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The Problem of Detail

L atJ DASEes
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» very detailed £A$

*high-precision surface scans

s CPU, space, graphics speed, network bandwidth

* want the minimum level of detail (LOD) required




A Non-Economical Model

424,376 faces —— 60.000-faces
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Automatic Surface Simplification

1 \‘
* should be as simi c“' as possible to original
*want computationally efficient process

e for display, visual similarity is the ultimate goal
ten used instead

—_generally_easier to compute

shapeis o

e similarity o

—_lends_itself-more-to -applications-other-than display




yjonal Models
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-49nly49rjmitivewjglelJ Lupported in hardware

* near-universal su aporun software packages

* output of most scanning & reconstruction systems
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* indeed, some suff

rfromt e problem

*_many-applications want-polygons




Historical Background

—
o | QngJQisteryjnmJ% atical literature

—

o _various fields:-graphics,-cartography, vision, ...

»_research back to at least early 70’s

*—important for-flight simulators




Other Related Fields
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’Aimp“ﬁCﬂHGHJSﬂl 1d of lossy compression

»_reduces-geometric complexity of shape

*_finite element analysis (e.g., solving PDE’s)

* need appropriate mesh for good solution

* overly complex mesh makes solution slow




e excellent results
Jd thus costly

s vertex clusterino

¢ vertex decimation

e |terative-contraction




Optimal Approximations
+
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'lingles meets error limit

* (O(n) for-functions of one variable

* but O(n? log n) for plane curves

*—NP-hard-to-find-optimal-heightfield{Agarwal-Suri 94]

e must also be the case for surfaces




Vertex Clustering

Partitionspace l% M eII;
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» grids [Rossignac-Bo ”L”,‘ M res [Low-Tan], octrees, ...

|
Merg&ailyerticeswiﬂ)TA ﬂe same cell

R

o triangles with -multiple corners-in one cell will degenerate




Vertex Decimation
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s —rank-vertic dir

Sﬁﬁngwifhﬂ}ié “‘%QQI | iteratively
dt erir Importance

*—sel eciq;mmpoﬂantwe&

%move it, and retriangulate hole
%Jalrlyiommoniechmque

o Schroeder et al, Soucy-Laurendeau, Klein et al, Ciampalini et al
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traction
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— Contractioncd
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‘most common, faces also used

511*&“1 any. set of vertices

ﬁnodel lteratlvely

¢ contract minimum cost ed ge

s U

pdate edge costs
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Edge Tontrac)
Asingleedge mrrgﬂia% F/],vz) — V' is performed by
ﬁrmwngWﬁndjvzitQ +Miti@#u Vv’

sl
»—replacing-all-occurrenc L uf #/2 with v,

e removingv,-and-all-degenerate triangles




Vertex Pair Contraction

— Canalsoeasily, H)h r

(# My pair. of vertices
X

ion is %actly the same

u areas

* joins previously unconnec

* can be used to achieve topological simplification




Iterative Edge Contraction

iy
0 Hoppe,i]arlandileiak t, Lindstrom-Turk, Ronfard-

Ros&gnaciﬂezmcqnéllsé\/ ral others

* sim|

pler operation *jchanﬂfertex removal

°_wel

-defined -on-any-simplicial complex

* avery important by-proauct

»—enables-several-multiresolution-applications







¢s for Contraction

o reflects amount of e(l netric error introduced

‘%@‘ﬁﬁiﬁ?ﬂﬁfﬁ?ﬁﬁ?ﬁ# feature among algorithms

e whatis the best contraction to perform?

position v’ for remaining vertex?

—_can Just choose one of tne endpoints

— but can often do better by optimizing position-of v/




Cost Metrics for Contraction

~__ | e edgelength, dinedral angle, surrounding area, ...

* projection to closest point [Hoppe]

* restricted projection [Soucy-Laurendeau, Klein et al,

Ciampalini-et-al]

® guadric error metrics [Garland—Heckbert]

e |ocal volume preservation [Lindstrom=Turk]
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Must Als nsider Attributes
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50,761 faces— 10,000 faces




Simplificatic

n Summary
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* high qua ItyjA/eﬂ/ 5@) bHoppe et al 93, Hoppe 96]

s good quality; varyin Hsﬁeed

fSchroedemta/QZJ(le/netﬂljti Ciampalini et al 97; Guéziec 95

Garland- -Heckbert-97; Ronfard-Rossignac 96, Lindstrom-Turk 98]

» |ower-quality; very fast [Rossignac—Borrel 93; Low-Tan 96]

» result is-usually-produced by transforming original

* is topology simplified? restricted to manifolds?

o _are attributes simplified-or-re-sampled-into-maps?




ion is Not Enough
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«gl l'usedin variety of contexts

J | L ny machines; variable capacity

Pjected screen size will vary

—_Context-dictates required detail

-~ | OD should vary with context

s context-varies over time

o —with-whatlevel-of-coherence?

——generally-high-coherence-in view

——possibly-poor coherencein1oad—
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resolution Models

L]
i
-4xirac¢ﬁppr9pne£ 2 approximations at run time
| — Space consumed by representation
— cost of changing level of detail while rendering

~_ | e can be generated via simplification process

* very successful technique for raster images




iresolution Models

 Mult

simplification system

*can be produced by aM
Qh which to render

ﬁﬁ'it%'frr’lﬂcir’ﬁe,%ii*rﬂr’r:flj'%é

* can smooth transition with image blending

* or use geometry blending: geomorphing [Hoppe]

enderMan, Open Inventor, IRIS Performer, ...




