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Visual Recognition

“Making sense of images”

o _ Decreasing
«Finding Duplicates Visual
] Interpretation
.Image Retrleval (measurement)
«Object Retrieval
«Image Classification
-Image Annotation Increasing
Semantic

«Cross-Modal Retrieval Interpretation
(perception)
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Visual Recognition

» Finding Duplicates

Yahoo! Confidential

Find me the same image

Can be solved using md5
hash string matching.

So, md5 is the
“Image signature”

String matching, the
“similarity metric”

Practically solved.




Visual Recognition

« Image Retrieval
Find me the similar images

Design “image signatures”
and “similarity metrics”

“Invariant” to scene variations
Invariance is the key

Global visual interpretation.
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Visual Recognition

« Object Retrieval
- Find me objects similar to this

- Image signatures should
be invariant to “local” scene
variations

- Local visual interpretation.
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Visual Recognition

« Image Classification

- Find me the category of the
Image/objects inside the image

Given
« ataxonomy / a set of classes
» alabeled dataset of images

Learn ‘classifiers’

Global/Local semantic
Interpretation
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Visual Recognition

« Image Annotation
- Find me tags for the image
Multi-label prediction task

Approachl: Classification
» Learn classifier for each tag
« Tag correlations are not used

Other Approaches Bridge, Sky, Vacation,

- Nearest Neighbor based tag Golden Gate,
transfer San Francisco, etc.

Multiple semantic interpretation.
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Visual Recognition

= Cross-modal Retrieval
- Find me text articles that

Yahoo! Confidential

best describes the image.

Goes beyond multi-label
and one step short of
Image description.

Complex semantic
Interpretation.

The Golden Gate Bridge is a suspension bridge
spanning the Golden Gate, the opening of the
San Francisco Bay into the Pacific Ocean. As
part of both U.S. Route 101 and California
State Route 1, the structure links the city of
San Francisco, on the northern tip of the San
Francisco Peninsula, to Marin County. It is one
of the most internationally recognized symbols
of San Francisco, California, and the United
States. It has been declared one of the modern
Wonders of the World by the American Society
of Civil Engineers. The Frommers travel guide
considers the Golden Gate Bridge "possibly the
most  beautiful, certainly the  most
photographed, bridge in the world”.




Visual Recognition

“Making sense of Images”
Decreasing
-Finding Duplicates Visual
_ Interpretation
«Image Retrieval (measurement)
«Object Retrieval
«Image Classification
: Increasing
«Image Annotation Semantic

Cross-Modal Retrieval Interpretation
(perception)
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Motivation

Massive explosion of “content” on the
web.

Content rich in multiple modalities —
Text, Images, Videos, Music etc.

There is a need for retrieval systems that
are transparent to modalities.

1 79
Cross Modal Retrieval System

Retrieval system that operates across
multiple modalities
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Motivation

Cross modal text query, eqg.
retrieval of images from photoblogs
using textual query.

Finding images to go along with a
text article

Finding music to enhance videos,
slide shows.

Image positioning.

Text summarization based on
images ... and more
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= Current retrieval systems are
predominantly uni-modal.

The query and retrieved results are from
the same modality

Text
Images
Music
Videos

Text
Images
Music
Videos

Is current Image search cross-modal
retrieval?

No, text is matched to text metadata for
the image

The operation would fail, in absence of text
modality for the retrieval set.

Text —> Text Images
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Web Images
bangalore

Also try: bangalore india, bangalore map, bangalore university, more

Bangalore - Wikipedia, the frae encyclopedia
Bangalore, 350 known as Bengalury, is the capital of the Indian state of Kamataka
Bangalore is nicknamed the Garden City and was once called 3 pensioner’s paradise.
Located on the Deccan Plateau in the south-eastem part
en.wikipedia.orghwikiBangalor - Cached

Bangalore. India [photos, maps, flag, news wieather report

hhark Freeman’s impressions of southem India, particularly Bangalore, Kamataka, and
including photograghs, mape, flag, news, weather report, and related links.
india.tercenim.com -

Bangalore travel quids - Wikitravel

Bangalore, aficizlly kncn as Bengalury, in the state of Kamatzka in sauthem India is
the major center of India's IT industry. Once called the "Garden city of
wikitravel.org/en/Bangalore - Cache

Bangalore Yacations, Touism and Bangalore, India Travel

Bangalore acations: With 6,200 revizws of Bangalere, India travel resources,
TnpAdwisor is the source for Bangalore information.

wiew tripadvisor.com/Tourism- 5257626 Bangalore_Kamataka. - Cached
Bengalury (Bangalore), Bangalore India, Bangalore map

Get dtailed info an Bangalore India, Bangalote map shows roads, railways, areas,
water badies, aimorts, places ofinterest, landmarks etc. The Bangalore City map is
s mapsofindi smatakarbangal phim-
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Florence
ttaly is a tft

Florence is renowned
for helping usher in the
Renaissance, but at the
same time, it can seem
like layer upon layer of
gray. A tour of Florence
italy is a bit confusing at
first everything is stone
commands  your
attention like an insult.

Florence is renowned for
the
Renaissance, but at the
same time, it can seem like
layer upon layer of gray. A
tour of Florence ltaly is a
bit  confusing
everything is stone and

helping
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Florence is renowned for helping
usher in the Renaissance, but at the
same time, it can seem like layer
upon layer of gray. A tour of
Florence ltaly is a bit confusing at
first everything is stone and
commands your attention like an
insult.
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Current Retrieval Systems

» Several multi-modal systems have been proposed [TREcvID,
ImageCLEF, Iria’09, Wang’09, Escalante’08, Pham’07, Snoek’05, Westerveld’'02, etc.]

- Given a query consisting of multiple modalities, retrieve examples
containing the same multiple modalities.

- Eg. Combining the modalities into a single modality, combining the
outputs of multiple uni-modal systems.

Text 7 Text
Images % Images
Music { Music
Videos Videos

e Annotations systems [TRECVID, ImageCLEF, Carneiro’07, Feng'04,
Lavrenko’03, Barnard’'03, etc]

— Given a query from a modality (say image), assign text labels.
— Are true cross-modal systems.
- However, text modality is constrained to a few keywords.
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Cross Modal Retrieval

«  Given query from modality A, retrieve results from modality
B.

- The query and retrieved items are not required to share a common
modality.

