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Ceonetry Conpressi on

surface compression " -

most of it in meshes m -
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What’s t he Probl enf?

Standard tools insufficient
geometry Is not just an image

even In functional setting may want
to account for 3D nature

what are the right error
measures?

Important geometric constraints

ridges, visibility, structure In
Conpr essi ond&t@p_rr_et ry Datasets



Sound, | mages, Vi deo

Signals as functions

basis for sampling, quantization,
transform,...
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GCeonetry

Geometry as function?

what is the independent
vAariable?

t e =f(x) xI X?

Conpr easWhyf dCQtheyC@rgzt S



Functi onal Description

Trivial function

X= #%=% f(X)=X = ‘!--‘f-‘:q
Trivial domain
X = ()= * =

Conpressi on of Geonetry Dat asets



What ' s t he Chal | enge?

Example format

%

{ii;g;;%zii:egHVRML,MPEGA.
y
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Vertices
(x1;y1;21)
V2 (X2;y2;z2)
v3 (x3;y3;z3)
V4 (x4,y4,z4)
V5 (x5;y5;25)
V6 (X6;y6;26)

Indexed face set

Faces

fL( ;v3;v2)
f2 (v4;v3; )
f3 (v4; ;vb)
f4( ;v6;vh)
f5 (v6; ;v7)
f6 (v2;v7; )
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Key bservati on

What is In a mesh?

connectivity + vertices m%*%%%%
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sample locations geometry
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3D Surf ace
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rel. L2 (10e-4)

10 |_Smooth, regular non-smooth, reg. irré_gu'l'ar
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bits/vertex
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Sone Basi c Questions

Sampling geometry
how? what's a good sampling?

what's a good parameterization?

IS there a sampling theorem?
curvatures?

entropy of a surface?!

NOT of a particular

parameterization
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Care About GCeonetry!

Best geometry for given rate
change parameterization

geometric error: L, average

Rs(XY) = M Oj(x Y)® dx

X\ - \ '
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Enough?

Distance between sets?
need more

Conpressi on of CGeonetry Datasets
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Reneshi ng

Parameterize & resample
find base domain

1-4 split & resample
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Surf aces

Height fields, terrains
f(u,v)
one float / vertex
3d surfaces
X(u,v),y(u,v),z(u,v)
three floats / vertex
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Cur ves

Function /
f(u) —o— \
one float / vertex

Curve

~ /
oo~

two floats / vertex \,/“\ /
4

.
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Local Detall (Xx,YVY)

(t,n) stored One float!

A>\/"‘\ A>< \18’
DY

C '\ C '\
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Sinple Algorithm

NN
Q> /\\/
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Pl er ci ng

/\ Storage
§7 one float/vertex

| Nailve algorithm:

start with
/ coarse mesh
pierce

recursively
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Pat ch Layout

Base mesh /

simplification -~

Boundaries
propagated

Global vertices
relocated
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Remeshi ng Procedure

Correspondence: o
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Pl erci ng & Patches

Z 3 Canonical:
\/ ]

’/,/’

™ N Exception:
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Adapti ve Reneshi ng

Conpressi on of Geonetry Dat asets
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Mul t1 pl e Model s

Consistent mesh
rameterizations

Y R | NN MN1

principal components
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Ent r opy Codi ng

Transform coding
wavelets successful for images

how to make them work for
surfaces?

how to even construct them...
properties... vanishing moments?

never mind...
curvelets, ridgelets, etc.
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Surface Conpression

Geometry compression
methods for “large” geometry
progressivity critical
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?

Subdi vi siI on

| S

VWhat

limit of a

Smooth surfaces as the

seguence of refine
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| nt er pol at1 ng

Keep old points, insert new ones
affine combination of nearby

poInts

’.
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Appr oxl mat I ng

Insert new, smooth
generalizes splines

b &R

and
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Loop Schene

Generalizes guartic box splines
simple rules (Biermann et al.

01)
O \QO‘

rrrrrrrrrrrr
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Why Subdi vi si on

Many advantages
arbitrary topology

scalable
wavelet connection
easy to implement
efficient
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Success| ve Scal es

Add detalils in every subdivision
step

Oth level . 1st level 2nd level
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Loop WAvel et s

Reflnement relations

subdivision yields scaling

functions
pj+1:Spj J—f——— 2

j()=asdt-k) 2

ki Z2 L2 1 scaling function

primal scaling functjpn #x
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Conpl et 1 on

Completion yields wavelet filters
want finite reconstruction filters

QMF for Q, but: (SQ)! not finite

=2

wavelet
y (t) = é d 72 dkj (2’[ - k) 1 of 3 different orientations
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Loop WAvel et s

Irregular vertices
split filter around irregular vertex

results in good conditioning
boundaries: extension

Scaling function, valence 13 Wavelet function, valence 13
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Sone Basi c Questions

Constructing function systems

how to take geometry Into
account?

approximation on/of manifolds
point and curve singularities

standard tools essentially based
on Fourier analysis

very limited usefulness
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Surface Fitting

Quasi-Interpolation for
subdivision

compute details in hler‘ \y

LSQ optimal
local: no solver!

