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

HOFFMAN D., RICHARDS W.: Parts of recognition. Cognition 18, 1-
3 (December 1984), 65–96.

BIEDERMAN I.: Recognition-by-Components: A theory o f human 
image understanding. Psychological Review 94 (1987), 115–147.

HOFFMAN D., SIGNH M.: Salience of visual parts. Cognition 63 
(1997), 29–78.

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

HOFFMAN D., RICHARDS W.: Parts of recognition. Cognition 18, 1-
3 (December 1984), 65–96.

BIEDERMAN I.: Recognition-by-Components: A theory o f human 
image understanding. Psychological Review 94 (1987), 115–147.

HOFFMAN D., SIGNH M.: Salience of visual parts. Cognition 63 
(1997), 29–78.
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Overview of Presentation
• Definitions 

(optimization 
problem)

• Criteria

• Applications 

• Algorithms        
(clustering)

•• Definitions Definitions 
(optimization (optimization 
problem)problem)

•• CriteriaCriteria

•• Applications Applications 

•• Algorithms        Algorithms        
(clustering)(clustering)
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A Boundary Mesh
M = {V,E,F}M = {V,E,F}M = {V,E,F}
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Segmentation and 
Partitioning
M = {V,E,F} is a mesh.

S is either V, E or F (usually F).

A Segmentation

is the set of sub-meshes 

induced by a partition of 

S into k (disjoint) subsets.

M = {V,E,F} is a mesh.M = {V,E,F} is a mesh.

S is either V, E or F (usually F).S is either V, E or F (usually F).

A SegmentationA Segmentation

is the set of subis the set of sub--meshes meshes 

induced by a partition of induced by a partition of 

S into k (disjoint) subsets.S into k (disjoint) subsets.

},,,{ 110 -=S kMMM �
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Correct or Not? Good or Bad?
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Criteria? 
Planar segments?

Smooth segments?

Round segments?

Planar segments?Planar segments?

Smooth segments?Smooth segments?

Round segments?Round segments?



9/13/2006 © Ariel Shamir �

Criteria?
Planar segments?

Smooth segments?

Round segments?

Small segments? Large segments?
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Criteria?
Planar segments?

Smooth segments?

Round segments?

Small segments? Large segments?

Small number of segments?

Smooth boundary?

Planar segments?Planar segments?

Smooth segments?Smooth segments?

Round segments?Round segments?

Small segments? Large segments?Small segments? Large segments?

Small number of segments?Small number of segments?

Smooth boundary?Smooth boundary?
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Criteria?
Planar segments?

Smooth segments?

Round segments?

Small segments? Large segments?

Small number of segments?

Smooth boundary?

“Natural” segments?

More…

Planar segments?Planar segments?

Smooth segments?Smooth segments?

Round segments?Round segments?

Small segments? Large segments?Small segments? Large segments?

Small number of segments?Small number of segments?

Smooth boundary?Smooth boundary?

“Natural” segments?“Natural” segments?

More…More…
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How to Choose Criteria?
How to Perform Segmentation?

Depends on What You 
Want (or Need)! 

Highly depends on the 
application in mind!

Current applications?

Depends on What You Depends on What You 
Want (or Need)! Want (or Need)! 

Highly depends on the Highly depends on the 
application in mind!application in mind!

Current applications?Current applications?

• Parameterization

• Chart creation

• Approximation

• Remeshing

• Morphing

• Animation

• Compression

• Multi resolution

• More…

•• ParameterizationParameterization

•• Chart creationChart creation

•• ApproximationApproximation

•• RemeshingRemeshing

•• MorphingMorphing

•• AnimationAnimation

•• CompressionCompression

•• Multi resolutionMulti resolution

•• More…More…
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Two Types of 
Segmentations

Part Type (Volume)

KATZ S., TAL A.: Hierarchical mesh decomposition using
fuzzy clustering and cuts. ACM Transactions on Graphics
(Proceedings SIGGRAPH 2003) 22, 3 (2003), 954–961.