Text _ Text
Images - Images
Music Music
Videos Videos

« In this tutorial — we restrict to text and image modalities
- Although similar ideas can be applied to other modalities.

4 S—
| ike most of the UK, the Manct

pxtensively during World W
ting and machining experti

- the retrieval of text in response L e
to a query image. = '
And, the retrieval of images in
response to a query text.
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Uni-modal Retrieval System

Design a feature space ( ¥t for
given modality

Map the query and retrieval set onto™

Using a suitable similarity function
to rank the retrieval set.

» Can this be applied to Cross
Modal Retrieval?

- Design feature spaces(ER * Ry for
two modalities.

Map quer;%/Bonto " *and the retrieval
set onto

But, what similarity function to use
for ranking?

Yahoo! Confidential



The problem.

No natural correspondence between representations of
different modalities.
For example, we use Bag-of-words representation for both

images and text
- Images: vectors over visual textures ( ")

_ Text: vectors of word counts (%)

Image Space N Text Space R T

ke most of the UK, the Manchester area mobilise

hance to confer with the various groups intereste
o chang

he population of Turkey stood at 71.9
illion with a growth rate of 1.31% pel
nnum, based on the 2008 Census. It has ar}
verage population density of 92 person:
er km2. The proportion of the populatior|
esiding in urban areas is 70.5%. Peopld
ithin the 15-64 age group constitute
6.5% of the total population, the 0-14 agd
roup corresponds 26.4% of th

n 1620, at the age of 20, Coward starred in his ow
lay, the light comedy "I'l Leave It to You".

john. British Theatre Guide, 2009 Neville Cardus'
raise in "Th g
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]
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How do we compute similarity?
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An Idea

- Learn mappings (m _, m ) that maps different modalities
into intermediate spaces (u ., u , ) that have a natural and
invertible correspondence (m )

Image Space R Text Space R

Given a text query T in R T the cross-modal retrieval reduces
to find the nearest neighbor of: ), ToM Om (T,)

Similarly for image query: wm T'l °M " °Mm™ (1)

« The task now is to design these mappings.
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The Fundamental Hypotheses

« We explore two fundamental hypotheses

Correlation Matching (CM) Hypothesis: The problem is that
there is no correlation between the representations of
different modalities.

Can be tested by designing intermediate representations that
maximizes correlations between modalities.

Semantic Matching (SM) Hypothesis: The problem is that the
representation lacks common semantics.

Can be tested by designing a shared semantic representation
for all modalities.
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Correlation Matching (CM)

Learn subspaces that maximize correlation
between two modalities

We use Canonical Correlation Analysis (CCA)

to obtain mappings that maximize correlation.

CCA was developed first by H. Hotelling.
- H. Hotelling. Relations between two sets of variates.
Biometrika, 28:321-377, 1936.

- Commonly used in economics, medical studies,
bioinformatics and other areas.
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Canonical Correlation Analysis

+ Measures the linear relationship between ~ SOZ= @ FF0W
two views of the same data rAin A IS

Eg, Text documents written in different
languages,
Eg, Images with attached text

Eg, Protein sequence and corresponding gene
expression

3
3

i
i

Image Space A ! Text Space XA T

i
i

i
i
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Canonical Correlation Analysis

» Finds two sets of basis vectors
such that the correlation
between the projections of the
variables onto these basis vectors

IS maximized . Sahasra

Chakra Louh

- Find pairs of features from both views .
Path Gaamini

with highest correlations

- Example: words that co-appear in " Gunjanhaari
: : Mosquito :
document and its translation q " Manav Rakt

Pipasu Jeev
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Intuition

ated Sub-spaces

« Thus a technique for joint dimensionality reduction.
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Overview of feature reduction

Unsupervised for single dataset
- Latent Semantic Indexing (LSI): truncated SVD
- Principal Component Analysis (PCA)

Supervised for single dataset
- Linear Discriminant Analysis (LDA)

Unsupervised for two dataset with pairwise
correspondence
- Canonical Correlation Analysis (CCA)
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Overview of feature rec

Original data reduced data

Linear transformation

weRT XoY=wXeR
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Canonical Correlation Analysis (CCA)

transformation measurement

uoljela.1i0)
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Problem definition

Find two sets of basis vectors, one for x and the other
for y, such that the correlations between the projections
of the variables onto these basis vectors are maximized.

Given

Compute two basis vectors w and w )

X—=><w,x> Syw,

>
! y Sy, W}}rr
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Problem definition

« Compute the two basis vectors so that the
correlations of the projections onto these vectors
are maximized.

max corr(Sywy, Sywy)
W_T.Wy )

(SJ_‘WI " SuWy)

wewy || Sy W[ ||Sywy || |
Yy




Algebraic derivation of CCA

Now observe that the covariance matrix of (x, y) is

con-t [ -I5 51
o) [(Y y Cyx  Cyy

The optimization problem is equivalent to

!
WIC,q,w‘,}r

P= |
1. W) ! !/
y \/ WICHWIWHCWWF

Empirical

"¢ = xx ' covariance for
Images and text,
and their cross
covariance.

XY
where
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Derivation of CCA

Observe that the solution is not affected by a rescaling of w, or w,
thus the optimization problem is equivalent to

f max w,Cyw,
) — max W, CyWy

/
ma> : » s.t. W,Cowy =1
B W Co W W Cyy W
X y-yy oty /
L wyC},},wy = 1.

The corresponding Lagrangian is

A A
Lk, Wy, wy) = W, Cywy — Ex(w;Cxxwx —1) — ?}"(wg,cy},wy —1).
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Algebraic derivation of CCA

Taking derivatives in respect to wy and w, we obtain

oL

OW y

oL
Yy

) i =1 =4
((ZyX:CIy’ "

y

~—

—1 2
CX-}(C},}, C},XWI — }\. CxxwX.

A

—1
C},}, CyxWy

W, —
/ A
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Nonlinear CCA using Kernels

Key: rewrite the CCA formulation in terms of inner products.