Litke et al. 201

iso-surface: 1% 10% 20% 100%
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Wavel et Transform

Effect of wavelet transform

changes distribution of
coefficients

almost all coefficients close to zero

Vertex coordinates Wavelet coefficients
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Local Franes

Coefficients are vector valued
normal direction most important!

0 90 180

best results with scalar quantization
finer quantization of normal direction
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Progr essi ve Encodi ng

Make each bit count
No sense In sending approximate
geometry very precisely...

sending coefficients one at a time
not enough

Conpressi on of Geonetry Dat asets
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Bi t pl ane Encodi ng

Progressive compression:
encode largest coefficients first
encode only significance bit
subsequent bits In later iterations

0 2 5 7 11 14 Send: new coefs. refinemt. bits
@ @ @ @ @ @ 1

0O O 0O O 1 1 2

0O O 1 1 0 1 2 01

0 1 0 1 1 1 1 0111

O O i 1 0 0 01110
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Zer o-Ir ee

Why it works

be smart about the location of
large coefficients

small parents tend to have smaller
children > entropy coding gain

run state machine at encoder
and decoder

only send synchronization bits

Conpressi on of Geonetry Dat asets
44



Zer o-Ir ee

Need tree structure for
coefficients

wavelets live on e g?
y.4 L} B —>

Test whole tree for significance
split tree Isolating significant

Conmpr essC(Qe)-ESGeomet ry Dat asets
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Conpari son

107
OUR coder
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Results |11
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Khnodakovsky et al. 2000
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Conpressi on of Geonetry Dat asets
48



Ent r opy Codi ng

Zero-tree ok, but...
what are the statistics?

file sizes surprisingly small
context coding

different data sources

volumetric imaging with limited
accuracy (take acquisition process
iInto account)
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Basli ¢ Quest | ons

Encoding of connectivit
2-manifolds

triangle meshes
arbitrary polyhedra

Long term
entropy of a surface

sampling theory
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Basic Definitions

BaSIC elements valence
V vertices . @
E edges _ :
F faces "_5;

Euler characteristic
F-E+V=2(c-qg)-F

- _
- - _
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Al gorithmns

Generalized triangle strips
Deering 95

triangle strips w. stack for reuse
8-11 b/v
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Al gorithmns

Spanning trees
Taubin&Rossignac 98
zigzag walk
0/1 patterns
entropy code
4b/v

basis for MPEG-4
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Al gorithmns

Conquer mesh
Gumhold&Stral3er 98
expand boundary

use 8 codes
4.36 blv

Rossignhac 98

gate based traversal
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Touma&(Got sman 98

Atomic edge conguest

active list

Conpressi on of CGeonetry Datasets
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Touma&(Got sman 98

Full pivot vertex

active list active list

conquered
4 edge

Conpressi on of CGeonetry Datasets
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Val ence Appr oaches

Very attractive
exploit statistics of valences
arithmetic coder
worst case distribution?
exponential!
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Val ence as Entropy

What Is the worst case?

maximize: e=a plog,(l/ p)
] n I
with constraints:
p; = ViV : ap =1

F-E+V=c:aip =6
aplog,Wp)+l (Ap-1)+m(@ip - 6)
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Val ence as Entropy

Worstcase distribution p,
necessary condition .
_ 165

0go(p) =1 - 1IN +mi B =€ =
e=§ plog,(l/ p) =log,(256/27) » 3.24

Tutte 'Census: 1962
2(4v +1)! og, 22550
(3v +2)1(V +1) 2 %8215" _ paauv
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Overall Focus

Compression of geometry data
use good error metrics

pay attention to structure
settings: functional, manifold

areas: terrain, reverse
engineering, scientific computing

properties: drill-down, registration
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Starti ng Up

Project vectors
theory

optimal Haussdorf approximation
can we meet Kolmogorov entropy?
what class of functions?

connectivity entropy
R/D optimal parameterization

Conpressi on of Geonetry Dat asets
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Starti ng Up

Experimental

streaming of compressed
terrains

llja Friedel (grad)
collaboration with LLNL

compression of evolving surfaces

Nathan Litke (grad)

collaboration with ASCI
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