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o Instructor:

% Sanja Fidler (fidler@cs.toronto.edu)

e Office: 283B in Pratt
o Office hours: Tuesday 1.20-2.50pm, or by appointment

Sara Sabour (saaraa@cs.toronto.edu)

$§ Yukun Zhu (yukun@cs.toronto.edu)
I‘;Jgﬂ 1
E Kaustav Kundu (kkundu@cs.toronto.edu)
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fidler@cs.toronto.edu
saaraa@cs.toronto.edu
yukun@cs.toronto.edu
kkundu@cs.toronto.edu

Course Information

o Class time: Tuesday and Thursday at 3-4pm

e Location: BA1200

o Tutorials: demos and Q&A, we'll do it on demand

e Class Website:
http://www.cs.toronto.edu/~fidler/teaching/2015/CSC420.html

e The class will use Piazza for announcements and discussions:
https://piazza.com/utoronto.ca/fall2015/csc420

@ Your grade will not depend on your participation on Piazza.
It's just a good way for asking questions, discussing with your
instructor, TAs and your peers
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Course Information

o Textbook: We won't directly follow any book, but extra reading
in this textbook will be useful:

Rick Szeliski

Computer Vision

Computer Vision: Algorithms and Applications

available free online:

http://szeliski.org/Book/

e Links to other material (papers, code, etc) will be posted on the
class webpage
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Course Prerequisites

Course Prerequisites:

e Data structures
o Linear Algebra

e Vector calculus

Without this you'll need some serious catching up to do!

Knowing some basics in this is a plus:
e Matlab, Python, C4++
e Machine Learning

o Neural Networks

@ Solving assignments sooner rather than later
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Requirements and Grading

e Each student expected to complete 5 assignments and a project
e Grading
o Assignments: 60% (12% each)
o Project: 40%
e Assignments:
e Short theoretical questions and programming exercises
o Will be given every two weeks (starting with second week of class)
e You will have a week to hand in the solution to each assignment
@ You need to solve the assignment alone
e Project:

e You will be able to choose from a list of projects or come up with your
own project (discussed prior with your instructor)

e Need to hand in a report and do an oral presentation

e Can work individually or in pairs
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Term Work Dates

Term Work Post Date Due Date % of grade
Assignment 1 Sept 22 Sept 29 12%
Assignment 2 Oct 6 Oct 13 12%
Assignment 3 Oct 20 Oct 27 12%
Assignment 4 Nov 3 Nov 10 12%
Assignment 5 Nov 17 Nov 24 12%
Project Report Dec 5 25%
Project Presentation Dec 8 15%

o All dates are for 2015. ;)
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Programming Language?

e Your assignments / project can be in Matlab, Python, C++

@ As long as it compiles, runs, and you know how to defend it,

we're happy

e HOWEVER, most code and examples we will provide during the
class will be in Matlab

o Choose wisely
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Lateness

Deadline The solutions to the assignments / project should be
submitted by 11.59pm on the date they are due.
Anything from 1 minute late to 24 hours will count as one
late day.

Lateness Each student will be given a total of 3 free late days.
This means that you can hand in three of the assignments
one day late, or one assignment three days late. It is up to
the you to make a good planning of your work. After you
have used the 3 day budget, the late assignments will
not be accepted.
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Syllabus

Tentative syllabus

Week nb. Date Topic

1 Sept 15 Intro

2 Sept 17 & Sept 22 Linear filters, edges

3 Sept 24 & Sept 29 Image features

4 Oct1& Oct6 Keypoint detection

5 Oct 8 & Oct 13 Matching

6 Oct 15 & Oct 20 Segmentation

7 Oct 22 & Oct 27 Grouping

8 Oct 29 & Nov 3 Object recognition

9 Nov 5 & Nov 12 Object detection

10 Nov 17 & Nov 19 Neural Networks

11 Nov 24 & Nov 26 Stereo, multi-view

12 Dec 1 & Dec 3 Recognition in 3D

13 Dec 8 & Dec 9 Project Presentations
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Introduction to Intro to Image Understanding

o What is Computer Vision?
o Why study Computer Vision?
o Which cool applications can we do with it?

e Is vision a hard problem?
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What is Computer Vision?
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What is Computer Vision?

e A field trying to develop automatic algorithms that would “see”
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What is Computer Vision?

