Robert Collins

T CMPEN/EE 454: Computer Vision I
Fall 2024 Course Syllabus

e Instructor:

Robert Collins, email: ,_ Office hours: TBA.
« Teaching Assistant: (office hours zoom link will be on Canvas)
Xinjie Li, email: , Office hours: TBA

« Course Description: Introduction to computer vision topics, including
image formation, feature extraction, matching, stereo, motion, tracking
and object recognition.

« Class Schedule: MWF 1:25-2:15 pm in Willard Bldg 162

« Prerequisites: Good programming experience, especially programming
in Matlab; CMPSC 201C or CSE103 or equivalent; MATH 230 or 231 or
equivalent; familiarity with basic concepts of linear algebra / matrices.


mailto:rtc12@psu.edu
mailto:ssb248@psu.edu
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Course Goals and Objectives

 Introduce the fundamental problems of computer
vision.

 Introduce the main concepts and techniques used to
solve those problems.

* Enable students to implement vision algorithms

 Enable students to make sense of the vision literature
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o Roughly Three Sections of Material

» 2D Image Processing / Feature Extraction
— Includes midterml + projectl

* From 2D to 3D (Projection; Stereo; StM)
— Includes midterm2 + project2

» Other Topics: Color; Tracking; Recognition
— Includes project3

e Final is cumulative across all
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What this Course is Not

* This course does not cover Deep Learning
or, more generally, Machine Learning

— only a single lecture on convolutional neural
nets, focusing on use for feature extraction

 If you wanted more of that sort of thing
— CMPSC 448 - Machine Learning and Algorithmic Al
(Rui Zhang)
— CMPSC 497 - Special Topics: Math of Machine
Learning (Ting He)

— CMPSC 497 - Special Topics: Deep Learning for
Computer Vision (Huijuan Xu) 4 orre

this semester
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August 2024

Sun

Mon

Tue

Wed

Thu

Fri

Sat

11

18

25

Intro to vision

12

19

26

13

20

27

14

21

28

Intensity surfaces
and gradients

HW1 assigned

15

22

29

16

23

30

Linear operators
and convolution

10

17

24

31

print-a-calendar.com
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September 2024

Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 5 6 7
Labor Day Smoothing Edges
No Classes Proj1 assigned
8 9 10 11 12 13 14
LoG/Blob Template Corners
OIEIobs matching (video lecture)
HW1 due
HW2 assigned
15 16 17 18 19 20 21
Multi-scale SIFT/HOG
processing features Convnets
(pyramids)
HW2 due
22 23 24 25 26 27 28
Review MIDTERM 1 Intro to Stereo
Proj1 due
29 30
Stereo
matching

print-a-calendar.com
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October 2024

Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 5
Camera Camera
projection 1 projection 2
HW3 assigned Proj2 assigned
7 8 9 10 11 12
Recitation: Triangulation Epipolar
Camera geometry
Projection
HW3 due
14 15 16 17 18 19
Recitation: No Class
E/F matrices Solving E/F (this class only)
Math Problems
HW4 assigned
21 22 23 24 25 26
The 8-point Parametric Estimating params:
algorithm image warping LS and RANSAC
HW4 due Proj2 due
28 29 30 31
Horrjographies Panoramic
(projective warp) mosaicking

print-a-calendar.com
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November 2024

Sun Mon Tue Wed Thu Fri
1 2
Stabilization
3 4 5 6 7 8 9
Review MIDTERM 2 Video change
detection
Proj3 assigned
10 11 12 13 14 15 16
Intro to Tracking Camera motion Optic flow
HWS5 assigned
17 18 19 20 21 22 23
Recitation: Structure from Color and light
Camera Motion Motion (SfM) (video lecture)
HW5 due
24 25 26 27 28 29 30

NN Thanksgiving Holiday - No Classes \\\\\\\\\\

print-a-calendar.com
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December 2024

Sun Mon Tue Wed Thu Fri Sat
1 2 3 _ 5 6 7
Color and light f;ﬂg;?:g light
(more rigorously) (graphics) Color Tracking
HW6 assigned Proj3 due
8 9 10 11 12 13 14
Object Recognition TBA Review
HWG6 due
15 16 17 18 19 20 21
Hii FINAL EXAM WEEK TN
22 23 24 25 26 27 28
29 30 31

print-a-calendar.com
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INTRODUCTORY
TECHNIQUES
for
3-D COMPUTER
VISION

&)

Emanuele Trucco
Alessandro Verri

Introductory Techniques for 3-D
Computer Vision

E. Trucco and A. Verri,

Prentice Hall, 1998.

