INTRODUCTION T0 MEDTA INFORMATICS



FIRSTOF ALL: TODAYS PLAN

e Whoami?
¢ Whoareyou?

¢ TOdOyS SCl’]QCJU|QI
— 9:00-10:30  part |
—12:00-13:30  part ||

¢ Tomorrow
— 777



MOTIVATION: A YOUTUBE VIDED



MOTIVATION: A YOUTUBE VIDED

* FallOut Nuka Break, Wayside Creations
. th’rp://yoquu.be/_iq85wQ7kpg



http://youtu.be/_iq8swQ7kpg

VIDEO PRODUCTION: STORYBOARD

image src. hHp://sonore.mfe/.com/enfus/orﬁc/es/Sc/fc/mrocferfonimoﬂomporﬂ



VIDEO PRODUCTION: RECORDING

e Behind the Scenes, \)\/Oyside Creations
* http//youtube/dSiPaSWENwW8?t=6m35s



http://youtu.be/dSjPaSWENw8?t=6m35s

VIDEO PRODUCTION: CUT, SEX & EDTTING



VIDEO PRODUCTION: CUT, SEX & EDTTING



VIDEO PRODUCTION : PUBLISHING

Uploaded 0 of 1 videos

Video Manager + Add more videos

Supercooles Video mit einer Katze und einer Maus

4 Uploading your video. 2 minutes remaining. Your video will be live at:ll w Fam™

+ Addto - * Cancel

For better results, adjust your Quicktime settings to prepare videos for internet streaming. For more information, visit our Help

* Center.

Basic info Advanced settings E
Title Privacy settings

Supercooles Video mit einer Katze und einer Maus Unlisted -

with the link can view
Description
Categol
K gory
Entertainment A

Tags
maus ®* | katze ®
+Massachusetts Institute Of Technology (College/University)

Video thumbnails

Thumbnail selections will appear when the video has finished processing.



VIDED CONSUMPTION: VIEWING

e Web server, video server

e Client browser, client video |o|0|yer



MEDIA INFORMATICS — ADEFINTTION

* Informatik (de) == Computer Science (en)

° Compquer Science and Media: Digi’rcﬂ Medio

° Digi’rcﬂ Media is produced, consu med, shored,
and edited |oy peop|e
— It's not about data bases

— |t's about peop|e



MEDIA — A DEFINITION

. SJrorOge
e Transmission Channels

. Sstrems & Services



MEDIA — STORAGE

* Physical Media

— cm0||og: audio tapes, records, paper, ...

— o|igi+o|: compalct disc, DVD, hard drives

. Digi’rcﬂ Formats
— eBooks, HTML, ..
— MPEG-4, AAC, MP3 .



MEDIA — TRANSMISSTON CHANNEL

e Distribution of Information

¢ /A\HCI|09

— Radio Chomne|s, Newspoper
. Digi’rcﬂ

— DVB-T, Internet



MEDTA — SYSTEMS AND SERVICES

* '|n the Medid”



MEDTA INFORMATICS - CHALLENGES

e Transform traditional to digi’ro| media

. Aquhoring and Production

e New Media and Interaction



CHALLENGES — TRANSFORM T0 DIGITAL

DigiJrQ| Rithrs Monogemerﬁ

e How to borrow, annotate or preserve an eBook

or an audio tape, ie. with iPad, Kindle, ..

Physiccﬂ artifacts

. NoJrhing to touch & possess, ie. games downloads

Distribution

e Costs and access, ie. mobile, distribution networks

Business models

e Added value, profiJr, user content, ..



CHALLENGES — AUTHORTNG AND PRODUCTION

. Comp|ex Qu’rhoring tools

— eg. motion capfture, perlcormonce capture

— http//youtube/ikiM5DrWilO (D. Cage, Beyond)
e Automated methods

— eg. multi camera, bullet time

— http//youtube/rOmHFb4rdéU (Multicam system)



http://youtu.be/ikrM5DrWj10
http://youtu.be/rQmHFb4rd6U

CHALLENGES — INTERACTION

e Mobile devices & screens

— Additional sensors, etc.

— http//youtube/UOdOD3B8sg8 (B. Kaufmann)

e New devices
— eg. Oculus Rift, ..



http://youtu.be/U0dOD3B8sg8

MEDTA — INTERDISCIPLINARY APPROACHES

. Cog nitive Science

— human factors and impoch of media on peop|e

e Social Science

— impact and role of media on society
* Economic Science

— economic ospeds of media

° Compquer Science

— technicadl possibihﬁes and limitations



HUMAN PERCEPTION VS. REALTTY



HUMAN PERCEPTION

¢ HOW do peop|e prOCQSS irﬂtormOﬁOn?
* Traditional senses

— Sight, Hearing, Touch

— Smell, Taste

e Other senses

— Balance, acceleration, temperature, tfime, pain

— Kinesthetic sense (Propriocepﬁon)



[HE SENSE OF SIGHT — HUMAN VISION

e The eye as instrument of perception

* Sensory capobih’ries
— Cones (bright light): 6-7 Mio.
— Rods (dim-light): 75-150 Mio.
— Brain corrects vision

* eg. blind spot




[HE HUMAN £YE — CONES AND RODS

S- M- and L-cones: Blue, green and red
. Responsiveness of cone types
e Number of cones / types

* cfc.

420 498 534 504
| | | |




[HEHUMANEYE ...

e Count the black dots on the image:



[HEHUMANEYE ...

e Rabbit or duck?




[HEHUMANEYE ...

o Anomorphic illusions

See eg. /WHp://users,sl<ynefbe//.Bee\/er/pove/vjrm



[HEHUMANEYE ...

o Anomorphic illusions

See eg. /WHp://users,sl<ynefbe//.Bee\/er/pove/vjrm



HUMAN PERCEPTION - THE LY

e Cones and rods are not even|y distributed
o Focusing is done |oy small muscles

e Color blindness affects 8% of the male, 1% of

the female popu|0’rion

e 985M peop|e are visuo”y impoired worldwide
(WHO, June 2012)



P VISION

¢ MOHOCU|OI’ cues

Relative & familiar size,

Motion Parallax, Occlusion

)ep+h from op+ic0| expansion, ..

e Binocular cues

— SJrereoscopy,



[HE HUMAN EYE — SPATTAL PROPERTIES




[HEHUMAN EYE — TEMPORAL PROPERTIES

e Visual information is perceived in 15-50ms

¢ Subsequen’r imcges are perceived as motion

— ie. motion pictures, videos
* 3-5 images / second imp|y movement

* 20-25 images and more imp|y smooth

movement



[HEHUMAN EYE — TEMPORAL PROPERTIES

 Demo: Videos with 6,12, 20, 24 frames.
— The Simpsons Movie Trailer



[HE SENSE OF HEARING

Src. /#fp://en. w/k/pec/io.org/wik/'/F//@:A natomy _ of _the_Human_Ears Vg



WHAT TS SOUND!



WHAT TS SOUND!

. Mu|+ip|e sounds at the same time?



WHAT TS SOUND!

. Audacier Demo



THE SENSE OF HEARING
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Sre. hﬁp://c/e. \A//'/(ipec/io.org/wikI/Dofei:/—/oerf/cteche.svg



[HE SENSE OF HEARING



[HE SENSE OF HEARING

Human ear is very sensitive to Jremporod

changes (2-3m:s)
Spo+io| resolution is worse than with the eye

Exponen’rio| frequency chonge IS perceived

lnear

Brain also “adds” information to every’rhing

ned FCI



DIGITZING INFORMATION

. Converﬁng 0no|og sign0|s to o|igiJr0|| ones

. Ano|og—’ro—o|igi+0| converter



WHAT TS AN ANALOG STGNAL?

e Continuous sign0||
. \/orying a physiccﬂ feature
— e.g. more |igh+, less |igh+

— vo|+oge, pressure, current, ..



WHATTS A DIGITAL STGNAL?

 Has a limited and discrete range for variables
* |s erpica”y an opproximoﬁon of a omo|og sign0|

e Allows for processing in @ o|igi+0| compufter.

AN /\/\/\/\4

7 \ W, W/




DIGITIZATION




DIGITIZATION

AR




DIGITIZATION




QUANTIZATION & SAMPLING

. Digi’ro| sign0|z 5,55 49 9 4 5 .
* Binary: 101101101100010010100101...

Sampling >



SAMPLING THEORY

¢ NquiS'I'—Sl’]OﬂnOH SOmp|ing H’]QOI’Qm
— Harry Nyquist and Claude Shannon (1949)

f o function x(t) contains no Frequencies higher
than B hertz, it is completely determined by

giving its ordinates at a series of points spoced

1/(2B) seconds apart.



ADDTTIONAL CONCEPTS

e |nformation Theory
* Entropy & Entropy Coding
. )igi’roﬂ Righ’rs Mancgemen’r

®* | icenses



INFORMATION THEORY

e Quantification of information
e Limits for compression

e Reliable storing & communication



INFORMATION THEORY

W hich sign0|| carries most information?

[. - OI010101010101010101010]
2. 00000000000000000
3. O1O100MOI0NOOHNOIO10



ENTROPY

. Key measure in information Jrheory

e Measures the uncertainty “for the next value”

— Cp. How “chaotic” is your data?

JN0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0

— s certain that the next value will be O

— Entropy is zero



INFORMATION THEORY & ENTROPY

* The higher the entropy, the higher the

quon’rhfied information
* The lower the entropy, the lower the
quon’rified information

— |mcormo+ion can |oe Compressed

— 0000000000000000 -> 16x0



ENTROPY

° Pro|o0||oi|i+y of occurrence of a symbo| Z.Is p.

o |f there is 50% for letter "a” =: z, fo occur
—p; = 0.5

* The entropy of a letter z.is then



ENTROPY

¢ EXpQC'I'QC] €ﬂ+l’0py H O]( a message
* |S bOSQd on QOCl’] symbo| O]C an O|pl’]0b€'|' /A\



ENTROPY EXAMPLE

z o 1/p o*h
a 0,50 2 0,5
b 0,25 z 0,5
C 0,25 4 0,5




HUFFMAN CODING

e Given an o|pho||oe+ with probobihﬁes for each
sym|oo|s.

e \We construct a code, that the entropy of o

message is maximized.

e Thatis done with an o|gori+hm



HUFFMAN CODING

* Find the two symbols
with the lowest

oro babilities.

e Combine those two in o

tree with to leaves.

e Combine them in the
table.

e |f there is more than one

sym|o0| left, start over.

