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» Text-based digital media retrieval

Google
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i Language 100ls
( Google Search ) ( I'm Feeling Lucky ) Language Tools

Advertising Programs - Business Solutions - About Google - Go to Google China
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» Content-based digital media retrieval
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* Query by example on multimedia-data

* Demo:
—The GNU Image-Finding Tool
—http://www.gnu.org/software/qift/

~Flexible Image Retrieval Engine |- |re
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http://www.gnu.org/software/gift/
http://www.gnu.org/software/gift/

The workflow of digital media analysis and
retrieval

@

Digital media
Data stream

Find features
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igital med

D 1a
Data segmentation
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recognition
classification/clustering
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Indexing and retrieval




Images — Find features

T

Similarity measurement : 'Tec‘?gn't"’” .
classification/clustering

1, X2, ... 1,2, ..
(x1,x2, ..., xn) l Y1, y2, .., yn) ' Indexing and retrieval
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* Finding out features of image is a key step of image retrieval

— Image-based retrieval usually need to pre-construct feature database
of images for retrieval

* Major image features:
— Color features
— Texture features
— Shape features
— Space relation features
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» Color feature is a most widely used vision feature. It is
mainly used to analyze color distributions in an image,
including:

— Color histogram

— Color moments

— Color set

— Color clustering vectors
— Color relation graph
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» Texture features are such vision features employed to
measure homogeneous phenomenon in images. They are

— independent to color or illuminance,
— and are intrinsic features of object surfaces.

* Major texture features
— Tamura texture features
— Self-regression texture model

— Transform based texture features
« DWT, DFT, Garbor filter bank

— others
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» Shape features are computed out based on object
segments or regions, mainly including

—contour features
—and regions features.

 Typical approaches include
—Fourier shape description
—Moment invariants
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Image Retrieval Phase (cont.)

»Query by color anglogram (cont.)
e Convert RGB to HSV [wikipedia]

e Global and Sutjb-image histogram forms LS| matrix.

[Zhao & Grosky 2002]
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Feature
extraction

— (yh Yz, ..., yn>




A geometrical view of
CBIR

.




A geometrical view of
CBIR
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A geometrical view of
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A geometrical view of




A geometrical view of

Similarity
" measurement




A geometrical view of

Similarity
- o. measurement




A geometrical view of




A geometrical view of
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* How to measure similarity of different images base
on features?

—Image features always form into a fixed-length feature
vector.

—The similarity therefore can be measure by
 Euclidian distance
» Histogram intersection
» Quadratic distance
- Mahalanobis distance (S K =)
* Non-geometrical similarity
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Practical image retrieval systems

QBIC (Query By Image Content)

® http://www.gbic.almaden.ibm.com/

Virage

® http://wwwyvirage.com/cgi-bin/query-e

RetrievalVVare

® http://vrw.excalib.com/cgi-bin/sdk/cst/cst2.bat

Photobook

MARS

® http://jadzia.ifp.uiuc.edu:8000



http://www.qbic.almaden.ibm.com/
http://www.qbic.almaden.ibm.com/
http://wwwvirage.com/cgi-bin/query-e
http://wwwvirage.com/cgi-bin/query-e
http://vrw.excalib.com/cgi-bin/sdk/cst/cst2.bat
http://vrw.excalib.com/cgi-bin/sdk/cst/cst2.bat
http://jadzia.ifp.uiuc.edu:8000/
http://jadzia.ifp.uiuc.edu:8000/
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* Most existing image retrieval systems have
one or more of following functions features:

—Random browsing
—Classified browsing

—Example based retrieval
—Sketch based retrieval
—Texture based retrieval
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2. music retrieval

techniques

reference:




Content based music retrieval
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Content based music retrieval
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Content based music retrieval

SE:

BEFIEEI% (tempo) PIEFT « 7R

AE -~ F (key) S{RA[E
= ETEE T EERE > sTEERAK




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

>

S

S EER




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

FHautocorrelationZ=
FEENE S

>

S

S EER




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

>

S

S EER




CBMR 24t it K]

FHEY E et

HF—EA o R

g | I e s gl s

>

B1/16MH— & &

( EEfir 2 semitone )




