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oot Motivation

High (;Jetalled meshes becoming widely
vailablein computer vision, scientific
isualization, tgerraln datafrom

-, sadlite... etc. H“w‘
« Needto &ore, transmit, analyze, edit
Y anddlsplaythemefﬁdlently
N

.+ Reducen number of polygons
—Fasterrendermg S
‘Lwegsshorage‘ -
D mplermanlpulatlon Sl
- ‘C)Fherqualltles‘ Mo
General (non- manifold) | ‘

— Efficiency I .

— Preserve attributes other than geometry |
|
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|

i ‘Taxonomy of methods
e O O e I
—— anlfoIdS|mpI|f|cat|on

5 \ertex decimations | L
U IWavelet 1
N ‘Edgecollapse
. Non manlfoldS|mpI|f|cat|0n

'Vertex cl usterl ng

"' Mesh Decimation [Schroeder et a 92]

- 'Tel Multiplepasses | | | e

11 ¢ Foreach assremoveallvertlc&thatmatohes‘ 5
certain criteria and retriangul ate

o Criteria dlstqnceto plane/edge ST

ey Aqlvgntage smplealgor aled

. Disadvantage:
SR ®D o

Simple Complex Boundary lEr‘litzrm Corner ‘
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_ Gerlerate rantiom pointts onisurface
— lterative repulsion spread the poi nts out umfortﬂly\ N
- Add new set of points to, the surface and mutual tessellate

|
- Remove old vertices one by one'yieldi ng anew triangulation

[ | I ‘
. Vangnt to put poi nts adadtlvely dependlng on curvaturet N

» Advantage: malntal‘n topology o
» Disadvantage : complex algorlthm blur sharp ﬂeqlures
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" 3D Grid Method [Rossugnac-BorreI 93]

éteps [ I
N \—‘Subdpqugtheboundmgvolumelnto regular‘ I
grid L

—Mergeall vertices within each cell fogether
I hdy |ntoanewverte>d I

HURER DY et

DY =
* Disadvantage : low |
guality, non-adaptive

' |Optimization [Hoppeetal 93]

e ptlmlzatlon basedsmpllflcatlon Minimize
ergy function.” ' " .
\

- '+ Repeat semi-random changes to topology and'
R ptlmlzethegeometry S
. Work on mahlf‘ohd -

Lobr i : \ | ‘
I ‘
» Advantages: High quality, less sensmve to noise
\

» Disadvantages. slow |
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o Mesh C)ptlmlzatlon

Hugues Hoppe, Tony DeRose,
S Tom Duchamp, John McDonaId

i ' 'Optimization

¢ Similar problemtosmpllflcatlon

o Starting with mmpl e data points from the surface
~ U and ainitial mesh,flndasmplermesh .

R oy ‘
* Minimize énergy‘functlon that descrlbes the' |

e conciseness and accuracy ofithe mesh

Simplification of 3D Meshes



| Mesh Representatlon

meqh IS represented by apair (K,V)

- Kis asmpllual compIeX representing ;he
' connectivity of the vertlces/edges/faces

—V {vl, coer Vit |saset of m vertex positions
deflnlrigthes;hepeof themeshinR3' I |

If mesh is not self mtersectl ng,eyery point can be

represented by a barycentrlc vector' | ‘
\

Energy Function

i E(va‘) :‘ E‘diet (‘K"V) w Erep (K) + Espring(K’V)

Edlst (K,V)'= Zd i ¢V(|K|))
(K‘) i mp\ 2
eprlng(K V) B .ZDK”V Vk” ‘

\
Without Esp‘rmg, spikes possible

| | for region with no data points
[
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' "Minimizing the Energy Function

bigger, Crep,~ Sparser representation.
Loy ‘

[ \.\
[ I N
uter 1o0p ‘optimize over K (Dlscrete)

Inner |oop optlmlze over V for afixed K
(Contl nuous) =

' 'Optimization for fixed K

Mlnlmlze d (X o (K)) + j;KHV-—VkHZ

For each'x;, distance = | mlnHX ~¢y (b))

2‘\\‘

[ |
* New objective fyinction :

_E(KVB)= Z mmHX -0, (b, )H
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| Optimization over fixed K

wo subprobl ems:

— For fixed vertlcesv find optimal bary(;gantrlc
11| I coordinate vectors B by projection |

For fixed B, find optlmal V' by solvmg alinear
|éadt squares problem A
N \
\

+ Find optimal ‘sol ytionsto both éubgrobl ems, so
E(K,V,B) must conVerge

| 'Projection Subproblem

+ Find opti maI B by pI‘OJ ecting x; onto the mesh.