Symbol o

a 0,10

b 0,15

C 0,30

d 0,16

e 0,29

6 Symbol 5

ab 0,25
c 0,30
0 d 0,16
e 0,29




L. LESSTG — LAWS THAT CHOKE CREATIVITY

e Laws that choke creativity

— th://WWW.Jred.com/erks/|orry_|essig _soys_fhe_b

W _is_stra ng|ing_creo+ivi+y.h+m|

— http//www.youtube.com/watch?v=7095-57jzgs



http://www.ted.com/talks/larry_lessig_says_the_law_is_strangling_creativity.html
http://www.ted.com/talks/larry_lessig_says_the_law_is_strangling_creativity.html
http://www.ted.com/talks/larry_lessig_says_the_law_is_strangling_creativity.html
http://www.youtube.com/watch?v=7Q25-S7jzgs
http://www.youtube.com/watch?v=7Q25-S7jzgs
http://www.youtube.com/watch?v=7Q25-S7jzgs

CONTENT LTCENSES

. Copyrithr
— Al rithrS reserved
— Rights holder grants some rights fo buyers

° Copy|e1ar
— GNU GPL: virdl licenses
— Can be used for media, interprefation of “source”

— GNU Free Documentation License

— See also th://WWW.gnu.org/|icenses/|icense-
list. html#F reeDocumentationl icenses



http://www.gnu.org/licenses/license-list.html
http://www.gnu.org/licenses/license-list.html
http://www.gnu.org/licenses/license-list.html

CREATIVE COMMONS

e Video

— th://creoJrivecom mons.org/oboqu

e Demo

— th://creoJrivecom Mons.o rg/choose

@creative
commons

Sre. /7Hp://creoﬁvecom mons,org/obouf


http://creativecommons.org/about
http://creativecommons.org/choose

INTRODUCTION TO CRYPTOGRAPHY

e What is cryp’rogrophy?
e Whatis crprrogrophy used for?

* Basic princip|es & common methods

Readings: Menezes, Alfred J, Paul C. Van
QOorschot, and Scott A. Vanstone. Handbook of

ap/o/ieo/ crypfography. CRC press, 2010.

th://coc r.uwaterloo.ca/hac/



http://cacr.uwaterloo.ca/hac/

WHAT TS CRYPTOGRAPHY?

e |nformation as value
. Cryp’rogrophy to secure this value

e For mi|i+ory, governmen’r& o|i|o|om0’ric services

— ie. make sure ‘others” cannot access or monipu|0+e

information.



WHAT TS THE USE

OF CRYPTOGRAPHY!

privacy or confide n’rio|i’ry

keeping information secret from all but those who are

authorized fo see it

data integrity

ensuring information has not been altered by unauthorized or

u ﬂl(l’]OWI’] means.

entity authentication or

identification

corroboration of the idenﬁ’ry of an entity (e.g., a person, a

computer terminal, a credit card, etc.).

message authentication

corroboro’ring the source of information; also known as data

origin authentication.

signature

a means to bind information to an entity.

authorization

conveyance, to another entity, of official sanction to do or be

someJrhing.

validation

a means to provide timeliness of authorization to use or

monipu|a+e information or resources.

access control

restricting access fo resources to privi|eged enftities.




WHAT TS THE USE OF CRYPTOGRAPHY? {2

certification endorsement of information by a trusted entity.
timestamping recording the fime of creation or existence of information.
witnessing verh(ying the creation or existence of information by an entity

other than the creator.

receipt acknowledgement that information has been received.
confirmation acknowledgement that services have been provided.
ow nership a means to provide an entity with the legal right fo use or

transfer a resource to others.

anonymity conceo|ing the iden’rier of an entity involved in some process.

non—repuclio’rion preventing the denial of previous commitments or actions.

revocation retraction of certification or authorization.




TAXONOMY OF CRYPTO - METHODS

from Menezes, Alfred J., Paul C. Van Oorschot, and Scott A. Vanstone. Handbook of
Qpp\ied Crypfography. CRC press, 2010.



IRAPDOOR ONE-WAY FUNCTIONS

Definition. A function f from a set X to a set Y is

called a one-way function if f(x) is ‘easy’ to
compute for all x in X but for "essenﬁa”y all"

elements y in [m(f) it is "CompquQJrionQHy

infeasible" to find any x in X such that f(x) = .



IRAPDOOR ONE-WAY FUNCTIONS

e |n other words: t's hard to reverse the function

— Exomp|e: function y=2%x is easy fo reverse

e Additional constraints

— compu’roﬁona”y inexpensive
— few collisions
. Exomp|es

— document hashes

— PASSwO FCI l’]OS h@S



IRAPDOOR ONE-WAY FUNCTIONS

e Common functions are

— MD5, SHA-O, SHA-1, SHA-2, RIPEMD, ...

Input Digest

cryptographic DFCD 3454 BBEA 7884 751A

Fox — ™ hash ™ c96c 2409 7009 cA99 2017
function

The red fox cryptographic 0086 46BB FB7D CBE2 823C

jumps over  f——jm hash ™ AcC7 6CDL 90B1 EEGE 3ABC

the blue dog function

The red fox cryptographic
Lo » grpg 7558 7851 4r32 Dlco

jurmps ouer as

the blue dog function 7681 709 0DA4 AEFE 4819
JUnENEE, TN FCD3 7FDB SAF2 C6FF 915F
JUps Evr » ECT ™ D401 COA9 709K 46AF FBIS
the blue dog function

Th df d
ju:;g: m Sryptagre phic |, BACA D682 D588 4075 4BF4
e e e vt 1799 7088 BCFB 92B9 GAGC

Src. HHp://en.wikipedia.org/wiki/cr\/pfog raphic_ hash _function



PERMUTATIONS

* Cl’]OﬂgQ symbo|5 bOSQd on a rule



PERMUTATIONS

e Historical Exomp|es
— Cesar Shift

— Enigma: prodchr of permutations

. Eosy to break
— Symbo| probobihﬁes lead to decrypﬁon table



SYMMETRICKEY

¢ A key is opp|ieo| fo a message to encrypt it
e The same key decrprrs the message



SYMMETRICKEY

* The |O|rger the key, the better the encryption

— |]C H’]Q key IS Qs |OI’9€ as H’]Q message CH’]CJ OI’1|y USQCJ

once this method is Jrheoreﬁco”y unbreakable

e This method is used for HTTPS, SSH, etc.
— For on-Hﬁe—ﬂy encryption

e Common methods are

— DES, Trip|e—DES, AES, Blowfish



PUBLTCKEY CRYPTOGRAPHY

* [wo keys <O corresponding poﬂr) are used
— pubhc key is known to anyone

— private key is known on|y |oy one entity



PUBLTCKEY CRYPTOGRAPHY

Most prominent example: RSA (1977)
— Ron Rivest, Adi Shamir and Leonard Adleman

Implementations are available
— Pretty Good Privacy (PGP)
— Gnu Privacy Guard (GPG)

PUIC)“C kQYS are erored on key server

— USQI’S can SQOI’Cl’] ]COI’ keys O]C O'H’]QFS

Based on two |O|rge orime numbers



DIGITAL RIGHTS MANAGEMENT

e Software & hardware framework that makes

sure that content can on|y be consumed
—in the rithr |o|oce

— at the rithr time

— |oy the rithr entity



DIGITAL RIGHTS MANAGEMENT

Exomp|es
¢ Doy per view for a movie
e Download music for a specific ecosys’rem

e Disable storing of streams (audio, video)

* HDCP, Content Scramble System, etc.

Discuss turn in business models for digi+o| musicl



EXERCTSE: READINGS

* Read H’rp://crcphou nd.com/msftdrm txt

. Prepore a discussion statement on
— what you think about the Jrhings said

e Discussion will take p|0|ce in the next lesson.


http://craphound.com/msftdrm.txt

INTRODUCTION T0 MEDIA INFORMATICS:
[EXTAND HYPERTEAT



AGENDA

e Text & Morkup
. Hyper’reer

c WWW
— URL, DNS, HTTP

e« HTML
o CSS, JovoScrier



[EXTHORMATS

* Americon S'|'OI’]C]OI’CI Code for |I’HCOI’mO'|'iOI’1

|n’rerchonge (ASCII)
e Defines 128 character, 95 of them prin’ro|0|e

USASCIl code chart

y —————— 0 0 0 o 1 | ! |
eib"’s = o0 o' 'o |, oo oI 'o ||
e b.Jo, b, ]b fumne

Pelelilaal ot {23 |a|[s |67
oflolo|o]| O |nuL JoLE | sp 0 @ P P
ojo|of1 | SOH | pc1 ! { A Q ) q
olo]i1]o] 2 |stx|ocz " 2 8 R b v
ofofr 1] 3 JETX |DC3 | # 3 3 S c s
olt{ofo]|] 4 [eoT [Dca 4 4 D T d 1
o)V |O]) 5 ENQ | NAK % 5 £ V] e u
ojlr|1]oO 6 ACK | SYN 8 6 F v f
o[t v]1] 7 |8eL |[ETB : 7 G w 9 w
1|{ojojo| 8 B8S | CAN ( 8 H X h
1{ofo] 9 HT EM ) 9 1 Y i y
1{foj1]Oo] 10 | LF | sus * : J Z j z
B EL vT | ESC + : K C K i
1ji1]o]o] 12 FF | Fs 2 < L \ | |
t]1rjJofr | 13 | CcR | G5 - = M ) m }
i o] 14 so | rs ; > N A n A
tfejriryys | st ] ous / ? 0 = o | DEL

Src \)\//ki/oec/icr, hﬁp://en.Wikipec/io.org/wiki/ASC//



AL

e |etter has a 7-bit code
_ A -> 1000001, = 64,

e Control Codes also have 7-bit codes

0000111007
000 1000 010
000 1001 011
000 1010012
000 1011013
000 1100 014
000 1101015

07 BEL BEL!| °

08
09
0A
0B
0C
0D

BS
HT
LF
VT
FF
CR

BS

HT

LF

VT

FF

CR

M H

.-“\.I

.-“\.J

el K

.-“\M

\a
\b

\E

NV
S\VE
\I

Bell
Backspaceldl€l
Horizontal Tabl'
Line feed
Vertical Tab

Form feed

Carriage returnld]

Src \)\//ki/oec/icr, pr://en.Wikipec/io.org/wil(i/ASC//



WHICH CHARACTERS ARE MISSING!

