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Why “Shape Extraction” u HERE

Examining human image understanding many
works indicate that recognition and shape
understanding are based on structural
decomposition of the shape into smaller parts

HOFEMAN D., RICHARDS W.: Parts of recognition. Caognition 18 1-
3 (December 1984), 65-96.

BIEDERMAN I.: Recognition-by-Components: A theory o f human
Image understanding: Psychological Review 94987), 115-147.

HOEEMAN D., SIGNH M.: Salience ofvisual parts. Cognition 63
(1997), 29-78.
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Overview of Presentation ' R

o Definitions
(optimization
problem)

Mesh Segmentation Papers

Criteria
Applications

Algorithms
(clustering)
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A Boundary Mesh e
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Segmentation and
Partitioning T

M = {V,E,F} Is a mesh.
S iIs either V, E or F (usually F).

A Segmentation
S={M,M;,, M, .}

IS the set of sulb-meshes

Induced by a partition of

S Into k (disjoint) subsets.
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Good or Bad? H

F MITSUBISHI
ELECTRIC

hanges for the Beitte
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MITSUBISHI

Criteria? u R

Planar segments?

Smooth segments?

Round segments?
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Criteria? NS
Planar segments?

Smooth segments?

Round segments?

Small'segments? Large segmeniitu
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Criteria? o MR
Planar segments?

Smooth segments?

Round segments?

Small segments? Large segments?

Small numbe
Smooth boun
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Criteria? o
Planar segments?

Smooth segments?

Round segments?

Small segments? Large segments?
Small number of segments?
Smooth boundary?

“Natural” segments?

More...
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How to Choose Ciriteria?
How to Perform Segmentation? rw ELECRC

Depends on What You Parameterization

Want (or Need)! Chart creation
Approximation

Highly depends on the

application in mind! Remeshing
Morphing

Current applications?
Animation

Compression
Multi resolution

\Y/ (o] (=
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Two Types of
Segmentations ot T

hanges for the Beitte

Part Type (Volume) + Patch Type (Surface
X

KATZ S., TAL A.: Hierarchical mesh decomposition usng SANDER P., SNYDER J., GORTLER S., HOPPE H.:
fuzzy clustering and cuts ACM Transactions on Graphics Texture mapping progressive meshes. IRroceedings of ACM
(Proceedings SIGGRAPH 2003) 23 (2003), 954-961. SIGGRAPH (2001), pp. 409-416.

LEE Y., LEE S., SHAMIR A., COHEN-OR D., SEIDEL COHEN-STEINER D., ALLIEZ P., DESBRUN M.:
H.-P.: Mesh scissoring with minima rule and part séence. Variational shape approximation. ACM Trans. Graph. 233
Computer Aided Geometric Design 22 (July 2005), 444—-465. (2004), 905-914.

More... More...
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In the Following... ro HERE
1. Formulate the problem as an
optimization problem

i e5 [oF
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General Segmentation H
Scheme re H2RE

Know your application

Choose criteria & define a
measure and constraints

Choose an Algorithm

Application Constant Spectral
S Curvature Clustering
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Optimization Definition

Given a mesh M = {V,E,F} and the set
of elements & {V,E,F}, find a disjoint
partitioning ofi S into' S ,,...,S _such

that the criterion function

J=J(S;....S)
Be minimized under a set of
constraints C.
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Optimal Solution? iz

If |S|=nand| 9 =Kk, then the search space Is of
order k™.

