shape estimation
motion estimation
recognition

2D & 3D modeling

Computer Graphics Image Analysis
(Computer Vision)

Computer Vision: Understanding the “content” of an
Image (usually by creating a “model” of the depicted scene)

Computer graphics: Creating an image from scratch
Using a computer model.




Every image tells a story

ROFrT i
Ny

4
7
» :.V

ol * Goal of computer vision:
4y iy - perceive the “story”

. i ; =1 behind the picture

S s /|« Compute properties of
the world
— 3D shape

— Names of people or
objects
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The goal of computer vision
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Can the computer match human
perception?

~ Z4® < Yesand no (mainly no)
B — computers can be better at
“easy” things

— humans are much better at
“hard” things

* But huge progress has

been made
— Especially in the last 10
years
Gt fest e — What is considered “hard”
e S keeps changing

L Gare Montparnasse. 895



Human perception has its
shortcomings

Sinha and Poggio, Nature, 1996



http://web.mit.edu/bcs/sinha/papers/clinton_gore_nature.gif
http://web.mit.edu/bcs/sinha/papers/clinton_gore_nature.gif
http://web.mit.edu/bcs/sinha/papers/clinton_gore_nature.gif
http://web.mit.edu/bcs/sinha/papers/clinton_gore_nature.gif

But humans can tell a lot about a
scene from a little information...

Source: “80 million tiny images” by Torralba, et al.






The goal of computer vision




The goal of computer vision

 Computing the 3D shape of the world




The goal of computer vision

* Recognizing objects and people

s
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http://people.w3.org/rishida/photos/html/slides/0311-beijing1_031111_035240+8_beijing_e031124.jpg.html
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I‘ide credit: FeizFei



http://people.w3.org/rishida/photos/html/slides/0311-beijing1_031111_035240+8_beijing_e031124.jpg.html

Why study computer vision?

* Millions of images being captured all the time

You[T1)

Broadcast Yourself ™

e The next slides show the current state of the art



Optical character recognition (OCR)

e |f you have a scanner, it probably came with OCR software
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Digit recognition, AT&T labs License plate readers
http://www.research.att.com/~yann/ http://en.wikipedia.org/wiki/Automatic
ate recognition
: ot ]
—— el T80,
LAMASO NS 723LL558# 0!0: % 1 SUdOku grabber

—— sudokugrab.blogspot.com/
/‘ [‘..1'1‘:907«5][M“mm~ muml[o.“ mo]w_:s;_'?
5) MERCHANTREMIT (=] (=]

Source: S. Seitz

Automatic check processing


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

Face detection

* Many new digital cameras now detect faces
— Canon, Sony, Fuji, ...

Source: S. Seitz



Face Recognition

Face Confidance Threshold

50

©face.con

http://developers.face.com/tools/

Attributes:
age_est: 21 (66%)
| age_min: 18 (66%)
| age_max: 24 (B6%)
| face: true (95%)
gender:  male (73%)
glasses: false (96%)
lips: sealed (98%)
mood: angry (59%)
smiling: false (92%)
Rotations:
roll: -7.05°
yaw: 2.56°
pitch: -9.27°

Havok Fokus Kross

NEXT


http://developers.face.com/tools/

Face recognition

VOL. 167, NO0.6 S .

NATIONAL
GEOGRAPHIC

GREAT SALT LAKE:
THE FLOODING
DESERT e

U.S.- MEXICAN BORDER:
LIFE ON THE LINE 730

JAVA’S WILDLIFE RETURNS 750

Along Afghanistan’s
War-torn Frontier ... o

FAIR SKIES FOR THE CAYMAN ISLANDS e

SEE NATIONAL GEOGRAPHIC EXPLORER EVERY SUNDAY ON NICKELODEON CABLE TV

Who is she?