!/
waxywy

p = max
Wi, Wy

! !
\/ waxxwxwynywy

) Ty Txy TyB
p_max

o p
DT T Tx BTy Ty Ty S
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Nonlinear CCA using Kernels

aTy Txy TyP

Recall that max
a B \/QTXTXXTXQ\/ﬁTYTYY TYﬁ

Apply the following nonlinear transformation on x and y:
?ox, 70 ) Py T )

X i y

Define the following K, (x,.%,) =, (x) "%, (x,)
two kernels: K (y..y)=? (yv)°*? (yv)

o' KiKyp
p = max ‘
«.p \/af’K%a : ﬂ’K%ﬁ
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Nonlinear CCA using Kernels

Define the Lagrangian as follows:

e 2
L(k.at. p) = o' KiKyp — S (o' Kiar = 1) — 7'6(5’1(55’ —1)

Take the derivatives and set to 0: [ . K, K;l Koo — 32K Koo = 0

oL 42
_:KE,KWB—}\.Q;K%G':O oo = M«

do
a1 ~< K;lKgleKxa

i KyKya — 3pK5p =0

A
Ky_lea
—
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Nonlinear CCA using Kernels

Two limitations: overfitting and singularity problem.
Solution: apply regularization technique to both x and y.

o' Ky Ky B
£ = Mmax
“P @ Ra + llwil) - (BB + cllwylI?)
CEIKA?Ky/B
= max '
a.p \/(a"Kf_.a + ka'Kyar) - (B'KZB 4 kB'KyB)

The solution is given by computing the following
eigen-decomposition:

‘(Kﬁ. + DKy (Ky 4+ k)T Ky = 2a
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Other Approaches

« Other approaches that maximize

Partial Least Squares

Bilinear Models

Canonical Covariance Analysis
Cross-modal Factor Analysis

= Will not cover.
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ated Sub-spaces




The Fundamental Hypotheses

= We

Yahoo! Confidential

explore two fundamental hypotheses

Correlation Matching (CM) Hypothesis: The problem is that there is no
correlation between the representations of different modalities.

Can be tested by designing intermediate representations that
maximizes correlations between modalities.

Semantic Matching (SM) Hypothesis: The problem is that the
representation lacks common semantics.

Can be tested by designing a shared semantic representation for all
modalities.




Semantic Matching (SM)

Designh semantic spaces for both modalities [Rasiwasia’07,
Smith’03]

- A space where each dimension is a semantic concept.

- Each point on this space is a weight vector over these
concepts

Semantic

| :
— Semantic
Image Space R Pt Concept 1 Space

o —
@ Semantic

Concept V

e e o
ttorney was quoted in “Time]
nagazine saying, "The ne .
Text Space R /Semamlc
Concept 2

Yahoo! Confidential




YaHoO!

Representation using semantic space

Semantic
Space

Mountain

Like most of the UK, the Manchester are
mobilised extensively during World War II. Fo
example, casting and machining expertise a
Beyer, Peacock and Company's locomotiv
works in Gorton was switched to bomb making
Dunlop's rubber works in Chorlton-on-Medloc

made barrage balloons;
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Semantic Representation

Concepts Models Likelihood

Posterior
Probability

Bedroom p1 — | T

Forest

Inside city

Street

CLASSIFIERS

Tall building
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bedroom
coast
forest
highway
industrial
insidecity
kitchen
livingroom

mountain

office
opencountry
store

street
suburb

tallbuilding

bedroom 3
coast b
forest q

highway hl

industrial h

insidecity bl

kitchen q
livingroom i ; B i 23 B

mountain 2 z — - —

office e ¢ -
opencountry
store ‘ - ) 3

street = ‘ A
suburb A ¥ | b

tallbuilding

0 0.05 0.1 0.15 0.z 0.25
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YAHOO! il
Retrieval on Semantic Space

« Note that Semantic representation is a probability distribution.
« Using suitable similarity function we can compare two vectors.
« For example, one measure is the KL Divergence.

Database
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Commercial Construction Visual

People 0.09
Buildings  0.07 Features

Street 0.07
Statue 0.05
Tables 0.04

Water 0.04 Semantic

Rest t 0.04
e Features

People 0.08
Statue 0.07
Buildings 0.06
Tables 0.05
Street 0.05
Restaurant  0.04
House 0.03

Buildings 0.06
People 0.06
Street 0.06
: Statue 0.04
People . r — MM Tree 0.04

Restaurant .07 bz il | % > 18] Boats 0.04
Sky .06 1~ : : 0.03

Tables .06 [} JSEuagtl; :
Street .05 { [l . o PE—— | 0.1
E:;Lﬂ‘e"gs e | b ANRIRRAN LA NATL Buildings  0.07
N : _'i. A P Tables 0.06
: : Wi S Street 0.06
Door 0.05
Restaurant 0.04
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Semantic Matching (SM)

Designh semantic spaces for both modalities [Rasiwasia’07,
Smith’03]

- A space where each dimension is a semantic concept.

- Each point on this space is a weight vector over these
concepts

N Semantic

| _ .
Image Space i W Semantic
e R ; e Concept 1 Space

ooo i "k S
. Image Classiifier

. o T ® S

k.) 5 § § 8 @ |
- Text Classifier (o Semantic
° Concept V

©©0

Text Space R g /Semamic
Concept 2
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Cross Modal Retrieval
Example: Image to text

retrieval using CM

Example: Text to images
retrieval using CM

Closest Image To

U T  the Query Text

| ike most of the UK, the Manchester are
Imobilised extensively during World War II
For example, casting and machinin
expertise at Beyer, Peacock and Company"
ocomotive works in Gorton was switched t
bomb making; Dunlop's rubber works i

Chorlton-on-Medlock made barrage balloons

Correlated Sub-space

Semantic
Concept 1

Semantic
Concept

Closest Text to the
Query Image

ike most of the UK, the Manchester are:
objlised_extensively during World War II

ike most of the UK, the Manchester are
eémobilised extensively during World War 1T

For [Like most of the UK, the Manchester are
mlexpemobilised _extensively during World War_II
For [Like most of the UK, the Manchester are

xpemobilised extensively during World War II
ocolfor [Like most of the UK, the Manchester are
omlexpemobilised extensively during World War II
For example, casting and machinin
omjexpertise at Beyer, Peacock and Company"
hdilocomotive works in Gorton was switched t
omb making; Dunlop's rubber works i
I horlton-on-Medlock made barrage balloons

—>

Semantic
Concept V

Semantic Space

e Ranking is based on a suitable similarity function

— L2 distance, L1 distance, Normalized
Correlation, KL divergence (for SM only) etc.
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Experimental Evaluation

Datasets

Evaluation Protocol
Feature Representation
Parameter Validation
Results

Surprise!




