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Why study Computer Vision?

* An image 1s worth 1000 words

* 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

* @Greater understanding of human vision

* C(Challenge: To develop human-level capabilities for computers and
robots

— Various deep and attractive scientific mysteries

adapted from David Forsyth, UC Berkeley




What do you see 1n the picture?

adapted from Matial Hebert, CMU




What do you see 1n the picture?

adapted from Matial Hebert, CMU

Black background
Two objects
One teapot
One toy
There is a light coming from right
One object is shiny the other is not

Toy:

Consists of 5 layers, in different colors
There is a text : Fisher Price

The layers are in donut shape

Layers are plastic

Bottom is wood

Teapot:

Consists of body and handle
Body is metal

Handle is ceramic

Handle: Dark blue on white
Body : golden

Reflection of toy on the body




Challenge — What do you see in the picture?

adapted from Octavia Camps, Penn State




Challenge — What do you see in the picture?

adapted from Octavia Camps, Penn State

A hand holding a man
A hand holding a shiny sphere
An Escher drawing




Object Recognition

People draw distinctions between what 1s seen

* This could mean
— “is this a fish or a bicycle?”
— “is this George Washington?”
= “is this poisonous or not?”
= “is this slippery or not?”

= “will this support my weight?”

Great mystery

— How to build programs that can draw useful distinctions based on image
properties.

adapted from David Forsyth, UC Berkeley
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Perceptlon and grouping W 1  of
' ' perceptual
organization process
that tells us what
“low-level”
measurements might
“group” together

There are many
different cues,
including

multiple views (motion,
stereopsis)

texture

shading
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Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Adapted from Pietro Perona, Object Recognition Workshop, 2004




How many?

Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Verification

Detection (+Localization)
Classification / Recognition
Grouping

Analogy




Issues

® Representation
® Recognition

® | earning

Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Models: appearance+shape

LAR] LR - I:. ‘

Fischler & Elschlager, 1973 Perrett & Oram, 1993 Perona et al. ‘95
= - 5o (Interest points)
K i ‘ Local appearance
oo - A Shape / deformation
Schmid ‘99 Belongie et al.“02 (CI Utter)
Lowe ‘99, Moreels ‘04 Correspondence

Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Adapted frorﬁ Pietro Perona, Object Recognition Workshop, 2004




Occlusion and unreliable’ features
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Adapted from Pietro Perona, Object Recognition Workshop, 2004

occlusion
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Clutter

Adapted from Pietro Perona, Object Recognition Workshop, 2004




Adapted from Pietro Perona, Object Recognition Workshop, 2004




Thisis a
pottopod

S. Savarese, 2003

Adapted from Pietro Perona, Object Recognition Workshop, 2004
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Adapted from Pietro Perona, Object Recognition Workshop, 2004




Training example
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: : Training example
Previously learnt categories = b

Spotted cats

Airplanes

> Smart
box

v

New category

Motorcycles =

Feiler et al “03

Adapted from Pietro Perona, Object Recognition Workshop, 2004




Priors on geometry

Adapted from Pietro Perona, Object Recognition Workshop, 2004




Similarity metric
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Adapted from Pietro Perona, Object Recognition Workshop, 2004




and function

Adapted from Pietro Perona, Object Recognition Workshop, 2004




Context
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Murphy et al., ICCV2003
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Context

(a) Isolated object (b) Object mn context (c) Low-res Object

Murphy et al., ICCV2003




Object Recognition
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* Model based vision
* Object Recognition as template matching

Adapted from David Forsyth, UC Berkeley
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Recognition

3D Model

“match” /
_

Parameters: 3D position
and orientation

David Lowe

adapted from Michael Black, Brown University




Recognition
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adapted from Michael Black, Brown University

“Filter” image to find brightness changes.

David Lowe




Recognition
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adapted from Michael Black, Brown University

“Fit” lines to the raw measurements.

David Lowe
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Recognition

“Project” model into image and “match’ to lines
(solving for 3D pose).

David Lowe

adapted from Michael Black, Brown University
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Recognition
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Biederman's Geons

Possible approach: If line drawings are easy to recognize then
maybe we should first find lines.

adapted from Michael Black, Brown University




Recognition
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Line drawings ....