USASCIl code chart

SP

%

DOLE
DC1

DC2
DC3

DC4

NAK
SYN

£ETB

CAN

EM
SuB
ESC

FS
GS

RS

NUL .
SOH

STX
ETX
EOT

ENQ
ACK
BEL

8S

HT

LF

VT

FF
CR
SO

0

S)

8

10

12
I3
14

0|]0]0
0|0

0|j0}0]|O
0j]0]0

Src \)\//ki/oec/icr, hﬁps//en.Wikipec/io.org/wiki/ASC//



TEXT FORMATS: IS0/TEC 4851- 1

Common|y referred to as "Latin-T
 Fach character has an 8-bit code
91 characters supporJred

e Sufficient for many Western European
languages

— But still some characters missing



[EXT FORMATS: UNTCODE STANDARD

e More than 100,000 characters
. Suppor’ring |ef+—’ro—righ’r and righ’r—’ro—|ef’r scripts
e Defines character poroperties, rendering,

* Proposes different encodings like UTF-8, .



WISIWYG TEXT EDITING

e Short for "W hat you see is w hat you geJr"

— Means that you can odua”y see what it will look

ike when orinting it ...



WISIWYG TEXT EDITING



WISIWYG: RELATED CONCEPTS

* lype faces
— were “bough’r with the prinJrer”

— expensive printers had nice postscript fonts

* Programs would send to a orinter
— a font set command and

— the text to orint

e Printers would even sp|iJr documents in pages



WISIWYG: TRUE TYPE FONTS

* Developed 1980s by Apple and Microsoft
* Competitors of Adobe Type 1 (Postscript) fonts

— Licensing, etc.

* Provide a more flexible way to

— define outlines of fonts

— control disp|0y at different font sizes
e First common font families

— Times Roman, Courier, Helvetica



WISIWYG: TRUE TYPE FONTS

e Not the same look on every system

— different outline -> pixe| renderers
e Can now be loaded into orinters as “soft fonts”

e The open source imp|emen+o+ion of True Type

is called ‘Free Type"

. OpenType is the successor created by
Microsoft and Adobe



FONTS: DEMO

* Font Business

— LinoType: http//www.linotype.com/

— dafont.com: l’]H‘p://WWW.dO1(0 nt.com/

e Font differences

D

D

D

D

)_

)_

WiT
WiT

WiT

N bierGp fonts
N Type 1 fonts

h Truelype / OpenType


http://www.linotype.com/
http://www.dafont.com/

SOME FONTTACTS ...

e A font can be
— Serif, Sans Serif, Slab Serif

—'P4OHOSPOC€d
Times New Roman:  The quick brown fox jumps over the lazy dog.
Droid Sans: The quick brown fox jumps over the lazy dog.

Courler New: The quick brown fox Jjumps over the lazy dog.



FONT EMBEDDING V. REFERENCE



FONT EMBEDDING V. REFERENCE



BITMAP HONTS

e Pre-rendered fonts embedded in a document

e | ead to o|iosing & artifacts when zoomed in
reflectometry

h the ky < &k,
arly 1sotropic



[YPOGRAPHY

Lorem 1psum dolor sit amet, consectetur adipiscing elit. Donec pellentesque
odio in risus sodales aliquam. Aliquam orci1 tellus, elementum ultrices felis
vitae, hendrerit gravida dui. Aenean sapien ligula, rhoncus et elementum
quis, elementum eget augue. Aenean bibendum, elit sed interdum
malesuada, diam turpis facilisis sem, vitae condimentum ipsum velit eget
est. Sed in mauris tincidunt, tincidunt tellus sit amet, commodo ligula.
Pellentesque porttitor, mauris sit amet malesuada fringilla, tortor justo
dictum nibh, ac commodo lectus nisl at ante. Cras vitae neque fringilla,
porttitor augue quis, euismod risus.

Lorem ipsum dolor sit amet. consectetur adipiscing elit. Donec pellentesque
odio in risus sodales aliquam. Aliquam orci tellus, elementum ultrices felis
vitae, hendrerit gravida dui. Aenean sapien ligula., rhoncus et elementum
quis, elementum eget augue. Aenean bibendum, elit sed interdum male-
suada, diam turpis facilisis sem, vitae condimentum ipsum velit eget est.
Sed in mauris tincidunt, tincidunt tellus sit amet, commodo ligula. Pellen-
tesque porttitor, mauris sit amet malesuada fringilla, tortor justo dictum
nibh, ac commodo lectus nisl at ante. Cras vitae neque fringilla, porttitor
augue quis, euismod risus.



LATEN

e Demo ...



MARKUP LANGUAGES

e Text (content) is annotated |oy morkup,

— cp. “morking up” text with a red penci|

. \/lorkups are syn’roc’rico”y dis’ringuishobk from

the actual text (content)

e Different Types of markup |onguoges
— presentational ... ie. WYSIWYG editors
— proceduro| .. processing insfructions

— descripﬁve .. semantics of the fext



ML

* Direct ancestor of Scribe (1980, Brian Reid)

— Scribe was based on a grammar

e Structural descripﬁon of a document

— instead of a oresentation, ie. s+y|e is defined
seporo+e|y

. Long—Jrerm valid, machine-readable documents

e SGML ..
—is a rooted Qcyc|ic directed groph

— supports document type declarations



[EX

. TypeseHing system Wide|y spreod in academio
— Released in 1978 |oy Donald Knuth

e TeX is free software
— available on Linux distributions, Mac and Win

—LaleX is a popu|or packaging for TeX

— MikTeX is a popular collection of tools for
Windows (hjrjrp://mikjrex.org/)



http://miktex.org/

SAMPLE LATEX DOCUMENT

\documentclass{article}
\begin{document}
\section{Simple Text}

Words are separated by one or more spaces. Paragraphs are separated by one or more blank lines.
The output is not affected by adding extra spaces or extra blank lines to the input file.

Double quotes are typed like this: "~ "quoted text''.
Single quotes are typed like this: 'single—quoted text'.

Long dashes are typed as three dash characters---1like this.

Emphasized text 1is typed like this: \emph{this is emphasized}.
Bold text is typed like this: \textbf{this 1is bold}.

\subsection{A Warning or Two}

If you get too much space after a mid-sentence period---abbreviations like etc.\ are the common
culprits)-—--then type a backslash followed by a space after the period, as in this sentence.

Remember, don't type the 10 special characters (such as dollar sign and backslash) except as directed!
The following seven are printed by typing a backslash in front of them: \$ \& \# \% \_ \{ and
\}. The manual tells how to make other symbols.

\end{document}



SAMPLE LATEX DOCUMENT



ML

e Successor of SGML

— less comp|ex, easier to read (for humans), easier to

parse (For mochines)

e Standardized by W 3C

— Builds a basis for many standards

— SVG, XHTML, SMIL, MPEG-7, ..



ML

* BOSQd on a free mOd€| & Unicode

— SupporJrs document type declarations, etc.

— Documents can be strictly defined by XML

Schema

e Main components
— root element, child elements, both with attributes

— text in between elements



IML

* [wo promising parsing models

* Document Object Model - DOM
— the XML document is treated as a tree data

strucfure

° Simp|e APl for XML - SAX

— event based model for parsing

— scimp|e events: document begins, element begins,
etc.

— no need to store document in-memory



AML BENEFTTS & DRAWBACKS

e XML is a tree structure

— simp|e to maintain, but comp|ico+eo| to use for

groph data
e XML cannot be streamed

— on|y the comp|e+e document can be validated#

e« XML brings serious overhead
— markups, DOM data structure, etc.



