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Data Explosion!

One person will have

> 30 gigabytes in 4 years
(>100,000 e-mails and
16,000 photos)

— Gorden Bell
pioneer of MyLifeBits
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Data Is of no use
unless you can actually access it.
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Multimedia Information Systems

! . -
Analysis

Processing Meta-data Real-time
Recognition Indexing Interaction
Copyright Similarity Adaptation
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Multi-disciplines

* Database

* Signal processing

* Pattern recognition

* Information retrieval

* Library science

* Cognitive psychology and science
* Human-computer interaction

2009/1/8 B r FRPIPHIF P LR R RS
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Multimedia Information Retrieval - Roadmap

Multimedia Data

Textual Description audiovisual Content
Structure Non/Semi-structure  Recognition Representation
Metadata Manual Annotation Auto-annotation Similarity
Relational Full Text Simple Search Content-based
Database Search Engine Retrieval

2009/1/8 L QRIS WIS A AN 7
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Multimedia Database Search

CalPhotos (Berkeley digital library project)
California Department of Water Resources

This form can be used to look for photographs from mere than 17,000 images of California's natural resources from the Californ
Department of Water Resources. Click here for more information about the DWR photos.

Instructions: To look for photos, choose one or more of the options below and click "Search”.

Photo Caption [cortams -] | SELECT *

Subject Ibe;;r,ins withj IC-i:lmputars (5} j FROM |mg dwr

Category lequals o [any Bl WHERE subject like

Location [begins with =] [Califarria (1) 7 "Computers" and
location like

Date of Photo [equals =] | Example: 199541131 o o

California
Perspective  [eguals -] [any K
2009/1/8 I 10
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Multimedia Metadata

* Bibliographic attributes

* Sensory perception

- Low-level audiovisual features (color, texture,
shape, audio, motion, ...)

* Generic knowledge

- High-level semantic features (subject, of /about,
generic/specific, time, space, activity, object, ...)

- Perception subjectivity & labor-intensive
annotation

2009/1/8 B r FRPIPHIF P LR R RS
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Bibliographic Attributes

* DC (Dublin Core)

* CDWA (Categories for the Description of
Works of Arts)

* EAD (Encoded Archival Description)

* CSDGM (Content Standards for Digital
Geospatial Metadata)

* EXIF (Exchangeable Image File Format)

2009/1/8 B r FRPIPHIF P LR R RS
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Example: EXIF

T F ifAh & ;7' (Exchangeable

Image File Format)

- P ARSI EFER € 1996E 4 T

- ¥ 14 3T JPEG ~ TIFF ~ RIFF % 4% % 28 74
i Mf&,(l—leader)@_ B RUS by iR 3]
oAy LA

2009/1/8 el FR R PG )0 B 1 R 13
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EXIF

BMAER (&) BEH (F) &M
FERA
Make PEH FUJIFILM
Iodel Rl 3 FinePixd700 200N
Orientation Fiig e Left-hand side
¥ Resolution A F A A Tirl
¥ Resolution T EHMM A T2
Resolution Unit 7 17 5 B A Inch
Softurare $m A A Digital Camera FinePixd 700
Z00M0 Yer 1.00
Date Time a4 05 1 2000:01:01 13:39:44
¥(hCt Positioning YChOr dir & co-sited
Chpy Right W
Exif Info O ffset Exif §# MiG#H ¥ 261
2009/1/8 Boid FRRINPHG 0 LA KR T 14
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XETA

F Numher +, E|(F1& F2.2

Exposure Program o 5 Frogram Mormal
130 3peed Ratings [0 08 4 KD 200

Exif Version Exif bz 4 0210

Date Time Criginal B 4G B R 2000:01:01 13:39:44
Date Time Digitalized 2 477 4 15 5 2000:01:01 13:39:44
Component Configuration Component Confiqaration YhCy
Compressed Bits Per Pixel R A o 21 (bitfpixel)
Shutter Speed Value P i 1/493ec

Aperture Value #, Bl F2.8

Brightriess Valus vis§ EV23

Exposure Bias Value B A 1R 75 EVOD

Mlax Aperture Value B A E A F2.3

Metering Maode B A, Division

Flash P A5 Mot fired

Focal Length B 2.30( mm)