Segmentation must revert to some
approximation algorithm:

Region growing (local greedy)
Hierarchical clustering (global greedy)
E N EERSNEENNE)

Graph Cut

Spectral Analysis

More on this later...
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Constraints vs. Attributes r'u TR

Constraints:

Imposed on the segments, must be
preserved

Elements attributes:

Used for the criteria measure In the
optimization process
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Types of Constraints

MITSUBISHI
ELECTRIC

hanges for the Bette

Cardinality

» Not too small and not too large or
a given number (of segment or
elements)

« Overall balanced partition
Geometry

« Size: area, diameter, radius

«  Convexity, Roundness

«  Boundary smoothness

Tiopology
«  Connectivity (single component)

» Disk topology
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Types of Attributes Used Yo MR

Distance and Geodesic distance

Planarity, normal direction

Smoothness, curvature
Distance to complex proxies
Slippage

Symmetry

Medial Axis, Shape diameter...
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uclidean Distances Vs.
eodesic Distances T

es for the Beite
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i e5 [oF

Distance between points
In 3D, e.qg. for finding the
best fitting primitive f
(plane, sphere, cylinder)
to a given set of points
(samples or vertices)
using Least Square Fit:

min- [ - f ()]
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Geodesic Distances S

Average Geodesic Distance
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Normal direction,
Dihedral Angles s
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Various Skeletons KT

hanges for the Beitte
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Diameter Function r'u TR

Distinguish between
thin and thick parts
IN a model
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Sym m etry (Podolak et al., SIGGRAPH 2006) MTSUBISHI

1anges for the Beite

For each face and for every of
the m major symmetry plane
found, measure the degree to
which the face contributes to
the symmetry with respect to
that plane.

Every point has m values

Treat these m values as a
feature vector

Cluster, faces according to
thelr proximity inthe m: -
dimensional feature space.
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S | | p pag O (Gelfand & Guibas SGP 2004) TSt

Slippable motions are rigid
motions which, when applied to
a shape, slide the transformed
version against the stationary
version without forming any

gaps.

Search for an instantaneous
motion vector [r, t] that, when
applied to a point P. on the
surface minimizes the motion
along the normal direction for
each point p; In its
neighborhood : "

~

((rx pr) i)
1

=

min
t]

(11
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Motion Based e

hanges for the Bette

SHAMIR A., PASCUCCI V., Temporal and Cluster parts which move in a
similar manner

Spatial Level of Details for Dynamic Meshes,
Proceedings, Virtual Reality Systems and
Techniques 2001, Ban , Canada, pp. 423430,
2001

SATTLER M., SARLETTE R., KLEIN R.,:
Simpler and efficient compression of
animation sequence. In Proceedings of 2005
ACM SIGGRAPH/EG symposium on computer
animation pp. 209-217, 2005

LEE T-Y., LINP.-H., YAN S-U. LIN C.-H.,
Mesh decompaosition using motion information
from animation sequence. Proc. Computer
Animation and Virtual Worlds-P. 519 -529,
2005

GUNTER J/, FRIEDRICH H., WALD I,
SEIDEL H-P., SLUSALLEK P. Ray tracing
animated scenes using motion decomposition,
Computer Graphics Forum, 25(3) pp- 517525,
Proc. EG 2006
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Example: Simplification H
Application re ERAE

1anges for

We want to approximate a complex
model (shape) with a simpler one.

Similar. to an approximation theory
problem:

— Replacing complex mathematical objects
with simpler ones, while keeping the primal
Information content.
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Segmentation Context? e

ranges for the Belte

Segment the mesh into
regions which will be
replaced by simpler
elements (planes,
cylinders etc.) while
the geometric distance
between the
approximation
elements and the

original mesh will'be COHEN-STEINER D., ALLIEZ P.,
Sma” DESBRUN M.: Variational shape
: approximation. ACM Trans. Graph. 23, 3
(2004), 905914.
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CAD Models H
Simplification o QA

INOUE K., TAKAYUKI I.,

ATSUSHI Y., TOMOTAKE F.,
KENJI S.: Face clustering of a large
scale cad model for surface mesh
generation. Computer Aided Design
33, 3 (March 2001). The 8th
International Meshing Roundtable
Special Issue: Advances in Mesh
Generation.