LEE Y., LEE S., SHAMIR A., COHEN-OR D., SEIDEL
H.-P.: Mesh scissoring with minima rule and part salience.
Computer Aided Geometric Design 22, 5 (July 2005), 444–465.

More…

SANDER P., SNYDER J., GORTLER S., HOPPE H.:
Texture mapping progressive meshes. In Proceedings of ACM
SIGGRAPH (2001), pp. 409–416.

COHEN-STEINER D., ALLIEZ P., DESBRUN M.:
Variational shape approximation. ACM Trans. Graph. 23, 3
(2004), 905–914.

More…

Patch Type (Surface)
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In the Following…

1. Formulate the problem as an 
optimization problem

2. Discuss some (many) applications 

3. Discuss measures and constraints 
in the context of the application

4. Discuss the algorithms to perform 
segmentation

1.1. Formulate the problem as an Formulate the problem as an 
optimization problemoptimization problem

2.2. Discuss some (many) applications Discuss some (many) applications 

3.3. Discuss measures and constraints Discuss measures and constraints 
in the context of the applicationin the context of the application

4.4. Discuss the algorithms to perform Discuss the algorithms to perform 
segmentationsegmentation



9/13/2006 © Ariel Shamir ��

General Segmentation 
Scheme

1. Know your application

2. Choose criteria & define a 
measure and constraints

3. Choose an Algorithm

1.1. Know your applicationKnow your application

2.2. Choose criteria & define a Choose criteria & define a 
measure and constraintsmeasure and constraints

3.3. Choose an AlgorithmChoose an Algorithm

Application Criteria AlgorithmPlanarity
Constant 
Curvature

K-means
Spectral

Clustering
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Optimization Definition

Given a mesh M = {V,E,F} and the set 
of elements SÎÎÎ Î {V,E,F}, find a disjoint 
partitioning of S into S 1,…,Sk such 
that the criterion function 

J = J(S1,…,Sk)

Be minimized under a set of 
constraints C.

Given a mesh M = {V,E,F} and the set Given a mesh M = {V,E,F} and the set 
of elements Sof elements SÎÎÎ ÎÎÎÎ Î {V,E,F}, find a disjoint {V,E,F}, find a disjoint 
partitioning of S into Spartitioning of S into S 11,…,,…,SSkk such such 
that the criterion function that the criterion function 

J = J(SJ = J(S11,…,,…,SSkk))

Be Be minimizedminimized under a set of under a set of 
constraints C.constraints C.
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Optimal Solution?
If |S| = n and | SSSS| = k, then the search space is of 
order kn.

Segmentation must revert to some 
approximation algorithm:
• Region growing (local greedy)

• Hierarchical clustering (global greedy)

• K-means (iterative)

• Graph Cut

• Spectral Analysis

More on this later…

If |S| = n and |If |S| = n and | SSSSSSSS| = k, then the search space is of | = k, then the search space is of 
order korder knn..

Segmentation must revert to some Segmentation must revert to some 
approximation algorithm:approximation algorithm:
•• Region growing (local greedy)Region growing (local greedy)

•• Hierarchical clustering (global greedy)Hierarchical clustering (global greedy)

•• KK--means (iterative)means (iterative)

•• Graph CutGraph Cut

•• Spectral AnalysisSpectral Analysis

More on this later…More on this later…
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Constraints vs. Attributes

Constraints:

• Imposed on the segments, must be 
preserved 

Elements attributes:

• Used for the criteria measure in the 
optimization process

Constraints:Constraints:

•• Imposed on the segments, must be Imposed on the segments, must be 
preserved preserved 

Elements attributes:Elements attributes:

•• Used for the criteria measure in the Used for the criteria measure in the 
optimization processoptimization process
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Types of Constraints
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

Topology
• Connectivity (single component)

• Disk topology

CardinalityCardinality

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

•• Overall balanced partitionOverall balanced partition

GeometryGeometry

•• Size: area, diameter, radiusSize: area, diameter, radius

•• Convexity, RoundnessConvexity, Roundness

•• Boundary smoothnessBoundary smoothness

TopologyTopology

•• Connectivity (single component)Connectivity (single component)