[text adopted from A. Torralba]

o What does it mean to see?
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What is Computer Vision?

o What does it mean to see? [text adopted from A. Torralba]

o To know what is where by looking — Marr, 1982

L W 1aptop
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What is Computer Vision?

o What does it mean to see? [text adopted from A. Torralba]

o To know what is where by looking — Marr, 1982
o Understand where things are in the world
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What is Computer Vision?

o What does it mean to see? [text adopted from A. Torralba]

o To know what is where by looking — Marr, 1982
o Understand where things are in the world
o What are their 3D properties?

- Flat horizontal surface
s - Made of glass

- Wrinkled C—— ' - Can support light objects
.

- Flatvertical surface
- Soft, comfortable
- Canbe leaned on

- Flat horizontal surface
- Soft, comfortable
- Can support heavy objects

Depth pic from http://vladlen.info
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What is Computer Vision?

o What does it mean to see? [text adopted from A. Torralba]

o To know what is where by looking — Marr, 1982
o Understand where things are in the world

o What are their 3D properties?

o What actions are taking place?

snake escaping!

polar bear
eating fish

gorillas arguing

boy scaring girl Pic from www.cobblehillpuzzles.com
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“Full” Image Understanding?

@ Full understanding of an image?
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“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

[M. Malinowski, M. Fritz, A Multi-World Approach to Question Answering about Real-World Scenes based on Uncertain Input,
NIPS, 2014]
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“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

Q: What is behind the table? Q:What is in front of the toilet? Q:What is on the counter in the
A: window A:door corner? A: microwave
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“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

Q: What is behind the table? Q:What is in front of the toilet? Q:What is on the counter in the
A: window A:door corner? A: microwave

Q: What is the shape of the green
chair? A: horse shaped
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“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

Q: What is behind the table? Q:What is in front of the toilet? Q:What is on the counter in the
A: window A:door corner? A: microwave

=l
Q: What is the shape of the green Q: Where is the oven?
chair? A: horse shaped A: on the right side of the fridge

Sanja Fidler Intro to Image Understanding



“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

Q: What is behind the table? Q:What is in front of the toilet? Q:What is on the counter in the
A: window A:door corner? A: microwave

Q: What is the shape of the green Q: Where is the oven? Q:What is the largest object?
chair? A: horse shaped A: on the right side of the fridge A: bed
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“Full"” Image Understanding?

@ Full understanding of an image? You can answer any question about it

Q: Which object is red?
A: toaster
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“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

| N

Q: Which object is red? ow many drawers are there? Q: How many doors are open
A: toaster Al
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“Full” Image Understanding?

@ Full understanding of an image? You can answer any question about it

| N

Q: Which object is red? ow many drawers are there? Q: How many doors are open
A: toaster Al

Q: Can you make pizza in this room? Q: Where can you sit?
A:yes A: chairs, table, floor
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Why study Computer Vision?
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Why study Computer Vision?

e Because it is challenging and fun

Jialiang Wang's (4th undergraduate year, UofT) video about his summer research
in computer vision (click on the pic to see video — you'll need internet connection)

Sanja Fidler Intro to Image Understanding 17 / 61


http://www.cs.toronto.edu/~fidler/vcompvideos/Research_Video_JW.mp4

Why study Computer Vision?