Drigmal model

SHEFFER A.: Model simplification
for.meshing using face clustering.
Computer-Aided Design 33 (2001),
925934,

Tetrahedral mesh
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Planes or Cylinders ro R

COHEN-STEINER D., ALLIEZ P., PAAD R, GOTSHAN C) SHEFFEH
A.: Virtual woodwork: Generating bead

DESBRUN M.: Variational shape ) .
figures from 3d models. International

approximation. ACM Trans. Graph. 23, :
3 (2004), 905914. Journal on Shape Modeling 10, 1
(2004), £-30.
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Spheres, Cylinders,
Rolling Ball Surfaces s

1anges for the Beite

WU J., KOBBELT L.: Structure
recovery via hybridzariational
surface approximation. Computer
Graphics Forum (Proceedings
Eurographics2005) 24, 3 (2005),

ATTENE M., FALCIDIENO B.,
SPAGNUOLO M.: Hierarchical

mesh segmentation based on
fitting primitives. The Visual
577584 Computer 22, 3 (2006), 18193.
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Strips & Quasi- H

Developable Surfaces e

hanges for the Bette

MITANI J., SUZUKI H.: Making
papercraft toys from meshes using strip-
based approximate unfolding. ACM
Transaction on Graphics (Proceedings
SIGGRAPH 2004) 23, 3 (2004), 25263.

JULIUS D., KRAEVOY V., SHEFFER A.:
D-charts: Quasi-developable mesh
segmentation. Computer Graphics
Forum (ProceedingsEurographics.2005)
24, 3 (2005), 981990

SHATZ 1., TAL A., LEIFMAN G.: Paper
craft models from meshes. The Visual
Computer (Proceedings Pacific. Graphics
2006) to appear (2006).
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I : MITSUBISHI
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hanges for the Beitte

Simplification o

We need to measure the distance from a
segment to the simpler geometric
primitive?
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Distance Between
Surfaces MR

1anges for the Beite

LP:

v L
) D
LP(X,Y) — Y] |d(x, Y)||"dx

A

"
e X

with: d(z,Y) = inf ||z — y|
T b)) =g

Hausdorff (L¥): One sided
H(X,Y) = maxgex d(x,Y) Not:Symmetric

How to position the
primitives?
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L2 Distance to Plane

*':h |R s ) = // ||;r — II; Ii'|||“’f.=74r

xR
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L.2,1 Metrics ra MR

i e5 [oF

Just measure the normal difference
(we want to minimize the orientation

difference!) |RECESENYENEERES
zeR,
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Effect of Different
Metrics M

1anges for the Beite

COHEN-STEINER D., ALLIEZ P., DESBRUN M.:Variational shape approximation.
ACM Trans. Graph. 23, 3 (2004), 92914.
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Other Planarity Criteria o HERE

L~ distance norm: given a cluster representative plane,
for any vertex v = (vy,¥y.v-) 1f measures the maximum

distance from the plane: |(vy. vy, v-. 1) (a.b,c.d)| < ¢

L, distance norm: given a cluster representative plane, and
a set of vertices v; 1t measures the average distance from
plane: = Tf-"—:l ((ve.vy,v-,1)i-(a.b,c.d))” <¢

L orienﬂtatiu:nn norm: given a cluster representative plane,
for any face (or vertex) normal # = (71x, 7y, 1z) 1t measures
the maximum difference of normals: (1 — (ny.7y,71-) -
(a.b,c)) <e

L, orientation norm: given a cluster representative plane,
and a set of face (or vertices) normals 7; 1t measures the
average difference of normals: % E‘le i% (1—(nx,ny.nz);-
(a,b,c)) < e, where 4; 1s a weighting factor for the region
of the normal and 4 = }; 4;. For instance 4; could be the
area of the face for face normals, or simply 1 for uniform
averaging.
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Non Planar Regions ya
Criteria iy

1anges for

Differences of Normals

Differences of dihedral angles

Differences of curvature (estimations)

Fitting primitives in least sguare sense

More...
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Example:
Fitting a Cylinder ro AR

1anges for

The curvature tensor
fleld 1s used to
determine If the region
IS cylindrical.