•• Disk topologyDisk topology
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Types of Attributes Used
• Distance and Geodesic distance

• Planarity, normal direction

• Smoothness, curvature

• Distance to complex proxies 

• Slippage

• Symmetry

• Medial Axis, Shape diameter…

•• Distance and Geodesic distanceDistance and Geodesic distance

•• Planarity, normal directionPlanarity, normal direction

•• Smoothness, curvatureSmoothness, curvature

•• Distance to complex proxies Distance to complex proxies 

•• SlippageSlippage

•• SymmetrySymmetry

•• Medial Axis, Shape diameter…Medial Axis, Shape diameter…
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Euclidean Distances Vs. 
Geodesic Distances
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Euclidean
Distance between points 
in 3D, e.g. for finding the 
best fitting primitive f 
(plane, sphere, cylinder) 
to a given set of points 
(samples or vertices) 
using Least Square Fit:

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

� -
i

iif
xfx

2
)(min
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Geodesic Distances

Average Geodesic DistanceAverage Geodesic DistanceAverage Geodesic Distance
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Normal direction, 
Dihedral Angles
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Smoothness, Curvature
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Various Skeletons
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Diameter Function
Distinguish between 
thin and thick parts 
in a model

Distinguish between Distinguish between 
thin and thick parts thin and thick parts 
in a modelin a model
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Symmetry
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 
their proximity in the m-
dimensional feature space.

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

Every point has m values Every point has m values 

Treat these m values as a Treat these m values as a 
feature vector feature vector 

Cluster faces according to Cluster faces according to 
their proximity in the mtheir proximity in the m --
dimensional feature space.dimensional feature space.

(Podolak et al., SIGGRAPH 2006)
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Slippage
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 pi in its 
neighborhood : 

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

Search for an instantaneous Search for an instantaneous 
motion vector [r, t] that, when motion vector [r, t] that, when 
applied to a point P on the applied to a point P on the 
surface minimizes the motion surface minimizes the motion 
along the normal direction for along the normal direction for 
each point peach point pii in its in its 
neighborhood : neighborhood : 

(Gelfand & Guibas SGP 2004)



9/13/2006 © Ariel Shamir �	

Motion Based
SHAMIR A., PASCUCCI V., Temporal and 
Spatial Level of Details for Dynamic Meshes,
Proceedings, Virtual Reality Systems and 
Techniques 2001, Ban , Canada, pp. 423--430, 
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., LIN P.-H., YAN S.-U. LIN C.-H., 
Mesh decomposition 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. 517-525, 
Proc. EG 2006

SHAMIR A., PASCUCCI V., SHAMIR A., PASCUCCI V., Temporal and Temporal and 
Spatial Level of Details for Dynamic Meshes,Spatial Level of Details for Dynamic Meshes,
Proceedings, Virtual Reality Systems and Proceedings, Virtual Reality Systems and 
Techniques 2001, Ban , Canada, pp. 423Techniques 2001, Ban , Canada, pp. 423---- 430, 430, 
20012001

SATTLER M., SARLETTE R., KLEIN R.,: SATTLER M., SARLETTE R., KLEIN R.,: 
Simpler and efficient compression of Simpler and efficient compression of 
animation sequence. In Proceedings of 2005 animation sequence. In Proceedings of 2005 
ACM SIGGRAPH/EG symposium on computer ACM SIGGRAPH/EG symposium on computer 
animation pp. 209animation pp. 209--217, 2005217, 2005

LEE T.LEE T.--Y., LIN P.Y., LIN P.--H., YAN S.H., YAN S.--U. LIN C.U. LIN C. --H., H., 
Mesh decomposition using motion information Mesh decomposition using motion information 
from animation sequence. Proc. Computer from animation sequence. Proc. Computer 
Animation and Virtual Worlds P. 519Animation and Virtual Worlds P. 519 --529, 529, 
20052005

GUNTER J., FRIEDRICH H., WALD I., GUNTER J., FRIEDRICH H., WALD I., 
SEIDEL H.SEIDEL H.--P., SLUSALLEK P. Ray tracing P., SLUSALLEK P. Ray tracing 
animated scenes using motion decomposition, animated scenes using motion decomposition, 
Computer Graphics Forum, 25(3) pp. 517Computer Graphics Forum, 25(3) pp. 517--525, 525, 
Proc. EG 2006Proc. EG 2006

Cluster parts which move in a 
similar manner
Cluster parts which move in a Cluster parts which move in a 
similar mannersimilar manner
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Example: Simplification 
Application

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.

