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Mesh Data StructuresMesh Data Structures
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OperationsOperations

Draw  ( → Compute normals )

Rotate

Cut (with plane, cut patch, etc)

Unfold patch

Find shortest paths between vertices

Draw  ( Draw  ( →→ Compute normals )Compute normals )

RotateRotate

Cut (with plane, cut patch, etc)Cut (with plane, cut patch, etc)

Unfold patchUnfold patch

Find shortest paths between verticesFind shortest paths between vertices

OperationsOperations

Visit all vertices / faces / edges

Find all vertices of a face (ordered)

Find all vertices / faces adjacent to a vertex

Face opposite face, across edge

Create / destroy   vertex / face / edge

Visit all vertices / faces / edgesVisit all vertices / faces / edges

Find all vertices of a face (ordered)Find all vertices of a face (ordered)

Find all vertices / faces adjacent to a vertexFind all vertices / faces adjacent to a vertex

Face opposite face, across edgeFace opposite face, across edge

Create / destroy   vertex / face / edgeCreate / destroy   vertex / face / edge
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ObjectsObjects

Triangles / polygons

Holes

Manifold

Orientable

Triangles / polygonsTriangles / polygons

HolesHoles

ManifoldManifold

OrientableOrientable

www.kleinbottle.comwww.kleinbottle.com
TaubinTaubin, Sig’01 Course 17, Sig’01 Course 17
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Polygon SoupPolygon Soup

Draw: O(n) – ☺ Vertex neighbor – ??Draw: O(n) – ☺ Vertex neighbor – ??

LarsonLarson
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Adjacency ListsAdjacency Lists

Topology stored in trianglesTopology stored in trianglesTopology stored in triangles

Adjacency ListsAdjacency Lists

F1 v1 v2 v3  F3 F4 F2F1 v1 v2 v3  F3 F4 F2
F2 v2 v1 v4            F1F2 v2 v1 v4            F1
F3 v2 v5 v3        F1F3 v2 v5 v3        F1
F4 v3 v6 v1        F1F4 v3 v6 v1        F1

v1 F4v1 F4
v2 F1v2 F1
v3 F4v3 F4
v4 F2v4 F2
……

F1F1

F4F4

F2F2

F3F3

v1v1

v2v2
v3v3

v4v4

v6v6

v5v5
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Adjacency ListsAdjacency Lists

Walk around vertex

v3 starting from v5 

Walk around vertexWalk around vertex

v3 starting from v5 v3 starting from v5 

v3v3

v5v5

Adjacency ListsAdjacency Lists

Draw ☺

Manage ☺

Traverse K

Polygons: variable storage / face  L

Draw Draw ☺☺

Manage Manage ☺☺

Traverse Traverse KK

Polygons: variable storage / face  Polygons: variable storage / face  LL
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Winged Edge [Baumgart ’75]Winged Edge [Baumgart ’75]

Org Dest Left Right  Lprev Lnext Rprev Rnext

v1     v2     F1    F2       e1        e2       e3      e4

Org Org DestDest Left Right  Left Right  LprevLprev LnextLnext RprevRprev RnextRnext

v1     v2     F1    F2       e1        e2       e3      e4v1     v2     F1    F2       e1        e2       e3      e4

F1F1 F2F2

v1v1

v2v2

e2e2 e3e3

e1e1 e4e4

Winged EdgeWinged Edge

Edges store topology (fixed size)

Faces, vertices point to 1 adjacent edge

Can represent non-orientable surfaces

Traversing: test orientation

Edges store topology (fixed size)Edges store topology (fixed size)

Faces, vertices point to 1 adjacent edgeFaces, vertices point to 1 adjacent edge

Can represent nonCan represent non--orientableorientable surfacessurfaces

Traversing: test orientationTraversing: test orientation
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HolesHoles

Faces point to >1 edge 
(contour)

OR

Auxiliary edges

Faces point to >1 edge Faces point to >1 edge 
(contour)(contour)