University of South Florida

adapted from Michael Black, Brown University




Recognition
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... vs edge detection

University of South Florida

adapted from Michael Black, Brown University




Recognition
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adapted from Michael Black, Brown University




Recognition
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Match “model” to
measurements?

adapted from Michael Black, Brown University
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Recognition
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Marr & Nishihara




Recognition
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Leg Body MNeck

adapted from David Forsyth, UC Berkeley
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Figure from “Object recognition using alignment,” D.P. Huttenlocher and S.
Ullman, Proc. Int. Conf. Computer Vision, 1986, copyright IEEE, 1986

Adapted from David Forsyth, UC Berkeley
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Figure from “The evolution and testing of a model-based object recognition system”,

J.L. Mundy and A. Heller, Proc. Int. Conf. Computer Vision, 1990 copyright 1990
IEEE

Adapted from David Forsyth, UC Berkeley
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Figure from “The evolution and testing of a model-based object recognition system”,
J.L. Mundy and A. Heller, Proc. Int. Conf. Computer Vision, 1990 copyright 1990
IEEE

Adapted from David Forsyth, UC Berkeley
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Figure from “The evolution and testing of a model-based object recognition system”,
J.L. Mundy and A. Heller, Proc. Int. Conf. Computer Vision, 1990 copyright 1990
IEEE

Adapted from David Forsyth, UC Berkeley
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Figure from “The evolution and testing of a model-based object recognition system”,
J.L. Mundy and A. Heller, Proc. Int. Conf. Computer Vision, 1990 copyright 1990
IEEE

Adapted from David Forsyth, UC Berkeley




Application: Surgery
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To minimize damage by operation planning

To reduce number of operations by planning surgery
* To remove only affected tissue

Problem

— ensure that the model with the operations planned on it and the
information about the affected tissue lines up with the patient

— display model information supervised on view of patient

— Big Issue: coordinate alignment, as above

Adapted from David Forsyth, UC Berkeley




MRI

NMI

Reprinted from Image and Vision Computing, v. 13, N. Ayache, “Medical
computer vision, virtual reality and robotics”, Page 296, copyright, (1995), with

permission from Elsevier Science
Adapted from David Forsyth, UC Berkeley
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USI




Figures by kind permission of Eric Grimson; further information can be
obtained from his web site http://www.ai.mit.edu/people/welg/welg.html.

Adapted from David Forsyth, UC Berkeley
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Figures by kind permission of Eric Grimson; further information can be
obtained from his web site http://www.ai.mit.edu/people/welg/welg.html.

Adapted from David Forsyth, UC Berkeley
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Figures by kind permission of Eric Grimson; further information can be
obtained from his web site http://www.ai.mit.edu/people/welg/welg.html.

Adapted from David Forsyth, UC Berkeley
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Figures by kind permission of Eric Grimson; further information can be
obtained from his web site http://www.ai.mit.edu/people/welg/welg.html.

Adapted from David Forsyth, UC Berkeley




Figures by kind permission of Eric Grimson; further information can be
obtained from his web site http://www.ai.mit.edu/people/welg/welg.html.

Adapted from David Forsyth, UC Berkeley




Matching templates
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*Some objects are 2D patterns
— e.g. faces

*Build an explicit pattern matcher
— discount changes in illumination by using a parametric model

— changes in background are hard
— changes in pose are hard

adapted from David Forsyth, UC Berkeley




Face detection
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http://www.ri.cmu.edu/projects/project_271.html
adapted from David Forsyth, UC Berkeley




Face detection
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http://www.ri.cmu.edu/projects/project_320.html

adapted from David Forsyth, UC Berkeley




Templates and relations
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e.g. find faces by
— finding eyes, nose, mouth
— finding assembly of the three that has the “right” relations

Patch Model

http://'www.research.ibm.com/ecvg/biom/facereco. html

adapted from Michael Black, Brown University




Parts and relations
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adapted from Michael Black, Brown University

How flexible are the

spatial relations of the
parts?




How good are our models?
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Thompson, P. (1980). "Margaret Thatcher: a new illusion.” Perception 9:483-484

adapted from Michael Black, Brown University




How good are our models?
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Thompson, P. (1980). "Margaret Thatcher: 2 new illusion.” Perception 9:483-484

adapted from Michael Black, Brown University




Is 1t only about matching?
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What are our
“models™?

How good
are they?

adapted from Michael Black, Brown University

Ron Rensick




Is 1t only about matching?
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adapted from Michael Black, Brown University




Context
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Antonio Torralba




Context
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a person?

Antonio Torralba




Context
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a person?