@ You are curious how to one day make the robot walk your dog

(click on the pic to see video)
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http://www.cs.toronto.edu/~fidler/videos/robotsmovies.mov

Why study Computer Vision?

e ... and fold your laundry

(click on each pic to see videos)
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https://www.youtube.com/watch?v=gy5g33S0Gzo
https://www.youtube.com/watch?v=KKUaVzf3Oqw

Why study Computer Vision?

e ... and drive you to work (video)

Amnon Shashua’'s Mobileye autonomous driving system

Sanja Fidler Intro to Image Understanding 20 / 61


https://www.youtube.com/watch?v=4fxFDypHZLs
https://www.youtube.com/watch?v=4fxFDypHZLs

Why study Computer Vision?

e Allows you to manipulate your images

Scene Completion using Millions of Photographs, Hays & Efros, SIGGRAPH 2007
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Why study Computer Vision?

o Allows you to manipulate your images

Scene Completion using Millions of Photographs, Hays & Efros, SIGGRAPH 2007
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Why study Computer Vision?

o Allows you to manipulate your images

Scene Completion using Millions of Photographs, Hays & Efros, SIGGRAPH 2007
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Why study Computer Vision?

@ Change style of images

[Gatys, Ecker, Bethge. A Neural Algorithm of Artistic Style. Arxiv'15.]
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Why study Computer Vision?

@ ... and make cool videos using a single image

3D Object Manipulation in a Single Photograph using Stock 3D Models,
Kholgade, Simon, Efros, Sheikh, SIGGRAPH 2014
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Why study Computer Vision?

e Fancy visualization and game analysis in sports

I
—— O =

TATEASKE R

JANESON =
G\{ \_“-')\“ [, —

NEW &3,
v 2:07.28 ARS8
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Why study Computer Vision?

e Fancy visualization and special effects in movies

GAME OF THRONES
SEASON [V

[Source: http://cvixbook.com and http://vimeo.com/100095868]
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https://www.youtube.com/watch?v=WDwTQ57YyzI#t=21
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y Computer Vision?

e Reconstruct the world in 3D from online photos!

Photosynth, https://photosynth.net/ (try it!)
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https://www.youtube.com/watch?v=IgBQCoEfiMs
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Why study Computer Vision?

e Figure out what people are wearing

a

Paper Doll Parsing

Upload a JPG file or type in a JPG image URL to try our clothing parser.

Choose File | NO file chosen

Image URL: Start

Or, you may try one of the following images.

About this project

http://clothingparsing.com (try it!)
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Why study Computer Vision?
@ How Fashionable Are You?

LOS ANGELES, CA NOVEMBER 10, 2014

466 FANS GARMENTS
288 VOTES White Cheap Monday Boots
62 FAVOURITES Chilli Beans Sunglasses
TAGS Missguided Romper
CHIC Daniel Wellington Watch
EVERDAY COMMENTS
FALL Nice!!
COLOURS Love the top!

. WHITEBOOTS cute
it Mﬁ‘%

Figure: An example of a post on http://www.chictopia.com. We crawled the
site for 180K posts.
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http://www.chictopia.com

Current Outfit:
Pink Outfit (3)

& Current Ouffit:
Pink/Blue Shoes/Dress Shorts (3)

Current Outfit:
Pink/Black Misc. (5)

Recommendations:
Heels (8)

Pastel Shirts/Skirts (8)
Black/Gray Tights/Sweater (5) ©

Recommendations:
Pastel Dress (8)
Black/Blue Going out (8)
Black Casual (8)

5 Black/Gray Tights/Sweater (5)
* Black Casual (5)
" Black Boots/Tights (5)

Current Outfit:
Blue with Scarf (3)

Current Outfit:
Pink/Blue Shoes/Dress Shorts (3)

Current Outfit:
® Formal Blue/Brown (5)

Recommendations:
Pastel Shirts/Skirts (9)
Black/Blue Going out (8)
.. Black Boots/Tights (8)

Recommendations:
Black Casual (7)
Black Heavy (3)
Navy and Bags (3)

Recommendations:

| Heels (8)

| Pastel Shirts/Skirts (8)
Black Casual (8)

Figure: Examples of recommendations provided by our model. The parenthesis
we show the fashionability scores.

[E. Simo-Serra, S. Fidler, F. Moreno, R. Urtasun. CVPR'15.]
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Why study Computer Vision?

@ Crazy media attention!!!