OROR

Auxiliary edgesAuxiliary edges

Half-Edge [Eastman ’82]Half-Edge [Eastman ’82]

Orientable manifoldOrientableOrientable manifoldmanifold
Oriented edgeOriented edge

NonNon--oriented edgeoriented edge

((prevEdgeprevEdge))
nextEdgenextEdge
symEdgesymEdge

origin vertexorigin vertex
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Half-EdgeHalf-Edge

Faces, vertices point to 1 edge

Dest: Org(Sym(he))

Opp Face (he): Sym(he)

CCW( he,v=Org(he) ):
Sym( Prev(he) )

Faces, vertices point to 1 edgeFaces, vertices point to 1 edge

DestDest: : Org(Sym(heOrg(Sym(he))))

OppOpp Face (he): Face (he): Sym(heSym(he))

CCW( CCW( he,vhe,v==Org(heOrg(he) ):) ):
Sym( Sym( Prev(hePrev(he) )) )

HolesHoles

Faces point to >1 edge 
(contour)

OR

Auxiliary edges

Faces point to >1 edge Faces point to >1 edge 
(contour)(contour)

OROR

Auxiliary edgesAuxiliary edges
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Quad-EdgeQuad-Edge

Dual:  Faces ↔ Vertices;   Edges ↔ Edges

Application: Voronoi / Delaunay

Dual:  Faces Dual:  Faces ↔↔ Vertices;   Edges Vertices;   Edges ↔↔ EdgesEdges

Application: Voronoi / DelaunayApplication: Voronoi / Delaunay

Quad Edge [Giubas & Stolfi ’85]Quad Edge [Giubas & Stolfi ’85]

QuadEdge: Edge[4]

Edge: 

• Index (0..3)

• Next

• Origin

Sym?

Dest?

QuadEdgeQuadEdge: Edge[4]: Edge[4]

Edge: Edge: 

•• Index (0..3)Index (0..3)

•• NextNext

•• OriginOrigin

Sym?Sym?

DestDest?? LischinskiLischinski
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Quad-EdgeQuad-Edge

Vertices/Faces symmetrical

Rings of Quad Edges 
• duplicate coords or use pointers

Vertices/Faces symmetricalVertices/Faces symmetrical

Rings of Quad Edges Rings of Quad Edges 
•• duplicate duplicate coordscoords or use pointersor use pointers

LischinskiLischinski

Build MeshesBuild Meshes

Make Edge

Splice

Make EdgeMake Edge

SpliceSplice
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Triangle-Edge [Muecke ’93]Triangle-Edge [Muecke ’93]

[Dobkin-Lazlo] Edge-Facet
extend Quad-Edge to 3-manifolds

Triangle-Edge: simplification for 
triangulations

[[DobkinDobkin--Lazlo] EdgeLazlo] Edge--FacetFacet
extend Quadextend Quad--Edge to 3Edge to 3--manifoldsmanifolds

TriangleTriangle--Edge: simplification for Edge: simplification for 
triangulationstriangulations

MuckeMucke

Triangle-EdgeTriangle-Edge

Edge rings, Face ringsEdge rings, Face ringsEdge rings, Face rings

MuckeMucke
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Triangle EdgeTriangle Edge

Triangle-Edge <f,e> = f*6+e_orient

Store neighbor triangles, 3 vertices

Edge rings obtained by index manipulation

TriangleTriangle--Edge <Edge <f,ef,e> = f*6+e_orient> = f*6+e_orient

Store neighbor triangles, 3 verticesStore neighbor triangles, 3 vertices

Edge rings obtained by index manipulationEdge rings obtained by index manipulation

MuckeMucke

(0..2 for 2(0..2 for 2--manifold)manifold)

Triangle-EdgeTriangle-Edge

MuckeMucke
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Triangle-EdgeTriangle-Edge

Fsplice, Fmerge: link facesFspliceFsplice, , FmergeFmerge: link faces: link faces

MuckeMucke