0 accelerate, build a spatlal partitioning data.
BN rug:tgresothat for each p0|nt only consder
nearby subset of faces .
[

« Assimea pm nt’s proj ectld)n\ liesin the

nel ghborhood of its pI‘Oj ectionin' pre\(l ous

iteration (perform well in practice) N
\
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" 'Linear Least SquaresSubprobIem

+ Minimize for x,y,z coordinates, ||Av —d||2

[
—v mvector‘ S
| | I _\ | | ‘ ‘ + o
A (n+e)xm matrl‘x

o [=d (n+e) -Vector

For m mesh vertices, n data points, e edges S
Y First nirows of d contal ns the n data points

— Next e rows of d are zeroes

— v containsthe m meéh Nertlces

", Linear Least Squares (con’t)
H\/j_deZ T e e e R R R

\\H\\\\\\\\““
I I

| T FlrstnrowsofAcontamsthe barycenthc‘ I
Coordl nateés computed in prOJ ection (at most 3

|y nonzeroentrles) oy

— Next e rOWs represent the spring energy each
11111 contains an vk and -vk entriesin columns
correép@ndl ng to indices of edge’s endpoints

(exactly 2 non- zero entries) I ‘

| N

o Alissparse. Use*“conj ugate gradient metho‘d”‘
to solve in O(n+m) time |
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ol Op‘tlm|zatlon 0)V/S § K

akpalngl move and accept if it gives lower
ergy. Terminate if & number of trials failed to
ivealowerpqer‘gy_‘ N
[ . |
N I o
« Legal move: application of one of these that
Lt |eavweﬁthgt‘opological type of K unchanged
« Three elementary transformations. |
edge collapse/split/swap
\

Legal move

e Split—Always legal
e Collapse: if and only if...
. Foral vertices {k} adjacent to
both {i} and {j}, {1k} isaface

« If{i} and{j} are both boundary

‘ verties, {i j} is aboundary edge

+ K hasmoré than 4‘vertice$ if {i}
and {j} both are not boundary
vertices, or K has more than 3

| verticesif either {i} or {j} are
boundar‘y vertices
« Swap-ifandonly if {k|} OK
e Proof in Hoppe et a, TR 93-01-01
| University of Washi ngfon‘
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| 'Evaluation ofalegal move

0 Instead of recomputlng the global energy after a
ega move onIy compute'the change | in energy for
" 11 thelocal submesh H“‘u‘

[ I |
IR S ‘
. ForsDK déflnestargsK) {s OK: snbn-
S bmptysubsetofs}

., . EdgecCollapse

« | To evaluate collapsing of an edge {j.i}
teke the submesh to be star({ i} ;K) F
star({j} ;K).'Optimize over the new vertex
-1 | hwhileholding all other congat | |
. Attempt optimizations starting at v.
1 rand Ya(vitv). Accept thébest one.
» Instead of check;n%for self- |nterse¢t|pn
after collapse which is expensive, use a'
threshold val ue for the maximum dihedral
angle of edgesin star({ h} ;K’j |

“\
i ]’
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Il o Edgesp“t—"‘\ \““ |
|
= ‘Sqme‘z procedure as collapse, usi nb the' 1 | |
submesh to'be star({i,j}; K). Initial value of v,
I I 1be 1/2(Vi‘+\‘/j)' by |
|+ Edgeswap- |
— For aswap that replace an edge {i,j} with {k/1},

choose the best of the two optimizations, one
with submesh star({ k} ;K’) varying vérte>‘< Vi,
another with submesh star({1};K’) varying|
vertex v,. |

Initial mesh ISample Points

|11 (2032 vertices) (6752 vertices), |

Crep=10*

(487 vertices) (2§9 vertices)
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" Results - Segment

ation
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" Progressive Meshes

Hugues Hoppe

Lo
SIGGRAPH 96 | | | |

0 UAdditional Goal

2 Lossless COHtInUOUS resolution, progressive

epresentatlon L A IR
\
"' '« More'compact representatlon SN ‘

e Apart frqm geometry, also preserve other

attributes (Co‘lors,‘normals materials, texture
L coordingtes...) |

Simplification of 3D Meshes
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| Mesh Representation

dge collapse only |s sufficient!

n|n|t|almesh M=m" |

an be simplified into a coarser mesh MO by a Seduence of
gecollapse. |

(|v|

| Progressive Mesh

Simplification of 3D Meshes
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e " Energy Function

B ! |
E(K,V) = Egq (KV) + Egy (K) + Ecping(K.V).
N N
(M) Ed|st (M) + Esprlng(M) + EScalar(M)
+EgareeM) | WhereM =(KV.D,S) ' 1

\ \
E,e, QOES ar\/ay' And s0 does the parameter Crep

"' Preserving geometry

Ed|str rEsprlng -
e as before, but onIy consider edge col Iapse in
heouterloop., | | ‘

he ppssrblelegal coIIapsasare plar:ed ina
priority quéue with |ts estl mated energy change
AE 1 | o Ly
For an edge col‘lapse KK’ AE = EK -Ex
After each collapse, tHe cost of itsnel ghborhood
edgesin the priority queue are updated. | ‘

Simplification of 3D Meshes
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Preserving Scalar attributes

-2 Ford gcqlq qttributes, we could have added d
imension to E. .

|

' 14 For efficiency purpose, we separaeit asa

fferent Lerm £ o (V) = Cane) D1 ¢ ~00 0))]

b [ |
« First solve for the vertex positions. Then using the |
same b to find vertex attributes minimizing .y

byIinearIeastsquar‘e\ ‘

Presefving Scalar Attributes

VI
ﬁ‘%g.— :

Simplification of 3D Meshes
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e vyapt to preserve discontinuity
ecause they often form noticeable |

i
[

ple an additional set of points X oo
from sharp edges of! initial mesh.
Compute Eisc DY Proj ecting X, ONto
the corresponding sr‘larp edges L
disallow/penalize collapse of boundary
and discontinuity edges !

' 'Refer

'Preserving discontin

u

Ces

ity

. I
Without E .
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\
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