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About This Course

* Prerequisite
— Computer Graphics
— CAGD
— C/C++, Matlab
e State-of-the-art geometry modeling and
processing
— Hot topics
— Future trend



My Research Speciality




My Researches

3D modeling

3D processing




Research Interests

3D computer graphics
 Image and video processing
e 3D printing oriented graphics
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Geometry Representation
for 3D Objects

 Representing 3D object digitally

Real 3D object Digital representation



2D Digital Image
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Discrete Geometry: Points & Meshes

e Digitized 3D objects
— Computerized modeling of 3D geometry

 Triangular meshes

— Piecewise linear approximation to surfaces
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Polygon Mesh

e Set of polygons representing a 2D surface
embedded in 3D
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Image vs. Geometry

.\ Vertices
" -irregular




Image vs. Geometry

Dimension
Domain
Function or parametric (manifold)

Regularity
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Digital Media

Sound
lmage
Video

Geometry

— Computer animation
— Visualization

— Computer game

— Entertainment



Visual Computing

* Processing visual media
— 2D vision
— 3D graphics
— 3D vision

Geometry Animated
geometry
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Modeling



3D content creation is hard

| 3D modeling: Hot topic! |



3D Modeling

Sketches

Point
Clouds







Large and growing repositories of
3D Models
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Large and growing repositories of
3D Models
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Rendering
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3. ZFIE

Animation






4. XZH

Interaction



ACM SIGGRAPH

e Association for Computing Machinery

e Special Interest Group on Graphics and
Interactive Techniques
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PlayStation
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Rendering
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Geometry Representations

e Constructive Solid Geometry (CSG)

— Cube, cylinder, cone...

— Boolean operations

e Boundary Representation
— B-spline, NURBS
— Triangular mesh

e Rendering engine



Geometry Examples

Meshes
Point clouds
Implicit surfaces

Volumetric data
CSG




Geometry Processing

3D Geometry is based data for
— CAD/CAM, Engineering

— Visualization and simulation - medical, physics,
etc...

— Graphics, multimedia
e Geometry processing
— Computerized modeling of 3D geometry

e Digital Geometry = Mesh Processing



Digital Geometry Processing (DGP)

e Easy acquisition of 3D models
* Process of discrete models

R b ow

3D scanners



Digital Geometry Process
(DGP)
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* Processing of discrete models
— Polygonal mesh (Typically triangular)

* Why discrete?
— Simplicity - ease of description

— Based data for rendering
software/hardware

— Input to most simulation/analysis tools

— Output of most acquisition tools
e |aser scanner, CT, MRI, etc...




Course Syllabus

 Low-level geometry processing
— Model acquisition
— Surface reconstruction
— Mesh simplification and Remeshing
— Mesh parameterization
— Mesh editing, deformation and morphing
— Subdivision surfaces

 High-level geometry processing
— Shape segmentation
— Shape similarity
— Shape understanding
— Shape matching and retrieval



Applications

Medical Engineering Topography

Game Movies E-commerce Art history

Demo



Data Acquisition




Surface Reconstruction




Differential Geometry




Smoothing/Fairing
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Geometry Coding
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Parameterization
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Remeshing




Subdivision Surfaces




Mesh Editing and Morphing




Point Based Surfaces




Understanding Shapes

e Shape components (semantics)




Understanding Shapes

 Shape matching

— Similarity
— Correspondences




Understanding Shapes

e Shape retrieval
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Understanding Shapes

e Abstraction of shapes e Understanding assemblies
— [Mehra et al. SIGAsia 2009] — [Mitra et al. SIG 2010]
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Microsoft Kinects (2011)
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Microsoft Kinects 2.0 (2014)

o 1] LLHFHIKinects







—ZEFTEIZE (2013, 2014)

3Doodler, 2013

CreoPop, 2014



Leap Motion (2013)




Google Glass (2013)




Big Dog (2013)

L
=
=
4|
—
.
)
e
-~
Il
=
m




Apple iWatch (2019!)

e Apple iWatchZ fE T3
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— Photoshop, 3D Max, Maya, AutoCAD, Adobe
Products...
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Book

— Polygon mesh processing
Siggraph courses

Papers

Online resources

— Course website

Polygon Mesh
Processing
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Course Requirements

Basic knowledge

Self learning (40%)

— Reading papers

— Presentations

— Discussions

Programming project (20%)
Final survey report (40%)

— Literature survey on an interesting topic
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DGP

Expectations

— Many interesting topics

— Wide applications

Do something interesting

Learn something

— Coding, writing, demo, presentation

Hard work!

Have fun! ©
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Q&A



	Digital Geometry Processing��
	About This Course
	My Research Speciality
	My Researches
	Research Interests
	什么是3D几何？
	Geometry Representation �for 3D Objects
	2D Digital Image
	Discrete Geometry: Points & Meshes�
	Polygon Mesh
	Image vs. Geometry
	Image vs. Geometry
	3D几何：第四代数字媒体�
	Digital Media
	Visual Computing
	什么是计算机图形学？
	计算机图形学的主要内容
	1. 建模
	3D content creation is hard
	3D Modeling
	Slide Number 21
	Large and growing repositories of 3D Models
	Large and growing repositories of 3D Models
	2. 绘制
	绘制
	Slide Number 26
	Slide Number 27
	3. 动画
	Slide Number 29
	4. 交互
	ACM SIGGRAPH
	Slide Number 32
	3D交互技术的新进展�
	计算机图形学的主要内容
	计算机图形学的主要内容
	3D几何的表达及处理
	Geometry Representations
	Geometry Examples
	Geometry Processing
	Digital Geometry Processing (DGP)
	Digital Geometry Processing� (DGP)
	Course Syllabus
	Applications
	Data Acquisition
	Surface Reconstruction
	Differential Geometry
	Smoothing/Fairing
	Mesh Simplification
	Geometry Coding
	Parameterization
	Remeshing
	Subdivision Surfaces
	Mesh Editing and Morphing
	Point Based Surfaces
	Understanding Shapes
	Understanding Shapes
	Understanding Shapes
	Understanding Shapes
	我们正处在3D技术�极速发展的浪尖…
	Microsoft Kinects (2011)
	Microsoft Kinects 2.0 (2014)
	三维打印 (2012)
	三维打印笔 (2013, 2014)
	Leap Motion (2013)
	Google Glass (2013)
	Big Dog (2013)
	Apple iWatch (2019!)
	本课程的内容
	预备知识：数学
	预备知识：编程
	相关学科
	参考资料
	Course Requirements
	课程寄语
	3D时代的来临…
	Expectations
	计算机图形学的挑战
	Slide Number 80
	Q&A

