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Recap: 3D Content Creation

 Surface reconstruction

* Geometric modeling i = ﬁ j: &9 A
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* Creative generation |
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There are lots of 3D models available...



Princeton Shape Benchmark

* 900+ models, 90 classes

14 biplanes 50 human bipeds 17 fish

EESTTE

16 swords 6 skulls 15 desk chairs 13 electric guitars
http://www.shape.cs.princeton.edu/benchmark/



Repositories of 3D Models




Repositories of 3D Models
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Analyzing and Understanding 3D Contents

* Organize Geometric Data
* Understand Structure and Relationships
* Understand Semantics and Functionality

* Synthesizing New Shapes
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From low- to high-level processing

* Local level analysis
* purely geometry/content-driven
* mathematical formulation of objectives

* Examples: curvature and normal estimation, mesh
smoothing, simplification, remeshing,
parameterization...

* High level analysis
* non-local analysis

* not easy to formulate objectives mathematically
e Semantics is hard!



Problems of Shape Analysis



Understanding Shapes

e Shape features
* Feature points
* Feature lines
e Saliency




Understanding Shapes

* Alignment (upright)




Understanding Shapes

* Shape segmentation (components)




Understanding Shapes

* Co-segmentation of a set of shapes

* More knowledge can be inferred from multiple shapes
rather than an individual shape




Understanding Shapes

* Labeling

M head
[ torso
B upper arm

lower arm
B hand

Bl upper leg

Bl lower leg

B foot




Understanding Shapes

* Symmetries




Understanding Shapes

e Skeleton




Understanding Shapes

e Shape matching
e Similarity
* Correspondences




Understanding Shapes

* Shape retrieval
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3D Query
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Understanding Shapes

e Classification

Club Swivel



Understanding Shapes

e Structures

 Hierarchical structures

Sleep area/ 2 5Bedroom
Bed and Window

supported group/
(xz) urtain
tovage
torage area
>Bed “~ area
Pillows/ Door set/ Door set/
Pillow Door
; ot ?If Closet %
Bed Mattress She Closet wnf Cabinet
Bed frame frame group/  group/ roup,

shelf  Closet CIoset group/



Understanding Shapes

* Functionality




Understanding Shapes

* Object affordance

[ B Central object ]

B Lying Supporting | Contained g Holding

B Infront p Onside g Supported Supporting I Contained g Holding

B Hanging | Supporting B Hanging | Side-supporting



Understanding Shapes

* Abstraction of shapes
* [Mehra et al. SIGAsia 2009]

Understanding assemblies
— [Mitra et al. SIG 2010]
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Shape Descriptors



oD e FAIRIRAE (FEiR 5. 451E)

(Shape representation/descriptor/feature)
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Shape Descriptors

* Shape Descriptors
* Fixed dimensional vector
* Independent of model representation
e Easy to match




Shape Descriptors

* Representation:
* What can you represent?
 What are you representing?

* Matching:
 How do you align?
e Part or whole matching?



A

Shape Descriptors

* Representation:
 What can you represent?
* What are you representing?

* Matching:

 How do you align?

e Part or whole matching?

Point
Clouds

Polygon Soups Closed
Meshes

Genus-0 Meshes

Shape Spectrum

\ 4



Shape Descriptors

* Representation:
* What can you represent?
 What are you representing?

* Matching:
 How do you align?
e Part or whole matching?

|s the descriptor invertible? What is represented by the
difference in descriptors?




Shape Descriptors

* Representation:
* What can you represent?
* What are you representing?

* Matching:
 How do you align?
e Part or whole matching?

How do you represent models across the space of
transformations that don’t change the shape?



Shape Descriptors

* Representation:

— What can you represent?

— What are you representing?
* Matching:

— How do you align?

— Part or whole matching?

Can you match part of a shape to the
whole shape?



Extended Gaussian Image

[Horn, 1984]

* Represent a model by a spherical function by binning
surface normals

Angular Bins EGI



Extended Gaussian Image

* Properties:
* Invertible for convex shapes
e 2D array of information
e Can be defined for most models

[Horn, 1984]

* Limitations:

* Too much information is lost
* Normals are sensitive to noise




Shape Histograms

[Ankerst et al., 1999]

» Shape descriptor stores a histogram of how much
surface resides at different bins in space
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Model Shape Histogram
(Sectors + Shells)



Gaussian Euclidean Distance Transform
[Kazhdan et al., 2003]

* The value at a point is obtained by summing the
Gaussian of the closest point on the model surface.

v'Distributes the surface into adjacent bins
v'Maintains high-frequency information

B .. Y

Surface Gaussian Gaussian EDT



Spherical Extent Function
[Vranic et al. 2002]

* For every view direction, store the distance to the first
point a viewer would see when looking at the origin.




Spherical Extent Function

* A model is represented by its star-shaped envelope:

* The minimal surface containing the model with the
property that the center sees every point on the surface

* Transforms arbitrary genus models to genus-0 surfaces




Spherical Extent Function

* A model is represented by its star-shaped envelope:

* The minimal surface containing the model with the
property that the center sees every point on the surface

* Transforms arbitrary genus models to genus-0 surfaces

Model Star-Shaped Envelope



Spherical Extent Function

* Properties:
* Can be defined for most models
* Invertible for star-shaped models
e 2D array of information

* Limitations:
* Distance only measures angular proximity

Spherical Extent Matching Nearest Point Matching



Light Field Descriptor

[Chen et al. 2003]
* For every view direction, store the image the viewer
would see when looking at the origin.




Light Field Descriptor

* Hybrid boundary/volume representation




Light Field Descriptor

* Properties:
* Can be defined for most models
* Invertible for star-shaped models
* 4D array of information
e Similarity = sum of area and contour similarities
* There is a well defined interior
* Can parameterize contours in 2D
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Area Comparison Contour Comparison
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Methodology



Traditional Methods
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average geodesic
distance
(AGD) [HSKKO01]
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Gaussian
curvature (GC)
[GCOO06]
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conformal factor
(CF)
[BCGO08]
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shape
contexts (SC)
[BMP02]

shape diameter
function (SDF)
[SSS10]
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[Hu et al. SGP 2012]
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Subspace Clustering

[Vidal 2010]

* Input:
* high dimensional datasets having low intrinsic dimensions
* {x}j=1,..n %t ERP

!

* Qutput:
— multiple low-dimensional linear subspaces
— L, P, P,




Formulation: Group Lasso

* Our solution:
* apply subspace clustering in each feature space
* add the consistent multi-feature penalty

Wy,

H
mi% z F(Wy) +[Pcons (W, Ws, ..., W,})
=

s.t. W, =0,diag(lW,) =0, h=1,2,.. H

where F(Wy) = || X, W}, — Xh”F2 + MlWhTWhlll,l



Consistent multi-feature penalty

1. Find the most similar patch pairs

2. Corresponding patches need not be similar in all features

Poons (Wi, Ws, .., Wy) = a|[W]l, 1 + BlIW]l1 4

:(W1)11 (W1)12 (W1)N2
W= ||| W) o W)y
Widra] Wiz . Wa)we







Deep Learning based Methods



Hand-crafted Features are not Enough

* “Hand-crafted” feature descriptor need domain
knowledge

* Too many feature descriptor, which is the best?

* Concatenation of the features may result in over-
fitting in feature space

Use deep leaning to extract
good feature descriptors!



AREFITIE I E)in

(KRS p7 S




Deep Neural Networks (DNN)

Regression problem:
Input: Given training set (x,, Y4), (X5, ¥,), (X3, Y3), ----
Output: Adjust parameters 0O (for every node) to make:

h(x;) = y;
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Trends



3D Data: Big Data Era?

Images Videos 3D Models
(Per minute)



Cross-Domain (FE#EA)

Image world Shape world
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Creative Design

* How can computational tools support human creativity?
 —What stimulates creative design?
 —How can computers help?

* —Requires something more than just structural/functional/semantic
analysis of shapes

3D content creation is still far from solved!
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