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

>

S

S EER




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

>

S

A 4

Pt

GURHEE &
QE_TF)\I iE7N
F—AlE] 72
A=
HYAH DR

S EER




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

>

S

S EER




CBMR 24t it K]

3 e

(S E/G ORI Sey

(e F B 3 FHIEFHEY

>

S

3] 45

Wﬁ U

T

= EYAETN

EE/Gi




CBMR 24t it K]

FHEY E et

HF—EA o R

{58 FH & MK

LAY

>

S

S EER




Main Audio Features

® Time-Domain Features
® Average Energy
® Zero Crossing Rate
® Silence Ratio
® Frequency-Domain Features
Sound Spectrum
Bandwidth
Energy Distribution
Harmonicity
® Pitch
® Spectrogram




Time-Domain Features

« Amplitude-time representation of an audio signal

Time (ms)




Time-Domain Features (2)

* Average Energy

- Indicates the loudness of the audio signal

N-1
Z x(n)?‘
n=l1

N

E =

« Zero Crossing Rate

- Indicates the frequency of signz
amplitude sign change

4'.\:' —1

Z . sg;n[x(n)] - sgn[x(n - 1)]
2N

ZC =

1 a>0
sgn(a) =< 0 a=0
-1 a<0




Time-Domain Features (3)

 Silence Ratio

- Indicates the proportion of the sound piece that is silent

- Silence is a period within which the absolute amplitude

values of a certain number of samples are below a certain
threshold

Silence ratio I1s calculated as the ratio between the sum of
silent periods and the total leng

silence @ silence silence

Approaches:

1. Fixed Threshold

2. Select Reference Silence Value

3. Adaptive Silence Thresholds ==




Frequency-Domain Features

« Sound Spectrum

[
e 2w o0 0o oM W0 m  1em -@
Frequency (H2)

1500 it

(EP) epny|dury

Discrete Fourler Transform (DFT)

N-1 _J2mk

X(k) = Zx(n)e N

n=0

Inverse Discrete Fourier Transform (IDFT)

. N-1 j2mk
- N
x(n) = - ZX (ke

n=0

- Forlarge value of N, the signal is often broken into blocks
called frames and DFT is applied to each of the frames.




Frequency-Domain Features (2)

« Bandwidth

indicated the frequency range of a sound

highest frequency and lowest frequency Of Mo fﬁﬁﬁ'.'lﬁﬁﬁﬁﬁﬁlﬁ'.iZIjIﬁIﬁfIﬁﬁiﬁffIjﬁiﬁﬁﬁﬁﬁii%iﬁ'ﬁiﬁiﬁiﬁéjﬁiﬁﬁﬁﬁﬁﬁéfiﬁIﬁﬁﬁiéﬁlIjﬁﬁ'ﬁlllfﬁjlf :

1 . _ , ; | Y =1
¥ Y 1 =

non-zero spectrum components

above the silence level ; .

S M0 M0 M MO0 ID0E0 N0 100 WM O e
Fragqueney (Hz)

« Energy distribution

Signal distribution across frequency components

One important feature derived from the energy distribution is the
centroid, which is the mid-point of the spectral energy
distribution of a sound. Centroid is also called brightness



Frequency-Domain Features (3)

« Harmonicity
- In harmonic sound, the spectral components are mostly whole
number multiples of the lowest and most often loudest frequency
- Lowest frequency is called fundamental frequency
- Music is normally more harmonic than other sounds
« Pitch
the distinctive quality of a sound, dependent primarily on the
frequency of the sound waves produced by its source

only period sounds, such as those produced by musical
iInstruments and the voice, give rise to a sensation of a pitch

In practice, we use the fundamental frequency as the
approximation of the pitch
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Query by Humming
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Baeza-Yates & Perleberg
(92)

MELDEX (Melody
Indexing)

WNZENE ta B

da BT

Dynamic programming

SoundCompass
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average
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Dynamic Time VVarping
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Dynamic Time VVarping
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Key lransposition
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Key lransposition
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Key lransposition
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= Vantage-point tree
" Branch-and-bound tree
" Equal-average hyperplane partitioning method
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i Vantage-Point Tree
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& Vantage-Point Tree