AML EXAMPLES

<?xml version="1.0" encodingZ"UTF—S" 7>
<fK1E > paHHble</fH1E >

<?xml version="1.0" encoding="1S0O-8859-1"7>
<note>

<to>Tove</to>

<1(rom>Joni</1Crom>
<heading>Remino|er</heoo|ing>

<boo|y>Don'Jr forgeJr me this Weekendl</body>
</note>




[TGHTWETGHT MARKUP LANGUAGES

. Simp|e (non comp|e><) markup |omguoge
. Eosy to read and write for humans

— Even with o simp|e text editor

¢ Useo| for

— immediate ediﬁng, short texts

— simp|e ery|eo| documents with clear guidehnes



BULLETIN BOARD CODE - BBLODE

* USQd ]COF many message boords

¢ Examp|eS:
— [b]bold text[/b]
— [ilitalicized text[/i]
— [u]underlined text[/u]
— [s]strikethrough text[/s]
— [url]http://example.org|/url]
— [url=http://example.com]Example[/url]
— :img]th://WWW.cnn.com/Jreer.png[/img]
— [quote]quoted text[/quote]

— [code]monospaced text|/code]



WIKITEXT

. Simp|e morkup with bi-directional links
o Wiki Link: [[Another Site]]

— link is resolvea by wiki engine

— farget site is notified or created (imp|ici+e|y)

o Wiki Formo’r’ring

— Different for different wiki engines, ie. Mediawiki,
Dokuwiki,

— eq. http//en.wikipedia.org/wiki/Help:Cheatsheet



http://en.wikipedia.org/wiki/Help:Cheatsheet

CREOLE

* Light weight markup language
//emphasized// (e.g., 1italics)
xxstrongly emphasized** (e.g., bold)

* Bullet list
* Second item
*%x Sub item

# Numbered list
# Second item
## Sub 1tem

See h’r’rp://em.wikipedio.org/wiki/creo|e_ (mgrkup)



CREOLE

Link to [[wikipage]], [[link_address|link text]]

Extra-large heading (closing optional)
== Large heading
=== Medium heading

==== Small heading
Force\\linebreak

—-——— (horizontal line)

{{Image.jpg|title}}

|= |= table |= header |
| a | table | row |

| b | table | row

{{{

This text will //not// be *xformattedxx.
11}



CREOLE - DEMO

* COUI’SQ MOOC”@

This wiki serves as a living document for reports

Anzeigen Bearbeiten Kommentare Versionen Spezialzeiten Dateien Administration

home

Alle einklappen
Die Seite 'home' wird bearbeitet

Creole-Format@ gz Bild einfugen [~] @

In this wiki all semester activities of a group are collected. Each group starts with a site referenced
here in the home page.

Available group reports:

* [[Sample Group]]




IN-COURSE EXERCTSE: CREATE YOUR GROUP PAGE

e Create you group page in the moodle.
e Add an image showing the group members.
e Create a sub page.



DOKUWIKT DEMO

&

;.;.{ start - Mathias Lix @ ITEC % §

C' A [ www.itecuni-klu.ac.at/~mlux/wiki/doku.php?id=start&do=edit&rev=0 g

MATHIAS LUX @ ITEC COURSES - PUBLICATIONS

Edit the page and hit Save. See syntax for Wiki syntax. Please edit the page only if you can improve it. If you want to test some things, learn to make

B 2| U ||| iEl=l@l=]=|=|H]8]0]Z] Draft autosaved on 2013/09/19 15:11

// There is a theory which states that if ever anybody discovers exactly what the Universe is for and why it is here, it will instantly =«
disappear and be replaced by something even more bizarre and inexplicable. There is another theory which states that this has already [ |
happened. // (Douglas Adams)

= Hot Topics =
**New LIRE Demo==
A new demo is up and running. It features ~ 1 million of images. Search is based on Solr with a custom plugin.
See [[http://demo-itec.uni-klu.ac.at/liredemo]]

**Photo Intentions Test Data Set available*™
Find out more here: research: i i

tall

= Research on User Intentions ======
User intentions in multimedia is & novel and promising field as well as my main and most favourite research topic. Here are some
interesting publications to read:

= C. Kofler, M. Lux {2089) Dynamic presentation adaptation based on user intent classification. ACM Multimedia 2ee9
[[http://dl.acm.org/citation.cfm?id=1631272.16315268c0l1-DL&d]1-GUIDEACFID-55695021&4CFTOKEN=-54470683 | ACM page]]

* M. Lux, C. Kofler, 0. Marques (2818) A classification scheme for user intentions in image search. CHI 281@
[[http://dl.acm.org/citation.cfm?id=1753846.1754878&c011=DL&d]1=GUIDEACFID=55695921&CFTOKEN=54478683 | ACM page]]

= M. Lux, M. Kogler, M. del Fabro (2@1@) Why did you take this photo: a study on user intentions in digital photo productions. SAPMIA
2818 [[http://dl.acm.org/citation.cfm?id-1878061.187808758c0l1-DL&d]1-GUIDEACFID=-55605021&CFTOKEN=54478683 |ACH page]]

= M. Kogler, M. Lux, O. Marques (2@11) Adaptive Visual Information Retrieval by changing visual vocabulary sizes in context of user
intentions. MMieb 2811 [[http://doi.ieeecomputersociety.org/16.1189/MMieb.2611.13|IEEE]].

* C. Lagger, M. Lux, 0. Marques (2811) Which video do you want to watch now? Development of a Prototypical Intention-based Interface -
for Video Retrieval. MMWeb 2611, [[http://doi.ieeecomputersociety.org/18.116@9/MMieb.2@11.15|IEEE]].

o

m m Edit summaryl [ Minor Changes

m




MARKDOWN

. \/ery simp|e text format

e Can be rendered to HTML, efc.
— fext morkup itself is much like ASCII {ormoﬂrﬁng

e Renderers are available in several |onguoges



SAMPLE MARKDOWN DOCUMENT

LIRE Solr Integration Project

Includes a RequestHandler and some utility
classes for a fast start.

The request handler supports four different
types of queries

A W N

Get
Get
Get
Get

random images

images that are looking like the one with -id
images looking like the one found at url .
images with a feature vector like ...

Preliminaries

Supported values for feature field parameters,
e.g. lireqg?field=cl_ha:

*xcl_haxx*

ColorLayout

**%ph_haxx .. PHOG

**oh_haxx*
**eh_haxx*

OpponentHistogram
EdgeHistogram

**xjc_hax* .. JCD

LIRE Solr Integration Project

Includes a RequestHandier and some utility classes for a fast start

The request handler supports four different types of queries

=S o S Y

Get random images

Get images that are looking like the one with id
Get images looking like the one found at url
Get images with a feature vector like

Preliminaries

Supported values for feature field parameters, e g lireq?field=cl_ha

¢l_ha _ ColorLayout

ph_ha . PHOG

oh_ha .. OpponentHistogram
eh_ha  EdgeHistogram
je_ha _JCD



HTML & KHTML

Prominerﬁ mquup |OﬂgUOg€S ]COI’ 'H’]Q WQIO

HTML is based on SGML
XHTML is based on XML

Both are used for creating hyperJrex’r systems



IYPERTEXT — A DEFINTTION

 [extis prin’red & consumed sequenﬁo”y

* Hypertext is non-sequential
B, e | B 2
==
E =
L

Src. Nielsen | (1995) Multimedia and Hypertext: The Internet and Beyono’, Morgon & Kaufmann

E




IYPERTEXT: A DEFINTTION

e Text has some “hyperjrexjr" elements

— footnotes, indexes, (cross-)references, g|osso|ries

. Hyper’reer is more genero|

nypertext nodes are connected by links

inks can be bi- or unidirectional

inks can be “erped"

e {ootnote, related, include, ..

e Readers of hyperJrex’r traverse links



MEMLX

Memory Extender - Vannevar Bush
* Published in 1945 (Atlantic Monthly)

¢ /A\ﬂ e|ec+romech0nico| device For
— Vviewing books and films
— odding information and comments
— interlinking information

— browsing links

e« MEMEX is an eor|y hyperJreer system



MEMEN




UNTFORM RESOURCE LOCATORS (URLS)

A URL consists of

* the scheme name (pro+oco|>

* g colon and two slashes

* g host (domain name or IP address)
* a port number (op’riono|>

e full po’rh of the resource

https://code.google.com/p/lire/



DOMAIN NAMES

e A domain name is a string that defines a realm

of oquhori’ry

— cnn.com, damtc.at, uni-klu.ac.at, ..

¢ A top level domain defines country and/or

intfent of the domain

— .com, .ac.at, ..

e A sub domain points fo o specific IP address

— WWW.aau.ar, Hp.u ni-klu.ac.at



DOMATN NAME $YSTEM

e Hierarchical sstrem where domain names are

“regis’rered"

Src. http//en.wikipedia.org/ wiki/File:An_example_of _theoretical _DNS _recursion.svg



WWW



WWW - DIE MAUS (WDR)

* http//www.youtube.com/watch?v=0KL z4ufC

ukk


http://www.youtube.com/watch?v=QKLz4ufCuKk

il

Retrieve http://www.somehost.com/path/file html

. Qpen socket to www.somehost.com:80

¢ Send someJrhing like this:
GET /path/file.html
HTTP/1.0
From: someuser@jmarshall.com
User-Agent: HTTPTool/1.0
[blank line here]

Src. http://www.jmarshall.com/easy/http/



1T1P RESPONSE

200 OK

— The request succeeded, resource is returned in the

messcge bOCIy
404 Not Found

— The resource doesn't exist.

302 Moved Temporori|y
— Used to redirect.

500 Server Error

— An unexpeded server error.



SAMPLE RESPONSE

HTTP/1.0 200 OK

Date: Fri, 31 Dec 1999 23:59:59 GMT
Content-Type: text/html
Content-Length: 1354

<html>
<body>
<hl>Happy New Millennium!</hl>
(more file contents)
</body>
</html>

Src. http//www.jmarshallcom/easy/http/



{TTP - S0ME MORE FACTS

e A web page erpico”y is more than one file

e Browsers fry to re-use HT TP connections
— Ask for mu|+ip|e files in one sing|e connection

—_ ,,keep alive’

 HTTP is based on TCP & defaults to port 80

— Works well behind firewalls

e Other services fry to use HT TP too
— HTTP video streaming, etc.




HTMLDOCUMENT STRUCTURE

<IDOCTYPE HTML PUBLIC "-//W3C//DTD HTML
4.01 Transitional//EN"
"http://www.w3.0org/TR/html4/loose.dtd">

<html>
<head>
<title>
Beschreibung der Seite
</title>
</head>
<body>
</body>
</html>



HTMLDOCUMENT STRUCTURE

[D@CUW‘U’\J Mr’e beClOJLOwI:QN\

— HTv(
— |Heoul

|
[ Tt le

~ Booly

|

|




INTRODUCTION T0 MEDTA INFORMATICS:
INFORMATION RETRTEVAL



INFORMATION RETRTEVAL HISTORY

Currem‘/y there are no museums for IR

IR is the process of searching Jrhrough a document
collection based on o por’ricu|or information

need.