If it IS, the points are
projected to the plane
perpendicular to the
main axis and fit by a
circle.
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Approximation By
Segmentation

Given a mesh M = {V,E,F} and the set
S of faces of M, find a disjoint

partitioning of S into' S ,,...,S _and a
set ofi (K?) primitives P ,,...,P, such
that the distance between each
primitive P ; to' S be minimized.
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Finally... R

1anges for the Beite

Simplification

Mainly two types:
Parametric algorithm (we know K) a Lloyd

Non-parametric algorithm ‘(we:don’t know. K) a
Hierarchicallclustering
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lterative Lloyd e

hanges for the Bette

« COHEN-STEINER D., ALLIEZ P.,
DESBRUN M.: Variational shape
approximation. ACM Trans. Graph.
23, 3 (2004), 9014.

« JULIUS D., KRAEVOY V., SHEFFER
A.. D-charts: Quasi-developable mesh

segmentation. Computer Graphics
Forum (ProceedingsEurographics
2005) 24, 3 (2005), 98990.

* WU J;, KOBBELT L.: Structure
recovery via hybrid variational
surface approximation. Computer
Graphics Forum (Proceedings
Eurographics 2005) 24, 3 (2005),
2171-284.
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Hierarchical T

ranges for the Belte

« SHATZ I., TAL A., LEIFMAN
G.: Paper craft models from
meshes. The Visual Computer
(Proceedings Pacific Graphics
2006) to appear (2006).

« ATTENE M., FALCIDIENQG B.,
SPAGNUOLO M.: Hierarchical
mesh segmentation based on
fitting primitives. The Visual
Computer 22, 3 (2006), 184193
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In the Following... ro HERE

i e5 [oF

2. Discuss some more applications

3. Discuss measures and constraints
IN the context of the application
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Simplification &
Remeshing

-+

¢  MITSUBISHI
ELECTRIC

DEROSE T., KASS M., TRUONG T.:
Subdivision surfaces in character
animation. In ACM Computer Graphics,
Proc. SIGGRAPH 1998 (1998), pp. 8524.

ECK M., DEROSE T., DUCHAMP T.,
HOPPE H., LOUNSBERY M.,

STUETZLE W.: Multiresolution, -analysis
of :arbitrary meshes. In Proceedings of
ACM SIGGRAPH 1995 (1995), pp. 172
182. Remeshing

KALVIN'A., TAYLOR R.: Superfaces
Polygonal mesh simplification with
bounded error. IEEE Computer Graphics
and Applications 16, 3 (1996).

GARLAND M., WILLMOTT A.,
HECKBERT P.: Hierarchical face
clustering on polygonal surfaces. In
Proc. ACM Sympaosium on Interactive
3D Graphics (March 2001).

ZUCKERBERGER E., TAL A.,
SHLAFMAN S.: Polyhedral surface
decomposition with applications.
Computers & Graphics 26, 5 (2002), 732
743.

BOIER-MARTIN I. M.; Domain
decompaosition for multireselution
analysis. In Proceedings of the
Eurographics Symposium on Geometry
Processing (2003), pp. 2240.

9/13/2006
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Eck et al. 1995, Multiresolution analysis of
arbitrary meshes
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Possible Desired
Properties

BISHI
ELECTRIC
es for the Bette

MITSUBIS
I;

Planarity
Constant Curvature
Small number of patches

Equal size of patches
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Parameterization o L

SANDER P., SNYDER J., GORTLER S.,
HOPPE H.: Texture mapping progressive
meshes. In Proceedings of ACM
SIGGRAPH (2001), pp. 408416.

SORKINE O., COHEN-OR D.,
GOLDENTHAL R., LISCHINSKI D.:
Bounded-distortion piecewise mesh
parameterization. In Proceedings of
IEEE Visualization 2002 (2002).