& Vantage-Point Tree
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point
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i Vantage-Point Tree

vantage
point

Vantage point

Left lower bound

Left upper bound




Vantage-Point Tree

Vantage point

Left lower bound

Left upper bound

Right lower bound

Right upper bound




Vantage-Point Tree

Vantage point

Left lower bound

Left upper bound

Right lower bound

Right upper bound




* Vantage-Point Tree

Vantage point

Left lower bound

Left upper bound

Right lower bound

Right upper bound




* Vantage-Point Tree

Vantage point

Left lower bound

Left upper bound

Right lower bound

Right upper bound




i Branch-and-Bound Tree
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& Branch-and-Bound Tree




& Branch-and-Bound Tree




& Branch-and-Bound Tree




* Branch-and-Bound Tree

Center

Radius




Center

Radius
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Equal-average Hyperplane

i Partitioning Method
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Equal-average Hyperplane

& Partitioning Method
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Equal-average Hyperplane
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Equal-average Hyperplane
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Equal-average Hyperplane

i Partitioning Method
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Equal-average Hyperplane

i Partitioning Method
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3. Video retrieval

techniques
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* Images are static, but video are dynamic.

* \VVideo stream can be viewed as sequence of
image frames.
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Introduction

» Traditional Library search method
%) PONI Advanced Search - Mozilla Firefox E][E] |

File Edit VYiew History Bookmarks Tools Help

P N I Public ONline Information Start Over
The Southern Methodist University Libraries Catalog Contact the Libraries

New

Now 1 Headings Titles Search PONI Online Local Interlibrary My Libra

History Databases Resources Libraries Loan Adcount © Request Help

Database Name Southern Methodlst Unwersw lerarles
: Advanced

Search for: all of these STE LR Keyword Anywhere v

©CAND ®OR ®NOT

P sound |allofthese v BRSEEUSRTE Keyword Anywhere v

CAND ®@®OR ®NOT

Search for: allofthese v BESLENE R M Keyward Anywhere v
| 50 records per page (v Soloct More Search Limits |

g:::'ch Headings Titles Search PONI Onlin Local Interlibrary My Libra

History Databases Resources Libraries Loan count | Request Help

Contact the Southern Methodist University Libraries ‘Q

poni.smu.edu &



Introduction (cont.)

»Other search engines still using description
search method.

»Current image search method: by
description.



Introduction (cont.)

»Sample of Google Video Search:

-

%D Google Advanced Video Search - Mozilla Firefox @

File Edit View History Bookmarks Tools Help

@ - > @ I http:fivideo.google.comfvideoadvancedsearch

Video BETA

GO Ogle Advanced Video Search

Find results with all of the words Google Search

with the exact phrase

with at least one of the words

without the words
Language Return videos in Any Language
Duration Return videos within the duration All durations

Price Return videos with the price of All

Domain return videos from the site or domain
e.g. youtube.com

Genre Return videos from @ all genres O specific genres

Sort results by Relevance

Results per page 10 results

Also try our international versions:
U.S. - Australia - Canada - Deutschland - Espafia - France - ltalia - Nederland - Polska - U. KL

About RSS 5] - Discuss - Download player - Terms - Help - About Google Video
E2007 Google




Introduction (cont.)

»Google Video Archive selections:

-

D Google Video - Mozilla Firefox
File Edit View Bookmarks

- -& O ®

History

Google

BETA

Video

Popular

white girls walk it out
pcg gk ok g

3 min

q

Drowning Pool -
"Bodies"

Ak ok gk ok o

4 min

Featured

£10 000 coin domino
effect

Ty

Tools Help

YWeb Images

Top 100

really expensive cat
toy
ok g gk gk o

2 min

Baby Panda
Sheeze wimny

ok gk g gk o
13 sec

LEGO Pirates:
Treasure

Video

Comedy Music videos

http:ffvideo.google.comf?ie=UTF-8&o0e=UTF-3&hl=en&qg==a&ktab=iv

MNews Maps

more »

==]

Upload vour videos

Search Advanced Video Search

Sports

- Popular videos »

UNION FILMS

BEhaktha KannappaOl.
WY

ok g gk gk g oA
1 hr 15 min

Melissa Theuriau
P gk gk gk g

8 min

- “ideo Store »

Penguins go for a strol
P gk gk gk g

1 min

Animation T shows

Google Picks

New Features

Mew! NMow you can also
search for videos from

Y
o YouTube.