R KEY CONCEPTS

° Seorching
— |no|exing, Ronking

e Document Collection
— Textual, Visual, Auditive

e Particular Needs
— Query, User based




AMTSTORY OF LTBRARTES

| ibraries are perFech exomp|es for document
collections.

¢ Wdll paintings in caves
—eg. Altamira, ~ 18 500 years old

. Wriﬁng in c|0|y, stone, bones
—eg. MesopoJeriQn cuneiforms, ~ 4.000 BC
—eg. Chinese tortoise-shell carvings, ~ 6.000 BC

—e.g. Hierog|yphic inscriptions,
Narmer Palette = 3.200 BC


http://en.wikipedia.org/wiki/Image:Altamira_Bison.JPG
http://en.wikipedia.org/wiki/Image:Altamira_Bison.JPG
http://en.wikipedia.org/wiki/Image:NarmerPalette_ROM-gamma.jpg
http://en.wikipedia.org/wiki/Image:NarmerPalette_ROM-gamma.jpg

AHISTORY OF LIBRARTES ((TD.)

* Papyrus
— Specific plant (subtropical)
— Qrgcmized g ro||s, e.qg.in Alexandria
* Parchment
— Independence from papyrus
— Sewed fogether in books
¢ Poper
— Invented in China (bones and bamboo too heovy, silk too expensive)

— |nvention spread > in 1120 first paper mill in Europe



AHISTORY OF LIBRARTES ((TD.)

* Gutenberg's printing press (1454)

— Inexpensive rep roduction

—eqg “Gquenberg Bible”

* Organization & Storage
— Dewey Decimal System (DDC, 1872)
— Card Catalog (early 1900s)
— Microfilm (1930s)
— MARC (Machine Readable Cataloging, 1960s)
— Digital computers (1940s+)




LTBRARY & ARCHTVES TODAY

* Partially converted to electronic catalogues
— From a certain time point on (1992 - ..)
— Often based on proprietary systems

— Digitization happens slow

— No full text search available

— Problems with preservation

. SJronge devices & formats



HISTORY OF SEARCHING

Browsing
— Like “I:inding information you rself’
Co+o|ogs

— Qrgcmized in Taxonomies, keywords, etc.

Content Based Sea rching

— SELECT * FROM books WHERE title=‘%Search%’

|nformation Retrieval

— Ranking, models, weighting
— Link Qno|ysis, LSA,



HISTORY OF IK

e Starts with deve|opmen+ of computers

* Term 'Information Retrieval” coined by Mooers in 1950
— Mooers, C. (March 1950). "The theory of digital hondh.ng of

non—nume”rico| information and its imp|ico’rions to machine
economics . /Droceec/ings of the meefin%of the Association

for Compuﬁng Mochinery aft Rufgers niversity.

* Two main periods (Spark Jones u. Willett)

— 1955 - 1975: Academic research
e Models and Basics
e Main Topics: Search & |no|e><ing

— 1975 - ... Commercial opp|ico+ions
. |mprovemen’r of basic methods



A CHALLENGE: THE WORLD WIDE WS

e First actual imp|emen+0+ion of Hyper’rexi'

— |nterconnected documents

— Linked and referenced
« World Wide Web (1989, T. Berners-Lee)

— Unidirectional links (JrorgeJr is not aware)
— Links are not erped

— Simp|e document format & communication

orotocol (HTML & HTTP)
— Distributed and not controlled



SOME IR HTSTORY MILESTONES

e Book "Automatic Information Orgonizoﬁon and Retrieval’,
Gerard Salton (1968)
— Vector Space Model
* Paper A statistical interpretation of term spechcicier and its
application in retrieval’, Karen Sparck Jones (1972)
— IDF weighting
— th://WWW.soi.ci’ryoc.uk/wser/idf.h’rm|
* Book ‘Information Retrieval” of C.J. Rijsbergen (1975)
— Probabilistic Model
— http://www.dcs.gla.ac.uk/Keith/Preface. html



SOME IR HTSTORY MILESTONES

. Poper “|no|exing by Latent Semantic Ano|ysis", S. Deerwester,

Susan Dumais, G. W. Furnas, T. K. Landauer, R. Harshman
(1990).

— Latent Semantic |no|e><ing

. Poper "Some simp|e effective approximations to the 2-Poisson
model for probcbihsﬁc Weithred retrieval” Robertsen & Walker
(1994)

— BM25 Weigh’ring scheme

* Paper "The Anatomy of a Large-Scale Hypertextual Web
Search Engine’, Sergey Brin & Larry Page (1998)

— World Wide Web Retrieval



AGENDA

e |nformation Retrieval Hierory
* |nformation Retrieval & Data Retrieval
. Seorching & Browsing

e |nformation Retrieval Models

e Web Retrieval



ORGANITZATIONAL: REFERENCES

* in the |_i|orory

— Modern Information Retrieval, Ricardo Baeza-Yates &

Berthier Ribeiro-Neto, Addison Wesley

— Google's Pagerank and Beyond: The Science of Search
F ngine Rankings, Amy N. Langville & Carl D. Mever,
University Presses of CA

— Distributed Multimedia Database Technologies supported
by MPEG-7 and MPEG-21, Harald Kosch, CRC Press

— Readings in Information Retrieval, Karen Sparck Jones, Peter

Willett, Morgom Kaufmann



ORGANITZATIONAL: REFERENCES

« WWW

— Skriptum Information Retrieval, Norbert Fuhr, Lecture Notes on
Information Retrieval - Univ. Dortmund, 1996. Updated in 2002

— Information Retrieval 2nd Edt, C.J. Rijsbergen, Butterworth, London
1979

° Through me:

— Lectures on Information Retrieval: Third Europeon Summer-School, Essir
2000 Varenna, ltaly, Revised [ ectures, Maristella Agosti, Fabio
Crestani & Gabriela Pasi (eds.), Lecture Notes in Computer Science,
Springer 2000



INFORMATION RETRTEVAL & DATARETRTEVAL

|nformation Retrieval Data Retrieval
e |nformation Level e Data Level
e Secarch Engine e Dota Base

* Bing / Google * Oracle / MySQL



INFORMATION RETRTEVAL & DATARETRTEVAL

Information Retrieval Data Retrieval
Content Based Search Search for Patterns and String
Query ambigous Query formal & unambigous
Results ranked by relevance Results not ranked
Error tolerant Not error tolerant
Multiple iterations Clearly defined result set
Examples Examples
Search for synonyms Search for patterns
Bag of Words SQL Statement

e Retrieval is neor|y o|woys a combination of both.



AGENDA

e |nformation Retrieval Hierory
e |nformation Retrieval & Data Retrieval
* Searching & Browsing

e |nformation Retrieval Models

e Web Retrieval



INFORMATION RETRIEVAL BASTCS: SEARCHING

A user has an information need, which needs to

be satisfied.

e Two different opprooches:
— Browsing

— Seorching



SEARCHING & BROWSING

Searching

. Exp|ici+ information need

e Definition Jrhrough “query"

Searching

e Result lists ;
* eg. Goog|e -
Browsing

Browsing

e Not necessori|y exp|ici’r need

¢ Novigoﬁon Jrhrough repositories



BROWSING

e [Flat Browsing
— User navigates Jrhrough set of documents
— No imp|ied ordering, exp|ici+ ordering possib|e

— Examp|es: One sing|e direchory, one sing|e file

e Structure Guided Browsing
— An exp|ici+ structure is available for navigation
— MosHy hierarchical (file directories)
— Can be generic digroph (WWW)
— Examples: File systems, World Wide Web



SEARCHING

* Query defines “Information Need’

e Ad Hoc Seorching

— Search when you need it

— Query is created tfo fit the need
* [nformation FiHering

— Moake setfs of documents smaller

— Query is filter criterion

e |nformation Push

— Same as FiHering, o|e|ivery is different



AGENDA

e |nformation Retrieval Hierory
e |nformation Retrieval & Data Retrieval
. Seorching & Browsing

* Information Retrieval Models

e Web Retrieval



INFORMATION RETRIEVAL SYSTEM ARCHTTECTURE

Aspects

* Query & longuages

* IR models

* Documents

. |n+ern0|represen+0ﬁor
* Pre- and post-processing

e Relevance feedback

 HCI



INFORMATION RETRTEVAL MODELS

¢ BOO'QOH MOd€|
— Set Jrheory & Boolean 0|gebro

e Vector Model

— Non binory Weithrs on dimensions

— Partial match

e Probabilistic Model
— Modeling IR in a probabilistic framework



FORMAL DEFINTTION OF MODELS

An information retrieval model is a quao/rup/e
D, Q, F, R(q, d)]

* Dis a set of |ogicc1| views (or represenJrQJrions) for the
documents in the collection.

e Qs a set of logical views (or representations) for the user
needs or queries.

e Fis aframework for moo|e|ing document representations,
queries and their re|o’rionship.

. R(qi, o/j) is O ronking function which associates a real number

with o query g, of Q and a document o’j of D.



DEFINITIONS

IVCONTETOF IETRERIEVAL

* index term - word of a document expressing (porJr of )

document semantics

* weight Wi - quantifies the importance of index term

for document o’j

* index term vector for document o’j (hoving t different

terms in all documents):

—

d] — (Wl,j’WZ,j""’Wt,j)



BOOLEAN MODEL

e Based on set Jrheory and Boolean o|gebr0|
— Set of index terms

— Query is Boolean expression
* |ntuitive concept:

— Wide usage in |oib|iogro|ohic system

— Easy imp|emen+o+ion and simp|e formalisms
* Drawbacks:

— Binary decision components (true/false)

— No relevance scale (relevant or not)



BOOLEAN MODEL: EXAMPLE

* Example queries
— cat OR dog
— cat AND dog
— lecture AND (multimedia OR media AND

informatics)



BOOLEAN MODEL

* Advantages
— Clean formalisms
— Simp|ici+y
* Disadvantages
— Mlight lead to too few / many results
— No notion of partial match

— Sequen+io| ordering of terms not taken into

account.