ZHANG E., MISCHAIKOW K., TURK
G.: Feature based surface
parameterization and texture mapping.
ACM Transaction on Graphics 24, 1
(2005), L-27.
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Charts Creation e

LEVY B., PETITJEAN S., RAY N.,
MAILLOT J.: Least squares conformal
maps for automatic texture atlas
generation. In ACM Computer Graphics,
Proc. SIGGRAPH 2002, pp. 362371.

ZHOU K., SYNDER J., GUO B., SHUM
H.-Y.:Isocharts: stretch-driven mesh
parameterization using spectral

analysis. In SGP.’04: Proceedings of the
2004 Eurographics/ACM SIGGRAPH
symposium on Geometry processing
(New York, NY, USA, 2004), ACM Press,
pp. 4554,
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Geometry Images

SANDER P., WOOD Z., GORTLER S.,
SNYDER J., HOPPE H.: Multi-chart
geometry images. In Proceedings of the
Eurographics Symposium on Geometry
Processing (2003), pp. 144€155.

genus ;15 charts genus 0; 25 h‘irts genus 1; 40 charts genus 2; 30 charts
"i‘? N i rse s,
oY “r .qul. q?ﬂ QL ﬁ f.jﬁ.“ .,-'iefg'r
encs BE B e

‘.IJ:'.;-.&&

pac Ln.w efficiency= ."' packing eft1c1enc*v— 5.6% packing efficiency=73.1% 1_ Lmﬂ eit1c1enc1,'— 75 h o
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Desired Properties T

1anges for

Sul-mesh patch must be
topologically equivalent to a disk

and must not Impose large distortion
after parameterization.

Optimization criterion: patch
parameterizations distortion.
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Compatible
Parameterization iy

KRAEVOY V., SHEFFER A.: Cross
parameterization and Compatible
Remeshingof 3D Models. ACM
Transaction on Graphics (Proceedings
SIGGRAPH 2004) 23, 3 (2004), 861369.

SCHREINER J., ASIRVATHAM A.,
PRAUN E., HOPPE H.: Inter-surface
mapping. ACM Transaction on Graphics
(Proceedings SIGGRAPH 2004) 23, 3
(2004), 878877.
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Morphing o iz

GREGORY A., STATE A., LIN M.,
MANOCHA D., LIVINGSTON M.:
Interactive surface decompaosition for
polyhedral morphing. The Visual
Computer 15 (1999), 452470.

ZOCKLER M., STALLING D., HEGE H. -

C.: Fast.and intuitive generation of
geometric shape transitions. The Visual
Computer 16, 5 (2000), 244253.

ZUCKERBERGER E., TAL A.,
SHLAFMAN S.: Polyhedral surface
decompaosition with applications.
Computers & Graphics 26, 5 (2002), 732
743,

SHLAEMAN'S:, TAL A., KATZ S::
Metamorphosis of polyhedral surfaces
using decompaosition. Computer

Graphics forum 21, 3/(2002). Proceedings
Eurographics 2002.
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Shape Analysis MR

MORTARA M., PATAN G,
SPAGNUOLO M., FALCIDIENO B.,
ROSSIGNAC J.: Plumber: A method for
a multi -scale decomposition of 3d
shapes into tubular primitives and
bodies. In Proceedings of ACM
Symposium on Solid Modeling and

Applications (2004), pp. 139-158.

KATZ S., TAL A.: Hierarchical mesh
decomposition using fuzzy clustering

and cuts. ACM Transactions on

Graphics (Proceedings SIGGRAPH 2003)
22, 3 (2003), 95961.
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Shape Analogies ro QA

Shamir A., Cohen-
Or D., Shapira, L.,
Consistent
Partitioning and
Analogies of
Multiple. Meshes

9/13/2006 © Ariel Shamir




Skeleton Extraction &
Animation e

MORTARA M., PATAN G.,
SPAGNUOLO M., FALCIDIENO B.,
ROSSIGNAC J.: Blowing bubbles for
multi -scale analysis and decomposition
of triangle meshes. Algorithmica 38, 1
(2003), 22£248.

