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*Many slides adopted from the courses of Antganushin
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A «To see means to know what is where by looking o
I David MarrVision 1982
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Slide credit S. Narasimhan
6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AScene interpretation

Aoutdoors
Aurban

Astreet
ABeijing, China
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AExtracting details about the obJect
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ADimensionality reduction

3Dworld 2Dimage
O

" \ ey
Point of observation

What do we lose In perspective projection?
A Angles
A DiStanCES and |engthS Figures © Stephen E. Palmer, 2002

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Avariability: interclass variability of appearance

6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.
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A/arlablllty different viewpoints

~

slide credit: Fei-Fei, Fergus & Torralba
6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Avariability: different lighting

image credit: J. Koenderink

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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mations and occlusions

Xu, Beihong 1943 Slide credit: Fei-Fei, Fergus & Torralba
6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Reducing variability by using local ctes

AViotivation: stitching panoramas

A Find distinctive points
A Find an alignment that matches these points

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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Reducing variabllity by using local ctes
AViotivation: stereo matching

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Reducing variability by using local ctes

AViotivation: image retrieval object detection

Slide creit: S. Lazebnik
6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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A ocal features and descriptors

A Feature detectors

I HarrisLaplace

I LoG

i DoG

I Dense sampling
A Descriptors

I SIFT

I Shape context

I HOG

I Pixel comparison

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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Learning local models from local Ctré:

ACombining different descriptors B
PHOW Gray . E>@%

~
PHOW Color
J
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PHOG
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6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.
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A_earning models from the data

Learned model

Output of
the model

W e e R Learning methods:
1 R SuM Unseen data
. ) fdi e | instance il
FR-— A Boosting
A Random Forests
A éé

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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Learning local models from local Ctré:
AExample: object detection using sliding window

A 'Local' has been the
dominant paradigm in
computer vision till the
2000s

A Works notoriously well for
detection of rigid objects, e.
g. faces
[Viola, Jones, 2001],
[Dalal Triggs 2005]

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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SEREERE

Missed
Missed

True
Detections

Slide credit: Alyosha Efros
Local Petactori [Dalal-Triggs 2005]

6th Microsoft PhD Summer Schaoor,
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Learning local models from local Ctré:
AWhat the detector sees

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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I GRAPHICS & MEDIA LAS

[ redit™el-Fel, Fergus & Torralba
6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.
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Learning local models from local Ctré:
AThe role of context

6th Microsoft PhD Summer School, Cambridge, )
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Learning local models from local Ctré:
AThe role of context

6th Microsoft PhD Summer School, Cambridge, UK,
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Constraints of the world =

AThe world is structuredhot everything is possible

A Similar appearance of
rocaleues 7 similar objects

" A Limited number ofllowed
deformations of the
ObJeCtS in 3d Chaotic world

Global A Depth orderingand " =\

constraints OCC|USIOﬂS - ' ~

A Rules of perspective T EuEm

projection , P o=

_A [ —— —‘Jfé
X Structured world

24

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Constraints of the world
ALimited set of allowed deformations for the object

Dali, 1931
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Constraints of the world =
AOcclusions

Magritte, 1957

6th Microsoft PhD slide credit: Fei-Fel, Fergus & Torralba
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Constraints of the world ==

ADepth orderinc

6t Slide credit: J. Koenderink
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Constraints of the world ==

ARules of perspective geometry

7

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AOutline of the talk

A The idea of graphical models

A Examples:
'|'

.........
"y

Limitingthe set of allowed
deformations

Occlusion constraint
Depth ordering constraint [

Modeling the rules of
perspectivegeometry

6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.
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AOutline of the talk

A The idea of graphical models = //_\\
rap OO0
A Examples:
I Limitingthe set of allowed x3 Ve
deformations <C/ 1‘4\.)

T Occlusion constraint
I Depth ordering constraint

I Modeling the rules of
perspectivegeometry

6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.
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AGraphical models

A Graphical representation of probability distributions
A Graphbased algorithms for calculation and computation

A Capture both local cues and global constraints by modeling
dependencies between random variables

(7 L1 ~\
@, /473)

>
(c/@

6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.

Picture credit: C. Bishop
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Graphical models =
AGraph representation i
phrep .