Antonio Torralba

the blob is 1dentical to the one on the previous slide after a 90deg rotation




Prior Expectations
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adapted from Michael Black, Brown University

Giuseppe Arcimboldo




Problems
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[nverse problems. Recover mformation that 1s lost. Make
explicit information that 1s implicit.

Understand geometry and physics of light and world.

Our measurements are always ambiguous. This means
perception involves inference. We must use our prior
information about the world and the combination of evidence
from multiple cues to infer what 1s in the world.

Understand probabilistic inference.

adapted from Michael Black, Brown University




Stereo
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http://www.well.com/user/jimg/index.html
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http://www.well.com/user/jimg/index.html
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Stereo Vision

From two (or more) images,
determine the geometry of
the scene by matching
corresponding areas of

the Images LEFT IMAGE = =% RIGHT IMAGE
PLANE ¥ tencrn  PLANE
LEFT BASELINE RIGHT
FOCAL d FOCAL
POINT POINT

adapted from Gregory Hager, JHU




3D Reconstruction
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adapted from David Forsyth, UC Berkeley

Work by Paul Debevec and Jitendra Malik




3D Reconstruction
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adapted from David Forsyth, UC Berkeley




3D Reconstruction
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adapted from David Forsyth, UC Berkeley




Mosaicking
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adapted from David Forsyth, UC Berkeley




Mosaicking
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adapted from David Forsyth, UC Berkeley




Tracking
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adapted from Martial Hebert, CMU




Visual Tracking
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Motion Control
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Adapted from G. Hager, JHU
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Visual Tracking

Hager & Rasmussen 98

[ Iﬁ

Hager & Belhumeur 98

Adapted from G. Hager, JHU




Application
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Track users’ head gaze for hands-free pointing...

Adapted from Trevor Darrell, MIT




Model-based Brightness Constraints: on Direct Estimation of Structure and Motion
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http://www.ai.mit.edu/people/gideon/Demos/DirectMethods/Demo1.html




Structure from Motion
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Structure from Motion
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Applications of Optical flow
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Impressionist
effect.

Transfer motion of
real world to a
painting

Adapted from Michael Black, Brown University




Applications
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* Industrial inspection, quality control
* Surveillance and security

* Assisted living

* Human-computer interfaces

* Medical image analysis

* Reverse engineering

* Image databases




Applications : Document Analysis
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Digit recognition, AT&T labs

adapted from Steven Seitz




Applications : 3D Scanning
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Scanning Michelangelo’s “The David”

- http://graphics.stanford.edu/projects/mich/
* UW Prof. , collaborator
* 2 BILLION polygons, accuracy to .29mm

adapted from Steven Seitz




Applications : Motion Capture, Games

87

adapted from Steven Seitz




Applications : Medical Imaging

88

adapted from Steven Seitz




Applications : Robotics
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adapted from Steven Seitz




Apphcatlons Image Retrieval
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Organizing Image Collections




Informedia Digital Video Library Project
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Informedia Digital Video Library Project

05 -Sturrbga'rl;l-rej:ilips?nting mu_ltiple video segments ;lg|_5|
LT o T
'..:.3 hﬁ___ -. 3 HEwsH [ .
Doy oo o IDVL interface returned

s Ty =}
5 | for “bin ladin" query

L a1l

= [qX@) o
= e

ity The results can be tuned
[ | Ehildanie | [T Ipdeoes | i Faes | [Fl People USI ng ma ny CIaSSIflerS

[z= Lan-:is_’:,apél [z Teuu:ll.le-rlaul [z ':Ipee_u;,h t
1 i | i I"-"--'.-nc\-lnguel T bkcka | R |

[ Eitpscape




Associating video frames with text

Query on
‘president”

THE FEHRDR THA.IL TO 9711 wiwna THE TERBGRITRAIL TO 9713
WIITT KX |17 winT iasr wosE N