KATZ S., TAL A.: Hierarchical mesh
decompasition using fuzzy clustering

and cuts. ACM Transactions on

Graphics (Proceedings SIGGRAPH 2003)
22, 3 (2003), 95461.

WU E.-C., MAW.-C., LIANG R.-H.,
CHENB.-Y., OUHYOUNG M.: Domain
connected graph: the skeleton of a closed
3d shape for.animation. The Visual
Computer 22, 2/(2006), 11+135.
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Shape Modeling o, 57

FUNKHOUSER T., KAZHDAN
M., SHILANE P., MIN P.,
KIEFER W., TAL A.,
RUSINKIEWICZ S., DOBKIN
D.: Modeling by example. ACM

Transactions on Graphics
(Proceedings SIGGRAPH 2004)
23 (2004), 652663.

Viadislav: Kraevoy, Dan Julius,
Alla: Sheffer, Shuffler: Modeling
with Interchangeable Parts,
Technical sketch, Siggraph 2006
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Shape Matching &
Retrieval e

ZUCKERBERGER E., TAL A.,
SHLAFMAN S.: Polyhedral surface
decomposition with applications.
Computers & Graphics 26, 5 (2002), 732
743.

PAGE D., ABIDI M., KOSCHAN A.,

ZHANG Y.: Object representation using
the minima rule and ' superquadrics for
under vehicle inspection. In Proceedings
of the 1st IEEE Latin American
Conference on Robotics and Automation
(2003), pp- 9197.

BIASOTT1'S.: 3d shape matching
through topological structures. In
Discrete Geometry for Computer
Imagery (2003), vol. LNCS 2886;
Springer-Verlag, pp. 194-203.

9/13/2006 © Ariel Shamir




More...

MITSUBISHI
ELECTRIC

hanges for the Bette

Compression
Collision - detection
Radiosity (form

factors)

Ray Tracing (EG
210]06))

KARNI Z., GOTSMAN C.: Spectral
ompression of mesh geometry. In
Proceedings of ACM SIGGRAPH 2000
(2000), pp. 279286.

GARLAND M., WILLMOTT A.,
HECKBERT P.: Hierarchical face
clustering on polygonal surfaces. In
Proc. ACM Sympaosium on Interactive
3D Graphics (March 2001).

LIX:, TOON T., TAN T., HUANG Z.:
Decomposing polygon meshes for
interactive applications. In Proceedings
of the 2001 symposium on Interactive 3D
graphics (2001), pp. 3542.

GUNTERJ., FRIEDRICH H., WALD 1.,
SEIDEL H.-P., SLUSALLEK P. Ray
tracing animated scenes using motion
decomposition, Computer Graphics
Forum,25(38).pp. 517525,:Rroc. . EG 2006/

S AT A -
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In the Following... ro HERE

4. Discuss the algorithms to perform
segmentation
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Segmentation as a
Clustering Problem r HERE

The basic segmentation problems can viewed as
assigning primitive mesh elements to sub meshes.

This Is In fact a clustering problem of primitive
elements into groups or, clusters (sub-meshes).

This problem is well studied in Machine
Learning.

The different algorithms used for. mesh
segmentation, can be classified as variants of
classic clustering algorithms.
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Region

© Ariel Shamir
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Region Growing e e

hanges for the Beitte

Region Growing Algorithm

Initialize a priority queue @ of elements

Loop until all elements are clustered
Choose a seed element and insert to (O

Create a cluster C from seed
Loop until Q is empty
Get the next element s from QO
If s can be clustered into C
Cluster s into C
Insert s neighbors to ¢
Merge small clusters into neighboring ones
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Simple Region Growing s

hanges for the Beitte

KALVIN A., TAYLOR R.: Superfaces Polygonal mesh
simplification with bounded error. IEEE Computer Gr aphics and
Applications 16, 3 (1996).