Matker Mote Ilatker Mote FUIIFILM Format ; 214Bywtes

(Offset732)




Flazh Pix Version FlashPix bz 4 0100

Color Space B F4 2 sRGE

Exif Imaze Width Bl & 5 & 1220

Exif Image Height Bl & o A 340

Exif Interoperabality Offset Ezxif Interoperability Offset Q3%

Focal Plane X Eesolution A F s R R 127041

Focal Plane ¥ Resolution T AFSEAE 127041

Focal Plane Resolution Unit Bl g B Centimeter

Sensing Method B K Aa One Chip Color Area sensor

File Source HOE R DaC

Scene Type B & b A, A directly photographed image
2009/1/8 Boid FRRINPHG 0 LA KR T 16
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BEAEE T

Version e A 0130

Quality MMode Bl 4 oo Normal

Sharpness .51 % Hormal

White Balance & - Auta

Flash Mode Py At S, Off

Flash Strength GEATS 0/10

Ilacro Mode i s 0N Oty

Facus Mode Tk Auto Focus

alow Gy i% i ] F Cff

MWode H A, Auto

Secquence Mode 54, Off

Butring Warning K Tes

Facus Statas R AR Hice

Exposure Status B A A% Ak Hice
2009/1/8 e o YRR L 17
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Sensory Perception

* Sensory perception is about the low-
level feature representation of
multimedia data

e We will discuss it in content-based
retrieval

2009/1/8 el FR R PG )0 B 1 R 18
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Generic Knowledge

Shatford Layne
Journal of the American Society for Information Science, 1994

&4 (Of)
& (Facets) #H & ( Specific Of) | & ( Generic Of) B4 (About)
A (Who) HEHEH/OA-DHE—BHBUSA - F %Aﬁ%ﬁﬁﬁﬁéﬁ
# ~ F4 #y ~ Eiy i £ &
T4 (What) [HEH2HHEH |58 HR iiﬁ_ﬂ#m%
W85 [ Where ) FEHEEAHEEY AR ELEF AR EEEUES
& e LA
X T R~ B HR S eE X 48 B i A LS
fa Wh C 4[E] =
& ] When ) « ¥ 8 3 d AL EF o 1k b

Ao Fm @ I omR i B ool G

2009/1/8
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Supplier

Relational Data Model

S# S_Name City S# P# Qty
S1 Smith | Aondon S1 P1 300
S2 Jones A  Paris S1 P2 200
S3 Blake” Paris S1 P3 200
S2 P1 300
S2 P2 400
Par S3 P2 200
P# | Pname Color Weight City
P1 Nut Red 12 LLondon
P2 Bolt Green 17 Paris
P3 Screw Blue 17 Rome
P4 Screw Red 14 LLondon
2009/1/8 Bl FR TP HFE P AP R RS 20
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Querying Relational Databases

SELECT Supplier.S_Name
FROM Supplier, Shipment
WHERE Supplier.S# = Shipment.S# And Shipment.P# = P1

S# S Name || City P# Qty
| S1 || Smith ||London| P1 300 | |
ST Smith  [J[Condon PZ 200
<1 Smith | ondon P33 400
‘ S2 Jones Paris Pl 300 ‘
S? Jones Paris P2 400
S3 Blake Paris P2 200

2009/1/8 el FR R PG )0 B 1 R 21
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Indexing for Relational Databases

B-Tree (Balance Tree)
21 48 72

25 31 41

| 21,24 || 25,26 || 31,38 || 42,4346 |

\ ! v
14811 |[ 1213 || 15,1819 | | 48,4950 |[ 59,68 | | 72,78 || 84,88 || 91,92,99
2009/1/8 i FRFIIPHF R AT R 22
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Indexing for Relational Databases

Hashin
: Key Space Address Space (disk)

h(k) = k mod 100

h(k3)=38

k1=2182 3238

h(k) 38

ko=5199

2182

ks=3238

h(k1)=82 —

99

ks=6582

h(k2)=9

h: a hashing function that map key set to address space

2009/1/8 AR K LR L A 23
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Signature Indexing

Ohject Signatures: (B): 001 000 110010

(

(H): 010 001 100 010
E (L): 001 000 110010

(A): 001 010 110 000

; e
,ﬁ\ l E Image Signature: 011011 110 010
Queries Signature Result
'i' 1) House 010001 100010 Match
2) Desk 000 010 100 101 No Match
3) House and Artist 011 011 110010 Match
| 4) Car 010010 100000  False Drop
Objects: Butterfly (B).
House (H), Luggage (L) and
Artist (A)
2009/1/8 fe i R R Y R R 24
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Full-text Search Engine for Multimedia
* Just type:
"image/video/music search engine"

in Google for numerous search engine sites!