VECTOR MODEL

* Integrates the notion of pOI’+iO| match

. \lon—binory Weithrs (terms & queries)

* Degree of simi|0|ri’ry compqued

dj — (Wl,j’WZ,j""’Wt,j)

q= (Wl,q,Wz,q,...,Wt’q)



VECTOR MODEL: EXAMPLE

I:__l_". :. _.-"'i-ll E': {j CF'}FI{:)
|__u| |
g < 2 7:0.3 + 0.1° 0.5 0.33
Sum | 00, G | & ——— a = 0 |3
S W | ! Sy > 24 L



ANOTHER EXAMPLE

e Document & Query:

— D ="The quick brown fox jumps over the |ozy o|og”

— Q = “brown |O|zy ](OX” ¢
- - W . - W
djeq =

sim(d;,q) =

O e
i=1 =1

* Results:
— (11,2 (111,0,0,0,0,0) = 3
— sqrt(1) * sqrt(3) = 5.04
— Similarity = 3/ 6 = 0.595



[ERM WETGHTING: Tr* 1Dk

Term Weighﬁng increases retrieval per{ormdnce

* Term frequency

— How often does a term occur in a document?

— Most intuitive opprooch

* Inverse Document Frequency

— What is the information content of a term for a document
collection?

— Compare fo Information T/neory of Shannon



EXAMPLE: IDEWITH 300 DOCUMENTS CORPUS

idf

3 Term occurs in few documents:
High weight for ranking, high discrimination

2,5

2 Term OCCUrs in nearly every document:

Low weight for ranking, low discrimination

1,5

1
0,5

O T T T T T e —

0 50 100 150 200 250 300

Document Frequency




DEFINTTIONS: NORMALLZED TERM REQUENCY

freq; -
_ i ... hormalized term frequency
max; ( freq; ;)

I, ]

freq; ; ... raw term frequency of term I in document |

e Maximum is compu’red over all ferms in a
document

e Terms which are not present in a document
have a raw {requency of O



DEFINTTIONS: INVERSE DOCUMENT HREQUENCY

1df; =log N .
N.

.. Inverse document frequency for term i

N ... number of documents in the corpus
n; ... number of document in the corpus which contain term i

e Note that io/f,. is independerﬁ from the

ClOCU ment.

e Note that the whole corpus has to be taken

info account.



[P 1DF

o TF*IDF is a very prominent weighting scheme
— Works fine, much better than TF or Boolean

— Quite easy to imp|emen+

N



VECTOR MODEL

. Advon’roges
— \)\/eighﬁng schemes improve retrieval performance

— Partial moﬁrching allows retrieving documents that

approximate query conditions

— Cosine coefficient allows ranked list output

. Disodvorﬁoges

— Term are assumed to be mquuoHy independerﬁ



STMPLE EXAMPLE (1)

e Scenario

— Given a clocumen’r corpus on bircls: ﬂte’|y QOCl’]

document (say 99%) contains the word bird

— someone is seorching for a document about
SpaArrow nest construction with a query “spcrrow

bird nest construction”

— ExocHy the document which would soJrisFy the user

needs does not have the word “bird” in it.



STMPLE EXAMPLE (IT)

o TF*IDF weighting
— knows upon the low discrimative power of the

term bird

— The Weigh’r of this term is near to zero

— This term has virJruoHy no influence
on the result list.



AGENDA

e |nformation Retrieval Hierory
e |nformation Retrieval & Data Retrieval
. Seorching & Browsing

e |nformation Retrieval Models

* Web Retrieval



RETRIEVAL IN THE WWW

e General Retrieval is based on content

— Represerﬁed e.g. |oy terms, keywords

 What is different with the WWW?
— Structured text (morkup)

—|ypermedi0 (|inks)
—|e+erogeneous formats (ghc, pdf, flv, ...)

Distributed content (access over network)



WEB BASED RETRTEVAL: CHALLENGES

¢ Working with an enormous amount of data

— 10 billion pages a 500kB estimated in 01-2004
o Q pQg@S / person on 'H/Te g|Ob€

— 1 trillion unique URLs indexed by Google in 2008
—109.5 million JrO|o—|e\/e| domains operQJred in 2009

* Furthermore there is a Deep Web

— |nc|uding the usenet, tor, torrent, non-indexed

WWW, Hp,



WEB BASED RETRTEVAL: CHALLENGES

. Exomp|e for the amount of web pages:

— Searching for Enterprise’ yie|deo| on Goog|e ~ 435

millions of results
— Users investigate up to 20 result list entries.
* What web page is the most interesting”
— cp. Concept of relevance (IR)
* How to index this amount of pages”

— eg. in an inverted list



WEB BASED RETRTEVAL: CHALLENGES

The Web is self-organized

e No central oquhori’ry / main index

— For the WWW
* Everyone can add (or edit) pages
— Cp. Personal homepages, blogs, wikis, ...

o Poges disoppeor on regu|0r basis
— US eruo|y claimed that in 2 invesﬁgcﬁred tech.

journals 50% of the cited links were inaccessible
after four years.

e |_ofs of errors and falsehood, no quo|i’ry control



WWW — BOW TZE STRUCTURE




RANKING BY POPULARTY

e Problem with amount of data

— Queries on popu|0|r ferms yie|d many results

* |dea for selecting the most relevant .
— Combine content with popularity of page
— More popular pages are “authorities’

* How to define popularity”?
— Only hypertext documents are given ..



POPULARITY RANKING

* 2 Algorithms developed independently
— PageRank, Brin & Page
— Hypertext Inducec Topic Search (HITS), K|ein|oerg

e Basic idea of popularity
— Someone likes a page
— Gives a recommendation (on another poge)

— Using a hyperhnk



POPULARTTY RANKING: BASIC IDEA

e There are different types of peop|e:

— Regqrding their idea of recommendation
* Peop|e giving a lot of recommendations (|inl<s)

* Peop|e giving few recommendations (|inl<s)

— Regqrding their state of recommendation
d Recommended by a |O'|' O]f pQOp|€

° Recommended by ]CQW pQOp|€

e Combinations are possib|e:

— Hoving no recommendation, but recommending a
ot .



POPULARTTY RANKING: BASIC IDEA

Think of ..
° peop|e as pages

* recommendations as links

PageRank (Google)
The FQ]CO re:

'Pages are popular, if popular
pages link them’



POPULARTTY RANKING: BASIC IDEA

e Additional Ossumerons
— Hubs @ e pages s that refer
— Authoritie pages, whi h referred a lot

[ e

HITS



PAGERANK: ORTGINAL SUMMATION HORMULA

o Qrigino| summation formulo

— PogeRonk of page /DI. is given by the summation of
all pages that link to /D[ given by Set BP,'

r(Pj
®= %

P] EBPZ

* |terative formula, starting with rank 1/n for all n

Pages:



PAGERANK: ORTGINAL SUMMATION HORMULA

[teration 0

[teration 1

[teration 2

I{)(Pl) - l/()
'u(/ ) — 1/(5
ro(P3) =1/6
I()(Pl) =1/6
ro(Ps) = 1/6
ro(FPg) = 1/6

r(P) = 1/18
r1(Ps) =5/36
r1(P3) =1/12
"l(})l) = 1/—1
ri(Ps) = 5/36
r1(Ps) =1/6

Rank at Iter. 2

AW

A

ro(Py) = 1/36
ro(Py) = 1/18
ro(Ps) = 1/36
ro(Py) = 17/72
ro(Ps) = 11/72
ro(Ps) = 14/72

N W == A

)



INTTIAL PROBLEMS

* Rank sinks & cycles:

— Some pages get all of the score,
other pages none

— Cyc|es just ﬂip the rank
e How many iterations”?

— Will the process converge?

— Will it converge to one sing|e vector?



APPROACH OF BRIN & PAGE

e Notion of the random surfer

— Someone navigates Jrhrough the web using

hyperhnks.

— |f there are 6 links, there is a probability of 1/6 that
s/he takes o spech(ic link

— On donghng nodes (without out links) s/he can

jump everywhere with equ0| chance

— Furthermore s/he can leave the link path with a

given probabih’ry every time



FEATURES OF PAGERANK

e Mathematical model

— Created later on, based on Markov chains

e Can be handled in a distributed way
— "Worlds biggeer matrix mu|+ip|ic0+ion"



1

. Every page | has a ou’rhorier score X, and a hub

SCOore vy,

* SUCCQSS]VQ refinemenJr O]C SCOres:

)= > yPandy? = > xi fork=12,3,.

J
jrejieE jejieE



SEARCH ENGINE “0PTIMIZATION”

e Business for “oerimizing" rank in search |is’rings

(SEO)

e There are two ways:

— Ethical: Good content and communication leads to
extensive |inl<ing and a high content score as well
as popu|ori+y

— Unethical: Try to get a lot of links to the site of the

customer or |Oy a GOOg/@ Bomb



LOSTS FOR WEB CRAWLING

e How much does it cost to run a search engine?

— MonJrHy amount of pages to crawl: 4 billion
— 4.000.000.000 pages @ 200K = 80.000 GB

per month.

e One connection:

— 100mbs connection
/ 8 megabits per MB
* 60 seconds in a minute
* 60 minutes in an hour

* 94 hours in a o|0y
* 30 o|oys in a month=32.400 GB / month



LOSTS FOR WEB CRAWLING

e Therefore at least 3 100 MBit connections are
needed

— Running at full capacity 24/7

— Qn|y with a simp|e calculation (w/o overhead)
¢ /A\|SO O'I' |€OS'|' 3 servers dre needed

e And a lot of storage
— ~ 80.000 GB with coching

taken from http://www.mail-archive.com/nutch-user@lucene.apache.org/msg0O5577.html



INTRODUCTION T0 MEDTA INFORMATICS:
IMAGES



CONTENTS

e Color Spaces
° Compression
* Formarts

. |:i|’rering



WHAT ARE (DIGITAL) TMAGES!