EEEE QUARTZ CH TIMES JBWE 4 o K= XISl Mashable
Tech Times Wired, UK Mashable

New Scientist Quartz

HUFFPOST STYLE ’, msn Protein

THE HUFFINGTON POST
MSN, Canada Protein

AoL®N2w5

AOL News (video) Huffington Post, UK (video)  Huffington Post, Canada

MailOnline Ex

ScienceDaily
Daily Mail, UK PSFK Toronto Star

Yahoo, Canada Science Daily

gizmag e iDigitalTimes e BUSTLE
Bustle

TheRecord.com iDigitalTimes Scientific Computing

GLAMOUR ELLE  COSMOPOLTAN marieclaire

Gizmag

BAZAAR
Harper's Bazaar Glamour Elle Cosmopolitan, UK Marie Claire
FASHION YAHOO! The fesl Fasismotes
Yahoo style Red Magazine, UK The Pool, UK FashionNotes

Fashion Magazine
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Why study Computer Vision?

@ Crazy media attention!!!

NEW ALGORITHM FORINSTAGRAM WILL
TELLYOU HOW TO DRESS BETTER

For maximum likes.

From Cosmopolitan: The technology scores your facial attributes (this just keeps
getting better, doesn’t it) from your looks, to your age, and the emotion you're
showing, before combining all the information using an equation SO complex
we won’t begin to go into it.

Sanja Fidler Intro to Image Understanding 30 / 61



http://www.rekognition.com (try it!)

Sanja Fidler

Intro to Image Understanding

3P SHARE ON TWITTER

confidence : true (value : 1)

pose :roll(0.9) ,yaw(3.59) ,pitch(8.63)
race : white(0.28)

emotioin : calm:68%,happy:28%
age : 29.52 (value : 29.52 )

smile : true ( value : 0.65)

glasses : no glass (value: 0)
sunglasses : false (value : 0)
eye_closed : open (value: 0)
mouth_open_wide : 3% ( value : 0.03)
beauty : 99.42 (value : 0.99422)
gender : female (value : 0)
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Intro to Image Understanding

3P SHARE ON TWITTER

confidence : true (value : 1)

pose :roll(0.9) ,yaw(3.59) ,pitch(8.63)
race : white(0.28)

emotioin : calm:68%,happy:28%

age : 29.52 (value : 29.52)

smile : true (value : 0.65)

glasses : no glass (value: 0)
sunglasses : false (value : 0)
eye_closed : open (value: 0)
mouth_open_wide : 3% (value : 0.03)

gender : female (value : 0)
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Why study Computer Vision?

@ Detect and analyze faces

§f sHARE ON TWITTER

confidence : true (value : 1)

pose :roll(4.3) ,yaw(10.36) ,pitch(-5.4)
race : white(0.73)

emotioin : happy:99%,calm:3%

age : 29.12 (value : 29.12)

smile : true (value : 0.86 )

glasses : no glass (value : 0)
sunglasses : false (value : 0)
eye_closed : open (value: 0)

I
gender : female ( value : 0.03)

http://www.rekognition.com (try it!)
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Why study Computer Vision?

@ Detect and analyze faces

A{:"&A o~

’ SHARE ON TWITTER

confidence : true (value : 1)

pose roll(-6.26) ,yaw(-6.81) ,pitch(1.66)
race : white(0.99)

emotioin : happy:92%,confused:1%
age : 60.9 (value : 60.9)

smile : true (value : 0.87)

glasses : no glass (value : 0.01)
sunglasses : false (value : 0)
eye_closed : open (value: 0)
mouth_open_wide : 3% ( value : 0.03 )
beauty 2 (value '8628)
gender : male (value: 1)

http://www.rekognition.com (try it!)
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y Computer Vision?

e You can make yourself look better (and competitors worse)

J memorability = original image | T memorability J memorability | original image | T memorability

000 *

original 1 age

1 age

[Khosla, Bainbridge, Oliva, Torralba, Modifying the Memorability of Face Photographs, ICCV 2013]
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Why study Computer Vision?

@ Generate image captions automatically

A small plane parked in a field with trees in the background.