THE TERROR TRAIL TO 9/11
CAPITOL CONFIDENTIAL

i Association
- problem

Obvigusly, this is all awkward for the President Whether he'd like to, or not, he can't corme out an
oppose an investigation. That's not realistic. Atthe same time. he's made it clear he does not
| |I|: IE-HFJ]'F‘ 'IbAIL O %11 want an independent commission, the warren commissian af this tragedy. and today he made
guite clear that one investigation is enough, there is other work to be done. And, as ifto
underscore the point he made the comments at the national security agency. Ye go back to the
‘White House and our senior ¥White House correspondent John King with the President side of
things. On. Good evening. President wisited agency the chief eavesdrops agency for the
intelligence community. Private pep talk for the employess there. Came outto speak to
reporters. Clearly looking to put his stamp in the investigation. Fresident saying for all the
revelation, some would say outrages aboutwhat the government knew but did not share
between agencies between — before September 11th. Convinced no evidence at all that he has
seen the gowvernment could hawe done anything to stop the attacks. President said there's also
no question that the FBl and the cia failed to share clues an suspicions about the terrorist threat
Pregident Bush: In terms of whether or not the FEI and the cia were communicating propersy, |
think it & clear thatthey weren't now we've addressed thatissue, ciaand FBl are nowin close
communications. There's better sharing of intelligence. One of the things that essential to win this
war is to have the bestinelligence possible. When we getthe bestintelligence, to be able to
share itthroughout our governmert, Implicitin president's remarks both of kehes in cia directar
and FEl director as investigation getunderway. President putting popularity and prestige in the
line insisting Congress stick to one irvestigation into what the govermment knew before 9411,
President publicly playing down the finger point of late between the FBI and cia. We're told by
several seniorfishes atthe YWhite House. President is quite furious, he and other top officials
plaed —maid clear to Mueller, and deputies President execs and end to sniping atone senior
official said tonight we don't need sel-in flilbting wounds. Aaron: Institutional question that gone an
longer than any of us has gone along, does the Fresident accept — | think the word |want is
responsibility —whetewer werntwrong in the cia and FBl happened on his watch and that he's the
guy and he's responsible. Yes and no. If wou lchlt President cerainby says he's the man in
charge of the government. He's responsible but also has said and his senior AIDS are saying in
mote detail. rany of the communication break down go back in the Clinton adrministration, this is
3 T ; nat & new issue if wou will. Brent national security achise ner former bush's administration, he is
" - c not— now the add mirgs point man, whether all the agencies need to be reformed. Whether
AR TIIE [EﬂRL.IR THLIL TO 9711 defense agencies could be pulled from the Pentagan and matched to the cia. Now decade,
getting more attention because the tragedy President say he's responsible for the government?
“res. Will he say the problems predate him, he'll say yes too. Aaron: Thank you, senior
cartespondent John King tonight.

LIVE




Associating Visual Features with Text

Solving correspondences in broadcast news for better retrieval
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Face Recognition by resolving correspondences between named entities and faces
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Associating Names and faces

o

President George W. Bush makes a state-
ment i the Rose Garden while Secretary of
Defense Donald Rumsfeld looks on. July 23,
2003. Rumsfeld said the United States would
release graphic photographs of the dead sons
of Saddam Hussein to prove they were killed
by Amencan troops. Photo by Larry Down-
mg/Reuters

British director Sam Mendes and lus part-
ner actress Kate Winslet arrive at the London
premiere of The Road to Perdition’, Septem-
ber 18, 2002. The films stars Tom Hanks as
a Chicago it man who has a separate fam-

ily life and co-stars Paul Newman and Jude
Law. REUTERS/Dan Chung

Incumbent Califorma Gov.  Gray Davis
(news - web sites) leads Republican chal-
lenger Bill Simon by 10 percentage points —
although 17 percent of voters are still unde-
cided, according to a poll released October
22,2002 by the Public Policy Institute of Cal-
ifornia. Davis 1s shown speaking to reporters
after his debate with Simon mn Los Angeles,
on Oct. 7. (Jim Ruymen/Reuters)

|

World number one Lleyton Hewitt of Aus-
tralia luts a return to Nicolas Massu of Chile
at the Japan Open tenms championships m
Tokyo October 3, 2002. REUTERS/Enko
Sugita

German supermodel Claudia Schiffer gave
barth to a baby boy by Caesarian section
January 30, 2003, her spokeswoman said.
The baby is the first cluld for both Scluf-
fer. 32, and her husband. British film pro-
ducer Matthew Vaughn, who was at her side
for the biuth. Schuffer 15 seen on the Ger-
man television show ‘Bet It.. 71" ("Wetten
Dass...7!") i Braunschweig, on January 26,
2002. (Alexandra Winkler/Reuters)

US President George W. Bush (L) makes re-
marks while Secretary of State Colin Pow-
ell (R) listens before signing the US Leader-
ship Agamnst HIV /AIDS | Tuberculosis and
Malaria Act of 2003 at the Department of
state in Washington, DC. The five-vear plan
15 designad to help prevent and treat AIDS,
especially i more than a dozen African and
Carbbean nations(AFP/Luke Frazza)

Berg et al. CVPR 2004
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