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‘ Decomposition

n Images — “segmentation”
n Polyhedra — “triangulation” or “convex pieces”
n Meshes — “decomposition”

Philip Shilane Tal

‘ Applications

Shape-based retrieval

n Metamorphosis
Simplification

n Compression

Collision detection

n Control skeleton extraction
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‘ Applications

Shape-based retrieval
n Metamorphosis
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Collision detection
n Control skeleton extraction 39,697 faces
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7,936 faces

Philip Shilane Tal and Zuckerberger
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n Overview
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‘ n Overview

n Interactive segmentation
q Scissor tools
a VRML structure

n Automatic Segmentation
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| VRML Segmentation

Transform {
children [
DEF back Transform {
translation 0.123946 27.683
children [

2 ] .

DEF back_support Transform {
DEF seat Transform {

DEF seat_base Transform §

DEF leg_support Transform §

DEF legs Transform {
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‘ Triangulating Polygons

Triangulated by
ear removal
algorithm

O(n log n) Tarjan 1978 and others, allowing for holes

For polygons without holes:

O(n log log n) Hoffman, Tarjan, etc. 1986
O(n log* n) Clarkson, Tarjan, etc. 1989
O(n) Chazelle 1990

Philip Shilane image from Paul Calamia
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‘ Space Sweep, Xuetao Li, et al

o={c|c=Uq), i=1...n}

Philip Shilane Li
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| Defining Critical Points

Philip Shilane Li

‘ Critical Point & Component

Critical Point

(F™(t) =0andF™(t-&)[F”(t+¢&)<0) or T(t)=0

Component

t
C= tQ G(t), such thathereisnocritical pointin (t,,t, )
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| Sweeping up skeletons

Computing Skeleton Defining sweep path Space Sweeping
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| Simplification

43,000 faces 2,000 i 7 43 faces

Philip Shilane Li
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| Associated Triangle List (ATL)

ATuV1, Vs) = {Tl}

N
<b . v | ATL( v) = {T3)
A/

Edge collapse

Philip Shilane Li

‘ 2D Example

ATL(V,,Vg) = { T2}
ATL(V,,Vg) = { Ts}

V1l
Vio o
W e e
Vﬁ
VQ
VQ
ATL(Vy Ve = {To To} ATL(Vyo, Vi) = {T5 T, .
ATL(V;0,Ve) = { Ts}
Philip Shilane Li
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3D Example

O(n log n) where the n vertices have a

bounded number of edges

Li

Philip Shilane

Skeleton of Polygon Mesh

o

Li

Philip Shilane
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‘ Sweeping the skeleton

Branches swept in order of
increasing surface area of ATL
A(P)=(length OfbramcrmPerimete( l); Perimetér)
Philip Shilane Li

‘ Sweep Operation

n Compute the cross sections
n Check if critical point is reached
If reached, extract component.
If not, move the sweep plane to the next position

Philip Shilane Li
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| Sweep Plane

below the
sweep plane

o

—»n

direction of sweep

sweep plane

above the
sweep plane

-+ branch
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| Space Sweep Results

Philip Shilane

Li
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‘ Flooding

— convex edge

~—~~ non-convex edge
S seed face

A excluded by criterion 1

B excluded by criterion 2

1. Create the dual graph, where nodes represent faces and edges join
nodes with adjacent faces.

2. Start at a seed node.
3. Collect allowable nodes.

Stopping Criteria
1 Local failure: edge exhibits non-convexity
2 Global failure: locally convex, but not on the convex hull

Philip Shilane image from Luv Kohli
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‘ Flood and Retract, Chazelle et al

Global failures occur
with twisted shapes.

Otherwise greedy
flooding would be
optimal.

1. Flood the surface by covers, allowing overlap
of faces.

2. Retract each cover that lies within the
boundary of another patch as much as
possible, so that the patch remains connected.

- . image from www.treehopper.com/ index.php?1ID=4
Philip Shilane 9 o PP

‘ Flood and Retract Results

Mushroom Bishop

Glass Rook

Philip Shilane Chazelle
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Watershed Segmentation, Mangan et al.

1. Compute the curvature (or some other height function)
at each vertex.

2. Find the local minima and assign each a unique label.

3. Find each flat area and classify it as a minimum or
plateau.

4. Loop through the plateaus and allow each one to
descend until a labeled region is encountered.

5. Allow all remaining unlabeled vertices to descend and
join a labeled region.

6. Merge regions whose watershed depth is below a
threshold.

Philip Shilane
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Watershed Flooding

Flat Plateau

Labeling Of Labeling Flat
Local Minima Region
Point in 2D
L\\ . .
AY Point in 3D
L
L Y

\ Neighbor J

Philip Shilane Mohandas and Mangan

‘ Merging regions

Watershed
Depth

® Vertex of current region

O Vertex of neighboring region

Define the depth of a region by its lowest vertex and lowest
boundary vertex.

Merge adjacent regions with shallow depths.

Philip Shilane Mohandas and Mangan



| Varying Depth Threshold

0.001 0.025 0.1

Philip Shilane Mohandas

| Simplifying Segments

Simplified from
39,697 to 7,936 faces
while maintaining
segments.