2009/1/8 Bk FRPIIP RS F /P AR R
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H Search Trnages ] [ Search the Weh l Advanced Image Search

GO ()Sle EEE

Moderate SafeSearch is an

Preferences

Images Showing: |All irnape sizes V| |Any cOment | v

,-'..I'

W=
i E— R EEE - EHH BREEAE
EhiE 1 400 %400 - 31k - jpg

278400 - 43k - jpg
higd.ce.cn
[ More from wasiw.Ce.cn |

BIEWS NP, QoY D

bmnd
B TTHREA

BEHE

- BFREHFENER - #HE

Results 1 - 20 of about 13,000 for BEHEE. (0.16 seconds)

HEEREEAR
350 x 498 - 49k - jpg
taipei traveleredge .com

TR B EAFRENRES-
yamAas ...
1536 x 2048 - 741k - jpa
img17aimageshack us

EER FEE BEORE)\RES
FE 500 = 600 - B1k - jpg iE .. 488 x 366 - 38k - jpg
d68 % 562 - 67k - jpg fou.org 850 %410 - 35k - jpg ichy creativity edu.tw
ctlittieben blogspot.com waniy etaiwanexpo nat.goy ba
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WE  aET BE EE ER 55 e Bm | B2 =& -
EET=ES o=
BEma B SR8 LTS - 2008 - #0048

o e

“u > :
BEHE subB jpg kokyulB jpg 10_K1C002103M00. AN jpg
hikalivwu _H{EF Flickr 500 x 600 pixels - 60.8kB 600 x 450 pixels - 74.4kB 688 x 900 pixels - 182 9kB
wewewy, flickr.com/photosy wend, AP, go, Tw fexh 95/, www 2], biglobe.ne. jp/~yamag/.../ Wi, NP, o, Twzh -t/
hik aliwu/438442917/ lateching/pic06_ja.html kokyuos. htm collection

&

BEEHFE WW02007033017774..88 jog artd_Zjpg EiriEs (EEEFE)

TOPquark H{EZEFlickr 300 x 431 pixels - 80kE 384 % 512 pixels - 44.2kEB benjaminracta... HEEFlickr
www, flickr.com/photos/ wiwy yangtse, comSswpd/gn, www, tabitabi-taipel.com/.. ./ wwews, flickr.com/photos/
65275041@MO0/E20635866/ 200703/t20070330_275148.htm index3 . html TT408240@mM00,/62054586/
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Textual Image

* Images of documents that contain mainly
typed or typeset text

e How to obtain?

- Use a set of keywords, i.e., metadata, associated
with each image at creation time

- Use OCR to recognize the words in the image

— Use the web crawler to extract texts around the
image

2009/1/8 el FR R PG )0 B 1 R 30
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Web Search Overview

a
L

[ /' Web crawler ™._

-

fr - - N
/ i:f - .“ ﬁ “
/ N7

¢ ﬂ I | | Search]

/ Indexer

7 S

| Indexes Ad indexes
2009/1/8 Bt RR R HEFE P LT RS 31
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Gathering Web Multimedia Files

. Document

B magefvideo

Image/video

catalog
|
|
Traversal Hyperlink Content O
Spider Parser spider - g
—— - -
= -
i T_ \".r":-
LI F.'Jf
T II.
o’ T
Web documents Image/video links Images/videos
2009/1/8 L RRFIPH R LR KR
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Gathering Web Multimedia Files

Traversal Spider Hyperlink Parser
—  Image URLs | — Content
Spid
Seed —=  Video URLs  — PIder
—~
URL HTTP Hyperlink Hyperlink . ul
download P extractor ™ Parser ™ Audio URLs
—m  Applet URLs
URL buffer —m  HTML URLs —‘
A-B Diff g A
New operator | g 0
URLs |
e Visited Web pages
A-B
2000/1/8 R L VR s 33
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Semantic Extraction from Web

* From Web pages

- Filename/URL, anchor text, image caption,
page title, alternative text (ALT = ...),
surrounding text

e From multimedia file headers

- File type, file size, EXIF attributes, MPEG
attributes, MP3 attributes

2009/1/8 el FR R PG )0 B 1 R 34
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Image Purpose?