Computer
Vision

A MODERN APPROACH

Computer Vision: A Modern
Approach,

D.Forsyth and J.Ponce,
Prentice Hall, 2002.

Some Reference Textbooks
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Foundations of Computer Vision,
Torralba, Isola and Freeman,
MIT Press, 2024.
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CMPEN454 Other Textbooks Online

thxvsun COMPUTER SCIENCE
SIMON J. D. PRINCE

Computer Vision

MACHINE VISION

N\

Algorithms and Applications

”

F‘./ . |

COMPUTER
VISION
Richard Szeliski MODELS, LEARNING,
AND INFERENCE
&) Springer

Computer Vision: Algorithms and Computer Vision: Models, Learning, Machine Vision, Jain, Kasturi
Applications, Rick Szeliski, Springer,  and Inference, Simon Prince, and Schunck, McGraw Hill, 1995.
2011. http://szeliski.org/Book/ Cambridge Univ Press, 2012.

https://udlbook.github.io/cvbook/

http://www.cse.usf.edu/~r1k/MachineVisionBook/MachineVision.htm
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Other Online Resources

CVonline — a user-contributed collection of web
pages on various topics in imaging and vision
http://homepages.inf.ed.ac.uk/rbf/CVonline/

CV short course — 15 hours of video in 10 minute blocks.

“Including PDF slides, links to supplementary reading, a drill question for each
video. The site contains a set of video lectures on a subset of computer vision. It
is intended for viewers who have an understanding of the nature of images and
some understanding of how they can be processed.”

http://homepages.inf.ed.ac.uk/rb{/ AVINVERTED/main_av.htm

Oxford Computer Vision Practicals:
http://www.robots.ox.ac.uk/~vgg/practicals/overview/index.html
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CMPEN454 Fall 2024 Syllabus (excerpts)
Grading:
° Homework Assignments: 30%
. Project Assignments (3): 30%
. Midterm Exams (2): 20% (Sept 25 and Nov 6)
o Final Exam (Comprehensive): 20% (TBA, during finals week)

Individual exams and assignments are not scaled/curved, but we do scale the
accumulated numeric course scores before assigning a letter grade at the end
of the course.

There will be two in-class midterms, on September 25 and November 6, and a
final exam during Finals week. Date and time for the final will be announced
after it is scheduled by the university.

See full syllabus posted on Canvas course web site
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CMPEN454 Fall 2024 Syllabus (excerpts)

excerpts from syllabus worth emphasizing:

Projects are team efforts, performed in groups of 2 or 3. The
deadline to form these groups 1s Sept 4. Students not belonging to a
group will be assigned to each other randomly, which from past
experience does not result in happy groupings. Assign yourself!

Homework assignments are done individually and are due at the date/time specified. To
make grading this number of assignments manageable for a class this size, many of them
will be online quizzes that can be graded automatically by the Canvas system. When that
happens, it will not be possible to get partial credit for wrong answers, so double check
your answers before submitting. All homework will be submitted electronically in
Canvas. This may require scanning in handwritten sketches / equations or drawing them
in some software package. Take a moment now to figure out how to do this so you won’t

be running around in a panic before the first deadline trying to get your answers into the
computer.

Academic Integrity: Although you are encouraged to talk to each other to understand the course
material and assignment instructions, when it comes time to doing the assignments every student
(or group 1in the case of group programming assignments) is expected to submit their own original
work. Also read through https://aappm.psu.edu/policy/g-9-academic-integrity to make sure
you understand the full range of things you should not be doing.
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What is Vision?