Philip Shilane Zuckerberger
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‘ Hierarchical Clustering

Agglomerative clustering Divisive clustering
joining clusters, bottom up splitting clusters, top down
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Philip Shilane Duda
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K-Means Clustering

n Initialize k reference vectors (or means) p, to &

of the data points.

n E —step: Each data point x;is assigned to one

of the kregions by
k(x) = argmin | - i

defines regions

Re={ X1 e <fx-sa| |
n M-step: Move p, to centroid of Rk

,Uk:,\+k 2 X N = X1
xR, xR,

Voronoi tesselation

Philip Shilane

Leen

K-Means Example

Philip Shilane

Duda
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‘ Distance Metrics Error Criteria

Minkowski metric

d
dist(a,b) = (Z a-b |qJ i Sum of Squared Error
i=1 numCat
cosine distance b Error = gxé.dist(x, )
dist(a,b) = — > et
llallllbl]
shared binary features Variance
atb numCat q )
dist(a b) — Error== > =% > dist(a,b)
! d 2 F L allCat, bCa

Mahalanobis distance

dist(a, 1) = (a- 1)’ (a- p)

Philip Shilane

K-Means Surface Decomposition, Shlatman et al

n Initialize cluster centers with faces as far apart
as possible

n Distance Metric:
¢ Fy, F,adjacent:

Dist(F,,F,) = (1- d)(1-cos (a)) + Phys_Dist(F,,F,)
¢ Fy, F, non-adjacent:
Dist(F,,F,) = Frl1F|nF (Dist(F,, F,) + Dist(F;, F,))

3 1nh2

n Error Metric: Y. . Dist(f,Rep(p))

pOpatchesfOp

Philip Shilane



‘ K-Means Segmentation Results

Philip Shilane Shlafman and Tal

‘ n Overview
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Hierarchical Fuzzy Clustering, Katz et al

n Hierarchical
n Optimizes both boundaries and components
n Avoids over-segmentation

Philip Shilane Tal

‘ Benefits

n
n Optimizes both boundaries and components
n Avoids over-segmentation

Philip Shilane Tal
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‘ Benefits

n Hierarchical
n

n Avoids over-segmentation

g d e

Shiafman et al Katz et al

Philip Shilane Tal

‘ Benefits

n Hierarchical
n Optimizes both boundaries and components

n

Chazelle et al Katz et al

Philip Shilane Tal
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‘ Key 1dea: two-phase algorithm

1. Find major
components
with fuzzy boundaries

2. Find exact boundaries

Philip Shilane Tal

‘ Algorithm outline

1.
a. Assign distances to pairs of faces
b. Assign probabilities of belonging to
patches
c. Compute a fuzzy decomposition

2. Construct exact boundaries
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| Algorithm outline

1. Construct fuzzy decomposition
a. Assign distances to pairs of faces

b. Assign probabilities of belonging to
patches

C.
2. Construct exact boundarij

Philip Shilane

‘ Algorithm outline

1. Construct fuzzy decomposition
a. Assign distances to pairs of faces

b. Assign probabilities of belonging to
patches

c. Compute a fuzzy decomposition

Philip Shilane Tal
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Distance function

n Initially, adjacent faces:

DAngDis(a.*.j) N a_Egeod Dist fi,-fj)
avg(AngDis) avg(GeodDisj

AngDis{(ai) =n7(1-cosa;)
n Final distances - shortest paths ’

Tal

Dist(f,, f,) = (L~ 9)

Philip Shilane

‘ Probabilities

Dist( fi, RER) _ &
Dist( fi, RER) + Dist( fi, RERs) an +bx

P,(f) =

Properties

L [as <bn Py(f) <05
. Oan > b Py(f.) > 05
IL Oas =br, Py () =05
Vo B (f) =1-P,(f)

Philip Shilane

Tal
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Fuzzy K-means

optimize F =szf Pr(f O patch{p)) Dist( f, p))
1. Initialization - select set of representatives Vk

» 2. Compute probabilities
3. Re-compute the set of representatives Vk
RERs =min ) P, (fi) Dist(f, f)

fi

L 4. If Vkis sufficiently different from Vi,
set Vk «—— Vk and go back to 2

Philip Shilane Tal

| Fuzzy decomposition

The surface is decomposed into A4, B, Fuzzy
A={fi|P,(f)<05-¢}
B={f|P,(f)>05+¢&}

Fuzzy={fi |05-£< P,(f)< 05+¢&}

A
Fuzzy
B

Philip Shilane Tal
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| Problem: finding boundaries

n Given:
q G=(V,E) the dual graph of the mesh
q A,B,Fuzzy

n Partition V into Va and Ve’ s.t.
V=V, 0V

yw

A
IL VA, N VB, =¢
m V, OV, V3 OV, Fuzzy
v.  Good cut! B
Philip Shilane Tal

| Algorithm for finding boundaries

n Assign capacities
n Construct a flow network on Fuzzy
n Find the minimum cut

Weigh(Cut(VA.,VB.))=ZuwA',va' w(u, V) oy

Philip Shilane Tal T




‘ Assigning capacities

Cuts should pass at regions of deep
concavities (Biederman)

Cap(, j) = 1 AngDis(a;)
avg(AngDis)
Philip Shilane b

‘ Key 1dea: recap

1. Find major
components
using fuzzy clustering

2. Find exact boundaries
using minimum cuts

Philip Shilane Tal
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‘ Hierarchical Decomposition

T

Philip Shilane Tal

‘ Hierarchical Decomposition

)

AN T
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‘ Hierarchical Decomposition

Philip Shilane Tal

| K-way decomposition

n

n Selecting initial representatives

n Assigning probability
Extracting fuzzy areas

Philip Shilane Tal
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| Determining #patches

G(k) = min,_, (Dist(REP, REP))

G(k)

Philip Shilane Tal

‘ K-way decomposition

n Determining the number of patches

n Selecting initial representatives

The first representative minimizes the distance to all
other faces, representing the main body. Other

representatives added to be as far apart as possible.

n Assigning probability

Dist( f,, Rep()))
1
— Dist( f,, Rep(m))

Pj(fi):

Extracting fuzzy areas

Philip Shilane edited Tal
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‘ Hierarchical k-way decomposition

Philip Shilane Tal
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