Limits of Disc

ret

e Models

» large surface, obligu \

ew (eg. viewer on terrain)

need-high-detail-near-the viewer

—_need less-detail faraway—

*—single-LOD-will-be-inappropriate

—either excessively detailed in the distance (wasteful)

—_or insufficiently detailed near the viewer (visual artifacts)

e small view change may cause large model change




* take final approximation to be base mesh

* reverse of contraction sequence is a split sequence

*_canreconstruct any-intermediate - model-—

* allows for-progressive transmission & compression




PM’s a Limited Multiresolution
Tl W

» |ocal addition/su luéct%m of triangles

——qgs-conditions-change, mak

e small updates in LOD

— | — tnisisthe multi-triangulation framework [De Floriani et al]

* _may requir

* PM‘s imply dependency on all earlier contractions

¢ DUT WE aniegrdeiﬁon@veﬂapplng£QntraciJons




— e

-~ Structure Induced on Surface

- I e
Every verlex-orn aﬂw&il H ion corresponds to

tices
Oﬁnenceaﬂregionv@nd:hegu H{

n the original

;

e: the union of neighborhoods

Initialconditions

»—every vertex-setis-a singleton, every region a neighborhood
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* remaining vertex ac
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ysponding vertex sets

es larger surface region

Whenmergingfegiom,JngL link them by a mesh edge

e as shown on left hand side




~Structure Inc

ed on Surface

Linkswithimsingle reg
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* links within all regi

i
IB

i

¢ anyc contraction order wit
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rm spanning tree
panning forest

regions is (topologically) valid

Regions-always-completely-partition original surface




- Structure Induced on Surface

Pﬁirwvisemergr%n _l;r f rrﬁ hi erarchy

ﬁblnaTchreew)ﬁ7ertwcuJs

* alsoa Dlnary tree of SUI’TJQ ; regions




Neighborhoods




rtices removed




'vertices removed
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A cut through the tree
» contract all below cut
* remaining leaves are active
* determines partition

and an approximation

—Encodes-dependencies

'M’s-assume total order

e__disjoint subtrees are indep.

* novel approximations arise

e but must avoid fold-over
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* incrementa IymcheéHlt between frames

Xia-Varshney, Hoppe, Lue ké-—Erickson]

s move up/downwhereless/more detail needed

s r1elies on frame-to-frame coherence

*can accommodate geomorphing [Hoppe]

*_uses hierarchy only to-guide active front evolution

»—more-flexibility-&overhead-than-discrete-multires.




rchies

o emme

A1smupport3}:4k | ifljé }

%.

Further tn ment in
:

f ement
* edge contraction is LTL I U

n %LLe of edge split
gl

)J J/els in tree by splitting edges

¢ can synthesize temporary 2

* fractal extrapolation of terrain surface, for example
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» surface editing [Gu

s syurface mor;

Beyond Display

sko Lt al 99]
mj[teeiit al 99]

tiresolution rac

josity

'Willmott et al 99]

* hierarchical

pounding volumes

»_object-matching

* sha|

ysis / | :




Multiresolution Model Summary

J

s_progressive-transt JL sioL

ﬁ—viéwqiewndemﬁ@ﬁngﬂnent

e hierarchical .computation (e.g., radiosity)

* vertex hierarchies may over-constrain adaptation

» adaptation-overhead-not suitable for-all-cases

* interacting multiresolution objects largely ignored
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Greater Generality

o _articulated models 1# Jnimation

* tetrahedral-volumes,-spline-patch surfaces, ...

»_precise scans-on the order of 107 triangles

* this is where simplification is needed the most

e even at 10° triangles, many algorithms fai

J—— "
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rge for Many Methods

80,000 faces

N aW

388 faces

1,763,




Better To

- i

-Angstanethodsﬂtﬂ

w %nly implicitly

»_when exactly-are-holes removed?

* will holes above a certain size be preserved?

*—when-to simplify-geometry vs: topology

gical Simplification
\

* seems to benefit from more volumetric approac

N




Better Performance Analysis
— L

—

oq’mage-aasedmehjés more appropriate for display

» metrics which accurately account for attributes

* theoretical analysis of quality [Heckbert-Garland 99]

* provably good approximations possible?




Higher Qual

ity Approximations
+

*_perhaps because all t

® a gonthmsnom 16

orse than humans

gnsform original into result

» only look one step ahead and never reconsider
* many consider only the local effect of operation

irst, build multi-level knowledge of surface shape

* then proceed with simplification




Alternative Frameworks

|
-49Iirecily49r9duceﬂ.mwaction sequence

|
s pDOOI choices can nev |i be reconsidered

e shouldproduce a single sequence of contractions

itioning builds sequence in reverse

—+

® graph par

»_more explicit optimization-methods
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» simplification o J urfaces

» multiresolution representations (PM, hierarchies)

e application of multiresolution in different areas

nore effective, more general simplification

»_better analysis-and-understanding-of-results
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