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Where Are We Now?

¢ Image Processing

¢ Rendering
— Direct illuminatopn
— Global illuminaton
~——

¢ Modeling

¢ Animation



3D Rendering

¢ How do we ...
— draw 3D objects
with a computer?
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3D Modeling

¢ How do we ...
— represent 3D obpts
In a computer?

— construct such presentation
quickly and/or atomatically
with a computétr

— manipulate, anahe, verify, ..
3D geometrical lgjects
with a computétr
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3D Representations

¢ Boundary representtions
— Mesh representains
— Parametric surfas
— Subdivision surfees

¢ Solid representatbns
— Voxels & Octrees
— BSP trees
— Constructive soll geometry
— Algebraic surface

¢ Image—based represntations
— Images & panoransa
— Light field & lumigraph

¢ Composite represemmations
— Scene graphs



3D Representations

¢ Accuracy
— How well does theepresentatior
approximate thebject?

¢ Computational Efficiency
— How quickly can w generate
Images from theepresentation?
— How quickly can v compute
Intersections wi the rep?

¢ Storage Efficiency
— How much data isequired to
store the represtation?

¢ Construction Efficiency
— How easy is it t@wonstruct the
repesentationdm available
iInput data?



Today’s Lecture

¢ Mesh Representatios
— Set of Faces
— Triangle strips
— Vertex tables
— Adjacency lists
— Winged-edge

¢ Mesh Operations
— Traversal operains
— Euler operations
— Compound operatis



Mesh Representatioms

¢ Properties:
— Boundary represé¢ation, so
solids not expditly represented
— Piecewise linealso
approximate cued surfaces

¢ Mesh Descriptions
* Vertex and Face téds
 Triangle strips
» Adjacency lists
* Winged—-edge
e Multiresolution
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Mesh Representatioms

¢ Boundary representdion
— Describes surfacaf object
— Solids not explidly represente

¢ Plecewise linear

— Set of polygons
— Approximate curvedurfaces

Vertex
Face r's

Edge



Mesh Representatioms

¢ Possible representaons
— List of Faces
— Triangle strips
— Vertex tables
— Adjacency lists
— Winged—-edge



List of Faces

¢ Each face lists vaex coordinates ..

— Redundant vertice
— No topology infomation
— Not hierarchicabr multiresolution

(X3, Y3, Z3)

(X1, Y1, Z9)
(X5, Yo Z5) (X5, Y5, Zs)

FACE TABLE

F1| (X1, Y10 Z1) (X5, Yo, Z5) (X3, Y3, Z5)
Fol| (X0, Yo, Z5) (X40 Y, Z4) (X3, Y3, Z3)
F3| (X0, Yo, Z5) (X5, V5, Z5) (X45 Va4 Z4)




Triangle Strips

¢ Fistriangle (V;, Vii; Viso)
— Faces are impliti
— Only k-sided face
— Limited vertex shring
— Limited adjacencynformation

— Not hierarchicabr multi—resolutior

(X3’ y3, 23)

U Y1 2) (X2, ¥, Z5) (X5, Vs Zs)
TRI STRIP
(X1, Y1, Z3)
(X5, Y5, Z,) Fq
(X3, Y31 Z3) Fo
(X4 Y4 Z4)
(X2, Y2, Z)) F3
(X5, Y5, Z5)




Vertex Tables

¢ Each face lists vaex references ...

+ Shared vertices

— No adjacency infanation

— Not hierarchicabr multiresolutior
— Adjacency in O(njime, generally

V3
Vg
F3
Vi Vg
V2
VERTEX TABLE
FACE TABLE
Vi1 X1 Y1 41
Vo | Xo Yo Zo F1|V1 Vo V3
V3 X3 Y3 Z3 F2 V2 V4 V3
Vgl Xg Ya Zg F3|Vo Vg Vyu
V5| X5 Y5 Zg




Adjacency Lists

¢ Store all adjaceng relationships
— Adjacency in onéookup
— Efficient topology traversal
— Extra storage

Vo V3

el e4 62 95 96

F1F)




Adjacency Lists

¢ Directed Graph Sclematic (woo ‘85)

— Directed edge =plicit relation
— Directed path =mplicit relation




Partial Adjacency Lists

¢ Store some adjacecy relationships
and derive others

Vo V3

el 64 62 65 66

FqFo




Partial Adjacency Lists

¢ Which relations should be stored”
— Maintain fast adcency gqueries
— Use least storage
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Winged Edge

¢ Adjacency encodedn edgesgaumgart 72
— Adjacency in O(1jime
— Little extra stoage (fixed records)




Winged Edge

EDGE TABLE 1 1o o1 -
€1 (V1 V3 F1le2 €2 es4 €3
€2 (V1 V2| F1 €1 €1 €3 &g
ez |V2 V3| F1 Falez e5 €1 €4
eq | V3 Vy Foleq1 e3 e7 eg
e |Vo Vgq|Fo F3le3 eg e4 ey
eg | V2 V5| F3 e €2 €7 ey
e7 | V4 Vg F3|e4 €5 eg ¢€g




Winged Edge

¢ Deriving adjacencyrelationships

F->e¢.
return F.Edge();

F.6->¢§

+1-
If (ei.Face%l) == F) retm §.Edge(2,1);
else return eEdge(1,2);

If (ej.Face(l) == F) retm g.Vertex(1);
else return gVertex(2);




Mesh Operations

¢ Topologlcal traversal

— For each face, @merate vertice
— For a face, flncadjacent faces
— For an edge, finddjacent edge:
— For a vertex, fid adjacent faces

¢ Topological surgery
— Insert vertex omdge
— Insert edge sptihg a face




Euler Operations

¢ Maintain topological integrity
— Insure Euler—Porare formul:
for 3D polyhedn

V-E+F-H=2M-G)

V = # Vertices E = # Edges
F = # Faces H = # Hole loops
G = # Handles M = # Objects

Example
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Euler Operations

mbfv: Makes object, faceand vertex
mev: Creates vertex anetge
splite: Splits edge into te by inserting vedx
mfe: Makes face and edge
Kbfv: Removes object, fa¢ and vertex
kev: Removes vertex anetge
joine: Joins two edges laemoving vertex
kfe: Removes face and gd
me—-kh: Makes edge, killsdle loop
me—kbf: Makes edge, killslgect and face
mhr—kf: Makes hole loop andandle, kills face
mh-kbf: Makes hole loop, Ks object and face

V-E+F-H=2M-G)

V = # Vertices E = # Edges

F = # Faces H = # Hole loops

G = #Handles M = # Objects



Compound Operations

Insert edge:Inserts edge acro$ace
Remove edge:Removes edge whileining two face:

Insert
Edge
-

Remove
Edge

e

Insert vertex on face: Splits face into may
Remove vertex:.Creates face, or s adjacent face

l Insert

Vertex
-
-
‘ Remove
‘ Vertex

Merge vertices:Collapses n verticeinto one

. ——
Merge :
Vertices i




High—Level Operations

Truncate: Replaces vertex byace
Bevel: Replaces edge byda
@ @
Truncate

—>
Bevel



Summary

¢ Mesh Considerations
— Storage requirenmés
— Computational eftiency
— Ease of specificen

¢ Mesh Representatios
— List of Faces
— Triangle strips
— Vertex tables
— Adjacency lists
- Winged-edge

¢ Mesh Operations
— Traversal operains
— Euler operations
— Compound operatis