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

Similar to an approximation theory Similar to an approximation theory 
problem:problem:

–– Replacing complex mathematical objects Replacing complex mathematical objects 
with simpler ones, while keeping the primal with simpler ones, while keeping the primal 
information content.information content.
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Segmentation Context?
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 
small.

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

COHENCOHEN--STEINER D., ALLIEZ P., STEINER D., ALLIEZ P., 
DESBRUN M.: DESBRUN M.: VariationalVariational shape shape 
approximation. ACM Trans. Graph. 23, 3 approximation. ACM Trans. Graph. 23, 3 
(2004), 905(2004), 905––914.914.
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CAD Models 
Simplification
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.

SHEFFER A.: Model simplification 
for meshing using face clustering. 
Computer Aided Design 33 (2001), 
925–934.

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

SHEFFER A.: Model simplification SHEFFER A.: Model simplification 
for meshing using face clustering. for meshing using face clustering. 
Computer Aided Design 33 (2001), Computer Aided Design 33 (2001), 
925925––934.934.
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Planes or Cylinders

RAAB R., GOTSMAN C., SHEFFER RAAB R., GOTSMAN C., SHEFFER 
A.: Virtual woodwork: Generating bead A.: Virtual woodwork: Generating bead 
figures from 3d models. International figures from 3d models. International 
Journal on Shape Modeling 10, 1 Journal on Shape Modeling 10, 1 
(2004), 1(2004), 1––30.30.

COHENCOHEN--STEINER D., ALLIEZ P., STEINER D., ALLIEZ P., 
DESBRUN M.: DESBRUN M.: VariationalVariational shape shape 
approximation. ACM Trans. Graph. 23, approximation. ACM Trans. Graph. 23, 
3 (2004), 9053 (2004), 905––914.914.
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Spheres, Cylinders, 
Rolling Ball Surfaces

WU J., KOBBELT L.: Structure WU J., KOBBELT L.: Structure 
recovery via hybrid recovery via hybrid variationalvariational
surface approximation. Computer surface approximation. Computer 
Graphics Forum (Proceedings Graphics Forum (Proceedings 
EurographicsEurographics2005) 24, 3 (2005), 2005) 24, 3 (2005), 
277277––284.284.

ATTENE M., FALCIDIENO B., ATTENE M., FALCIDIENO B., 
SPAGNUOLO M.: Hierarchical SPAGNUOLO M.: Hierarchical 
mesh segmentation based on mesh segmentation based on 
fitting primitives. The Visual fitting primitives. The Visual 
Computer 22, 3 (2006), 181Computer 22, 3 (2006), 181––193.193.

+
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Strips & Quasi-
Developable Surfaces
MITANI J., SUZUKI H.: Making 
papercraft toys from meshes using strip-
based approximate unfolding. ACM 
Transaction on Graphics (Proceedings 
SIGGRAPH 2004) 23, 3 (2004), 259–263.

JULIUS D., KRAEVOY V., SHEFFER A.: 
D-charts: Quasi-developable mesh 
segmentation. Computer Graphics 
Forum (Proceedings Eurographics 2005) 
24, 3 (2005), 981–990.

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

MITANI J., SUZUKI H.: Making MITANI J., SUZUKI H.: Making 
papercraftpapercraft toys from meshes using striptoys from meshes using strip--
based approximate unfolding. ACM based approximate unfolding. ACM 
Transaction on Graphics (Proceedings Transaction on Graphics (Proceedings 
SIGGRAPH 2004) 23, 3 (2004), 259SIGGRAPH 2004) 23, 3 (2004), 259––263.263.

