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How Visible Are Web Images?

Keukenhof photos
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ALIPR: Automatic Linguistic Indexing for Pictures - Real
Time

Jia Li, James Z. Wang

alipr.com

plant, flower,

landscape,

people, tulip

flower,

plant,lake,

rural,

building

tree, plant,

people,

water, garden

animal,

people,

wild-life, dog,

landscape




Real-Time Computerized Annotation of Pictures

Overview

Learning methodology

» The ALIPR system: real-time » D2-clustering
ayt:matlc annotation of > Boms o ueflined
pictures vectors— discrete
» Human evaluation on Web distributions with variable
images supports
» Mixture modeling via mapping
to conjectural space
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Architecture for Training
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Architecture for Annotation
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Image “Knowledge Base”
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Six Hundred Semantic Categories

» Corel image database

» 80 images per category.
» Each category is
described by several
words:
‘‘autumn, tree,
landscape, lake’’.
> A total of 332 distinct
words.
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Feature Extraction
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Feature Extraction

L Statistieal
Featue Fegion Modsling
= ‘ Extiaction ‘ Segmentstion by D2-
Glustering
Training DB
for conzept 1
2 Statistieal
Feature Fegion Modsling
= ‘ Extraction ‘ Segmentstion by D2-
Clustering
Training DB
far condept 2
2 Statistieal
Feature Fegion Modsling
| Extiaotion Segmentsion by D2—
Clustering
Training DE
far conzept M

» Color components: LUV
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Feature Extraction
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Feature
Extraction

» Color components: LUV

» Texture features: wavelet coefficients
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Region Segmentation and Signature Formulation
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Region Segmentation and Signature Formulation

» An image signature resides in Ll

S 20:0 &8
» Color distribution: ;1 € Q. /

Color space.

» Texture distribution:

Bio € Q. . : , .

> Bij = e e ]
1 1 mj ; m; j : by RS e
{(V,'(’j)a p,(’J)), ceey (Vi(,j 'J), P’(’J ’J))}. '\: .\\‘ ‘ n :
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Mallows Distance between Distributions

» Let the two discrete distributions be
v ={(z", ), (2?,¢?), ... (2™, g™} i =1,2

» The Mallows distance D(~1,72) is defined by

S ") :
D?(11,72) = m|n ZZ Wij || -2 I
Wit i=1 j=1
subject to 1 w;j = qg ), i=1,. 1,

S Wi = qg )

j = 1a-~w my.

=1 m, W 2 0,i=1,...,m,

» Solved by linear programming.
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Profiling Image Concepts via Mixture Models
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Mixture Modeling via Local Mapping

» Mixture modeling for space 2

» Carve Q into cells by
clustering.

» Map each cell to an
Euclidean space,
preserving pairwise
distances.

» Model the mapped points
by Gaussian.

» Images: a grid of feature
vectors )_ )_

» Gaussian mixture
» 2-D HMM

Mapping
i

Model by Gaussian

Jia Li, James Z. Wang alipr.com



Real-Time Computerized Annotation of Pictures

D2-Clustering

» An image set

f: 16;: e i = » A set of prototypes
sy N}, . _
Q=0 x D x xQy A={a;:0; €Q,i=1,..,m}.
» Distance between arrays of > Pr9totype as&gn_menjc function
discrete distributions: ) € Ly 2y cuy )30 [F = 1L oy 18
d

D3, 8) 2 Z (81, Bi1)
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D2-Clustering

Optimization Criterion

L(B,A* c") = mAn LA ; D(ﬁi,ac(i))

» K-means — D2-Clustering
(vectors) — (bags of weighted vectors)

Jia Li, James Z. Wang alipr.com
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D2-Clustering

Algorithm

1. For every image i, set

c(i) =arg min_D(8;,q;).
j

90009

2. Let C; ={i:c(i) =4} j=1,..,m. Thatis, C; contains
indices of images assigned to prototype j.
For each prototype J, set

aj = arg min Z D(B;,«) «— challenging

iEC&
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date of Prototypes

1. For every image i, set c(i) = argminj—; D(B;, ;).
2. LetCy ={i:c(i)=n}t n=1,...,m Updateeach oy ), n =1,....,Mm, | = 1 ., d, individually by