Blog Buzz

. Hearing on Tillman, Lynch
Incidents: Jessica Lynch's
Opening

. The Simpsons Marge On
Google

. Portugal, Lisboa. Revolucio
de 25 de Abril de 1974

. Baby Got Back - Gilbert and
Sullivan Style

. Order of the Phoenix Trailer
Mo, 2

. Harry Potter Order of the
Phoenix International Trailer

. Hearing on Tillman, Lynch
Incidents: Kevin Tillman's
Opening

. Bill O'Reilly Interviews
Richard Dawkins

. Mora, The Piano-Playing Cat
fwawnww. ravenswingstudio.com)

.25 de Abril de 1974

Movers & Shakers




Introduction (cont.)

»Picture I1s worth a thousand words.
»More than words can express.

»Growing number video clips on MySpace
and YouTube, there is a need for a video
search engine.



Introduction (cont.)

»Sample YouTube Video page:

- —
D YouTube - Broadcast Yourself. - Mozilla Firefox

File Edit View History Bookmarks Tools Help

<« - & G

You UL

Broadcast Yourself™

tp: S fvwww . voutube.comfbrowse?s

Sign Up | My Account | History | Help | Log In

Categories Channels Community ) Upload Videos

Videos Most Viewed (Today) My Videos - Favorites - Playlists - Inbox - Subscriptions

Browse Pages: 2 3 4 5 HNext Ads by Goooooogle =

hMost Recent
@ Most Viewed

Top Rated
Most Discussed

Top Favorites
hMost Linked

Recently Featured

Most Responded
Yatch on Mobile

Time

@ Today
This Week
This Month
All Time

Category

@ AN

Autos & Yehicles
Comedy
Entertainment
Film & Animation
CGadgets & Games
Howwto & DIY
rMusic

Mews & Politics
People & Blogs
Pets & Animals
Sports

Travel & Places

Language
@ AN

English
Spanish
Japanese
German

1e Most Amazing
asketbal

kasnawvalo
259,750

e e k5
733 ratings

4 vear old cl
injured at Colorado
state football

practice

15 vear old tries to

out drive the police
at 150MPH!
5

d: 1 day ago
kasnawalo
189,132
o e J ke
765 ratings

Order of the Phoenix

-Iéaknewsdotcom

= 102,451

o J ke
395 ratings

at www entrop auniverse-w

Don’t Play Entropia
Universe

12 hours ago
ELarning
153,645

5
100 ratings

Top 10 Tips to Get
Bathing Suit Reac
sparkpeople.com
Aop10

; 1 day ago
From: elfersp
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Introduction (cont.)

> Therefore, we need a better search
technigue — Content-Based Video Retrieval

System (CBVR).



Image Retrieval Phase

»Query by example (QBE)

* Allow to select sample image to search.
CEX

2 demo: Fids - Mozilla Firefox

File Edit View History Bookmarks Tools H
~ @ /l_.} oP http:/fwww.cs.washington.edu/research/imagedatabase/demo/fids/ | | b |

<‘¢| =
Fids demo

Put In Cart I
Check Out |

I Random Go Zoomln Found 26 matches. Displaying 1 - 6

distance measures loose ... strict

v H | L) L)
e i e “ And A doule click on an

IV ColorHist8x8x8 ~ or
I SobelEdgeHist

I~ LBPHist e  Sum  Setqueryf Go
I fleshiness 5 ¢ Zoom in

I wavelets

image means:

Server Connected

[Wang, Li, Wiederhold, 2001]



Image Retrieval Phase (cont.

Yet Another CBVR Application Interface

) content-Based Image Retrieval - Mozilla Firefox Q@
File Edit View History Bookmarks Tools Help

[ http:/Awang 14.ist.psu.edu/cgi-bin/zwang/regionsearch_show.cgi

Demo

Option 1 Click Random Click Random Click Random

Query image URL or ID  Query image URL or ID
Option 2 A N S ——

Obtion 3 java drawing interface java drawing interface
P (not linked to db) (not linked to db)

. . Start with
Start with Start with g ~
: \ .