JULIUS D., KRAEVOY V., SHEFFER A.: JULIUS D., KRAEVOY V., SHEFFER A.: 
DD--charts: Quasicharts: Quasi --developable mesh developable mesh 
segmentation. Computer Graphics segmentation. Computer Graphics 
Forum (Proceedings Forum (Proceedings EurographicsEurographics 2005) 2005) 
24, 3 (2005), 98124, 3 (2005), 981––990.990.

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

We need to measure the distance from a 
segment to the simpler geometric 
primitive?

We need to measure the distance from a We need to measure the distance from a 
segment to the simpler geometric segment to the simpler geometric 
primitive?primitive?

Application Criteria AlgorithmSimplification ???
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Distance Between 
Surfaces

• One sided

• Not Symmetric

• Complex to compute

• How to position the 
primitives?

•• One sidedOne sided

•• Not SymmetricNot Symmetric

•• Complex to computeComplex to compute

•• How to position the How to position the 
primitives?primitives?

Hausdorff (L¥ ):

LP :
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L2 Distance to Plane
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L2,1 Metrics
Just measure the normal difference 
(we want to minimize the orientation 
difference!)

Just measure the normal difference Just measure the normal difference 
(we want to minimize the orientation (we want to minimize the orientation 
difference!)difference!)
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Effect of Different 
Metrics

COHENCOHEN--STEINER D., ALLIEZ P., DESBRUN M.: STEINER D., ALLIEZ P., DESBRUN M.: VariationalVariational shape approximation. shape approximation. 
ACM Trans. Graph. 23, 3 (2004), 905ACM Trans. Graph. 23, 3 (2004), 905––914.914.
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Other Planarity Criteria
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Non Planar Regions 
Criteria
Differences of Normals

Differences of dihedral angles

Differences of curvature (estimations)

Fitting primitives in least square sense

More…

Differences of Differences of NormalsNormals

Differences of dihedral anglesDifferences of dihedral angles

Differences of curvature (estimations)Differences of curvature (estimations)

Fitting primitives in least square senseFitting primitives in least square sense

More…More…
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Example: 
Fitting a Cylinder
The curvature tensor 
field is 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.

The curvature tensor The curvature tensor 
field is used to field is used to 
determine if the region determine if the region 
is cylindrical.is cylindrical.

If it is, the points are If it is, the points are 
projected to the plane projected to the plane 
perpendicular to the perpendicular to the 
main axis and fit by a main axis and fit by a 
circle.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 1,…,Sk and a 
set of (K?) primitives P 1,…,Pk such 
that the distance between each 
primitive P i to Si be minimized.

Given a mesh M = {V,E,F} and the set Given a mesh M = {V,E,F} and the set 
S of faces of M, find a disjoint S of faces of M, find a disjoint 
partitioning of S into Spartitioning of S into S 11,…,,…,SSkk and a and a 
set of (K?) primitives Pset of (K?) primitives P 11,…,,…,PPkk such such 
that the distance between each that the distance between each 
primitive Pprimitive P ii to to SSii be minimized.be minimized.
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Finally…

Mainly two types:

Parametric algorithm (we know K) àààà Lloyd 

Non-parametric algorithm (we don’t know K) àààà
Hierarchical clustering

Mainly two types:Mainly two types:

Parametric algorithm (we know K) Parametric algorithm (we know K) àààààààà Lloyd Lloyd 

NonNon--parametric algorithmparametric algorithm (we don’t know K) (we don’t know K) àààààààà
Hierarchical clusteringHierarchical clustering

Criteria AlgorithmSimplification ???
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Iterative Lloyd
• COHEN-STEINER D., ALLIEZ P., 
DESBRUN M.: Variational shape 
approximation. ACM Trans. Graph. 
23, 3 (2004), 905–914.

• JULIUS D., KRAEVOY V., SHEFFER 
A.: D-charts: Quasi-developable mesh 
segmentation. Computer Graphics 
Forum (Proceedings Eurographics
2005) 24, 3 (2005), 981–990.

