Learning from Large-Scale Online Images
Part I: Junk Image Filtering

Jianping Fan
Department of Computer Science
UNC-Charlotte

Course Website:
http://webpages.uncc.edu/jfan/itcs5152.html



1. Motivatio

n

mE %
",n

I@ charlotte - Google Image Search - Microsoft Internet Explorer

File Edit View Favorites Tools Help

S Favorites 8 2 \4 M- 3

E] Go | Links >

() settings~

Qe - © ¥ @ & SO search e

hi=engq=charlottefaby=2

|sb sendtov /4 [E] charlotte

Address | &) hitp:fimages. google

7|

Signin =

Google [Givcharitte [v]eo ¢ @ B~ % Bookmarksy Ehsdblocked | P Check v - Autolink ~

Web Images Maps News Shopping Gmail more »

[ Search Images H

GO L)gle charlotte

Moderate SafeSearch is on

Search the Web

] Advanced Image Search

Preferences

Results 1 - 21 of about 14,400,000 for charlotte [definition]. (0.09 seconds)

New! Google Image Labeler

Images Showing: |Allimage sizes  |v

Also try: charlotte. nc charlotte north carolina

Uptown Charlotte is nIy minutes ...
315x315- 32k - jpg
www.belmontabbeycollege.edu

Limousines iCarIotte
400 x 300 - 30k - jpg
www.airportcommuter.com

Charlotte Ross Charlotte Since Charlotte is the 21st largest ...
Ross, PhD 375 x 500 - 89k - jpg

1521 x2130- 2251k - jpg www.allyouneedtoknowaboutrealestate.com
www.italian.bham.ac.uk

Charlotte contre Lesli
387 x 318 - 38k - jpg
sophiejarryonstageandback.neufblog.com

"Twelve-year-old Charlotte
and her ...
316 x475- 19k - jpg
www.aecannon.com

www.destination360.com

b "
Charlotte Tours Day Trips
415 x 332 - 39k - jpg
www.destination360.com

ILHH
Charlotte
415 x 332 - 39k - jpg

Charlotte from The

Charlotte Joyce ...

300 x 450 - 31k - jpg
www.sayermusic.co.uk

~

Charlotte Airport Address
475 x 422 - 60k - jpg
www.visitingdc.com

Charlotte
Church

778 x 465 - 89k - jpg

375 x 500 - 55k - jpg
www.nccenet.org

www.charlottepubliclibrary.org

G()\.)\.)\.)\.)\.)\.)\.)\.)\.)S[e >

Next

Charlotte up the duff!
300 x 375 - 37k - jpg
www.gossipgirlz.co.uk

picture of Charlotte Air
Traffic ...
522 x 811 - 24k
www.cltatct.jccbi.gov

out of order £)

onegational View from Encore Charlotte ~ Charlotte Pass Weather

Observations
500 x 370 - 16k - jpg
www.ski.com.au

A
Charlotte Church Photo
340 x 425 - 33k - jpg
www.allposters.com

Charlotte Cou|:1ty was
established ...
300 x 295 - 11k - gif

www.floridacountiesmap.com

Charlotte Gainsbourg

425x316- 19k

www.atlanticrecords.com

PETA: Charlotte Ross
800 x 520 - 155k - jpg
adsoftheworld.com

charlotte county florida map
785 x 285 - 31k - gif
www.floridacountiesmap.com

Charlotte Gainsbourg
425 x 311 - 13k
www.atlanticrecords.com

& Internet

20| £ EE9 2 OMN 125

ﬂ 8] ramm07. ppt ﬂ B8] cBIR.ppt: ﬂ ) cIkmos. ppt [

e?‘ﬁwﬁ EYaosoft outook v, [TET L L ovel delvered appi.. | B Cwoowslsyste.. | £ Hipuble_pemi
Large amount of junk images may stop users!!



How Google indexes the images?

= Keywords from associated text document
= File names

= URL
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1. Motivation

* Why Google Images Has so Many Junk Images?

= Many keywords are available on the associated text
documents, on the other hand, image semantics is
interpreted by one or multiple related keywords;

= Correspondence between the keywords and image
semantics is not one-to-one or even there is not exact
correspondence between them;

= Keywords are normally ambiguity.



1. Motivation

Traditional display cannot characterize image similarity!!



1. Motivation

New Image Search Engines are strongly expected:

* Filter out the junk images!

* Display the visually-similar images closely!

* Easily for user involvement and capture user’s
intention easily!



2. Relevance Feedback
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2. Relevance Feedback

a. Taking whole frame as an object

b. Extracting objects or regions from images
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2. Relevance Feedback

c. Feature Extraction

Color
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Shape




2. Relevance Feedback

d. Image Classification




2. Relevance Feedback




2. Relevance Feedback

An Example
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2. Relevance Feedback

Query Example

Feature
Extraction

Distance
Function

Within-Node Nearest
' Neighbor Search
Top-K Results
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2. Relevance Feedback

The client send his/her request to the database system;
. The database system sends him/her some ranked answers;
The client can exchange his/her judgment with the system.
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2. Relevance Feedback

User Feedback

Retrieved Resulis

/ (inside circle)

/ Query

> -

L

J——

S

e Positive feedback
* Negative feedback



2. Relevance Feedback

* Distance Weighting Approach:

I
p=log(L) =) a;(Ai = R;)

1=1

Features for Indexing

Query Example

Feature v
Extraction
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2. Relevance Feedback
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2. Relevance Feedback

* Effectiveness of Feature Weighting

-

> S

-

(a) Query image: Flower and vegetation

3 ‘ T8 9
(b) Weights: S=0.33,C=0.33, T=0.33. (c) Weights: S=0.05,C=0.05,T=0.09.