CHAZELLE B., DOBKIN D., SHOURHURA N., TAL

A.. Strategies for polyhedral surface decompaosition: An experimental

study. Computational Geometry: Theory and Applicati ons
7, 45 (1997), 32+£342.

SORKINE O., COHEN-OR D., GOLDENTHAL R.,
LISCHINSKI D.: Bounded -distortion piecewise mesh parameterization.
In Proceedings of IEEE Visualization 2002 (2002).
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Multiple Region Growing H
Algorithm KRS

hanges for the Beitte

Multiple Source Region Grow

Initialize a priority queue ( of pairs
Choose a set of seed elements {s;}
Create a cluster (; from each seed s;

Insert the pairs <s;,C; > to QO
Loop until until QO is empty
Get the next pair <s;,Cp > from O
If s 1s not clustered already and
sy can be clustered into
Cluster s; into (;
For all un-clustered neighbors s; of s
insert <s;,Cx > to QO
Merge small clusters into neighboring ones
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Multiple Region Growing AR
ECK M., DEROSE T., DUCHAMP T., HOPPE H.,

LOUNSBERY M., STUETZLE W.: Multiresolution analysis
of arbitrary meshes. In Proceedings of ACM SIGGRAPH 1995
(1995), pp. 173182.

LEVY B., PETITJEAN S., RAY N., MAILLOT J.:

Least squares conformal maps for automatic texture atlas
generation. In ACM Computer Graphics, Proc. SIGGRAPH
2002 (2002), pp. 36371.
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Watershed e

hanges for the Beitte
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Watershed
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ZHOU Y., HUANG Z.: Dece+ ce 9
polygon meshes by D é,a“ aoal
points. In MM dea ~caings of the
10'["" agee ~vidltimedia
—onference (Washington, DC,
SA, 2004) IEEE Computer Society, p
187. ¢

WU K., LEVINE M. 7

segmentati- (\C cA &7 Gied electrical
che e\ed ~s. IEEE transactions
\\0"\ _.analysis and machine
.elligence 19, 11 (1997), 12231235.

MANGAN A., WHITAKER = (e
Partitioning 3D Strf= \“\,a\\) using
watershed = (é&e =

Trar \@kd wisualization and

Com Y., wraphics 5, 4 (1999), 302321.

PAGE D., KOSCHAN A
Perceptlon base? - (\g\@‘o " esh
segmenf” ' &_ v marching

. vonference on Computer
V| cut ..,uld Pattern Recognition (CVPR
'03) - Volume 11 (2003), pp. 2732.

SUNY:, PAGED. L., PAIKJ. K..
KOSCHAN A., ABIDI M. A - “0(\
mesh-based edge - NCAC
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Hierarchical KNS

hanges for the Beitte

Hierarchical Clustering Algorithm
Initialize a priority queue QO of pairs

Insert all valid element pairs to QO
Loop until QO is empty
Get the next pair (u,v) from QO
If (u,v) can be merged
Merge (u,v) into w
Insert all valid pairs of w to @
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Hierarchical T 2

hanges for the Beitte

GARLAND M., WILLMOTT A., HECKBERT SANDER P., SNYDER J., GORTLER S.,

P.: Hierarchical face clustering on polygonal HOPPE H.: Texture mapping progressive
surfaces. In Proc. ACM Symposium on meshes. In Proceedings of ACM SIGGRAPH
Interactive 3D Graphics (March 2001). (2001), pp- 402416.