* Advertisement images

* Content images

* Decorative images (buttons, balls, ...)

* Informational images (under construction, news, ...)

* Logo

* Navigation images (arrows, back to home, image
maps, ...)

How to filter unwanted images?

2009/1/8 fe t R RIS R 35
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Classic IR Models for Image Retrieval

e Set Theoretic Model

— Boolean model
- Fuzzy-set model

* Algebraic Model

— Vector-space model

e Probabilistic Model

* Hybrid model

2009/1/8 B r FRPIPHIF P LR R RS
Copyright © National Digital Archives Program / Academia Sinica



Recall vs. Precision of Google Image

Fecall precision o raww Google Imeages (Good vs, Imers Bad]
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- e 11108 o il
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yE

. nma -----r

II:II

L LI ] IIIII:-III
| IIII“IIIIII‘hIII
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2009/1/8

Google Image Labeler

GO ] chihyi.chiu@gmail.com | Help | Sign Out

Image Labelerg Guogle Image Labeler
time left

off-limits
01 00 Your partner has suggested 4 labels.
woman
score hair
—_— lady
220 lips
model
passes
0
my labels
beauty
white

Privacy Policy - Terms of Use - Return to Google Image Search
© 2007 Google

L FRFAI R LT R R
Copyright © National Digital Archives Program / Academia Sinica
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Content-based Multimedia Retrieval

* Multimedia files that are indexing and
retrieval based on audiovisual perceptual
features, which can be extracted
automatically

- Image: color, texture, shape, spatial layout
- Audio: MFCC, note frequency, rhythm, speech
- Video: motion, image, audio

2009/1/8 e e A L 40
Copyright © National Digital Archives Program / Academia Sinica



Why Content-based Approach?

e [imitation of text-based retrieval

— Manual annotation is labor sensitive and
subjective interpretation

- An image is worth a thousand words?

P i I |
o/ T But the fact is a few words labeled!

2 close-up of a dincsaur skl at the Field Museomn

T

Dinosaur Park of Matural History, Chirago, Dlingis,

2009/1/8 Ho ik B RN R )¢ 4 B SRR 41
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Similar?
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Similar?
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Similar?
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Similar?

brick

[Picard95]

onenlal rattan brick

2009/1/8 feind PRI P S |0 L R 49
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General Framework

* Query interface

- Query type support
* Browsing
- Data collection Navigation

* Feature extraction
— Audiovisual perception features

* Indexing
— Similar to the IR model

* Similarity measurement
— Similar to the IR model

e Relevance feedback
— Similar to the IR model

2009/1/8 B r FRPIPHIF P LR R RS
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Query Interface in Content-based Retrieval

* Direct query (or concept query)

- Use user interface to create a query (i.e., sketches,
drawing, etc.)

* Query by example

- Provide a multimedia document as a query

e Relevance feedback

— Select multiple relevant or irrelevant examples
from the search result

2009/1/8 e e A L 52
Copyright © National Digital Archives Program / Academia Sinica



Direct Query - QBIC Color Search (IBM)

QBIC COLOUR SEARCH SEARCH RESULTS

maodify search

= P

i

— delete Suzanne ® Bowls
clear all 4. You may repeat this Dufy, the
G : - i
—— process until the bucket is Artist's Sister Matisse, Henr
full. When you are ready, - 1908
- E—
click Search. Dufy, Raoll
1904
You may also use the
Colour Mixer to adjust RGB 5) Flower 6) Boats at
(red, green, blue) values to Stud}{ Saintes-Maries

2009/1/8

1. Use your mouse to select
a colour from the palette.

2. Click the arrow button to
add the colour to the
bucket.

3. Slide the triangular
handles on the bucket to
adjust the percentage of
this colour.

use in your search.