2. Relevance Feedback
* Query Updating
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2. Relevance Feedback

* Effectiveness of Feature Weighting:

Original Feature Space

Weighted Feature Space



2. Relevance Feedback

* Problem for Feature Weighting Approach

a. Cost-Sensitive: It is very expensive to update the feature
weights on real time!

b. Semantic Gap: The distance functions may not be able to
characterize the underlying image similarity effectively!

c. Visualization: The underlying image display tools may separate
similar images in different places, it is hard for users to evaluate
the visual similarity (relevance) between the images!



2. Relevance Feedback

* Two More Issues for Feature Weighting

a. Informative Sample Generation: what we should return
to users, so that they can make good decision on
relevance vs. irrelevance?

b. Query Movement Control: Through weighting the features,
it is able for us to control the importance between the
features for image similarity characterization. However, for
image retrieval application, we also need to control the
query point to move to target in the best way!



2. Relevance Feedback

* Query Point Movement Control

Target Image

Where to go? ®

N Convergence

Initial Query Point Potential Convergence
Search Road



2. Relevance Feedback

* |Informative Image Sampling




2. Relevance Feedback

* Classification-Based Approach

F(X)=sing| Y A, IA<(X|,X)+bj

o Relevant

O Images
o o
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Irrelevant
Images
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@ positive support vectors A

D negative support vectors A /\&



2. Relevance Feedback

* Increment SVM Updating

XL Ty < Uy
filzi) =< a-(z;i —ui) +u; Ti € [ui,vi]
ri+ (a=1)(vi—wi) x >w

Piece-wise updating of kernel function
by using users selected images!



2. Relevance Feedback

a. How to initialize the query?




2. Relevance Feedback

b. Send the query to system

Sample

|»

Similarity Search




2. Relevance Feedback

c. Client mark the relevant examples
Sample — Similarity Search




2. Relevance Feedback

d. System Evaluation according to client feedback

Sample = Similarity Search




2. Relevance Feedback

e. Second client feedback

2 13




2. Relevance Feedback

f. Second System Evaluation

I

Sample

Similarity Search




2. Relevance Feedback

* Problems for Classification-Based Approach

a. Convergence: It is very important to guarantee the algorithm
for kernel updating is converged!

b. Cost Reduction: It is very important to reduce the cost for
kernel updating!



3. Our Proposed Solutions

Kernel-Based Clustering of Google Search Results

Similarity-Based Image Projection and Visualization

Intention capturing and Kernel Selection for Junk Image
Filtering

Relevance is user-dependent!



3. Our Proposed Solutions

* Requirements for such new search engine:

= Fast algorithm for feature extraction;

= Multiple kernels for diverse image similarity
characterization;

= Implicit query intention capturing and real-time
kernel updating
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3. Our Proposed Solutions
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3. Our Proposed Solutions

Fast Feature Extraction




3. Our Proposed Solutions

Image Representation & Similarity

a. Color histogram for whole image
b. 10 color histograms for different patterns

c. Wavelet transformation
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3. Our Proposed Solutions

images _t> points in HD Space
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3. Our Proposed Solutions

Basic kernels for image similarity characterization:

 Color Histogram Kernel
(U, v) = O g o
* Wavelet F|Iter Bank Kernel

(u V) He 72 (U)o,

 Sub-Image Color Histogram Kernel
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5. Image Similarity Characterization

Mixture-of-kernels for diverse similarity characterization:
L T
K(U’V):Z;a"(‘(u’v) zai _1
1=
i=1

(@) It could be expensive for learning a good
combination!

(b) The similarity between the images depends
on the given kernel function!



3. Our Proposed Solutions
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3. Our Proposed Solutions

Similarity-Preserving Image Projection
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3. Our Proposed Solutions

Hyperbolic Image Visualization & Hypothesis Assessment
25

-

Invisible HD Space Visible 2D Disk Unit



3. Our Proposed Solutions
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3. Our Proposed Solutions
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3. Our Proposed Solutions
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3. Our Proposed Solutions
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3. Our Proposed Solutions

User-System Interaction for Making New Hypothesis




3. Our Proposed Solutions

a. Updating decision function: margin between
relevant images and irrelevant images!

b. Updating the combination of feature subsets!

c. Updating image projection optimization
criteria to obtain more accurate projection!

d. Updating image representation!



3. Our Proposed Solutions

Incremental Learning: Update decision function
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3. Our Proposed Solutions

Incremental Learning: Update decision function
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3. Our Proposed Solutions

Incremental Learning: Update Feature Weights
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3. Our Proposed Solutions
Make the decision function to be visible!
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3. Our Proposed Solutions

Enlarge the margin between two classes!
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3. Our Proposed Solutions

Enlarge the margin between two classes!




3. Our Proposed Solutions

Larger margin has good generalization property!




3. Our Proposed Solutions
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3. Our Proposed Solutions
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3. Our Proposed Solutions
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Conclusions

In this presentation, we have introduced a novel approach
to filter out the junk images from Google search results!

Multiple techniques are integrated for achieving this goal:

(a) More effective query intention capturing via hyperbolic
image visualization;

(b) Kernel-based image clustering;

(a) Iterative kernel updating.