[Source: L. Zitnick, NIPS’14 Workshop on Learning Semantics]
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udy Computer Vision?

@ Generate image captions automatically

A man with a colorful umbrella walking down a street.
=

[Source: L. Zitnick, NIPS’14 Workshop on Learning Semantics]
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dy Computer Vision?

@ Generate image captions automatically

A herd of giraffes walk down the street in the
middle of some trees.

[Source: L. Zitnick, NIPS’14 Workshop on Learning Semantics]
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Why study Computer Vision?

@ Generate image captions automatically

L4 Search Twitter Q
1 ——
INTERESTING.JPG TWEETS ~ FOLLOWING ~ FOLLOWERS  FAVORITES
®¢ @INTERESTING_JPG 817 18 793 17
AN IS
e Yy -
1 View more photos and videos

INTERESTING.JPG @INTERESTING JPG « Mar 15
awoman holding a dog .

S il N

1 View more photos and videos

INTERESTING.JPG @INTERESTING JPG « Mar 15
a bicycle leaning on a ledge with a bike rack .

P ey

S

[Kiros, Salakhutdinov, Zemel. Unifying Visual-Semantic Embeddings with Multimodal Neural Language Models. 2014]
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https://twitter.com/interesting_jpg

Why study Computer Vision?

@ Align movies and books

When | think of my wite
always think of her hegg

e shapo of 1T, 0 Begy:

ith. The very first time | per thoughts shuttling
saw her, it was the back o hroueh those coils like
che head | saw, and therq
as something lovely abouy
t, the angles of it Like ,
Shiny, hard corn kernel or ©
Jiverbed fossil. She hag
“hat the Victorians wg(jq
call @ finely shaped heaq
you could imagine the sk
quite easily. T'd know he,

__pead anywhere. each other? What will we

When | think of my wife | always think of her head. do?
| picture cracking her lovely skull unspooling her brains

trying to get answers.

[Zhu, Kiros, Zemel, Salakhutdinov, Urtasun, Torralba, Fidler. ICCV'15.]
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Figure: Photomath: https://photomath.net/
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y Computer Vision?

e Fingerprint recognition

G| Resut | Smiarty | RecordlD | Finger D
127 ldeed 5118 1

K —— »

C:\Progiam Fes\Newttechinobogi\VerFinger 6.0 Eended Trial SDK\Gi\Wiri32 a6\ ar |

!‘ _AJOHN MKEANE |

[Source: S. Lazebnik]
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Why study Computer Vision?

@ You can do some movie-like Forensics

Figure: Source: Nayar and Nishino, Eyes for Relighting

[Source: N. Snavely]

Sanja Fidler Intro to Image Understanding 37 /61



Why study Computer Vision?

ayar and Nishino, “

[Source: N. Snavely]
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Why study Computer Vision?

Figure: Source: Nayar and Nishino, Eyes for Relighting

[Source: N. Snavely]
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Why study Computer Vision?

@ Some more CSI

Bt | .

a) Ianit (d&cluder present) b) Reference (ccluder absent)

@ Can you see something on the wall?

Torralba & Freeman, CVPR'12
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Why study Computer Vision?

@ Some more CSI

-a) d) Crop upside down e)Truiew

c) Dlerence image (b
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[Source: S. Seitz]
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udy Computer Vision?

e Recognizing movie posters (in mobile phones)

iPhone Apps:kooaba (www.kooaba.com)

1. POINT

] O DI FOSTER YOUR MOBILE
PHONE CAMERA TO
THE MOVIE
POSTER.

2. SNAP a
PICTURE AND SEND
IT=

IN SWITZERLAND:
MMS TO 5555 (OR
079 394 57 00
FOR ORANGE
CUSTOMERS)

IN GERMANY:
MMS TO 84000

EVERYWHERE:
EMAL TO
M@KOOABA-COM

)
3. FIND aL
RELEVANT INFOR-
MATION ABOUT THE
MOVIE ON YOUR
MOBILE PHONE

Show anather poster Movie data provided by:

Source: S. Lazebnik
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Why study Computer Vision?

e Games, games & games: 3D Pose Estimation with Depth Sensors

[KINEGT#

S2EENRS)
T

[Source: Microsoft Kinect]
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How It All Began...
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How It All Began...

