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3D Computer Graphics and Applications
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GPGPU (General-Purpose GPU Computing)
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Google’s Cloud Platform
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AMD Radeon RX Vega64 Liquid Cooled Edition (13.7 TFLOPS)
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3D Geometric Modeling

“3D modeling is the process of developing a mathematical, wireframe
representation of any three-dimensional object, called a "3D model", via
specialized software.” (from Wikipedia)

— Polygonal models

— Curved surface models

— Volumetric models

— Procedural models

— Etc
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3D Scanning
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© Blender © Pixar

3D models from captured images
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3D Animation

« "3D animation refers to the temporal description of an object, i.e., how it
moves and deforms over time.” (from Wikipedia)
— Key framing
— Inverse kinematics
— Motion capture
— Physically based simulation
- Etc.
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Example 1: Motion capture
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© The Lord of the Rings Motion CaptUfé

Capture realistic and emotional facial
expressions.
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© FaceShift
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« Example 2: Physically based fluid animation

V-u=2~0

5% =—(-Viut+vV.(Vu) —Vp+f

U sarusta
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« Example 3: Physically based fluid animation

J. Kim, D. Cha, B. Chang, B. Koo, I. Ihm, "Practical Animation of Turbulent Splashing Water", ACM SIGGRAPH/Eurographics
Symp. on Computer Animation, 2006.

B. Kang, Y. Jang, and I. Ihm, "Animation of Chemically Reactive Fluids Using a Hybrid Simulation Method", ACM
SIGGRAPH/Eurographics Symp. on Computer Animation, 2007.
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3D Rendering

« "3D rendering is the final process of creating the actual 2D image or
animation from the prepared scene. This can be compared to taking a
photo or filming the scene after the setup is finished in real life." (from
Wikipedia)
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« Example 1: Physically based real-time Monte Carlo ray tracing

Lo(z,d) Le(x, @) + Ly(z,0)

outgoing = Le ('SU w / z y W CU, Ct_j,)((ﬁ, y ﬁ) de’
radiance

reflected radiance

emltted
radiance
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« Example 2: Physically based volume rendering
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out-scattering
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Example 3: Production rendering
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Real-Time Rendering
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Photorealistic Rendering
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Scientific Visualization

. Parallel computing= &

© U. of Texas at Austin, CCV
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x| 2 Al 20oE: VR + AR + MR 2 XR
Virtual Reality (VR, 7} &)

Augmented Reality (AR, 37 ¢ 4)

« Mixed Reality (MR, ¢

. eXtented Reality (XR, =73
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Virtual Reallty(VR 7te Si4d)
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« A simulated experience that can be similar to or completely different from
the real world.

— Interact with fully artificial immersive virtual world

« Typical equipment: Multi-projected environments(VR cubes) and VR
headsets

PR ABusta
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Augmented Reality(AR, 3Z ¢4
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« An interactive experience of a real-world environment where the objects
that reside in the real world are enhanced by computer-generated
perceptual information.

« Virtual objects are overlaid on the real-world environment with spatial
registration that enables geometric persistence concerning placement and
orientation within the real world.

« Typical equipment: AR glasses, screens, tablets, and smartphones
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Mixed Reality(MR, 2¢ ¢id)

SN R
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The merging of real and virtual worlds to produce new environments and
visualizations, where physical and digital objects co-exist and interact in
real time.

A hybrid of reality and virtual reality, encompassing both augmented
reality and augmented virtuality via immersive technology.

Typical equipment: Microsoft HoloLens

Computer Graphics Laboratory, Department of Computer Science and Engineering, Sogang University 25



What is Extended Reality(2t%& ¢14!)?

A term referring to all real-and-virtual combined environments and
human-machine interactions generated by computer technology and
wearables.

The 'X' represents a variable for any current or future spatial computing
technologies.

— Includes representative forms such as augmented reality (AR), mixed reality (MR)
and virtual reality (VR) and the areas interpolated among them.

— XR is a superset which includes the entire spectrum from "the complete real" to
"the complete virtual" in the concept of reality—virtuality continuum introduced
by Paul Milgram.

XR is a rapid growing field being applied in a wide range of ways, such as
entertainment, marketing, real-estate, training and remote work.

Recent research revealed that more than 60% respondents believed XR
will be main stream in the next five years.
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Research on the Low-cost Camera Pose
Estimation and 3D Object Reconstruction
Algorithms for Mobile Platform, National
Research Foundation of Korea, 2017/6/1 -
2020/5/31.

 Research on High-quality Hybrid Ray Tracing
Techniques Suitable for Mobile Cluster
Computing, National Research Foundation of
Korea, 2015/5/1 - 2017/4/30.

» Development of VR System for Effective
Manipulation of Mold 3D Models, Hyundai
Motor Group, 2017/12/18 - 2018/5/17.
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« Development of Real-time Rendering
Techniques Suitable for Mixed Reality
Application Reflecting Environmental
Light, Vizinf, 2017/11/1 - 2018/10/17.

» Research on Real-time Mobile 3D Modeling, LG
Electronics, 2015/8/20 - 2016/2/19.

» Research on Image Evaluation Method
Exploiting Techniques of Composition of Real
and Digital Models, Hyundai Motor Group,
2015/6/1 - 2015/11/30.
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« Research on Immersive Extended-Reality Technologies Supporting

Cooperation between Users from Different Realities, National Research

Foundation of Korea, 2020/3/1 - 2024/2/29.
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« Research on High-Speed Synthesis of Images for Virtual Views based
on GPU Graphics Pipeline, Electronics and Telecommunications
Research Institute (ETRI), 2020/3/16 - 2020/11/30.
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Texture Compression, OpenGL Shader, Multi-GPU 7|8to| 1 & $td 2dnz|E 4L
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Rendering time(%a)

1
—a—ideal 100.0

——Sponza 100.0 13.1
Soda Hall 1000 172 108
San Miguel 1000 334 : 187 10.6
——Power Plant 1000 574 333 182 102
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SOGANG UNIVERSITY

Computer Graphics Laboratory, Department of Computer Science and Engineering, Sogang University

55



GPGPU 7= 7|= 1: A3 Er GPU 7|l
71

LO|= HAHE ?l¢t 2 578 3 SS9 e 78 o 27T

ABCTHEEn , . : , .
SOGANG UNIVERSITY Computer Graphics Laboratory, Department of Computer Science and Engineering, Sogang University



GPGPU 7I% 7|& 2: 23 & GPU 7|4t

- otO|E EE FiHEt 75 AU 2HO|E EE HIO|H Xe| 7=

Raspberry Pi 22{2E A|ARS E8¢t Cl0|E HE 7|2t H|Z 5L 7| 2= E9o] 7HE

Ray sample

Lens sample point

Virtual film

|
Z. |
|
|
|
|
Film sample point X, N
Plane of focus
— A= 0|0|X| 25 E
2tolE BE sz} i g
= 7t ZHH[EF AL

R BTN

SOGANGUN[VERSITY Computer Graphics Laboratory, Department of Computer Science and Engineering, Sogang University



AW THEED
SOGANG UNIVERSITY

E el B »
s
R
L] S

7h Zimietel o] s
Computer Graphics Laboratory, Department of Computer Science and Engineering, Sogang University

58