“Vision is the act of knowing what is
where by looking.” --Aristotle

Special emphasis: relationship between 3D world
and a 2D image. Location and identity of objects.
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What is Computer Vision?

It is related to, but not equivalent to:

* Photogrammetry

* Image Processing

e Artificial Intelligence
* Machine Learning
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Why study Computer Vision?

* Images and movies are everywhere
» Fast-growing collection of useful applications

— building representations of the 3D world from pictures
— automated surveillance (who’s doing what)
— movie post-processing
— face finding
* Various deep and attractive scientific mysteries

— how does object recognition work?

* Greater understanding of human vision
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Industry Applications

Simultaneous localization and mapping (SLAM)
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Industry Applications

B\ L g
» ; e Tesla
Google
BMW
Mercedes
Uber

Autonomous
driving
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Delivery
drones
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Other Applications

Detect and Track Faces
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Other Interesting Applications

* Face recognition

* Pedestrian detection

* Panoramic Mosaicing
* Smart Photo Browsing

* Gesture Recognition
* Guidance for the blind

... and many more



What is this
a picture of?

Why is Computer Vision Hard?
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We are trying to infer things about the world

from an array of numbers
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arest - Why is Computer Vision Hard?
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It is the shoulder of a cow!
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arest - Why is Computer Vision Hard?

We are trying to infer things about the world
from an array of numbers

Shoulder
of a cow...

If color image, we have 3 arrays - red, green, blue

problems: lack of context; mismatch between levels of abstraction.
But wait, it’ s even worse than that...
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arnst - Why 1s Computer Vision Hard?

If we already know the geometry, surface material
and lighting conditions, it is well-understood how to
generate the value at each pixel. [this is Computer
Graphics]

But this confluence of factors contributing to each
pixel can not be easily decomposed. The process
can not be inverted.
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tell me
what you
see...
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Congratulations! You just did
something mathematically impossible.

How?
You used assumptions based on
prior knowledge / experience about
the way the world works.
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Vision is an ill-posed mathematical problem.
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Ames Room Demystified

perceived wall

Ames Room Explained

perceived

real = size
perceived
/:7"4\/ PieD : N real
/ Vinwing Poi 'E size
4

viewing point

Shape of room doesn’t conform to our assumption
of a rectangular parallelepiped (box shape)
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Good news: with more than one
camera, we can recover 3D!

Example: Stereo Vision
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Structure from Motion

We can also infer 3D from only one camera,
° ° (11 ”»
provided we move it around enough .
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Structure from Motion

So how much is “enough” motion? It depends.

\

www.grand-illusions.com
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More Difficulties
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with respect to viewpoint and
lighting.
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perceived as
a 3D scene

= surface (screen) under
~_ nonuniform lighting
. (projector).
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CMPEN4S: What Color is the Dress?

Royal-Blue Lace Detail Bodycon Dress
£50.00

Choose your Size s SIZE
cuIt

This amazing lace dress will be your new favourite! Cut 1o
flatter this dress is bang on trend with it's beautfil lace
detal. Wear with your favouriie heels and a clutch.

o Style: 70931

« Fabric: 68% Viscose 27% Polyamide 5% Elastane
o Care: Dry Clean Only

+ Sieeve Length: Knee Length Dresses

o Length: NA
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CMPEN4S: What Color is the Dress?

25 en.wikipedia.org/wiki/The_dress#/media/File:Wikipe-tan_wearing_The_Dress_reduced.svg

8

One interpretation: blue and black viewed under a yellow-tinted illumination (left figure)
or white and gold viewed under a blue-tinted illumination (right figure)
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What do we mean by “blue”

Color percepts are a composition of three factors:
illumination; surface reflectance; sensor response

We can’t easily factor the color we see 1n an 1mage to
infer 1llumination and material (even if sensor
properties are fixed and known, which they aren’t
in this case).

Again, math won’t saveus. & ©
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Next Time

Robert Collins

CMPEN454 Images as Surfaces

Surface height ":
proportional to

pixel grey value
(dark=low, light=high)

........................




