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Computer Vision

* Describe the world that the computer see in one or
more images and to reconstruct its properties, such
as shape, illumination, and color distribution

* Is it hard? An inverse problem




Computer Vision

[R. C. James]



Wide Applications of
Computer Vision

* Optical character recognition (OCR)
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Digit recognition, AT&T labs License plate readers
http://www.research.att.com/~yann/ http://en.wikipedia.org/wiki/Automatic_number_plate recognition



http://www.research.att.com/~yann
http://en.wikipedia.org/wiki/Automatic_number_plate_recognition

Wide Applications of
Computer Vision

* Face detection: in all digital cameras and smart phones




Wide Applications of
Computer Vision

* Face detection: in all digital cameras and smart phones




Wide Applications of
Computer Vision

* |ris recognition
(Vision-based biometrics)



http://www.cl.cam.ac.uk/~jgd1000/afghan.html

Wide Applications of
Computer Vision

* Object recognition

LT Database

Query Feature Feature Geometric
Image “ Extraction -' Matching wVerification

[Girod et al. 2011]

uuuuuuuuuuuu

SNAP > FIND > SHOP  [siyce.it]



Wide Applications of
Computer Vision

e Shape capture

The Matrix movies, ESC Entertainment, XYZRGB, NRC



Wide Applications of
Computer Vision

* Motion capture

Pirates of the Carribean,
Industrial Light and Magic




Wide Applications of
Computer Vision

* Computer vision in sports
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Hawk-Eye: helping/improv}ng referee decisions



https://en.wikipedia.org/wiki/Hawk-Eye
https://www.youtube.com/watch?v=J7xIBoPr83A

Wide Applications of
Computer Vision

* Smart cars: ADAS
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https://www.youtube.com/watch?time_continue=16&v=42rmGs0Rvtw

Wide Applications of
Computer Vision

 Surveillance system
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Ref: Chih-Wei Wu, Meng-Ting Zhong, Yu Tsao, Shao-Wen Yang, Yen-Kuang Chen, and
Shao-Yi Chien, "Track-clustering Error Evaluation for Track-based Multi-camera
Tracking System Employing Human Re-identification," CVPR 2016 Workshop.



Wide Applications of
Computer Vision

e \/ision-based interaction

SSEERS,

_— [Microsoft Xbox]



Wide Applications of
Computer Vision

DodecaPen: Puppy
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.Wu*t Robert Wang™ Kenrick Ki 2w
Ming-Hsuan Yang




Wide Applications of
Computer Vision

* Robotics

NASA’s Mars Spirit Rover http://www.robocup.org/

http://en.wikipedia.org/wiki/Spirit_rover



UNSW_CMU.mpg
http://www.robocup.org/
http://upload.wikimedia.org/wikipedia/commons/d/d8/NASA_Mars_Rover.jpg
http://en.wikipedia.org/wiki/Spirit_rover

Wide Applications of
Computer Vision

* Medical image

Image guided surgery
Grimson et al., MIT

3D imaging
MRI, CT



http://groups.csail.mit.edu/vision/medical-vision/surgery/surgical_navigation.html

Important Near-Future
Applications

* AR/VR

* Autonomous vehicle

* Robot

* [oT: AloT (Al+loT), lIoVT (Internet-of-Video-Things)
* Medical imaging

* Large-scale video analysis

* Computational photography/image synthesis

* Industrial automation



Related Fields

Digital Image Processing
(Computational photography) Computer

V|5|on

Geometry (3D)
Shape

' Photometry

Computer

Graphics Appearance

* The boundaries between digital image
processing/computer vision/computer graphics
become vague nowadays



About this Course...

* Provide a comprehensive introduction to the field of
computer vision (CV)
* From classical methods to deep learning based methods
* From recognition to geometry
* No experiences in CV and image process are required

* The two courses, Computer Vision and Deep Learning
for Computer Vision, can give you a complete view of
modern CV techniques

* Grading
* Four homeworks: 60%
* Class participation: 5%
e Group final project: 35%



Course Website

e Course website
e http://media.ee.ntu.edu.tw/courses/cv/18F/

* TA
« ZR{EE
* MD-726
e wctu@media.ee.ntu.edu.tw
* Will lead TA teams for each homework
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http://media.ee.ntu.edu.tw/courses/cv/18F/
mailto:wctu@media.ee.ntu.edu.tw

Schedule

1 9/12 Introduction to human vision systems

2 9/19 Camera basic, image formation and basic Image processing
3 9/26 Feature detection and matching

4 10/3  Machine learning basics

5 10/10 [EHEH R

6 10/17 Deep learning basics

7 10/24 Recognition and detection

8 10/31 Segmentation

9 11/7 Projective Geometry, Transformations and Estimation/Camera calibration
10 11/14 Camera Geometry and Single View Geometry

11 11/21 Two-View Geometry

12 11/28 Dense motion estimation/stereo

13 12/5 Structure from motion

14 12/12 3D reconstruction/depth sensing

15 12/19 Computational photography

16 12/26 Object tracking

17 1/2  Advanced topics in CV

18 1/9 CES

19 1/16  Final Project



Homeworks

* Four assignments:
e HW1: Image filters
* HW2: Detection and recognition
* HW3: Pose estimation
* HW4: Stereo matching

 Official language is Python

e LabO: Python and basic image processing
e 9/19 18:30--20:00 @ EEII-143



Final Project

* Will have one or two problems/challenges
e Each team should have 3—4 members
* Project will be supported by industry with awards

* Evaluated by professor, TAs, guest judges from
industry, and you (peer review)!

* The problems/challenges will be announced around
the week of mid exam



Reference Materials

e Reference books

YIXYS IN COMPUTER SCIENCE

Computer Vision

Multiple View
Algorithms and Applications G e O m et r y

in computer vision

Richard Szeliski

4| Springer

http://szeliski.org/Book/

* And papers in CVPR, ICCV, ECCV, BMVC, WACV,
ACCV, ....



7]['22 JUEU

« F—RFEAR - BEEZE..
s LHERERIR - 0N Soﬁzﬂfﬂ

it yBe

I'm sorry...

w%l&; (B8 %) > 120 > B8 > Hitn
« BYI > _S>IE—=Al>K=>K_>K—

« SINE_EI ERRZANERY NIIFREE

* https://goo.gl/fxocvg
« E_B ERB/RAmEERZRE
- BELLHEBEES -8 FRABHRBEZ2EE (S E0RRE
() 7 STHE) RSB IS AT



https://goo.gl/fxocvg