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PROJECT MAC

Artificial Intelligence Group July 7, 1966
Vision Memo. No. 100,

THE SUMMER VISION PROJECT

Seymour Papert

The summer vision project is an attempt to use our summer workers
effectively in the construction of a significant part of a visual system.
The particular task was chosen partlz because it can be segmented into
sub-problems which will allow individuals to work independently and yet
participate in the construction of a system complex emough to be a real
landmark in the development of “pattern recognitiom!l.

[Slide credit: A. Torralba]
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50 years and thousands of PhDs

The KITTI Vision "

Popular benchmarks: Benchmark Suite ’3‘3 PASCAL2

Aproject of Kartsruhe Institute of Technology.
and Toyota Technological Institute at Chicago

Car
Method Setting = Code . Moderate Easy Hard Runtime Environment | Compare |
1 DenseBox2 89.32% 93.94% 79.81% 5s GPU @ 2.5 Ghz (C/C++) (]
2 DJML 88.79 % 91.31% 77.73 % XS GPU @ 1.5 Ghz (Matlab + C/C++) (@]
3 3DOP \ﬁi\ 88.64 % 93.04 % 79.10% 3s GPU @ 2.5 Ghz (Matlab + C/C++) (]
X.'Chen, K. Kundu, Y. Zhu, A. Berneshawi, H. Ma, S. Fidier and R. Urtasun: 3D Object Proposals for Accurate Obiect Class Detection. NIPS 2015.
Cyclist
Method Setting = Code Moderate Easy Hard Runtime Environment Compare |
1 3DOP ) 68.94 % 78.39% 61.37% 3s GPU @ 2.5 Ghz (Matlab + C/C++) (]
X Chen, K. Kundu, V. Zhu, A.

Berneshawi, H. Ma, S. Fidier and R. Urtasun: 3D Obfect Proposals for Accurate Object Class Detection. NiPS 2015.

2 i 58.72 % 7041% 51.83 % 1s
X Wang, M. Yang, s. Zhu and Y. Lin: Regionlets for Generic Object Detection. Conference on Computer Vision 2013.
. . Hua, M. Yang and Y. Lin: Accurate Object Detection with Location Relaxation and Regionlets Relocalization, Asian Conference on Computer Vision 2014.

>8 cores @ 2.5 Ghz (C/C++) 8

3 MV-RGBD-RF

42.61% 52.97 % 37.42% 4s 4 cores @ 2.5 Ghz (C/C++)

A. Gonzalez, G. Villalonga, J. Xu, D. Vazquez, J. Amores and A. Lopez: Multiview Random Forest of Local Experts Combining RGB and LIDAR data for Pedestrian Detection. IEEE Intelligent Vehicles
Symposium (IV) 2015.

mean aero bicycle bird boat bottle bus car cat chair cow dining dog horse motor person potted sheep sofa train tv/  submission
plane table bike plant monitor  date
v vV VV VVVVVVYVY VvV VYV V¥V v v v v v v v
> FastR-CNN + YOLO 11 708 827 777 743 591 471 780 731 89.2 496 743 559 87.4 798 822 753 431 714 678 8L9 656 05-Jun-2015
[> FastR-CNN VGGLG extradatal?l 688 820 778 716 553 424 77.3 717 893 445 721 537 877 800 825 727 366 687 654 8L1 627 18-Apr-2015
> segDeeph 1 672 823 752 67.1 50.7 498 711 69.6 882 425 712 50.0 857 766 B8L8 693 415 719 622 73.2 646 29-Jan-2015
> BabyLearning 7 638 77.7 738 623 488 454 673 67.0 803 413 70.8 497 795 747 786 645 360 699 557 704 617 12-Nov-2014
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50 years and thousands of PhDs later...

e Algorithms work pretty well
o Still some embarrassing mistakes...