* An Image is

— Created by a set of pho’rons
* With different frequency
. Moving from different sources

* Along different vectors
— A representation of sensor unit activation
* Activated by the set of photons
* Storing an image
— Based on the set of photons 777




SAMPLING & QUANTIZATION

¢ Coeruring continuous imoges oNn sensors
— Somphng: Continuous to matrix

— Quantization: Continuous color to value




SAMPLING & QUANTIZATION

e Size of a captu red image:
— # of samples (width*heigth) * # of colors




YTORING DIGITAL IMAGES

° Defining color per cell

e | coftto righ’r & top to bottom

* 0,00, ...

* ...0, 01,255 2,1,0,0, ..

ITEC, Klagenfurt

I Inin7zarcitys Arictria

0,110




YTORING DIGITAL IMAGES

e Header: Additional information
— Width and heigH: 10x10
— DPI| etc.

— Quantization

— CO'OF space or CO|OF 1'(31[3'@

e O -> white

e 1-> dark red

e 2 > medium red

* 5> |igh+ red




LOLOR MODELS

* How to ,,spech(y“ color?

e Color models are an abstraction

— mopping color <-> numbers

e Color po|e+’res are an enumeration



COLOR PALETTE

(HTML 0T pec.)

Name [+

White
Silver
Gray
Black
Red
Maroon
Yellow
Olive
Lime
Green
Agua
Teal
Blue
Mawy
Fuchsia

Purple

CS51 7/ HTML3IA f VGA color names

Hex triplet

fcococo
fB0B0ED
fo0ooo00
$FFo000
$a00000
$FEFFFO0
f80B000
f00FFOO
§00B000
$00FFFF
$00B8080
$0000FF
f000080
$FFOOFF

f8000B0

Red Green Blue
]| =]
100%  100% 100%
Te% TA% TEU
50%  50% 50%
0% 0% 0%
100% 0% 0%
0% 0% 0%
100%  100% 0%
50%  50% 0%
0% 100% 0%
0%  50% 0%
0% 100% 100%
0%  50% 50%
0% 0% 100%
0% 0% 50%
100% 0% 100%
50% 0% 50%

Hue

]
0"
0°
0°
0°
0°
0°

60"

60"
120°
120°
180°
180°
240°
240°
300°
300°

Satur

]
0%
0%
0%
0%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Light

100%
75%
50%

0%
50%
25%
50%
25%
50D%
25%
50%
25%
50%
25%
50%
25%

Satur Value

]
0%
0%
0%
0%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

b4
100%

75%
50%
0%
100%
50%
100%
50%
100%
50%
100%
50%
100%
50%
100%
50%

green

cyan

magenta



DEMO



COLOR: ADDIDITIVE SCHEME
(MIXTURES OF LIGHT)

Red Magenta Blue

Yellow Cyan

Green



COLOR: SUBTRACTIVE SCHEME

(MIXTURESOFPIGPAI“”(\

Green

Magenta




CIELT31 COLOR SPACE

* First moJrhemoJricoHy defined color space

e Tristimulus values: X, Y, Z
— rougHy red, 9r€€n Ond b|U€

— not observed as such

e Defined based on experiments in the 19205

13



B COLOR MODEL

e Additive color model

* BOSQCJ on reo|, green Oﬂd ID|U€

e Color is defined as mixture of

intensities in all 3 channels

o Examp|es with channel intensities in [O,1]
— (0, O, O) -> no intensities, darkest color
— (1,1, 1) -> full intensities, lightest color
— (1,0, O) -> saturated red



B COLOR MODEL

* |ntensities are erpico”y quqnﬁzed
— E.g. 8 bit / channel (24 bit per pixel)
— 16-bit Highco|or: 5 bits / channel (+] for green)

e With 8 bits per channel
— range from 0-255 (decimal) or OO-FF (hex)
e Web: 8 bits / channel, defined in hex

— #000000 -> black
— #FFOOQO -> red



SRGB COLOR SPACE

* Standard defined by HP & Microsoft (1996)

e Used for monitors, orinter & internet

e Uses & bits per channels

* Transformation to and from CIE XY /Z defined
by



COLOR SPACE: H5V

e Transformation of RGB to
— Hue: The actual color (0°-360°)

— Saturation: The brilliance of the color

— Value: The lightness of the color
o Useful for chomging hue (co|or) withouth

chonging |ighness (vo|ue) or brilliance

(saturation)



LOLOR SPACE: 5V

Increase saturation



COLOR SPACE: H5V




UPPONENT COLOR SPACE



GRAYSCALE

* A pixel just has an intensity value
* Intensity channel := Y

e Conversion from RGB

—Y = 02126™R + 0.7152*G + 0.0722"B




fCBCR

. Sp|i’rs color into luma & chroma

— Y- intensity

— Cb: blue-difference
— Cr: red-difference

e Used for chroma subsomphng

— Reducing “color” in imoges

srce. Wikipedia



EXERCLSE: IMAGE COLORS

e |nstall GIMP

— th://WWW.gimp.org/downbads/

e Use or take o phoJro
. Using GIMP create these versions

— Fixed hue

— —|igh saturation

— No saturation


http://www.gimp.org/downloads/

EXERCLSE: IMAGE COLORS

1+ should look like these ...



EXERCLSE: IMAGE COLORS

Use this menu

== \p




EXERCLSE: IMAGE COLORS

e Put the images into your report.

e Add 500 words describing your experience.



TRANSPARENCY & ALPHA CHANNEL

e How to define the opacity of a color / pixe|?

¢ A'pl’]@ Cl’]Onn€|
— 0% ... fu”y transparent
— 100% ... fu”y opaque pixe|

¢ Co|or SpOCQS
— RGBa - Red, Green, Blue & Alpha
— ARGB - A|pho first used in Flash, Si|ver|igh+



TRANSPARENCY & ALPHA CHANNEL

100% 60% 30%



DEMO: GIMP

e Create a text |O|yer on an image

. Chomge opacity of the |O|yer



STIE OF DIGITAL IMAGES ...

¢ EXQmp|€Z COHOH EOS M
— 333 € (Nov 22, 2013)
— 18 Megq Pixels

e What's the size of an imoge?
— 5184 x 3,456 pixe|s

— 94 bits per pixe| for color = 3 berQS
— Size: 5184 x 3,456 x 3 berQS =~ 5047 MB




COMPRESSTON: LOSSLESS VS. 10SSY

Compression is o tradeoff processing fime vs.
storage space

* | ossless
— All information is retained
— Image can be re-constructed without flaws

* Lossy

— UnimporJrchr information is dropped

— |moge reconstruction is similar to origin0| image



[OSSLESS V. 10SSY




[0SSLESS (OMPRESSTON

(AMPIE)
e Ru n—|eng+h encoding

— Crunching |Oﬂg seqguences O]( same numbers

— WWWWOOOWWOOOOWWWW -> 4w 302w4odw

. Dichoner encoding (LZW, ZIP, )

— Re-occu ring sequences get short codes

¢ Huﬁcmonn
— Variable |eng+h, entropy encoding
— Numbers with high Frquency get short

rep resentations



[055Y COMPRESSTON: DCT

e DCT == /discrete cosine transform’

* Expresses data points as sum of cosine functions

e Defined by Fo”owing equation:



DISCRETE COSINE TRANSFORM

Actual encoding process easier than the equation
looks:

. For each 8x8 pixe| block from an image
. Mu|+ip|y with DCT matrix
3. Quantize with quantization matrix

4. Encode in ZIg-zadg manner



DCT: EXAMPLE

* Extract 8x8 pixels block
e Subtract 128 from each entfry

154 123 123 123 123 123 123 136
192 180 136 154 154 154 136 110
254 198 154 154 180 154 123 123
239 180 136 180 180 166 123 123
180 154 136 167 166 149 136 136 ~
128 136 123 136 154 180 198 154
123 105 110 149 136 136 180 166
110 136 123 123 123 136 154 136

Original =

64 52 8 26 26 26 8 -18
126 70 26 26 52 26 -5 -5

JM:
52 26 8 39 38 21 8 8

-5 -23 -18 21 8 8 52 38




DCT: EXAMPLE

. App|y DCT with D = T*M*T-

3536 .3536  .3536 3536 .3536 3536 .3536 3536 26
4904 4157 2778 0975 —.0975 2778 —4157 —.4904 04
4619 .1913 -1913 —-4619 —4619 —-1913 .1913 .4619 126
T 4157 —-0975 —4904 2778 2778 4904 .0975 —4157 Mo 111
3536 —-3536 —-3536 .3536 3536 3536 3536 .3536 52
2778 —.4904 .0975 4157 —4157 -.0975 4904 2778 0
1913 —4619 4619 —-1913 —1913 4619 —4619 .1913 =5
0975 2778 4157 —4904 4904 4157 2778 0975 —-18

162.3 40.6 20.0 72.3 303 125 -19.7 -11.5
30.5 1084 105 323 27.7 -155 184 2.0
-94.1 -60.1 12.3 434 -313 61 33 7.1
-38.6 834 54 222 -135 155 -13 35
-31.3 179 55 -124 143 -6.0 115 -6.0
-09 -11.8 128 02 281 126 84 2.9
46 -24 122 6.6 187 -12.8 7.7 12.0
-10.0 112 7.8 -l63 215 0.0 59 107




DCT: EXAMPLE

. App|y quantization matrix

162.3 40.6 20.0 723

30.5
—94.1
—38.6
-31.3
-0.9
4.6
—-10.0

108.4
—60.1
-834
17.9
-11.8
24
11.2

10.5
12.3
54
—5.5
12.8
12.2
7.8

323
—43.4
222
-12.4

0.2
6.6
-16.3

303
277
-31.3
—13.5
14.3
28.1
—18.7
21.5

125 -19.7
-15.5 184
6.1 33
155 -13
—-6.0 115
126 84
-12.8 7.7
0.0 5.9

—-11.5
2.0
7.1
3.5
—6.0
29
12.0
10.7

C=

C

J

oD D DD e e k2

o o o o o o o o

(== = = = = -

o O o o o o o o

16
12
14
14
18

49
72

10
14
16
22

55
78
95

103
112

40
58
57
87
109
104
121
100

51
60
69
80
103
113
120
103

61
55
56
62
77
92
101
99




DCT: EXAMPLE

° Encode N zig—zog manner

(0,0) |(0.1) . 10 4 25 1000
/ 3 912 1000

(1.0)71(1.1) 7 51 -2-1000
c_| 2 S50-1 0000

2 1 00 0000

L 0 000 0000

_,/ 0 000 0000

0 000 0 000

* 10,4, 5,-7,9,2,51,-5-3,-2, ...