{/" ‘ \
Afach node corresponds ta@ndom Q P ""Q
variable /
Mependent variablesire connected ( M Q

L=k 2

with edges

/Clique- fully connected set of nodes in - P(Xg, X,4| X5, Xg) =

the graph = P(Xq| %5, %3) POY| X5, %3)
Avlaximal clique- a clique that is not a
subset of any other cligues

Picture credit: C. Bishop

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Graphical models T
AJoint distribution and potentials

Joint distributionof all random variables can be written as a
product of nonnegativ@otentials defined on maximal
cliqgues

p(0=20rc(X)  2=40xc(X), KXo 20

pP(X) =%y1(>a, %: %) Vo % % %)

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AMARinference and energy function

Maximum aposteriori (MAP) inference find the values of
all variables in the graphical model that maximize the joint
probability

argmaxp X J- argma*OJ/c Xe )

>=argmaxe><é@a E X )8
C -

=argming E. (X, )

. X
Energy function:E(X) =logP(x) 2 E: (X.)
C

MAP-inference= energy minimization

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AMethods for MARNference

A Many computationally efficient methods for inference in
graphical models have been developed:

I graph cuts

I TRW

I belief propagation

| expectation propagation
I MCMC

I XD

A All these methods have limitations and can be used to
minimize energy functions of specific forysthe art is to
find tradeof between flexibility and tractability

6th Microsoft PhD Summer School, Cambridge, UK, 27gurely 2011.
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AOutline of the talk
A The idea of graphical models™ -

A Examples:

i Limitingthe set of allowed
deformations

I Occlusion constraint
I Depth ordering constraint

I Modeling the rules of
perspectivegeometry

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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ALimiting the set of allowed deformations

AViodel should be flexible enough, but constrain the
allowed deformations of an object

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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APictorial structures model

Mictorial structuresstrike a good
balance between flexibility and
tractability

[Fischle’& Elschlager 3],
[Felzenshwall& Huttenlocher00]

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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APictorial structures model

AEach vertex corresponds to a pa
of aperson:6 He a d 0, 0T

Pal

OL&gs 0OAr ms o

AEdges form a tree

Aerson detector for each vertex
find a corresponding position fro
the set of valid positions

Pr(P

t019 ann> - -
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b N

part appearance

part geometry

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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APose estimation

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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AOutline of the talk
A The idea of graphical models

A Examples:

I Limitingthe set of allowed
deformations

I Occlusion constraint
I Depth ordering constraint

I Modeling the rules of
perspectivegeometry

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AOcclusions
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A Occlusions and self occlusions make the task of
object detection even harder
Joint work with Victor Lempitsky arilshmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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AlLocal model
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Model from [Gall & Lempitsky, CVPRQ09]

Joint work with Victor Lempitsky arilshmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.
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Occlusion constraint ==
AEach image pixel belong to no at most one objec

.
.
.
.
----
.
Py
Py
.

Image patches

Joint work with Victor Lempitsky arilshmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AModeling the occlusion constraint

X ¢ labelling of 7.;:?4 """ y ¢ labelling of
image patches, [ }* hypotheses,

X =indexof . I B binary variables:
hypothesis ]>_'ﬁ' y =1, if the object
if the patch votes " ispresent,
for hypothesis, .- } f y = 0, otherwise

x.= 0, ifthe patch [l
votes for
background

Joint work with Victor Lempitsky arilshmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AModeling the occlusion constraint
X,=1

Research

X53=1

X ¢ labelling of y ¢ labelling of

Image patches, _,hypotheses,

X = index of blnary variables:
hypothesis y =1, if the object
if the patch votdg” P ISpresent,
for hypothesis, .~ y = 0, otherwise

x.= 0, ifthe patch |l o
votes for X;=0 X5=2
background

Key idea : joint MAP-inference in x and y
Joint work with Victor Lempitsky arilshmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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Occlusion constraint =
AGraphical model ‘12’ Image patches
3
A If labeling ofy isfixed,the values ok -
are independent L
3
A So we can maximizeout first and Ii 0
perform inference ovey 2 L
5
1 0
2
= ypotheses
0 for the
% position of
3 objectcenter

Joint work with Victor Lempitsky aRlishmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27q)urdeily 2011.
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AComparison
mE BN

e AN, ) & - re~ o)
. e =
s syt T

Without occlusion constraint Usmg occlu3|on constraint

White = correct detection
Green = missing object
Red= false positive

Joint work with Victor Lempitsky arilshmeeKohli, CVPR10

6th Microsoft PhD Summer School, Cambridge, UK, 27¢lrdaly 2011.

Code available online!!!