Click Delete to remove a
colour from the bucket.
Click Clear All to empty the
bucket.

1) Girl with
Tulips

Matisse, Henri
1910

31 Portrait of

Shaykh 1777

71 Ballerina

Matisse, Henri
Zirca 1927

L FRFAI R LT R R
Copyright © National Digital Archives Program / Academia Sinica

21 Music

Iatisse, Henri
1910

4) Game of

W Gogh, Vincent

van 1888

3) Portraitof a
Man with a

Newspaper
(Chevalier X)

Cerain, Andre
1911 - 1914
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Direct Query - QBIC Layout Search (IBM)

QBIC LAYOUT SEARCH SEARCH RESULTS
| 1) Waterloo ' 2)Island of
-+ »« Bridge. Effect _ Fishermen on
~ of Fog Lake Maggiore
honet, Claude Fremazzi, Luigi
1903 Second half of
the 19th century
31 Woman 4 4) Flood

Sleepin g
G E— | delete | | clearall | [ search || m;rL!ail'ree Guillowx. Charles
- 1893
B * -m

Redan, Odilon
Betweelh 1900
and 1201

" S)FatataTe 6)

B8 Moua (At the Conversation

= Footofa et .
Mountain atisse, Henri
Mountain) Between 1908
Gauguin, Paul and 1912
1892
7) Admiralty 3) Asgaard

. Sound: Tierra
del Fuego = Kent, Roclkwell
' 1950
Kent, Rockwiell
1922 - 1925
2009/1/8 B BRI PHFE Y LT R R 54
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Direct Query -
VideoQ (Columbia University)

VideoQ Visual Sketch

s File  Edit iew
5 O
Help s O
Start Sunrise Sky and ocean = d
H
-
Color and size Texture and size '
High jumper Downhill skier
Compose a query image in the canvas.  Keyvord:
Spo its Adjust Query Weights
More
Motion and size Motion and keyword
Less
Color Texture Size -
2009/1/8 L RRFIPH R LR KR
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Direct Query -
VideoQ (Columbia University)

L FRFAI R LT R R
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Query by Example -
SIMPLICITY (Stanford University)

SIT-MP-Llcity
Semantics-sensitive Integrated Matching for Picture Libraries

Option 1 -->  Image |D or URLI Option 2 —->  Random Option 3 > Click an image to

similar images

e
37385 1365 3 0102 1567 3 35013 I

41520 13.21 4 ‘
26027 11324 19018 13.49 3

5300 13.55 3

1% % | LS R vyl
14552 14246 14,15 2 47943 14,16 5 29900 1417 4

25621 1395 3 19024 1-

| ||I||||I

el
1

o N
53513 13.90 5

2009/1/8 Bk FRPIIP RS F /P AR R
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Query by Example -
SQUID (Surry University)

Click here to generate random contours —> Click here to have random contours -->

Click on your desrred rmage to see its similar images. Click on your desrred 1mage to see its similar images.

match value= 4

2009/1/8 B 8 B R AL ] B 1 R 58
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Query by Example - VCenter

»HESHER

IDEE YRR MNERASN-SF
B

3056 £ [FERHERE: 9023)

IDEE YRR MNERASN-SF
B

B kR
S.065 #  [BIIEE: 8624
) EviES Atz sl
TERAY  BIAEMYR, TSN
MEEHBAEH HUEIEE R D2 T5%
AR 9 | 1seor ERIERE s25g)
| sEExERREN BXEEEE)-SF
z %
BSSEHE
R SR AR ER 1254 % (HEIUERE 60%]
=810
ST LR ELEEE Old is New
P8 - |2
35976 §F  [HRIHEEE 5824)
STEHREIE
BEE = |NPM Den(l10) |+
IDEFEHESIEN MR EEA
®
39403 ¥ RENERE 55%)]
2Hu—Hx

numlmages
threshald
imageBaze
matchhdethod

HhERElh S5

10971 £ [BERE 5624)

http://vcenter.iis.sinica.edu.tw/lab/shotDetect/camera.html

2009/1/8 Bk FRPIIP RS F /P AR R
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Query by Example - Shazam

Search artists, albums and over 6 million tracks...