• WU J., KOBBELT L.: Structure 
recovery via hybrid variational
surface approximation. Computer 
Graphics Forum (Proceedings 
Eurographics 2005) 24, 3 (2005), 
277–284.

•• COHENCOHEN--STEINER D., ALLIEZ P., STEINER D., ALLIEZ P., 
DESBRUN M.: DESBRUN M.: VariationalVariational shape shape 
approximation. ACM Trans. Graph. approximation. ACM Trans. Graph. 
23, 3 (2004), 90523, 3 (2004), 905––914.914.

•• JULIUS D., KRAEVOY V., SHEFFER JULIUS D., KRAEVOY V., SHEFFER 
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• Equal size of patches

•• PlanarityPlanarity

•• Constant CurvatureConstant Curvature

•• Small number of patchesSmall number of patches

•• Equal size of patchesEqual size of patches



9/13/2006 © Ariel Shamir ��

Parameterization
SANDER P., SNYDER J., GORTLER S., 
HOPPE H.: Texture mapping progressive 
meshes. In Proceedings of ACM 
SIGGRAPH (2001), pp. 409–416.

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), 1–27.

SANDER P., SNYDER J., GORTLER S., SANDER P., SNYDER J., GORTLER S., 
HOPPE H.: Texture mapping progressive HOPPE H.: Texture mapping progressive 
meshes. In Proceedings of ACM meshes. In Proceedings of ACM 
SIGGRAPH (2001), pp. 409SIGGRAPH (2001), pp. 409––416.416.

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

ZHANG E., MISCHAIKOW K., TURK ZHANG E., MISCHAIKOW K., TURK 
G.: Feature based surface G.: Feature based surface 
parameterization and texture mapping. parameterization and texture mapping. 
ACM Transaction on Graphics 24, 1 ACM Transaction on Graphics 24, 1 
(2005), 1(2005), 1––27.27.



9/13/2006 © Ariel Shamir ��

Charts Creation
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. 362–371.

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. 45–54.

LEVY B., PETITJEAN S., RAY N., LEVY B., PETITJEAN S., RAY N., 
MAILLOT J.: Least squares conformal MAILLOT J.: Least squares conformal 
maps for automatic texture atlas maps for automatic texture atlas 
generation. In ACM Computer Graphics, generation. In ACM Computer Graphics, 
Proc. SIGGRAPH 2002, pp. 362Proc. SIGGRAPH 2002, pp. 362––371.371.

ZHOU K., SYNDER J., GUO B., SHUM ZHOU K., SYNDER J., GUO B., SHUM 
H.H.--Y.: Y.: IsochartsIsocharts : stretch: stretch--driven mesh driven mesh 
parameterization using spectral parameterization using spectral 
analysis. In SGP ’04: Proceedings of the analysis. In SGP ’04: Proceedings of the 
2004 2004 EurographicsEurographics/ACM SIGGRAPH /ACM SIGGRAPH 
symposium on Geometry processing symposium on Geometry processing 
(New York, NY, USA, 2004), ACM Press, (New York, NY, USA, 2004), ACM Press, 
pp. 45pp. 45––54.54.



9/13/2006 © Ariel Shamir ��

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. 146–155.

SANDER P., WOOD Z., GORTLER S., SANDER P., WOOD Z., GORTLER S., 
SNYDER J., HOPPE H.: MultiSNYDER J., HOPPE H.: Multi --chart chart 
geometry images. In Proceedings of the geometry images. In Proceedings of the 
EurographicsEurographics Symposium on Geometry Symposium on Geometry 
Processing (2003), pp. 146Processing (2003), pp. 146––155.155.



9/13/2006 © Ariel Shamir ��

Desired Properties
Sub-mesh patch must be 
topologically equivalent to a disk 
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parameterizations distortion.
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Segmentation as a 
Clustering Problem
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.