@ The general vision problem is not yet solved

Where pink means “person”

[This pic is from 2014]
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Why is vision hard?
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Why is vision hard?

@ Half of the cerebral cortex in primates is devoted to processing visual

information. This is a lot. Means that vision has to be pretty hard!

Primary somatic MEMORY &
sensory cortex YOUR BRAIN

Parietal lobe | sensory information
from skin,

Sensory musculoskeletal

association | system, viscera,

area and taste buds

A Visual association
A area
Occipital lobe | Vision
/— Visual cortex

Auditory association
area |—Hearing

Taste"|cortex Auditory cortex
Temporal lobe

smu@"acwv Hippocampus

Cerebral Cortex

Primary motor cortex
Skeletal | Motor association area
use (premotor cortex)

‘movement

Prefrontal
association
area

[mntal lobe '

Coordinates
information from

other association
areas, controls
some behaviors

ortex
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Why is vision hard?

All this is dog... [slide adopted from: R. Urtasun]
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Why is vision hard?
(1 Tube] ﬁ,ﬁ_ﬂ
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ey
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L) ] oo oo emcmrs

Lots of data to process:

@ Thousands to millions of pixels
in an image
@ 100 hours of video added to

YouTube per minute [source:
YouTube]

@ Over 6 billion hours of video
are watched each month on
YouTube — almost an hour for
every person on Earth [source:
YouTube]

siLLion 1 @9
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Why is vision hard?

Lots of data to process:
@ ~ 5000 new tagged photos added to Flickr per minute (7M per day)
@ ~ 60M photos uploaded to Instagram every day [source: Instagram|
How many photos are uploaded
to Flickr every day, month, year?

flickr Millionsof public photos uploaded per month - Jan. 2004 to Aug. 2014

AL a

NP

W]

/\

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 |2014

L) Instagram Sl e
200M 65% 20B 16B 60M
(e] .
Monthly Actives People Outside U.S. Photos Shared Likes Daily Average Photos Per Day
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Exploit so Much Datal

Figure: Vemodalen: The Fear That Everything Has Already Been Done

[Source: L. Zitnick, NIPS'14 Workshop on Learning Semantics]
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Why is vision hard?

@ Human vision seems to work quite well.
e How well does it really work?

o Let's play some games!
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How good are humans?

Edward H. Adelson

@ Which square is lighter, A or B?

[Slide credit: A. Torralba]
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@ Which square is lighter, A or B?

[Slide credit: A. Torralba]
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How good are humans?

I \"W".;i . . XHE
i .
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i

1
Figure: 2006 Walt Anthony

@ Which red line is longer?

[Slide credit: A. Torralba]
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How good are humans?

Figure: 2006 Walt Anthony

@ Which red line is longer?

[Slide credit: A. Torralba]
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How good are humans?

OORAN ST (X TR

Figure: Ames room

@ Assumptions can be wrong

[Slide credit: A. Torralba]

Sanja Fidler

Intro to Image Understanding


http://en.wikipedia.org/wiki/File:Ames_room.ogv

How good are humans?

Figure: Chabris & Simons

@ Count the number of times the white team pass the ball

@ Concentrate, it's difficult!
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https://www.youtube.com/watch?v=vJG698U2Mvo

How good are humans?

Figure: Simons et al. (more videos here:
http://www.perceptionweb. com/misc.cgi?id=p3104)

@ Is something happening in the picture?
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http://www.perceptionweb.com/perception/perc1000/a_d_ex1.mov
http://www.perceptionweb.com/misc.cgi?id=p3104

How good are humans?

Figure: Torralba et al.

@ Can you describe what's going on in the video?
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http://people.csail.mit.edu/torralba/courses/6.870/slides/blur.avi

How good are humans?

Figure: Torralba et al.

@ Can you describe what's going on in the video?
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http://people.csail.mit.edu/torralba/courses/6.870/slides/highres.avi

What do | need...

What do | need to become a good Computer Vision researcher?
@ Some math knowledge

@ Good programming skills

Imagination

Even better intuition

Lots of persistence

Some luck always helps
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