(O sHazam R

* Find out what's playing
right now by pointing ..o

Capturing and sharing music momsnts, memories and staries

L]
Shazam gives instant satisfaction for those times when you want to know the song thatis playing, learn more ahout the artist, buy the song immediately
-y Our mO 1 e a e - ar simply share your discovery with your family and friends

Musical moments turned inta memaories and stories whenever and wherever vou happen to be and linked to the one device that is akways with you, your
mohile phone

music and uploading — e T T
for search

Get Shazam! What's Hot! About Us My Shazam

n for iPhone 25810 nmunity

The ultimate way to Fr vl SFare Ser

experiences through

moments and learn
more about the
artists by connecting

discover new music,
artists and bands;

St art music and images to

’ fully encapsulate the directly to their
recommendations,
; moment. MySpace band page.

reviews, and buy -

all with one lick! (L

APPLE APP STORE
Shazam on Facebook Shazam 2580 Community
Manage your Basic music [ Setup your own

discoveries where Featured Member

personal page, see the

‘You manage your music you've been

online life - share
them with all your
friends and see what

ADD IT FOR FREE!

Get the track and
artist details back

iDing, as well as
discover new music
and friends. Browse or
Search Members to see
who else is connected!

as a text message
and link to buy.
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Relevance Feedback - #T4R#L #
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Relevance Feedback - #T4R#L #
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Relevance Feedback - #T4R#L #
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Browse Multimedia Content

* Subject browsing is the most popular
user operation in interactive
multimedia retrieval

* Browsing is helpful when ...
- Navigating the multimedia collection
- Specitying an example as the query
— Comparing the retrieval result
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A Case Study: WebSEEk

* Animage and video search engine for the Web
- Information is collected by automated agents
- Text and visual features are both processed
- Media objects are classified

* Using URLs, alt tags and hyperlink text to create
subject taxonomy (2128 classes)

* Using color histograms to classify image types
- Color photo, color graphic, gray image, B/W image
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Image Taxonomy in WebSEEk

at Columbia University

A Content-Based Image and Video Search and Catalog Tool for the Web

( press here 1o Browse all subjects )

Art
painting, Ulustr, sketching cezanne,
monet, vangogh

Astronomy
nasa, planets, eclipses, space

Amimals Architecture
birds, dinosanrs, monkeys, fishes bridges, lighting, domes heating

Cats Celebrities Dogs
leopards, lions, knttens, cheetahs bullock, aniston, monroe, keanun bulldogs, pupples, coyotes, wolves

Movies

batman, starwars, rassic, python,
blade ronner, actresses

Horror Humour
godzilla, aliens, skeletons, monsters simpsons, beavis, dilbert, renfstmpy

Nature Sports Transportation
e baseball, basketball, swimming, cars, planes, titanic, motorcycles, asla, ewrope, newyork, paris, anstralia,
hockey, olympics, surfing porsches mMEXICO

sunsets, flowers, weather, mountains

Image/Video Topic

I ED
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Image Classification

=
I I building ar | -- Specify a sample guery --
Ive m a g e Recommended Screen Resol

Freviensy Felevant Concepts of building (Page 1) Mext »>

TALL BUILDING

SCHOOL BUILDING

om L

MODERH BEUILDING
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Video Summarization

o) Carompie hIsllon Tty 1995
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2009/1/8

Music Exploration [Knees2006]

Fette
Definitio

Eminem
Bitch Please |l

Sangstoce

Gangstal
=

disgusting Ragtime

Gangsta Rap

L FRFAI R LT R R
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Feature Extraction

* Image
- Color, texture, shape, spatial layout

* Audio
- MFCC, note frequency, rhythm, speech

e Video

- Motion, image, audio
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MPEG-7

* Multimedia content description interface

* Standardize tools (descriptors, description
schemes, and language) of audiovisua
information

* Enable fast and efficient content searching,
filtering, and identification

* Proposed by ISO/IEC
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Visual Primitive

Rl CONE

T R dm e 2 Ik o e
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Visual Primitive

