Page 11From Measurements to Models3D Photography Class Spring 1997Peter Schr�der2Geometry for Computer GraphicsTaskndescribe shapes (geometry)nwhat types?Requirementsnexpressivenconciseneasy to manipulateneasy to process (transmit, render)

Page 23Geometric RepresentationsParameterizedngeneral? (manifolds)nusefulnproperties easy to computenproblematicnproperties tied up in parameterizationngeometric tasks: intersection, renderingnmanipulation for modeling

x y z g u v

�Ł�ł�=( ),

4Parameterized GeometryExamplesnline segmentntrianglenspherenpiecewise polynomials, i.e., splines

l t p t p p t

() = + -( ) ˛ [ ]

0 1 0 0 1,

T u v p u p p v p p u v u

, , , ( ) = + -

( ) ( ) ˛^{[ ]} [ ]

0 1 0 2 0

0 1 0 1

s u v, sincoscossinsin , ,

( ) =

-

�

Ł

�

�

� ł

�

� ˛^{[ ]} ^{[ ]}

q j q q j

j p q p

0 2 0

Page 35Geometric RepresentationsImplicitnelegantnsolid modelingnunion, intersection, differencengeneral?nintersection, renderingncomposition, transformation

0 =( )g x y z, ,

6Implicit GeometryExamplesnplanenplane equationnspherenisocontour of a probability volumenprobability of the object being present

P x y z ax by cz d

,,( ) = + + + = 0

n p d�=-

S x y z x y z r

,,( ) = + + - =2 2 2 2 0

Page 47Different RepresentationsWhy choose one over another?nwhat is fast to display?nwhat is easy to manipulate?nwhat requires little bandwidth?nwhat is easy to match to measured data?nwhat supports arbitrary topology?Polyhedranor higher order versions (subdivision)8Representations of PolyhedraIndexed face setnlist of verticesnand possibly properties associated with themncolor, normal, texture coordinates, confidencenlist of polygonsneach a list of indices

Page 59Representations of PolyhedraIndexed face setnwhat�s easy?nwhat�s hard?Topological data structuresngraph representationsnwinged edge10From Data to ModelsGiven samples of geometrynbuild representationnif generic model availablenfind paramaters through optimizationnuse samples directly for piecewise linear approximation, i.e., polyhedron

g x y z i n

i i i,,;,, ,, ! t t0 1 0 1 K K

( )

= =

Page 611Building MeshesSamples from the scannernrectangular array of 3D point measurementsnevery(?) camera pixel has associated point and colornconnect up in order to create meshnwill this work?12Building MeshesDealing with holes and discontinuitiesnocclusions will lead to discontinuitiesnnoise will lead to drop outs in datanonly connect if not too distant in Zzx

Page 713Fun Facts about PolygonsPlane equationsn3 points determine a planenhow about 4?Barycentric coordinatesnpoints interior to polygon are convex combinations fo verticesRay intersectionnfinding closest points14Plane EquationsTrianglesntake cross product of 2 edgesnnumerically sensitiveWhat about n-gons?ncan only hope to find best fit planenNewell�s method

n p p x p p=-

( ) - ( ) 1 0 2 0

Page 815Plane EquationsNewell�s methodngiven a polygon as list of verticesnfind normalnbest approximation

n p p p p

n p p p p

n p p p p

x zi zi yi yi in y xi xi zi zi z yi yi xi xi

in=+-=+-=+-+ +=- + +=- + +=-� ( )( )( )( )( )( )1 10 1 1 10 1 1 10 1n Area Polygon=( )2

16IntersectionsRay/Planenpoint along ray which satisfies plane equationnplane equationnray equationnintersection

r t( ) = rO+ trd

(rn,d)

t = − d − rn⋅rO rn⋅rd Page 917IntersectionsRay/Convex Polygonnintersect support planencompute intersection pointnproject along dominant directionnlargest magnitude on plane equationnsolve point in convex polygon problemFor All Edgesif p on negative sidereturn 0return 1

(rp − rvi)× (rvi+1 − rvi) > 018Barycentric CoordinatesConvex combinationsnwriting interior points as convex combinations of verticesnuseful for interpolationne.g., trianglep0p2p1 p ap bp cp a b c

I =++=0 1 2 1a p p pp p pI=( )( )det , ,det , ,1 20 1 2

Page 1019Texture MapsDecorating a surfacenpaint a picture onto the surfacenassociate texture coordinates with points on surfacetexture spaceworld space20Sidedness TestsCareful with orientation!nchoose canonical orientation of vertex listsni.e., CCW x x p x y y p y

i i x i i i y i+ - - - - > 1 0