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

This is in fact a clustering problem of primitive This is in fact a clustering problem of primitive 
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This problem is well studied in Machine This problem is well studied in Machine 
Learning.Learning.
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segmentation, can be classified as variants of segmentation, can be classified as variants of 
classic clustering algorithms.classic clustering algorithms.
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Iterative Clustering
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Lloyd (k-means)
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Spectral Analysis
• The mesh (or dual) is  a graph

• Even 2-way Graph partitioning is 
in general NP-hard

• Ratio cut uses the graph 
Laplacian L= D-A, where A ij is 
the adjacency matrix and 
D=diag(deg(i))

• Other cases (normalized cut) use 
D-½ A ij D-½ , where Aij (affinity) is 
interpreted as the probability that 
xi and xj are clustered together (or 
the negative distance) 

•• The mesh (or dual) is  a graphThe mesh (or dual) is  a graph

•• Even 2Even 2--way Graph partitioning is way Graph partitioning is 
in general NPin general NP--hardhard

•• Ratio cut uses the graph Ratio cut uses the graph 
LaplacianLaplacian L= DL= D --A, where A, where AA ijij is is 
the adjacency matrix and the adjacency matrix and 
D=D=diag(deg(idiag(deg(i))))

•• Other cases (normalized cut) use Other cases (normalized cut) use 
DD --½½ AA ijij DD --½½ , where , where AA ijij (affinity) is (affinity) is 
interpreted as the probability that interpreted as the probability that 
xxii and and xxjj are clustered together (or are clustered together (or 
the negative distance) the negative distance) 
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Spectral Graph Theory
There is a relation between the 
combinatorial characteristics of the 
graph and the algebraic properties of the 
matrix – its eigenvalues and eigenvectors 
(spectrum).

This converts the graph partitioning 
problem to an algebraic partitioning 
problem.

There is a relation between the There is a relation between the 
combinatorial characteristics of the combinatorial characteristics of the 
graph and the algebraic properties of the graph and the algebraic properties of the 
matrix matrix –– its its eigenvalueseigenvaluesand eigenvectors and eigenvectors 
(spectrum).(spectrum).

This converts the graph partitioning This converts the graph partitioning 
problem to an algebraic partitioning problem to an algebraic partitioning 
problem.problem.
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The Basic Idea
1. Each row/column of the matrix represents one node

2. For d-way partitioning, project the vectors of Ai j
onto the first d-dimentional space of its spectra 

3. Any Clustering of these vectors (smaller space, easier 
to cluster) implies a cluster on the original nodes

• In particular 2-way partitioning project to the 
(second) smallest eigenvalue and uses a 1-D scalar 
value search.

1.1. Each row/column of the matrix represents one nodeEach row/column of the matrix represents one node

2.2. For dFor d--way partitioning, project the vectors of way partitioning, project the vectors of AijAij
onto the first onto the first dd--dimentionaldimentional space of its spectra space of its spectra 

3.3. Any Clustering of these vectors (smaller space, easier Any Clustering of these vectors (smaller space, easier 
to cluster) implies a cluster on the original nodesto cluster) implies a cluster on the original nodes

•• In particular 2In particular 2 --way partitioning project to the way partitioning project to the 
(second) smallest (second) smallest eigenvalueeigenvalue and uses a 1and uses a 1--D scalar D scalar 
value search.value search.
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(A little) More on 
Spectral Clustering
A single framework for Clustering: 
Zass & Shashua – NIPS’06
Probabilistic Clustering, Min-Cut, Spectral Cluster ing,
Normalized Cut, Ratio Cut, K-Means

A single framework for Clustering: A single framework for Clustering: 
ZassZass & & ShashuaShashua–– NIPS’06NIPS’06
Probabilistic Clustering, MinProbabilistic Clustering, Min --Cut, Spectral Clustering,Cut, Spectral Clustering,
Normalized Cut, Ratio Cut, KNormalized Cut, Ratio Cut, K --MeansMeans
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Graph Cuts
Define a graph where 
each node is an element 
and the edges hold 
weights according to 
the distances between 
the elements.

Example: dual graph 
and the weight is the 
dihedral angle.

Define a graph where Define a graph where 
each node is an element each node is an element 
and the edges hold and the edges hold 
weights according to weights according to 
the distances between the distances between 
the elements.the elements.