* = o ¢ #(trichromatic theory, by Young and
Helmbholtz)
- ARPFTENF N AXER I FAd BRE
TRy Real el

* ¥} ¢ . (opponent-colors theory, by Hering)

- ARPM - F-F 0 -B oA KRR

N
NV —
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Visual Primitive

* ['¥E 37 (Stage theory, by Adam et al.)
- ARG Z RS SR RER S

HERRRY
s
|
L B-Y G-R
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RGB: Additive color for light-emitting CMYK: subtractive colors for printer.
computer monitors. Each colored light Each color added to the first color blocks
"adds” to the previous colored lights. the reflection of color, thus "subtracts’ color.
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Color Space

* RGB
* YCbCr (digital system)
* YUV (analog system)
* YIQ (for NTSC)

* Lab

* HSV

www.mathwork.com
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Color Histogram
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Color Layout

* More accurate color description

- Histogram do not reflect the spatial
information

* Quad-trees representations

— Similarity computation between two quad-
trees

2009/1/8 el FR R PG )0 B 1 R 79
Copyright © National Digital Archives Program / Academia Sinica



Quad-tree Representation

N

O O

O® O
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Quad-tree Similarity

Replace Insert

H- D
BE Bl ppE AN
Delete E

BE BAA
ol
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Texture

* The structural and statistical properties of
brightness pattern
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Texture Feature

* Statistical property

- Co-occurrence matrix
* Energy, entropy, contrast, homogeneity, tendency

- Tamura texture (QBIC, MARS)

* Coarseness, contrast, directionality, line-likeness,
regularity, roughness

e Structure property
- Wold feature (MIT Photobook)

* Periodicity, directionality and randomness

- Gabor wavelet (MPEG-7)

* Regularity, directionality, scale
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Shape

e What do users want?

Question Yes| No |NA
"Did you need an image ...”
?...with a particular object on it?” (12241 | 7
?...with a particular color on 1?7 | 25 (137 8
?...with a particular texture on i?”| 23 |137| 10

{results of a WWW guestionnaire, N=17() responses)

* A survey on WWW revealed that users are interested
in objects (71%) and not in layout, texture or abstract

features

2009/1/8
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Shape

* Objects are best recognized from
canonical views [Blanz99]

J

Which is the canonical view?
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Shape Feature

* Preprocessing by image processing
- color-based segmentation algorithm (dominate object)
- Edge detection algorithm, outlining algorithm

* Representations (should be affine invariant)

- Geometric attributes: area, perimeter, centroid, orientation
(region-based)

— Shape moments (region-based)

— Chain codes, differential chain codes (contour-based)
— B-splines (contour-based)

— Curvature scale-space (contour-based)
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2009/1/8

Region-based

o-du i
QQ v

R e TR L
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Contour-based

(b)

e
b

Y

(d)

e
~n
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Spatial Layout

* Advantage

- Spatial queries, spatial databases

* Representation
— 2D string [Chang87], 2D C string [Lee90], ...
— Directional and topological relation
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2D String Representation

C
G F
D (A<B=C<D<E=G<F, E<B<D<A=G<F<C)
B
E
E
A F | (C=D<A<B=G<E<F, B<C=G<A=F<E<D)
G
B
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2D String Similarity

* Longest common subsequence (LCS)

- To find the maximum possible length
of a common subsequence of two strings

— X=abcdgh, Y=aedfhr, LCS(X,Y)=adh
- A dynamic programming technique
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S[i-1,j-1]+1 If X[1]=y[]],

S|, j]:max{ . _ _ _
max(S[i, j—1],S[1—1, j]) otherwise

i o 1 2 3 4 5
1 Y. B D C A B
0 Xilololo o | o] o
1 ol 0o o0 | o |1 |1
2 Blol 1] 1] 1] 1|2
3 Clo | 1] 1 2 2 2
4 B lo | 1] 1 2 2
2009/1/8 B r FRPIPHIF P LR R RS 92

Copyright © National Digital Archives Program / Academia Sinica



2009/1/8

°n°:ﬁjﬁd

o 1 2 3 4 5
¥ @ p (c) a (B)
ol o | o | o | 0| o0
0\0 o |0 | 1 | 1
0 | 1«14 1 | 1 | 2
0| 1| 1 | 2«2 \2
o | 1|1 |2 |23
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Directional and Topological Relation

SW S SE

(a) Strict and positional directional relations (b) Slope directional relations

Fig. 2. Directional relations.