Source: S. Seitz



Vision-based biometrics

“How the Afghan Girl was Identified by Her Iris Patterns” Read the story

Source: S. Seitz


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

Login without a password...
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Face recognition systems now beginning

to appear more widely
http://www.sensiblevision.com/

Fingerprint scanners on
many new laptops,
other devices

Source: S. Seitz


http://www.sensiblevision.com/

Object recognltlon (|n supermarkets)
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LaneHawk by EvolutionRobotics
“A smart camera is flush-mounted in the checkout lane, continuously watching

for items. When an item is detected and recognized, the cashier verifies the
quantity of items that were found under the basket, and continues to close the
transaction. The item can remain under the basket, and with LaneHawk,you are

assured to get paid for it... “

Source: S. Seitz


http://www.evolution.com/products/lanehawk/
http://www.evolution.com/products/lanehawk/
http://www.evolution.com/products/lanehawk/
http://www.evolution.com/products/lanehawk/

Object recognition (in mobile phones)
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iPhone Apps:lkooaba (www.kooaba.com)

MOBILE IMAGE RECOGNITIONT & N\
TRY IT OUT Now!!! 1. POINT
e 8§ T E R YOUR MOBILE
PHONE CAMERA TO
THE MOVIE
(POSTER.- r
e N
2. SNAP a

PICTURE AND SEND

-

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

IN GERMANY:
MMS TO 84000

EVERYWHERE:
EMAIL TO
MEKOOABA.COM

VOM REGISSEUR VON "FIGHT CLUB" . )

4 >N
3. FIND acL
RELEVANT INFOR-
MATION ABOUT THE
MOVIE ON YOUR
MOBILE PHONE

Show another poster Movie data provided by:

\

Source: S. Lazebnik



Google Goggles

Google Goggles in action
Click the icons below to see the different kinds of objects and places you can search for using Google Goggles.

H 3 I\"FI

BAL
Menu R
Crepes8 :
Ceafs-7
Text Landmarks Books Contact Info Wine

B3 A o E3 5 M@ 11:04 am
Google goggles ists

E-EI'II'I'IIIHI'.'IEOI"[ETI'E'H mit Holunderragout

German (auta) = English

Sour cream cake with elderberry sauce




Google Search by Image



leafsnap
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Leafsnap: An Electronic Field Guide

Leafsnap is the first in a series of electronic field guides being
developed by researchers from Columbia University, the
University of Maryland, and the Smithsonian Institution. This
free mobile app uses visual recognition software to help
identify tree species from photographs of their leaves.

Leafsnap contains beautiful high-resolution images of leaves,
flowers, fruit, petiole, seeds, and bark. Leafsnap currently
includes the trees of the Northeast and will soon grow to
include the trees of the entire continental United States.

This website shows the tree species included in Leafsnap, the
collections of its users, and the team of research volunteers
working to produce it.

Free for iPhone: |D AppStore | and iPad: | [0 Store

guardian.co.uk

Leaf of the Bottlebrush Buckeye




Vision-based interaction (and games)

Assistive technologies

Nintendo Wii has camera-based IR
tracking built in. See Lee’s work at
CMU on clever tricks on using it to
create a multi-touch display!



http://en.wikipedia.org/wiki/Image:Wii_Wiimotea.png
http://www.cs.cmu.edu/~johnny/projects/wii/
http://www.cs.cmu.edu/~johnny/projects/wii/
http://www.cs.cmu.edu/~johnny/projects/wii/
http://www.gearlog.com/2007/12/incredible_wiimote_hack_create.php
http://www.gearlog.com/2007/12/incredible_wiimote_hack_create.php
http://www.gearlog.com/2007/12/incredible_wiimote_hack_create.php

Kinect




Smart cars

~» manufacturer products consumer products «-

Our Vision. Your Safety:

rear. I % forward
looking i T < + Jooking
camerd | : /. camera

side looking camera

Events

4 3
P Vision on = Visi icati . Advance ke o s Rt
EyeQ a Chip VIS an Apg"‘:tllons AWS Warning System :»Lr?s'e, T
Road, Vehicle,

Pedestrian Protection
~ and more

> Mobileye at SEMA, Las
Vegas, NV

> read more

> read more

* Mobileye

— Vision systems currently in high-end BMW, GM,
Volvo models

Sources: A. Shashua, S. Se|


http://www.mobileye.com/