Option 4

Option 1 Click Random Click Random Click Random
Start with

Option 2

[Li, Shapiro 2004]



Introduction (cont.)

»\What good Is video retrieval?
e Historical Achieve
* Forensic documents
e Fingerprint & DNA matching
e Security usage



Overview (cont.)

» CBVR has two Approaches:
o Attribute based
* Object based

» CBVR can be done by:

e Color

o Jexture

o Shape

o Spatial relationship

o Semantic primitives

e Browsing

* Objective Attribute

o Subjective Attribute

* Vlotion

o Jext & domain concepts



Overview (cont.)

»CBVR has two phases:

e Database Population phase
Video shot boundary detection
Key Frames selection
Feature extraction

e VVideo Reftrieval phase
Similarity measure



Overview (cont.)

>How CBVR works:

4 the DB?‘, L Region Semantic
\\ Segmentation Classiﬁcatlon

class 1 I —_ class n
yes ==

Extraction Extraction Extraction

Feature Feature Feature
Scheme 1 P I Scheme n

’ \ Similarity \ Slmllarlty AN Similarity

Matching Matching | Matching
Scheme 1 Scheme 2 I Scheme n

final results

[Wang, Li, Wiederhold, 2001]



Database Population Phase

»Here are the three major procedures:
e Shot boundary detection — partition, segments

[Luo, Hwang, Wu, 2004]




Database Population Phase (cont)

e Key frames selection — select characteristics

e Extracting low-level spatial features like color,
texture, shape, etc.

[Luo, Hwang, Wu, 2004]



Database Population Phase (cont.)

»Video Is complex data type — audio & video
»Audio can be handled by query by humming.

»\Voice recognition system using Patricia-like tree to
construct all possible substrings of a sentence.

»Audio Is categorized by: speech, music, and sound.

> Audio retrieval methods: Hidden Markov Model,
Boolean Search with multi-query using Fuzzy Logic.



Database Population Phase (cont)

»Most simple database storage: description of
video as index along with the video.

»Human effort is involved In this case.

»\We are searching for automatic video
iIndexing and digital image storage method —
Latent Semantic Indexing (LSI)



Database Population Phase (cont.)

>LSl is using vector space model — low rank
approximation of vector space represent image
document collection.

> Original matrix is replaced by an as close as
possible matrix, where its column space Is only the
subspace of the original matrix column space.

> By reducing the rank of the matrix, noises (duplicate
frames) are reduce to improve storage and retrieval
performance.

» Term indexing Is referred to the process of
assigning terms to the content of the video.



Database Population Phase (cont.)

»Closest terms Iin the database is returned
based on the similarity measure between the
guery images and the resulting ones.

»Cosine similarity measure is used Iin the
vector space model.

»Cosine similarity measure on Term-by-video
matrix:



Database Population Phase (cont.)

»Enterprise database like Oracle introduces
new object type: ORDImage, which contains
four different visual attributes: global color,
local color, texture and shape.

»ORDImagelndex provides multidimensional
Index structure to speed up stored feature
vectors.



Database Population Phase (cont.)

> QOracle example of joining two images of Picture1 and Picture2:

CREATE TABLE Picturel (
author VARCHARZ (30),

description VARCHARZ (200),
photol ORDSYS.ORDImage,
photol sig ORDSYS.ORDImageSignature

) ;

CREATE TABLE Picture?2 (
mydescription VARCHARZ (200),

photo2 ORDSYS.ORDImage,
photo2 sig ORDSYS.ORDImageSignature

) 7
SELECT pl.description, p2.mydescription
FROM Picture pl, Picture p2,

WHERE
ORDSYS.IMGSimilar (pl.photol sig, p2.photo2 sig,

‘color="0, 6” texture="0,2"” shape="0,1"

location="0,1"", 20)=1;

Note: Weighted sum of the distance of the visual attributes is less than or equal to the
threshold, the image Iis matched.
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* Implement a naive image retrieval system
—Using color moments
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