Contains Overlaps Covers
Disjoint Meets Inside Covered By Equals
Fig. 3. Topological relations.
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How People Organize Images in Computers
|[Rodden99]

Adding a title to an image 2.0
Typing notes to associate with an image or group of images 1.8
Speaking notes to associate with an image or group of images 2.5

Having spoken notes automatically recognized 2.2
Searching for images based on the text of your notes 1.5
Searching for images based on colors present in them 3.2
Searching for images based on textures present in them 3.0
Searching for images based on their layout/composition 2.3
Searching for other images similar to a given one 2.3
Searching for other images similar to a drawing 3.3
Seeing all of the images in a class at once, reduced in size 1.2
Rapidly scanning through a group of images 1.6
Seeing a very large number of images at once, with similar
images clustered together 2.1

(1: very useful 4: not at all useful)
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Motion

* The motion features of a video sequence
provide the easiest access to its temporal
dimension

* In combination with indexing based on still-
image features, motion-based indexing is
useful in contexts where motion has a higher-
level semantic meaning
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Motion Feature

Video Segment

| Cam&rﬂmﬂlulion |

e Global motion
— Motion activity 2| [ Warping Parameters “
. _ Motion Activity | Parametric Mmim}
— Camera motion Motion
- Warping parameters

| Trsjectory |

e | .ocal motion
- Motion trajectory
— Parametric motion
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Camera Operation

A
Y E Booming (T;)

Panning (R,) [l A

Tilting (Rx) Tracking (T)

Rolling (R:)

Dollying (T=)

2009/1/8 Bk FRPIIP RS F /P AR R
Copyright © National Digital Archives Program / Academia Sinica

98



Optical Flow of Camera Motion

AEREERE; EENNRRE

AEREEE N, EERNRRE.
EERERER, brtbided

AEREERR EEXSBREE.

EEEREARE
TXREEXER.
SXII22XL;
SX2122XL;
TEYEERET
IXYTYRRY
EXYTYRRY
IXYTYYRY
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Motion Vector in Video Compression

Previous frame

T — Search window
ol Current frame.___
ext frame__
¥ i ]
Forward-prediction | N
Backward prediction
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Audio Primitive

semi arcular canals

elliptical window

circular window vestibular

I_,-"" nerve

auditory
nenne

tympanum cavity

eustachian tube

www.wikipedia.org
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Audio Feature

* MFCCs (Mel-Frequency Cepstral
Coefficients)

* Note frequency
* Rhythm
* Speech
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Relevance Feedback Interface

Uzer

A

..-" "
— oy
d YN
Query Image Erciwser Eellqadbacl-:
Interface = : Iﬂ'EIE'lfﬂCE

N T

Image Retrieval and Relevance
Feedback Algorithm Module

Image Retrieval and Relevance Feedback System (IRRFS)
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Relevance Feedback

Initial query Optimal queries

| Sim=0.7 —
. Sim=0.8 —

_— Sim=0.9 —

q
refine
/ .
Relevant to the current query Relevant to the optimal query
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Relevance Feedback

Query Point Movement Query Expansion

new query representation (C*) | new query representation (Q, ,)

initial query representation initial query representation
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Benchmark

* ImageCLEF

- Evaluating the retrieval performance of images
with textual captions or metadata from
multilingual document collections

— http:/ /ir.shef.ac.uk/imageclef /

e TRECVID
- Contesting video retrieval tasks at NIST

— htt

0:/ /www-nlpir.nist.gov / projects / trecvid /

2009/1/8
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The Problem in Content-based Retrieval

* The semantic gap

— The difference between two descriptions of
an object by different representations of
human and computer

— Traditional IR problem
- The gap is getting larger in multimedia
document retrieval
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Thanks for Your Attention!

* Any question?

e Available resource

- B R E
http:/ /ebook.iis.sinica.edu.tw

— The video retrieval showcase session, The

ACM Conference on Image and Video
Retrieval, 2008
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