Dataset

Novelty of the problem makes it hard to
find existing dataset

We propose a dataset build usin
Wikipedia’s featured articles

2700 articles, selected and reviewed by Wikipedia’s
editors since 2009.

The articles are accompanied by one or more
pictures from the Wikimedia Commons

Each article is split into sections that may or may
not have an assigned image (sections without
images were dropped)

Each article is categorized into one of 29 categories
(only the 10 most populated categories were
chosen)

Each ‘document’ in the proposed set is a ‘section of
Wikipedia featured article’ and its ‘associated

age’

tential ™
Yahoo! Confidentia
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Restoration of the Sistine Chapel frescoes

From Wikipedia, the e snyclopads

The restoration of the frwscons of the Sistine Chapel was orm of the mort
siguificant art restorations of the 20th centary.

Tha Sitine Chapalwas built by Pope Sixbss 1V within the Vatican imsmadistely to
the sorth of S1_ Pater's Busilica ase corpleted in dborat 1481 [t wall wers
decorsted by a mismber of Renaissance painten who were amorg the most righly-
regurded artiots of late ) 5th cenbusy aly, mebuding Ghurlandaio, Pansgine, snd
Botticelli (! The Chapel was futher exhanced under Poge Julias 11 by the painting TR
‘of the cedling by Michelngelo between 1508 and 1512 and by the painting of the o eisuiog N8 Kk ""‘P“"’! e o
Last Judgmans, comeessoned by Pope Clement V1 and completed in 1541, again 4'*“‘“;"* e -"'1'-”‘ “"':l""w

by Mickalanguls P The tapastriss o the lowest tiar, today best knowns fiom the ichalangelo, muestos

Faphas] Cartooms (painted dusigry) of 1515-16, completed the arsersbla

Togutharthe puinting make s the @estastpitoral chusm of the Resasance
Indivataally, 2o of Mickelangelo's paintings on the ceilng e awong the most
otileorks af st st eve reted M Thefrscon of the Sitinn Chapel as =
g and accomp.
ad

1t as baen chimed that a5 a resslf “Every book om Mickalangelo will have to be The Creation of Adam by Michslangeto,
sewnittan” 0) Othass, suck a5 the ast kistorian James Beck of AntWatch rtomd

Ixterational kave been axtremely critizal of the restoration, saying that the

sestorers have not realised tha trus intentions of the atist. This i tha sibject of

coxtinuing debate.

Contents

* 1 Previcus restorations
* 2 Modem restonation
* 21 Aims of the comservators

-
= 2.5 Interventions A port-rmstonation saction of the cesling of
thm Sistine Chagel which incubes tha two

* 3 Envisoxmental protection of the fiescoes pasmls soproduced sbove.

—_—
"The aim of The conservatos wers a2 oo

Modern restoration

i i oS i s A 1 Tt
compried Gianbigi Colahisi, Manrizio Ross, Pesgioreia Banstts, and otkess, & wio tock 3 thes
guidelines the Rules for restorazion af works of art as establiched in 1978 by Carlo Pietrangeli,
storof s Vst Liborsionsfr s Fatonstion o Botass, i i th i
it A A
e e g g
B e kS g i i 1 iy 8
U}

Hippon Television Hetwork Corpozation.

Betireen Juna 1070 and October 1984 the fist stage of restoration, the wosk upon Michelsngelo's
Dinattes, wras achieved. The focus of the wozk fhar: transfersed o the cailing, which was completed
in Decernhex 1989 and fom thers £ the Last Fulgment. The sestoration vas unveiled by Pope Tokn
Paul Il on § Apsil 1994.F) The final stage was the restoration of the wall frescoss, spproved in
1994 and unveiled on 11 Decersber 1995 F1

The Sistine Chapel befbrs the
Aims of the conservators sestoration, ]

= To stuy the frescoes progressively, to analyse any &  utilise the appropriate technical

= To record every step of the operation in archival reports, photographs and film.

= To use only those procedures and materials which were simple, extersively tested, 1ot harmfil, and reversble

= To repair cracks and stractural damage that threatensd the stability of the plaster.

= Ta remove ayers of grims consisting of candle was and soot that had besn deposited by the buring of candles in the chapal for
500 years

= To remove repainting by previous restorers that atterpted {0 counteract the effects of soot and other accrstions

= To remove oil and aimal fat wsed to counteract salination of areas whers water hai lesked thuough

= Ta remove crystalline accretions of salt that had whitensd areas where water had laked through.

= To conserve surfaces that were i danger of finthey deterioration becanse of bubbling, and flaking

= To restore sympathetically those aveas where dsterioration of one sort or another had obliterated details and caused loss of
integity to the whls, o sxamgle, ling 3 erck nd piting the later i colo matching the riginal.
=Ta ined areas 2 physical historieal reord of the previcus restorations that had taken place.

Preparation and approach

In 1979 Colabeeiundevtook a sevies of experiments to discover the right approach for the
sestoration of the reseoes of {1 Sitine Chapel. The ivestgation bagan by 65 sruall aeas of
the wall fresco, Conflis: over the Fody af Mosesby Matteo de Lecce, which had similay physical and
chemical attributes to the painting techniques employed on Michelangelo's frescoes. Trials to find
e right solvants e contimed o & swall portion of the Eleazar ard Miatthan kanetfe

Bazacs of the hight ofth celing andtheiessshily of thscelng sscoes, the precice waturs
£ the damazs and the problems that would be encountezed by the restoration team could not b
mmly foaseen il afer the daciion to estors was ek, ad the seaTolfng was in placs

T e e T P ey T
ot & singls trestmant £y every pavt of the builiing ] This detail of the Expuision

Criticksm and praise

Wb the esteration of the Sitine Chagelmas snnemced, i spahed u burrags of queries and sbiectians from art historsans from sz Fhe
b Oom b et oo ot M Dck, o ArtFih kol bl iprtd manis oot T posSilly
damage 10 Michelumgels's otk Frowm crer-streamuras estonsticn. An sgumast Hat nas used repasedly was fia ll s pravioas iterventics

S0 ¢ imseh A oF e st o . Ay i, o Dt 18 i, pts a2t s ik Couoasvatint, o sihes
ousd, aids i the preservatson of the wotk in its present stabe and pravearin. of firther deferioration. Beck has written dhout his concerns
sz Restovation. the Citrare. she Rusiness and she Seandal 191

A —

oo nes g o ke 3 ey goed e, 11 ke having o ol st
mnh.: tscush ose withowt thais poo fases kooking Lke an crange pasl?

Wikl Tames Beck bozame “erbeailed in a public debate” with Gianhsigi Colabacei, Fomald Feldman, &
o Yock art dnales, started o petio rapgeated by 15 walt-knaren astiss inchating Robarl Motharell
Gucrrgs Segal Eobarl Rauschushers, Christa sl Asdy Wasel asking Fope John Pas 1 Lo cal « hlt ko
e grocedus wnd alsa the meteration of Leowads da Vissds Las Sagpar. 14

e i & trassparent fusbioe,

Fhedngraphy rghts Michas] Kimms: o i
e crtseismm of the msboration af the ,,,,,,,‘ oo htie was i part ulid by Tas )hppan'l‘lhvhun
Wabmoai's rehuctamce b make pubbo those phatograhs that they had faken by exciee right, i
Biad succadad evary slage o tha process and whish wess tha cnly solil svalanss that the werk w.hiu
Sararwic lamasiing the dome spprogmately

derucnen of fesaler
Bl
ave put 1o st thm worst fears of smany of the infurssted pastis, was e infuntion of ke campany 1o
Drodics e Bt adtian v ok - nhllbool(lslmma:leoﬁnmk]'l'huboo) produced etaded for USEL00.
furs b 1 Fact it s made wvailible o [ ———
—




Dataset characterization
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Category

Training

Querv/

Retrieval

Total

documents

Art & architecture
Biology
Geographv & places
History
Literature & theatre
Media
Music
Rovalty & nobility
Sport & recreation

Warfare

34
RE
B6
B3
63
58
51
41

71

104

total




, )
Geography and Places

The population of Turkey stood at 71.5 million with a growth rate of 1.31% per annum, based on the
2008 Census. It has an average population density of 92 persons per km?2. The proportion of the
population residing in urban areas is 70.5%. People within the 15-64 age group constitute 66.5% of the
total population, the 0-14 age group corresponds 26.4% of the population, while 65 years and higher of
age correspond to 7.1% of the total population. Life expectancy stands at 70.67 years for men and 75.73
years for women, with an overall average of 73.14 years for the populace as a whole. Education is
compulsory and free from ages 6 to 15. The literacy rate is 95.3% for men and 79.6% for women, with
an overall average of 87.4%. The low figures for women are mainly due to the traditional customs of the
Arabs and Kurds who live in the southeastern provinces of the country. Article 66 of the Turkish
Constitution defines a "Turk" as "anyone who is bound to the Turkish state through the bond of
citizenship"; therefore, the legal use of the term "Turkish" as a citizen of Turkey is different from the
ethnic definition. (...)

the rear of the hull. (...)

A number of variants were built on the same chassis as the TAM tank. The original program called for
the design of an infantry fighting vehicle, and in 1977 the program finished manufacturing the
prototype of the '"Vehiculo de Combate Transporte de Personal" (Personnel Transport Combat Vehicle),
or VCTP. The VCTP is able to transport a squad of 12 men, including the squad leader and nine
riflemen. The squad leader is situated in the turret of the vehicle; one rifleman sits behind him and
another six are seated in the chassis, the eighth manning the hull machine gun and the ninth situated
in the turret with the gunner. All personnel can fire their weapons from inside the vehicle, and the
VCTP's turret is armed with Rheinmetall's Rh-202 20 millimeter (.79 in) autocannon. The VCTP holds
880 rounds for the autocannon, including subcaliber armor-piercing DM63 rounds. It is also armed with
a 7.62 millimeter FN MAG 60-20 mounted on the turret roof. Infantry can dismount through a door on

Warfare

- e AT ST ey TR

Culture and Society

Yahoo! Confidential

Despite agreeing on most issues regarding the protection of national parks, friction between the NPA
and NPS was seemingly unavoidable. Mather and Yard disagreed on many issues; whereas Mather
was not interested in the protection of wildlife and accepted the Biological Survey's efforts to
exterminate predators within parks, Yard vehemently criticized the program as early as 1924 (Fox, p.
204). Yard was also highly critical of Mather's administration of the parks. Mather advocated plush
accommodations, city comforts and various entertainments to encourage park visitation. These plans
clashed with Yard's ideals, and he considered such urbanization of the nation's parks misguided. While
visiting Yosemite National Park in 1926, he stated that the valley was "lost" after finding crowds,
automobiles, jazz music and even a bear show (Sutter, p. 126). In 1924, the United States Forest
Service initiated a program to set aside "primitive areas" in the national forests that protected
wilderness while opening it to use. (...)




TVG ra z Da ta Set http://blog.thomaslaupstad.com/2007/07

A collection of webpages compiled by /23/close-up-photo-of-a-common-frog/
[Khan etal, Workshop of the Austrian Association for
Pattern Recognition’09]

Close up photo of a common frog
July 23rd, 2007 - 6 Comments

Used images search to obtain the top
1000 results for ten category names
from the Caltech-256 dataset.

The results were filtered into a set of
2592 webpages

Because of copyright issues only a list of
URLs is provided

Taken with Olympus Esoo

This is a close up photo of a common frog (Rana temporaria) being very camera
shy. I found the frog pretty far up in the mountains and I was surprised because
I have never seen frogs in this area before.

O u r CO m p i I e d V e rs i O n h a S O n I y 2 O 5 8 Frogs are supposed to be an biological indicator that are able to tell us whether

the environment is healthy or unhealthy. The reason for this is that frogs are

p a i rS Of | m a g e a n d text / d u e to O u r very sensitive to pollution and habitat degradation.

I'm very happy that I found this frog because it means the nature around here is

removal of defunct URLSs. healthy ©
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Dataset characterization

Category | Tramning Querv/ Total

Retrieval | documents

Brain 47 | 58
Butterfly 51
Cactus ] 37
Deer 51
Dice 50
Dolphin 59
Elephant
Frog
Harp

Pram

total
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This is a close up photo of a common frog (Rana temporaria) being very camera shy. | found the
frog pretty far up in the mountains and | was surprised because | have never seen frogs in this area
before.

Frogs are supposed to be an biological indicator that are able to tell us whether the environment is
healthy or unhealthy. The reason for this is that frogs are very sensitive to pollution and habitat
degradation.

I’'m very happy that | found this frog because it means the nature around here is healthy

If you view the picture large you can actually see an ant below the frog on left side. Maybe it was
the frogs next meal?

Burzvingion made a really nice dice based magnetic Rubik's dice cube

"The non-symetrical nature of some of the die patterns gives the dice cube an extra element of
strategy not present in regular Rubik's Cubes. This variable of rotation is an aspect of the
"sudocube," but the dice cube is easier to solve, because each face contains identical figures, A
and every cubie is unique--two properties of the original Rubik's Cube that are not carried over to N8
the "sudocube.™" i -

SN NN
’’

When visiting Chiang Mai in the north of Thailand you can't seem to walk more than 100 metres
without passing a shop selling elephant riding tours.

There are many elephant riding trips available packaged with other activities, usually hill tribe
treks and some other activity like white water rafting. These sort of day tours make for good
value when you consider how much time you would save if you went to each activity
individually.

Most elephant rides go for half an hour to one hour. There is no need to go for over an hour,
unless you really love elephants.

Elephant

Yahoo! Confidential



Between October 1 and October 17, the Japanese delivered 15,000 troops to Guadalcanal, giving
Hyakutake 20,000 total troops to employ for his planned offensive. Because of the loss of their
positions on the east side of the Matanikau, the Japanese decided that an attack on the U.S. defenses
along the coast would be prohibitively difficult. Therefore, Hyakutake decided that the main thrust of
his planned attack would be from south of Henderson Field. His 2nd Division (augmented by troops
from the 38th Division), under Lieutenant General Masao Maruyama and comprising 7,000 soldiers in
three infantry regiments of three battalions each was ordered to march through the jungle and attack
the American defences from the south near the east bank of the Lunga River. The date of the attack
was set for October 22, then changed to October 23. To distract the Americans from the planned
attack from the south, Hyakutake's heavy artillery plus five battalions of infantry (about 2,900 men)
under Major General Tadashi Sumiyoshi were to attack the American defenses from the west along the

coastal corridor. The Japanese estimated that there were 10,000 American troops on the island, when

in fact there were about 23,000...

Top 5 Retrieved Images

| ([
| |
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Text to Tmaae Querv (2)

Around 850, out of obscurity rose Vijayalaya, made use of an opportunity arising out of a conflict

between Pandyas and Pallavas, captured Thanjavur and eventually established the imperial line of the
medieval Cholas. Vijayalaya revived the Chola dynasty and his son Aditya I helped establish their
independence. He invaded Pallava kingdom in 903 and killed the Pallava king Aparajita in battle,
ending the Pallava reign. K.A.N. Sastri, ""A History of South India" p 159 The Chola kingdom under
Parantaka I expanded to cover the entire Pandya country. However towards the end of his reign he
suffered several reverses by the Rashtrakutas who had extended their territories well into the Chola

kingdom...

Top 5 Retrieved Images
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The lumber boom on Plunketts Creek ended when the virgin timber ran out. By 1898, the old growth
hemlock was exhausted and the Proctor tannery, then owned by the Elk Tanning Company, was closed
and dismantled. Lumbering continued in the watershed, but the last logs were floated down Plunketts
Creek to the Loyalsock in 1905. The Susquehanna and Eagles Mere Railroad was abandoned in
sections between 1922 and 1930, as the lumber it was built to transport was depleted. The CPL
logging railroad and their Masten sawmills were abandoned in 1930. Without timber, the populations of
Proctor and Barbours declined. The Barbours post office closed in the 1930s and the Proctor post office
closed on July 1, 1953. Both villages also lost their schools and almost all of their businesses. Proctor
celebrated its centennial in 1968, and a 1970 newspaper article on its thirty-ninth annual "Proctor
Homecoming" reunion called it a "near-deserted old tannery town". In the 1980s, the last store in
Barbours closed, and the former hotel (which had become a hunting club) was torn down to make way
for a new bridge across Loyalsock Creek...

Top 5 Retrieved Images
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On the Nature Trail behind the Bathabara Church ,there are numerous
wild flowers and plants blooming, that attract a variety of insects,bees
and birds. Here a beautiful Butterfly is attracted to the blooms of the

Joe Pye Weed.

Top 5 Retrieved Images
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Ground truth image corresponding to the retrieved text is
shown

Query Image [mages corresponding to the top retrieved text.

TS 8
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Evaluation — Precision
Precision - Recall . Irrelevant Images |A|

. Relevant Images |B|

O Retrieved Images |A,|+|B,]

> ‘\ | Br|

Precision = |Ar|+|Br|

Precision - Recall The proportion of retrieved and
Curves relevant images to all the
1 Images retrieved.

0.8+

| | _ |Br|
oo Recall = |B

The proportion of relevant
Images that are retrieved, out of
all relevant images available.
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Retrieval Performa ncM

« The performance of both
Correlation & Semantic
Matching is over 400%
better than chance.

—~-SM
—+-CM

Precision
o
o

o
'

0.2

00 01 02 03 04 05 06 07 08 09 1
Recall

Image to Text

Yahoo! Confidential

Chance
CM
SM

e

TVGraz

eah Average Precision

0.114
0.507
0.625

Image | Text
query | query

0.114
0.486
0.618

0.114
0.497
0.622

—_

o
@

Precision

o
o

o
'

0.2

~+-CM

—~-SM

-~ -Random |7

00 01 02 03 04 05 06 07 08 09 1
Recall

Text to Image




Retrieval Performance
(Wikipedia) Mean Average Precision

Image | Text
« The performance of both query | query

Correlation & Semantic Chance  0.119 0.119 [ 0.119

Matching is over 100%
better than chance. CM 0.282 0.225 | 0.253

SM 0.362 0.252 | 0.307

1

: : : N : : : : : : —-+-CM
-+~ -Random |

08

0.7¢

4
T

o
o

- 06f

Precision

Ke]
3 05
L]

o
'

A Y
04>
03 : | : 5 N .
Lo i : 0.2 :

i B L ; <

01r

0

0 01 02 03 04 05 08 07 08 08 1 0 01 02 03 04 05 06 07 08 09 1
Recall Recall

Image to Text Text to Image
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Why a difference?

Categories for TVGraz are specific and well-seperated,
with little overlap.

) Architechture | . J I g 04 . / 210
brain

Biology |. 05 03 03 03 .03 04 07
butterfly

Places |. / ! 01 .01 .03 . 05 1
cactus | . 07 B

History | . .08 . i 04 05 . 03 14
deer 02 05

Theatre | . 03 . : 04 07 04 03 .07
dice |. 03 .M

Media 09 . 03 .03 g 07 .05

dolphin 02 01 o4 o3 EEl o2 o4
Music |.01 02 03 04 10 12E 02 04 07

elephant 04 01 . . 03
Royalty 07 07 10 10 07 .04 28 04 .23

Sports | .01 .05 .08 .04 02 .04 .02 .02 gay .06

Warfare [.01 05 . or 01 03 03 02 04 @7

pram | .01 02 0&5 . | 01 01
A, G %_ Ay f-zf
) e

.
: Ot O éﬂe ‘g"o by
%fh d'l"f?‘eq? C-'c—g%@r Yoy %y, f%ﬁ !b@ ‘9'?} % % %J’ s { s Q’@
T

@,ﬂ

frog [.01 .07 .01 . . 05 01 @

harp | .02 02 04 | . 01 01

TVGraz Wikipedia

Eg: On Wikipedia, Architecture gets confused with
Places, History gets confused with Warfare.
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Semantic Correlation
(SCM)

« Although CM and SM work on different principles they are
not mutually exclusive.

- Combination of the two approaches can lead to improved
performance
- Learn the maximally-correlated subspaces using CCA

- Design semantic spaces using the correlated feature as the low-level
representation.

Concept 1

I ) ) :
Image Space R Image Classifiers Semantic

Canonical | secceee> @ Semantic
>— Concept V

(X ﬁ
° .... Illl} @
: Correlated

. Semantic Space
Text Space R Text Classifiers /Semantic P
Concept 2 S
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Retrieval Performance
Mean Average Precision TVGraz

Image | Text
query | query

Chance
CM

SM
SCM

« Combining the benefits

of CM and SM leads to
further improvements on
both datasets.

Chance
CM
SM

Yahoo! Confidential

0.114
0.507
0.625
0.697

0.119
0.282
0.362
0.377

0.114
0.486
0.618
0.692

0.119
0.225
0.252
0.274

0.114

0.497
0.622
0.694

Wikipedia

Image | Text
query | query

0.119

0.253
0.307
0.325




Conclusion

Proposed an approach to build cross-modal retrieval systems.

Explored two hypotheses

- CM: The problem is that there is no correlation between the
representations of different modalities.

- SM: The problem is that the representation lacks common
semantics.

Both CM and SM hypotheses holds true

- Tested by building intermediate spaces based on maximizing correlation
and a common semantic representation.

CM and SM are not mutually exclusive and their combination
leads to further improvements.
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Leveraging Text for Image
. %H&@Matlask is uni-modal - to retrieve images using

an image query.

Images > Images

Furthermore, if the images in the retrieval set are
supported with text.

Images

Then, is there any benefit in cross-modal retrieval?
Effectively ignoring image data.

Images
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Leveraging Text for Image
Retrieval

» Preliminary results are positive.
Mean Average Precision

. Model |  TVGraz | Wikipedia
Cross-Modal 0.624 0.358

Uni-modal 0.432 0.162
(Semantic)

Uni-modal 0.238 0.139
(Histogram)

Random 0.111 0.117
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Some examples

Top rows shows retrieved results usmg Unl-modal

[/ _ " _\ — 1 x1_ _ - _ 23 _ __ _ - - na _ 1 _1
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Image Posterior
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Intuitions

Intrinsic ambiguity for images is higher.

There exists other modalities that have less ambiguity,
such as Text

Cross modal search can leverage on this to produce
improved uni-modal search results.

...future work.
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Frank J. Selke served as Chairman of the selection committes from 1960 until 1971, when he resigned because of the induction
of Harvey "Busher” Jackson. Jackson, known for his o-ice lifestyle, had died in 1966 of liver failure. Selke would not condone
the induction and even tried to block it because he considered Jackson a poor role model."Honoured members: the Hockey
Hall of Fame"”, p. 91

On March 30, 1993, it was announced that Gil Stein, who at the time was the president of the National Hockey League,
would be inducted into the Hall of Fame. There were immediate allegations that he had engineered his election through
manipulation of the hall's board of directors. Due to these allegations, NHL commissioner Gary Bettman hired two in-
dependent lawvers, Arnold Burns and Ywes Fortier, to lead an investigation. They concluded that Stein had "improperly
manipulated the process" and "created the false appearance and illusion” that his nomination was the idea of Bruce McNall.
They concluded that Stein pressured McMNall to nominate him and had refused to withdraw his nomination when asked to
do so by Bettman. There was a dispute over MecNall’s role and Stein was "categorical in stating that the idea was Mr.
McNall’'s.” They recommended that Stein’s selection be overturned, but it was revealed Stein had decided to turn down the
induction before their announcement. 07
In 1989, Alan Eaglescn, a long time executive director of the National Hockey League
builder. He resigned nine years later from the Hall after pleading guilty to mail fraud
of dollars from the NHL Players Association pension funds.”"Honoured members: tl
resignation came six days before a vote was scheduled to determine if he should be e
Hall of Fame was not going to become involved in the issue, but was forced to act whea
Orr, Ted Lindsay and Brad Park, campaigned for Eagleson’s expulsion, even threate
he was not removed. He became the |rst member of a sports hall of fame in North A

Probabilities

Text to Query Text and its semantic vector

Art & architecture
Literature & theatre

image
Retrieval Retrieved Images and their semantic vectors Semantic Concapts

Geography & places
Rovyalty & nobility

Arta architecture
Art 8 archiscture
Art g architocture
Goography & places|
218 archisches
Goography & places

Probablilties
Uterature & theatre
Pmbabliites
Probabilitios
Utoraturo & theatre
Royalty & noblilty
Probabilites
Royalty 8 nobilty
Art & architecture
Uterature & theatre

Foyalty & noblllty
Royaty & nobillty

‘Semantic Concopts ‘Semantic Concopts
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L\ "_"'TAA.

The pre-collegiate medium of instruction in schools is predominantly Kannada, while English and Kannada are predominant
languages in private schools. Additionally, other media of instruction exist in Mangalore. The medium of instruction in
educational institutions after matriculation in colleges is English. Recently, a committee of experts constituted by the Tulu
Sahitva Academy recommended the inclusion of Tulu (in Kannada script) as a medium of instruction in education.