. 1 2 2 ("’ ) (m /)
the following steps. Denote ai,, | = {( oy I’ . >/) (z 57 )I’ qﬁl )/) . (ZTIJ s q_,]’n )}
21 Fix zEy )ok=1, . Update q(” ), ﬁ’) i€ Cy k=1, .,ml | j=1, .. mby

solving the linear programmlng problem:

. g (@ k j) 112 k
mlnq(k) ZIECT, min ( Zk 1 Zj:’i w,(('l 1 Zi],)/ - vi(,jl) [[“, subject to Zk iy)l =1

n,!

(k) _ (k) 7]’ (O]

Tty Z & b= ooo ”"nlz ,*qn/"ecnv"*l om0 Wl =y

i€Cp,j=1,...,mip; w( ). >0,i€Cy, k= 1,“.,mn pd=1,,mi.
q k i k
2.2 Fix qgh),, w(i)., i€Cp,1 < k < m Nt 1< < mj |. Update z;))/, k=1, ...,m;hl by

o By 5 o)
> mi (i :
" Yicey Zj=i WE)J

5

mi |

=1 . If the rate of decrease from the previous iteration

/
m’ .
2.3 Compute Zk:’lf/ h) Vi(JI) 12

i) I Al
) n
is below a threshold, go to Step 3; otherwise, go to Step 1.

3. Compute L(B, A, c). If the rate of decrease from the previous iteration is below a threshold, stop;
otherwise, go back to Step 1.
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Mixture Modeling

Modeling

» Model by Gaussian: spherical covariance, prototype being the mean.

> X ~ N(p,02l),X € Rk —|| X — |2~ (v : 202, £).

Mapping

Model by Gaussian

Squared L2 norm

Gamma Density
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Fitting Gamma Density

The pdf of (v : b, s) =0

3000
2500
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ML estimation of (v : b, s) 1000

500

{ log s — 1/)( ) log [U/(H i—1 U,)l/n] % 200 400 600 800 1000 1200

Distance to the closest prototype
— /n
b=1u/s

Number of images

(v:b=286.34,5s = 3.5)
di-gamma function:

(S) dlogl'(s’ s> 0.
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Mixture Model

The mixture model

» M prototypes: {1, ag,...,ay} C Q.

» The mixture density:

M
. ]. 25 — ~(Btv,azl)
(/b(ﬁ) _ ;‘%(m) €
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Annotation
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Word Probabilities

» Total word list:
W= {W1,W27~~7 WK}-

» Semantic categories containing
word w;: C(w;).

» Model of category m: M,
m=1,... M.

» Prior on categories: p, (set
uniform).
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Word Probabilities

» Total word list: Category prob. given signature (3
W= Wi, Wo, ..., WK .
o v ik () — Lol M)
» Semantic categories containing Pm B Z;\/l pif(B | M)
=1

word w;: C(w;).

» Model of category m: M,
m=1,... M.

» Prior on categories: p, (set
uniform).
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Word Probabilities

» Total word list: Category prob. given signature (3
W = {w1, wa, ..., wg }.
o ) pf(B | Mn)

> Semantic categories containing pm(B) = = N
word w;: C(w;). 21:1 pif (B | M)

» Model of category m: M,

| \

m=1..M. Word probability
» Prior on categories: p,, (set
uniform). ( 9(8, w;) = Z Pm(0) -

m:meC(w;)
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ALIPR Online Demo: alipr.com

ALIPR
Automatic Linguistic Indexing of Pictures - Real Time

URL of your image to be annotated

Example: http: ist psu edu/~j _3ficons/_RW_5725 jpg

Computerized annotation results for over 54,000 images

Ci ion for images

landscape building

grass animal

historical wild-life sport

mountain
4 man-made indoor
people lake animal water perenial

texture indoor
food natural
people animal
landscape rock

Iman-made
indoor painting

grass
landscape tree
& lake autumn
people rural

| texture natural

man-made
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ALIPR Online Demo

flickr.com images

=
B8 ocean boat water people sky ship cruise
- beach wind work landscape sport surf wave
building

