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Cam-Tu Nguyen, Natsuda Kaothanthong,

Xuan Hieu Phan, Takeshi Tokuyama:

A feature-word-topic model for image annotation.
CIKM 2010 (20t ACM Conf. on Information and
Knowledge Management): 1481-1484




E{2 12 % (Image retrieval)
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Search for
“leopard
forest” with
Google
Image

iR S0 e | Forest_hog.ipg
forest hog.JPG . .
4(‘;;932740. Giant Forest Hog. Annie had seen a cof s G|ant Forest Hog Ann|e
leopard the day before
had seen a leopard the
day before.

simonthomsett.wildlifedirect.org
o Similar - More sizes
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Annotation to
map an image to
textual space.

Coral, ocean, people Building, market, Beach, palm, people, Costume, people,
skyline, street tree street, village
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A& D |85 I8 7




AFEﬁ@H“’ n:b\nfﬂzt |ﬁ$&®/ﬂf1t

DERICIEXFIHAVELEN? — BTT (ERRH)

DERICIEFIABHYELI=MN? — 272

FALGCEFBZLGVDERELELY)
FHRTEB T, A\HBRELZALDIE. BRDOINEYY (MEE) THS

BOEZITFEPDER T, ENUVEEIR
TH, BREBOFX—7—FIE,

[, . VXU FYII1DESEEHD
[TEITELT VX F o 1EHIMTBHICIE?




Topic Model : T+ X YA Z 2 Tl&

Topics
1 2 3 TOPIC 1 TOPIC 2 TOPIC 3

BANK MONEY STREAM 0lL <
COMMERCIAL BANK RIVER PETROLEUM 0
CRUDE FEDERAL BANK GASOLINE é
DEEP RESERVE DEEP CRUDE s
DEPOSITS LOANS WOO0ODS COMMERCIAL gn-
DRILL DEPOSITS FIELD DEPOSITS o
FEDERAL COMMERCIAL MONEY RIVER g
FIELD g
GASOLINE a
LOANS g
MEADOW 2
MONEY g
OIL o
PETROLEUM =
RESERVE =
RIVER @
STREAM

WOODS

(a) Probability (b) Words sorted according

Table to Topics
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Feature-Word-Topic Model

4 Test image
Wood, doar, -
woman, girl

Multiple Feature-Word
ﬁ Instance ﬁ( Distributions
1 Sunset Tight, Learning P(x]w)
sun, people
tree, grass,
water
' Wood, door, Feature-Word-
woman, girl Topic Model
_ i i Topic Model
+—surserfge— Topic Modeling

o .. e — P(w]2) ¥

_E Q free, grass,

£ % e moutain, sky, ...

°w®

=T




Estimation of Feature-Word Distribution

Feature Extraction

YCbCr color
space

> a set of feature vectors
- - -
X ={x,x, ..,X p}

= (Discrete Cosine ) Vector

b m=—==)  Transform —

Concatenate from color X, J

spaces

Keep 64 lower
frequencies

\ q




Estimation of Feature-Word Distribution

Mixture Hierarchies and Multiple Instance Learning

Carneiro et al., Supervised Learning of Semantic Classes for Image Annotation
and Retrieval, IEEE Trans. on PAMI, Vol. 29, No. 3, 2007

Image
level

Mountai

v

Gaussian
Mixture

—

N
4+
4
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Ty
L.

Gaussian
Mixture

P(X|mounta




Estimation of Word-Topic Distribution

w: labels
z: topic assignment

pID N\pWlz) o T

Probabilistic Latent Semantic Analysis (pLSA)
Hofmann et al., 1999

N

* Consider captions of one image as a short document

* Given K, an EM algorithmis used to estimate p(w|z)

from the caption set of an annotated image collection.

Topic | Topic Topic | Topic | Topic
165 164 123 198 224
Pool | Pyram Cat | Spong | Shop

id es

People| Stone Tiger | Coral | Street

Canoe | Tomb Forest | Ocean City
Race | Ruins Bengal | Sea | People

Swim Sun Sun | Anemo | Crafts
mer ne

Water Sand Grass Basket Sign




Feature-Word-Topic Model

From the two-stage training, we have
p(z|)) _pzlw)__ qXwW)

* Feature-word distribution p(flw) @— e
* Word-topic distribution p(z|w) @

O

TOPiC Inference

* Candidate words are weighted using (some type of scaling)
q(X|w, W) < p(X|w) — min{p(X |w,,)} where w,,, € W

Topic Inference on candidates > Topic distribution p(z|])

Re-ranking for Annotation

X W) =qg(X|lw, W A z
p(WJ, X, W) = q(X|w )zp\( ) X pOwlz)

|
Depends on Depends on

feature topics




Feature-Word-Topic Model: Demonstration

F

-
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Manual: trees, sky, water,
beach, cloudy, sailboat, boat,
small, mast

SML: ferryboat, mast, many,
cloudy, dock

FWT water, boat, mast,
ferryboat, sailboat

Manual: snow, polar, bear
SML: rope, ferryboat, polar,
bear, geyser

FWT bear, polar, snow,
beach, sky

Manual: grass, sidewalk, sky,
tree, clear, people, building
SML: engmeering, bush, red,
building, leaves

FWT building, sidewalk,
bush, tree, engineering




Experimental Results

University of Washington Database (UWDB)

« 1109 images of size 300x200; vocabulary of size 292
words;

* For retrieval evaluation, we obtain top 20 words for

iIndexing Retrieval Evaluation FWT-100
( improve
0.5 \\/39.6%

M SML

W FWT-10

% FWT-50

Label-based mAP

B FWT-100

Foldl Fold2 Fold3 Foldd4 Fold5 Awg.
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- Snakes (D. Mumford: 1974 Fields medal, 2010

The rubber-band shrinks to minimize an energy function

Asano-Chen-Katoh-Tokuyama (1996 SODA)
- Polynomial time solutions to image segmentation
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Jinhee Chun, Ryosei Kasai, Matias
Korman, Takeshi Tokuyama:
Algorithms for Computing the
Maximum Weight Region
Decomposable into Elementary
Shapes. ISAAC 2009: 1166-
1174
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The algorithm
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Room problem:




EERLTHD L

HS: #HA4F>4v% L (Room problem)
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MEBZXA: HA4AFE>4v6%




Segmentation result by human

(http://www.eecs.berkeley.edu/Research/Projects/CS/vision/grouping/segbench/BSDS300/html/dat
aset/images/gray/140075.html)
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