Note: There are a lot of zeros at the end!



DCT: EXAMPLE

Inverse process:

. Mu|+ip|y component-wise |oy the same

quantization matrix & round

e Perform IDCT: T-"M*T
e Add 128 per component




DCT: EXAMPLE

e DCT with Qso

o Compressed version

to the righ’r



IMAGE CONTAINERS & HORMATS

* Windows Bitmap File Format (BMP)
* Portable Network Graphics (PNG)

* Tagged Image File Format (TIFF)

* JPEG images and file format (JPEG)
e Scalable Vector Grophics (SVG)



BITMAP HILE TORMAT

. Popu|c1r format for storing raster grophic
e Microsoft Windows and former OS/2 p|o1‘Forms
e Also known as Device Independent Bitmap (DIB) format

* Typical file extensions bmp and .dib, MIME-Type image/x-ms-bmp

e Characteristics:
— Stores pixel values typically uncompressed or in RLE
— Color p0|eHe mode available
— Supports RGB color model and greyscale bitmaps
— Color depth of 1, 4, 8,16, 24, or 32 bits per pixel
— Simple format, easy handling

— TypICOHy used for icons and small pidures



BITMAP HILE TORMAT

e File orgonizoﬁon

— Bitmap File Header (14 Bytes)
* Magic Number (0Ox42 Ox4D, ASCII Code for BM')
* Total size of the bitmap file (4 Bytes)
o Offset to bi’rmqp data in file (4 By+es>

— Bitmap Information
* Structure depends on file format version (e.g. V3, V4, V5)
* Size ranging from 12 - 124 Byftes
* Bitmap width and heithr in pixe|s (4 Bytes each)
* Number of bifs per pixe| (color deerh)

. Qp+iono| compression method

* Number of colors in palette (O - 2732)



BITMAP HILE TORMAT

o File organization (contd)
— Color Palette (optional)
* Color descriptions using 24 Bit RGB values + 1 Byte Padding

e Number of po|eHe entries specified in Bierop |nformation block

* Colors referenced in Bitmap Data by index into Color Palette

— Bitmop Data
* Pixel values (either color or index into p0|eHe) stored row—by—row

e Unless otherwise spech(iecl rows are stored in a boHom—up fashion,
ie. lower left corner to upper righjr corner

* First byte of a row has to be word (32-bit) aligned

¢ Remorks

— Actual storage o|e|oeno|s on co|or—o|e|o’rh, compression etc.

— Values are Little-Endian encoded (Intel x86)



GRAPHICS INTERCHANGE FORMAT (GIF)

. Deve|opeo| by CompuServe in the late 805
— GIF87a - introduced 1987
— GIF89a - extension in 1989 (animated GlFs)

* Storage of raster image

— 8 Bit color palette

— Eoach pixe| consists of index into po|eHe
e |L/ZW-based compression of image data

— Paper in 1984, Patent in 1985 in different countries,
claims by Unisys in 1993,
Patent expired in 2003 and 2004 (can be used freely)

* Supports
- mu|Jri|o|e images per file
— fransparent color
— Progressive mode (inferlaced image transmitted first)

* File extension .gif, MIME Type image/gif



PROGRESSTVE MODE .

. [ g [-] / YA Z £/ /C )
Src /m“p //msdn.microsoft.com/en-us/library/ee/720036(V5.85) aspx



PORTABLE NETWORK GRAPHICS (PNG)

* Design goo|s
— Portable storage of raster-images

— _OSS|€SS Compression

— Patent-free rep|0cemen’r for GIF format

* Development History
—v1.0in 1996, RFC 2083 and W 3C Recommendation
—Vv11in 1998 and v1.2 in 1999 — minor modifications

— official 1ISO standard since 2004 - ISO/IEC
15948.2004



PORTABLE NETWORK GRAPHICS (PNG)

e Characteristics
— indexed-color, greysco|e and true-color raster images
— Supports on|y RGB color model (no YCbCr or CMYK)
— Progressive o|isp|0y mode
— SJrreomobthry (files can be read or written serio”y)
— [ransparency and O|||oho channel support

— Checksums for file corrupﬁon checking

e Metadata

— Anci”ory information (e.g. Textual descripﬁons)

— Gamma correction and color calibration information



PNG — FILE STRUCTURE

* PNG signature
— File must start with fixed 8-Byte sequence
— Hex: Ox89 Ox50 Ox4E Ox47 OxOD OxOA OxIA OxOA
— ASCIEA2IT P N G \r \n \O32 \n

. Sequence O]C ChUﬂl(S
— First chunk: IHDR, last chunk: IEND

— Each chunk consists of
. Leng+h (4 Bere): number of |oy+es in the chunk data (n)
e Chunk Type (4 Byte): ASCII letters (a-z, A-Z)
e Chunk Data (n Bytes): actual payload of chunk
* CRC (4 Bytes): checksum over Type and Data field




PNG — INTERLACED MODE

e For imp|emen’ring progressive o|isp|0|y of pic’ru res/|ogos

¢ US@ case
— Slow internet connections
— Low-res image is immediately visible

* |Implementation - Adam? interlace mode
— Seven passes over the pixe| of the image
— |n each pass d subset of pixe|s are encoded

— Based on a 8x8 pattern rep|ico+eo| over the image data

— Each pixe| ossigned to @ spechcic pass

N|oOo|N|o|IN|oo|N|O®

N| U |IN|PIN|UV NP+

N|Oo|IN|O|IN|oo|N|O®

N | U |IN|WIN|UV|N]N
N|Oo|IN|O|IN|oo|N|O®

N| UV |IN|WIN|UV|IN|R

N | UV |IN|PIN|UV NP+

N|Oo|IN|O|IN|oo|N|O®




PNG — INTERLACED MODE

1st pass, 1/64 2nd pass, 1/32 3rd pass, 1/16

4th pass, 1/8 Sth pass, 1/4 6th pass, 1/2 7th pass, full




{1kt — TAGGED IMAGE FILE FORMAT

* |nitially developed by Aldus (first version in 1986)
* Now part of Adobe Systems Inc.
e | atest revision 6.0 - June 19992,

since than no further deve|opmen+

° We”—suppor’red |oy many opp|ico+ions especio”y N

the context of scanners and fax software

. Specifico’rion divided into two oarts
— Baseline TIFF
— TIFF Extensions



[1Hk = HILE STRUCTURE

* Eoch file consists of a fixed-size header and a set of (at least

one) Image File Directory (IFD)

e Each file begins with a 8—|oere image header

— Byte O-1: signals the byte order
* Ox49 Ox49 ("II')..Little-endian encoding
* Ox4D Ox4D ("MM").Big-endian encoding

— Byte 2-3: magic number (Ox2A or decimal 42)
— Byte 4-7: offset (in bytes) of the first IFD

. |m0|ge File Diredory
— RepresenJrs an image in the file

— One TIFF file can contain more than one image (e.g. Scanner)



[kt = TL¢¥ EXTENSTONS

. SupporJr for mu|+ip|e images per file
— SJroroge of a scanned document in a sing|e file
— Storage of a received fax message
* Document Storage and Retrieval
— Additional TIFF fields for annotations & metadata.
. Compression
— Enhanced CCIT Bilevel Encodings
- LZW
— JPEG Compression support
e Color spaces
— YCbCr (WH’I’] chroma subsomphng suppor+)
— CIE L*a™b*
— RGB |m0ge Co|orime+ry
— CMYK (Cyon, MogenJrQ, Yellow, Key) for printing



[1H = SUMMARY

Supports a great variety of color spaces

— RGB, CMYK, YCbCr, Grayscdle, ..

Mu|+ip|e, orbi+r0ry sized images per file

— Scanned documents, Fax servers

— Thumbnails

Compression modes

— Uncompressed, Lossless & Lossy

Wide range of color deerhs

— 1 Bit B/W up to 48 Bit RGB (e.g., for scientific imoging)
— Support of Alpha Channels

Fragmentation - Strips or Tiles can be decoded independently

File extension tif or tiff, M|ME—Type image/ﬁﬁf



JPEG

 Standardized as CCITT Rec.81in 1992

— Specifica’rion of encoder
— Specifica’rion of decoder
— Definition of an in+erchonge format (Annex B)
. App|ic0+ions
— Good compression of phoJrogrophs and poin’rings
— Not very suitable for drowings, icons or text (shorp edges)

— Not recommended as intermediate format during image edi’ring
(generoﬁon oss)

. Coding tools
— DCT-based |oss|y compression
— Prediction-based lossless compression
— Huffman or arithmetic entropy coding



JPEG - FILE FORMAT

o« JPEG |n’rerch0nge Format (JIF)
— Annex B defines the JPEG |n+erc|'10nge Format (JIF)

— Some shorfcomings (definition of co|or—5|oc1ce etfc.)

— