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Self-Introduction

* BS, MS: Tsinghua University
* PhD: Stanford University (2012)

* Research Assistant Professor at TTI Chicago
(2014-2016)

e Assistant Professor in Computer Science
(2016 - Now)



My Research

* Graphics/Computer Vision/Machine Learning

* |Intersection of Graphics and Artificial
Intelligence
— Machine Learning
— Natural Language Processing
— Robotics
— Computer Vision



Logistic

e Office Hour: Fridays 3:00 pm --- 5:00 pm

* Grading:
— 30% Paper presentation + In-class participation
— 70% Final project (Groups of 2-3)
* Proposal

* Final project presentation
* Project report






3D model as a data representation

Biology & Chemistry Medicine Virtual reality



A Personal Story



© Event €ajovna Ephesus Ukraine

o
- ' \"
Romania <
Krasnod
Ki
pacHoA
Bucharest
®
rbia
Black Sea
T~ Sofia
X
o Co%uu
ot Skopje Bulgaria
Ckonj
Macedonia
(FYROM)
Hotel Ephesus ~
S/u D d_ued choicewith
dining & aispajarea o Ephesus Boutique Hotel
Ankara
®
Greece
Ephesys Turkey
Athens
Aegvu EpfigSus Konya
o
N
Flora Garden Ephesus :
Amglya Adgna Gazngmep
’ Ephesus
Cypruses
o
Vo olas
nk ' e
Jerusalen®
Nl
Israel
Cairo

8yl



© Event €ajovna Ephesus Ukraine

o
- ' -~ "
Romania <
Krasnod
Ki )
pacHon A
Bucharest
]
rbia
Black Sea
— Sofia
L
e Co%uu
ot Skopje Bulgaria
Ckonj
Macedonia
(FYROM)
Hotel Ephesus ~
S/u D d_ued choicewith
dining &aispajarea o Ephesus Boutique Hotel
Ankara
]
Greece
Ehfiacus Turkey
Athens
Aegva EpfigSus Kohya
o
4
Flora Garden Ephesus :
Amglya Adgna Gazngntep
’ Ephesus
Syria
s
e i ®
Jerusalen® Jordan
Nl
Israel
Cairo

33al1




Reconstructing of the Octagon Monument
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Finding matching fragments is a
tedious job
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3D reconstruction and completion




Reconstruction Pipeline [Huang et al. 06]

Data Feature Pairwise Multi-piece
segmentation selection matching matching



Visual impact of the 3D restoration




Recommended Books

A Sampler of Useful
Computational Tools for

POlngD MeSh Applied Geometry, Computer Graphics,
Processing

and Image Processing

Q.
Mario Botsch Daniel Cohen-Or(Editor)\ 2 o)
S b he Chen Greif e ——
Leif Kobbelt Taou ——
Mark Pauly Niloy J. Mitra
: i Ariel Shamir
Pierre Alliez Olga Sorkine-Hornung
Hao (Richard) Zhang

Bruno Lévy
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CRC Press

Taylor & Francis Group.
A CHAPMAN & HALL BOOK

Copyrighted Material
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Learning from Synthetic Data



Render-for-CNN [Su et al. 15]
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Physically-Based Rendering [Zhang et al. 16]

Testing Image Ground Truth NYUv2 MLT+NYUv2 Error Map



Autonomous Driving



3D Sensors




3D Understanding




Architectural Design



Procedural Modeling




Architectural Geometry




itectural Geometry
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Movie Industry



Digital Characters --- Avatar




Virtual Reality



Matterport — Navigation of Indoor Environment
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3D Product Search

& 3D Warehouse Upload Model =

tags:"Apple product" Sign In

ALL Results Per Page Sort by Relevance
13 Results g

iPhone 5 w/o ios 7 iPad Air iPod Nano Special Edition Red Apple iPod touch 4th Gen

by: zion M. &_] by: irfanfikr ﬁ by: BR4229 &_] by: dodgea [E
6th generation iPod nano 3D "Product RED" Superphone iPod nano 3rd generation (Pro... Apple iPod nano (PRODUCT)R

by h?;t}v‘tv:“mr:ﬁ I_E by: Dustin M @ by: freak316 = &_l by: Brian Brow EI

X
N o

imac |—_J;] my awesome ipod & Apple Table Cutout iPod Shuffle Pro (New Design) I—\L_—l

by: Halo by: nick by: SketchupQueen by: anonymous



Computational Biology



Protein Docking
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Protein Folding

Folded



Three Major Topics

Reconstruction Analysis Synthesis



Geometry Reconstruction



Topic one — Geometry Reconstruction




Topic one — Geometry Reconstruction




Topic one — Geometry Reconstruction




Multi-view Stereo Reconstruction
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Multi-view Stereo Reconstruction




Scanning-Based Reconstruction
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The process of triangulation for an
unknown point in 3D space



Scanning-Based Reconstruction




Scanning-Based Reconstruction

Kinect Fusion



Interactive Modeling
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ShapeNet3D

3D Warehouse Yobi3D

3M models in more than 4K categories



Data Representation
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Part-based models
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Discussion



Geometric Data Analysis



Curvature

Curvature Curvature Derivatives



Feature Lines
[Hildebrandt et al. 05]




Shape Descriptors

Prcobability

Distance

Shape Distributions Spherical Harmonics Light Field Descriptors



Shape Classification

[Wu et al. 15]
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Shape Classification

[Su et al. 15]
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Shape Segmentation

[Kalogerakis’ 10]
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Skeleton Extraction




Shape Segmentation

[Su et al. 16]
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Hierarchical Decomposition




Hierarchical Decomposition

[Liu et al. 14]
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Shape Matching

[Sahillioglu et al. 11]




Shape Matching

[Kim et al. 12]
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Symmetry Detection

[Mitra et al. 06]




Discussion



Deformation/Editing/Synthesis/Modeling



Shape Editing

[Sorkine et al. 04]




Shape Deformation

[Crane et al. 11,13]




Shape Editing

[Huang et al. 12]




Content-Preserving Deformation

[Kraevoy et al. 08]
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Shape Modeling

Modeling by example



Shape Synthesis

[Xu et al. 12]
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Shape SyntheSiS
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Geometry Processing
Meets Big-data and Deep Learning



Ambiguities in assembling pieces
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Resolving ambiguities by looking at
additional pieces
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Generative Adversarial Shape Generation
[Wu et al. 16]
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Detailed Syllabus

Date Topics

Jan. 17 Introduction

Jan. 19 Overview of Geometry Reconstruction and Acquisition
Jan. 24 Overview of Geometric Data Analysis

Jan. 26 Overview of Geometric Modeling, Synthesis and Fabrication
Jan. 31 Multi-View Geometry I

Feb. 2 Multi-View Geometry II

Feb. 7 Paper Presentations I (Multi-View Geometry)

Feb. 9 3D Scanning

Feb. 14 Geometric Alignment

Feb. 16 Mesh Generation

Feb. 21 Paper Presentations II (Geometry Reconstruction)
Feb. 23 Mesh Simplification and Smoothing

Feb. 28 Discrete Differential Geometry 1

Mar. 2 Discrete Differential Geometry 11

Mar. 7 Shape Deformation and Non-Rigid Alignment




Detailed Syllabus

Mar. 7 Shape Deformation and Non-Rigid Alignment

Mar. 9 Paper Presentation III (Mesh Processing)

Mar. 14 Shape Analysis I (Retrieval/Recognition/Correspondence/Segmentation)
Mar. 16 Shape Analysis II (Data-Driven Object Matching)

Mar. 21 Shape Analysis III (Data-driven Shape Segmentation)

Mar. 23 Shape Analysis IV (3D Deep Learning I)

Mar. 28 Shape Analysis V (3D Deep Learning 1)

Mar. 30 Paper presentations I'V (Shape Analysis)

Apr. 4 Shape Reconstruction, Modeling and Synthesis I (Assembly-Based)
Apr. 6 Shape Reconstruction, Modeling and Synthesis II (Deep Learning)
Apr. 11 Paper presentations V (Reconstruction, Modeling and Synthesis)
Apr. 13 3D Printing

Apr. 18 Paper presentations VI (3D Printing)

Apr. 20 Graphics Meets Al (Overview)

Apr. 25 Paper presentations VII (Autonomous Geometry Reconstruction)
Apr. 27 Paper presentations VIII (Text-Based Geometry Synthesis)

May 2 Paper presentations IX (Learning to Generate Synthetic Data)

Final Project Presentations




Questions?