Example: dual graph Example: dual graph 
and the weight is the and the weight is the 
dihedral angle.dihedral angle.
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Finding Min-Cut

Mostly used on 
portions of the mesh 
for refinement of 
borders between 
segments and 
smoothing.

Mostly used on Mostly used on 
portions of the mesh portions of the mesh 
for refinement of for refinement of 
borders between borders between 
segments and segments and 
smoothing.smoothing.
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(Proceedings SIGGRAPH 2003) 22, (Proceedings SIGGRAPH 2003) 22, 
3 (2003), 9543 (2003), 954––961.961.

Others…Others…
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Comparison
• Growing
• Hierarchical
• Iterative
• Spectral Analysis 

Other considerations: local control, 
hierarchy, convergence, parametric vs. non 
parametric…

•• GrowingGrowing

•• HierarchicalHierarchical

•• IterativeIterative

•• Spectral Analysis Spectral Analysis 

Other considerations: local control, Other considerations: local control, 
hierarchy, convergence, parametric vs. non hierarchy, convergence, parametric vs. non 
parametric…parametric…
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Interactive Issues
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Advanced Issues
• Can we say it is “correct”?

• What is the notion of “shape”?

• Some interpretation would be that our notion and 
perception of the shape (our “segmentation”) would not 
change under certain transformations:

– Rigid body invariant

– Generally NOT Affine invariant

– Pose invariant?

– Similar on similar objects (important for matching, motion 
transfer etc.)

•• Can we say it is “correct”?Can we say it is “correct”?

•• What is the notion of “shape”?What is the notion of “shape”?

•• Some interpretation would be that our notion and Some interpretation would be that our notion and 
perception of the shape (our “segmentation”) would not perception of the shape (our “segmentation”) would not 
change under certain transformations:change under certain transformations:

–– Rigid body invariantRigid body invariant

–– Generally NOT Affine invariantGenerally NOT Affine invariant

–– Pose invariant?Pose invariant?

–– Similar on similar objects (important for matching, motion Similar on similar objects (important for matching, motion 
transfer etc.)transfer etc.)
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Pose Invariant
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using feature point and core extraction. The Visual  
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Map the object to a canonical position (MDS)

SHAPIRA L., SHAMIR A., COHENSHAPIRA L., SHAMIR A., COHEN --OR D.: The shape OR D.: The shape 
diameter function. Proc. Israel Korea diameter function. Proc. Israel Korea binationalbinational
conference on shape modeling, 2005.conference on shape modeling, 2005.

Use a pose invariant function (SDF)Use a pose invariant function (SDF)

KATZ S., LEIFMAN G., TAL A.: Mesh segmentation KATZ S., LEIFMAN G., TAL A.: Mesh segmentation 
using feature point and core extraction. The Visual  using feature point and core extraction. The Visual  
Computer (Pacific Graphics) 21, 8Computer (Pacific Graphics) 21, 8––10 (2005), 86510 (2005), 865––875.875.

Map the object to a canonical position (MDS)Map the object to a canonical position (MDS)
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Final Remarks
• Many applications use mesh segmentation as a sub-

stage

• Segmentation usually has more effect on the results 
than seem to be realized

• 3D segmentation is still a very difficult problem – and 
still in its infancy, e.g. compared to image segmentation 
(hundreds of papers).

• More advanced coherency issues should be addressed 
such as pose invariance, extracting similar parts a nd 
shapes over similar objects and more…

•• Many applications use mesh segmentation as a subMany applications use mesh segmentation as a sub--
stagestage

•• Segmentation usually has more effect on the results Segmentation usually has more effect on the results 
than seem to be realizedthan seem to be realized

•• 3D segmentation is still a very difficult problem 3D segmentation is still a very difficult problem –– and and 
still in its infancy, e.g. compared to image segmentation still in its infancy, e.g. compared to image segmentation 
(hundreds of papers).(hundreds of papers).

•• More advanced coherency issues should be addressed More advanced coherency issues should be addressed 
such as pose invariance, extracting similar parts a nd such as pose invariance, extracting similar parts a nd 
shapes over similar objects and more…shapes over similar objects and more…
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Thank you!Thank you!


