4 o7

eg V20V5 F3 e €5 ey ey

o7 (V4 V5| Fgleq e5 eg g




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X3, Y3, Z3)
€4

(Xg: V45 24)

X4, Vi, Z 2

X9 Yo 21) (Xo, Yo, Zo) € (X5, Y5, Zs)
VERTEX TABLE EDGE TABLE 4 o1 ow FACE
TABLE

VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg e |V Vo Fq e €] e3 eg Fileq
Vg |Xg Yq Z3 | e3 ez |Vo Vg |Fy Foles e5 &1 e Fo|es
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg

V5 | X5 Ys5 Zg5 | eg e5 | Vo Vq|Fo F3leg eg eq4 o7

eg V2 )V5 F3 er ) ey €7 ey

o7 (V4 V5| F3|%q e5 eg g




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X?,! y?,! 23)

(X4, Y4: 24)

(X1, ¥y, Z7) €2 e
(X9, Yo, Zp) ° (X5, V5, Zs)

VERTEXTABLE EDGE TABLE 4 o1 ow FACE
TABLE
VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg e |V Vo Fq e €] e3 eg Fileq
V3| X3 Y3 Z3 |e3 e3|V2 V3|F Fojez es o1 eq| |Foleg
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg
V5 | X5 Ys5 Zg5 | eg en V20V4 Fo F3le3 eg &4 e7
°g | V3 V5| F3 |es ex e7 ey
ez V,_1r V5 F3 €4 €5 e ©eg




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X?,! y?,! 23)

(X4, Y4: 24)

(X1, ¥y, Z7) €2 e
(X9, Yo, Zp) ° (X5, V5, Zs)

VERTEX TABLE EDGE TABLE a1 w FACE
TABLE
VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg e |V Vo Fq e €] e3 eg Fileq
V3| X3 Y3 Z3 |e3 ez | Vo V3|Fy Falex e5 e eq| |Fo|e
Va|Xq Ya Zy | e5 eq V3 Vg Fole1 e3 e7 ep Fa|esg
Vs|Xs5 Y5 Zs | eg e5( Vo )Vq|F2 F3(e3)eg €4 o7
eg|V2 V5|F3 |85 e e7 o7
ez V,_1r V5 F3 €4 €5 eg g




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X?,! y?,! 23)

(X4, Y4: 24)

(X1, ¥y, Z7) €2 e
(X9, Yo, Zp) ° (X5, V5, Zs)

VERTEXTABLE EDGE TAELE 4 13 o w FACE
TABLE
VilXy Y1 44 | & e1|Vy] Vg Fi1le> e &4 e3
Vo | Xo Yo Zo | eg es |V /V_& F1i e €] e3 eg Fileq
Vg |X3 Y3 Z3 |e3 e3(Vo()Va)F1 Folex e5 e eq || |Fo|es
Va|Xq Ya Zy | e5 ey 7 Foley e3 e7 ep Fa|esg
V5 | X5 Ys5 Zg5 | eg e5 | Vo Vg |Fo Faleg eg g4 o7
%6 | V2 V5| F3 °5 € €7 &7
ez V,_1r V5 F3 €4 €5 e ©eg




* Example: Find vertices ad

Winged-Edge Mesh

(x3!

y?,:' 23)

(X4, Y4: 24)

jacent to v,.

FACE
TABLE

(X1, Y1, 27) © e

(X2, Y2, Z5) ° (X5, Y5, Z5)

VERTEX TABLE EDGE TABLE T
VilXy Y1 44 | & e1 |V Vg Fi1le> e &4 e3
V2 X2 Y2 22 e 29 V V2 F'| 81 ©1 €3 g
Vg |Xg Yq Z3 | e3 e3 V2)V3 F1 Fo 92)95 e1 ey
Va|Xq Y4 Zg |5 €4 V4 Fo| &7 e3 e7 g
V5 | X5 Ys5 Zg5 | eg e5 | Vo Vg |Fo Faleg eg g4 o7
eg V2 V5 F3 e €5 ey ey

ez V,_1r V5 F3 €4 €5 e ©eg

Fi| e
Foles




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X?,! y?,! 23)

(X4, Y4: 24)

(X1, ¥y, Z7) €2 e
(X9, Yo, Zp) ° (X5, V5, Zs)

VERTEX TABLE EDGE TABLE a4 1 o FACE
TABLE
VilXy Y1 44 | & e Py Fi1le> e &4 e3
Vo | KXo Yo Iy | eg e2( V1()V2 ) Fq e1 &1 e3 e || |F1]eq
V3| X3 Y3 Z3 |e3 e3| V2 V3| Fy Falex es o1 eq| |Fa|es
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg
V5 | X5 Ys5 Zg5 | eg e5 | Vo Vg |Fo Faleg eg g4 o7
%6 | V2 V5| F3 °5 € €7 o7
ez V,_1r V5 F3 €4 €5 e ©eg




Winged-Edge Mesh

* Example: Find vertices adjacent to v,.