ATTENE M., FALCIDIENO B., SPAGNUOLO SHEFFER A.: Model simplification for meshing
M.: Hierarchical mesh segmentation based on using face clustering. Computer Aided Design

fitting primitives. The Visual Computer 22, 3 33 (2001), 925934. (Formulating it as edge
(2006), 181-193. contraction of the dual graph)

GELFAND N., GUIBAS L. J.: Shape SHATZ ., TAL A., LEIFMAN G.: Paper craft
segmentation using local slippage analysis. In models from meshes. The Visual Computer
SGP '04: Proceedings of the 200&urographics/ (Proceedings. Pacific Graphics 2006) to appear
ACM SIGGRAPH symposium on, Geometry. (2006)).

processing (New York, NY, USA, 2004), ACM

Press, pp. 214223.
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Lloyd (k-means) KNS

hanges for the Beitte

Iterative Clustering Algorithm

Initialize k representatives of &k clusters

Loop until representatives do not change
For each element s

Find the best representative i for s

Assign s to the i'" cluster

For each cluster 1
Compute a new representative
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hanges for the Bette
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approximation. Computer Graphics
Forum (ProceedingsEurographics.2005)
24, 3 (2005), 2/-284.
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Forum (ProceedingsEurographics 2005)
24, 3 (2005), 981990.
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Spectral Analysis S
The mesh (or dual) is a graph

Even 2way Graph partitioning IS
In general NP-hard

Ratio cut uses the graph

Laplacian L= D-A, where A;; IS
the adjacency matrix and
D=diag(deg(i))

Other cases (normalized cut) use
D= A; D72, where A; (affinity) is
Interpreted as the probability that
X; and X are clustered together; (or
the negative distance)
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5.
b

There is a rplzﬁior oeiween |
cornoinaional characierisics of ine
grapn and ine .1] georaic properiles of tne
rnairix —iiks eageneleesand egenvectors
(spectirurn).

This converis ine graph paritioning
oroolern o an algeoraic pariitioning
oroolern.
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Amy Clustrening of tirese wecms (@nellzr space, wizr
to cluster) irmplies a cluster on the original rqu-u

In particular 2-vyegyy/ceatiticoingreieetittotites
(zecond) Sm‘;ullleglar):ggrmmaﬂh rmdLBsssa DB calalar
value search.
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single frarnework for Clustering:
4,133«0 Shasnua— NP 14

Propabilistic Clustering, Min-COiSseettéleCulsteierimg,
Normalized Cut, Ratio Cut, K-Méangs




Deaiing a graph whnere
aach node 1S an elernent
and the adges hold
W-Jlgnis according to
tha distancas beiweaen
the elernents.
cxarmple: dual grapn
and tha weignt IS the
dinadral angle.
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> Growin J

Oinher considerations: local conirol,
nierarchy, convergen 2, pararnatric vs. non
pararneiric.
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Can we 3ay it is “correct™?
What i35 the notion of “shape™?
Some interpretation would be that our notion and
percention of the shape (our “seymentation”) would not
change under certain transiormnations:

- Rigid body invarizant

- Ganarally NOT Aifine inwvarizant

-  Pouse invariant?

- Similaar on simikr agjzets (inportant for iatching, Ty
transizr 2ic.)




SHAPIRA L., S}'rJJ#\JNHJIR A, COREN-OR [D;: THe stsme
dizmeizr unclion. Pioc. szl Koiza binational
confeience on Shape modeling, 2005.

Use & pose imvanizmt funciion (SDIF)

KATZ 3., LEIFMIAN G.,, TAL A, Miesh Segiiventaiion
usiing fealuie point 2nd coie exirciion. Tie Visuzl
Compuier (Pacific Graphics) 210, B0 (ZI0TY), Es-/E7

Map e oibject 1 2 canoniczl posilion (MDS)




Many applications use measn seymeantation a3 a Sui-
stage

@>>

Seyrmentation usually has more efiect on the resulis
thain seem to be realized

3D segmeantation is still 22 very difficuit problem —— zand
still in its infancy, 2.9. compared to image seymentation
(hundrads of papers).

More advanced conarency issues should be addressed
such a3 Pose invarnance, axtracting similar parts 2and
shapes over similar objects and more...




Thank you!