Schools and colleges in Mangalore are either government-run or run by private trusts and individuals. The schools are
ajliated with either the Karnataka State Board, Indian Certi|cate of Secondary Education (ICSE), or the Central Board
for Secondary Education (CBSE) boards. After completing 10 years of schooling in secondary education, students enroll in
Higher Secondary School, specializing in one of the three streams 4 Arts, Commerce or Science. Since the 1980s, there have
been a large number of professional institutions established in a variety of |elds including engineering, medicine, dentistry,
business management and hotel management. The earliest schools established in Mangalore were the Basel Evangelical
School (1838) and Milagres School {(1848). The Kasturba Medical College establ !
medical college. Popular educational institutions in the city are National Institute sl
Medical Academy,Father Muller Medical College, St. Aloysius College, Canara Coll:
College and St. Joseph Engineering College. The BEibliophile's Paradise, a hi-tech
Bank, is located at Mannagudda in Mangalore. Mangalore University was established
higher educational needs of Dakshina Kannada, Udupi and Kodagu districts and is a
Council (NAAC) accredited four-star level institution.

0.8

(v 3

Geography & places

Probabllities
= &

Text to Query Text and its semantic vector
image

Literature & theatre
Royalty & nobllity

iArt & architecture

-]
@
=}
=

Retrieval Retrieved Images and their semantic vectors Somantic Goncapts

Frobablitiee

Probabiittics

Art &orchrecture
rature & theatro

Att & architecture
Royalty & nobility
Royalty & noblity
sport
Art 8 wchitecture
Uterature & theatre
Royaly & noblilty
e
Royalty & nobillty

‘Somantic Concepts ¥ ‘Somantic ¢
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YaHoO!
Comparison to unimoda

retrieval

- I\/I-.I_I:.L.. aen mam o  sw s m mem e
____Experiment | Model | MAP
CCA + SMN Log. Regression 0.277
(retrieved images proxy texts)
CCA + SMN Log. Regression 0.226
(image proxies text query)
Image SMN Gauss Mixture 0.161
Image SMN Log. Regression 0.152
Image SIFT features [ Gauss Mixture 0.135
Image SIFT features Histogram 0.140

Random - 0.118
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Semantic Matching (SM)

= Builds on the idea of Semantic Abstraction

- transformation of data from the low-level feature representation to a
high-level “semantic space” of meaningful concepts.

vector of weights for
different concept

3.
)

Semantic
Politics Space

« To obtain Semantic Representation:-
Augment database with a vocabulary of semantic concepts
Learn classifiers for each concept

Represent each modality by its posterior probability under these
learned classifiers

Thus the space is a “semantic simplex”
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Semantic Matching (SM)

- Design semantic spaces for both modalities [Rasiwasia’07,

Smith’03]

©@00©

Text Space

I
Image Space R

Image Classifie

. Text Classifiers Semantic

Semantic S
Concept 1 pace

R — ’]‘ Semantic

—

Concept V

Gova

A blacl

in "Time]|
/ Semantic
Concept 2

«  We use mujtl

« The posteri
semantic re

features

i ﬁ i Ot text and images
_— - exp( X" g— LeRipedRarg@sters the
Pr( yi J | X i) n z J
1
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S Total number of classes
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Questions?

10U CAM PRESENT THE RUMOR HAS \T SHE'S
MATERIAL, BUT “on CANT UP TO Twio PACKS
MhYE ME CARE. A DAY, UNFILTERED.

1 Wasemoy TharEuted by Linsvera Liokos

W T

© Bill Watterson
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Image
Pre-
processin

g
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Intensity
RGB
SIFT
SURF
HOG

BRISK
FREAK
...etc.

Direct
Bag-of-Words
TFIDF
SPM
VLAD
Fischer Vector
...etc.

NN-Similarity
{Cosine, L1, L2,
EMD, KL etc.}
Gaussian Mixture
SVM
Boosting
...etc.




Questions?

M. Jones lives SDmiles | | Mr Jl::nea fravels ab - e ” _
away from you. You both 4%“ yons Arive qgﬁg; mﬁg L BLWRIS, CATCH THESE
leant fame &t 5:00 ana son, A what time N I~ TRICK. CUESTIONS .
drive fowam each ofhner, '-rul.llll Yo pass W Jomes Wit KNOWS | . —
| an e road ? } \
| N ’%
i ;
¥
]
9.

© Bill Watterson
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Dimensionality Reduction for
Images

LDA can also be used to reduce image
dimensions

TWGraz (validation) - Image mode!
H L T T

Wikipedia (validation) — Image modeling
H H T

.| —8—LDA (image gueryl|]
BoWW 4006c

-—8—- DA (text query)

-—-—-BoW 4086c

—a&— DA (image query)
—— Bo\W 4095c
Poob b : == LDA (text query)

i : A : N Bo\W 4088c
4000 ’

50 100 200 500 1000
LDA no. of topics

£00 1000

50 100 200

LA no. of topics
(a) TVGraz

4000

(b) Wikipedia

Yahoo! Confidential




Parameter Validation

Number of Image Codewords
Number of Text Topics

Image model (validation) — no. of codewords Text model (validation) - no. of topics
T H T T T
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Distance Function

Choice of distance function
- For CM experiments - L1, L2, NC, NC.
- For SM experiments - KL, L1, L2, NC, NC-(*)

TVGraz Wikipedia

metric || mmg query | txt query ; img query | txt guery

L1 0.376 0.418 0.193 0.234
L2 0.301 0.444 0.100 0.243
0.498 0.476 0.288 0.239
0.486 0.462 0.287 0.230

0.296 0.546 0.188 0.276
L1 0.412 0.5348 0.232 0.276
L2 0.380 0.550 0.211 0.278
NC 0.533 0.560 0.313 0.278
NC. 0.570 0.336 0.334 0.272

T
*) NCa(p,q) = H‘; ‘:’*" ]'” ”{; ;"qf', where /1, and /i, are the mean for p and g¢.
PP )
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Correlation Matching Methods

= KCCA vs CCA vs CFA

Correlation Matching — TV Graz Correlation Matching — Wikipedia
T T T

tewxt query i qu text query

(a) TVGraz (b) Wikipedia
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