User annotation: (10767)
pointreyes lighthouse pacific california marin pointreyesnationalseashore

= %
texture natural micro_image plant orange
food candie rock flower yellow fractal
landscape sky sunset sun

Jia Li, James Z. Wang

alipr.com

‘Computer annotation:

snow people ocean ice mountain
“|winter water landscape blue sport ski
dogsled plant wind surf

User annotation: (50023)

Computer annotation:

2 N people man-made city modern building
A ¥ indoor stamp life historical festival
,{ cloth face child youth group

= User annotation: (30958)
harleydavidson losangeles california littletokyo friends

_| Computer annotation:

animal wild_life grass tree landscape
4antelope rock elephant lake indoor
man-made old dish natural sea

| User annotation: (542)
orie mhday haas mba
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Human Evaluation on flickr.com Images

» Manual evaluation on

5,411 flickr.com images.

» Accuracy of the first
word: 51.17%.

Jia Li, James Z. Wang alipr.com
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Human Evaluation on flickr.com Images

100

90

» Coverage rate: 5
percentage of images o
correctly annotated by at E w
least one word. E L

> Top 4 words: > 80%. § .
30

» Top 7 words: 91.37%. o
» Top 15 words: 98.13%. 10

12 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of words
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Human Evaluation on flickr.com Images

1000
900
800
700

600

» Annotate using top 15

words. 500

400

Number of images

> # correct: 4.1 on average Al

200
100

12 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of correct words
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ALIPR Interactive

ALIPR
Automatic Linguistic Indexing of Pictures - Real Time

ALIPR Computerized Annotation

Please help us to train ALIPR. Check those correctly annotated words.

| = | 9
L_ipeopia man-made royal_guard guard Liiparace
:la::ui;allon " cloth [ festival gr'a_ss I fear

_I'sky [ Isteam [ | engine bul:(_iing Ianﬂgcaps

Any tags missing by ALIPR? (Add tags here - separate with,)
|

Jia Li, James Z. Wang alipr.com



Real-Time Computerized Annotation of Pictures

ALIPR Interactive

ALIPR
Automatic Linguistic Indexing of Pictures - Real Time

ALIPR Computerized Annotation

Jia Li, James Z. Wang alipr.com
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ALIPR Interactive

ALIPR
Automatic Linguistic Indexing of Pictures - Real Time

ALIPR Computerized Annotation

Flease help us to train ALIPR., Check those correctly annotated words,

I~ building I~ water [ flower

I | I
histarical landscape
I~ people I~ church |~ worship [ house [ plant

u I |
rural_France desert

Any tags missing by AT IPR? (Add tags here - separate with *.")

| I —)

r
I~ lake I~ modern reflect

Jia Li, James Z. Wang alipr.com
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Speed

» Training:
» 109 seconds on ave.
» 80 images per category
» 2.4 GHz AMD processor
» Annotation:
» 1.4 seconds on ave. for example images
» 3.0 GHz Intel processor
» Convert from JPEG to raw format; extract image signature;
find annotation words.
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Conclusions

Learning methodology

> The ALIPR system: real-time > D2-clustering
automatic annotation of
pictures

» Generalized k-means to
bags of weighted vectors

» Human evaluation on web

» Mixture modeling via mapping
images

to conjectural space

v

» Human evaluation on 5,400+ Web images has demonstrated
promising results.

» Future work: bridge with retrieval, incremental learning, improve
modeling, Web applications ...

» ALIPR your pictures: http://alipr.com

Jia Li, James Z. Wang alipr.com



Real-Time Computerized Annotation of Pictures

ALIPR Computerized Annotation

Flease help us to train ALIFR. Check those correctly annotated words.
I~ indoor [~ animal [~ food | drawing [ fruit

I~ art I~ man-made [ flower I~ dog I~ pet

I ancestor [~ drink [ antique | dinosaur | poster

Any tags missing by ALIPR? (Add tags here - separate with ')

e
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