(X?,! y?,! 23)

(X4, Y4: 24)

(X1, ¥y, Z7) €2 e
(X9, Yo, Zp) ° (X5, V5, Zs)

VERTEX TABLE EDGE TAELE 4 13 o w FACE
TABLE
VilXy Y1 44 | & e1 | V1 Va| File2 e o4 o3
Vo | Xo Yo Zo | eg as | Vq (Vz )F'| e €] e3 (95 Fileq
V3| X3 Y3 Z3 |e3 e3|Vo V3|Fy Falex es ey &7 | |Fa|eg
Va|Xq Ya Zy | e5 eq | V3 Vg Foley e3 e7 ep Fa|esg
V5 | X5 Ys5 Zg5 | eg e5 | Vo Vg |Fo Faleg eg g4 o7
¢g | Vo V5| F3 ¢ ex e7 €7
97 V,_1r V5 F3 94 95 95 95




Winged-Edge Mesh

Advantages:

* Reduced storage

* Explicit connectivity information
e Can store per-edge information
* Fixed-size data-structures

Disadvantage:

* Messy connectivity information

_ Non-Manifold | Non-Orientable | General Polygons

Indexed P. Set (1) Yes

Indexed P. Set (2) Yes/No Yes Yes Yes
Winged-Edge No Yes Yes Yes



* Eac
* Eac
* Eac

Half-Edge Mesh (Take 1)

* Lists of vertices, half-edges, faces

n vertex stores geometry + half-edge
n face stores neighbor half-edge

opposite/next/previous half-edge

Q:

Vertex List:
Vertices V

X115 Y115 4115 €4

Xy1s Yvis Zy1s €y

Half-Edge List:

Edges E
Vi f15 01 Ny, Py

Ves Fes Ogs Ngs Pg

Face List:

Faces F
€,

€r

f the mesh is manifold, triangular with

n half-edge points to start vertex, face,

ow

genus, what is the storage cost, per vertex?



Half-Edge Mesh (Take 1)

Q: Given a vertex, how do we enumerate all of
the vertices in its one-ring?



Half-Edge Mesh (Take 1)

Advantages:

* Reduced storage
e Connectivity information is easy

* Fixed-size data structures

Disadvantage:

e Cannot store per-edge information

_ Non-Manifold | Non-Orientable | General Polygons

Indexed P. Set (1)
Indexed P. Set (2) Yes/No Yes Yes Yes

Winged-Edge No Yes Yes Yes
Half-Edge (1) No No Yes Yes



Half-Edge Mesh (Take 2)

* Lists of vertices, pairs of half-edges, faces
* Each vertex stores geometry + half-edge
* Each face stores neighbor half-edge

* Each half-edge points to start vertex, face, and
next half-edge

Vertex List: Half-Edge List: || Face List:
Vertices V Edges E Faces F
X115 Y115 Z115 €1 || V15 f13 My €,
Xy1s Yvis Zyis €y || Ves fes Ne €r

Q: If the mesh is manifold, triangular with low
genus, what is the storage cost, per vertex?



Half-Edge Mesh (Take 2)

Q: Given a vertex, how do we enumerate all of
the vertices in its one-ring?



Half-Edge Mesh (Take 2)

Advantage:

* Reduced storage

e Connectivity information is easy
e Can store per-edge information
* Fixed-size data structures

_ Non-Manifold | Non-Orientable | General Polygons

Indexed P. Set (1)

Indexed P. Set (2) Yes/No Yes Yes Yes
Winged-Edge No Yes Yes Yes
Half-Edge (1) No No Yes Yes

Half-Edge (2) No No Yes Yes



Directed-Edge Triangle Mesh

* Lists of vertices, half-edges
* Each vertex stores geometry + half-edge

e Each half-edge points to start vertex and

opposite half-edge

Vertex List: Half-Edge List:
Vertices V Edges E

X115 Y115 4115 €1 || V1s Oq

Xv1s Yvis Zv1s €y || Ves O

Q: If the mesh is manifold with low genus, what
is the storage cost, per vertex?



Directed-Edge Triangle Mesh

Q: Given a vertex, how do we enumerate all of
the vertices in its one-ring?



Directed-Edge Triangle Mesh

Advantages:

* Reduced storage
e Connectivity information is easy

Disadvantage:

e Cannot store per-edge information

_ Non-Manifold | Non-Orientable | General Polygons

Indexed P. Set (1)
Indexed P. Set (2) Yes/No

Winged-Edge No
Half-Edge (1) No
Half-Edge (2) No

Directed-Edge No

Yes
Yes
No
No

Yes

Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
No



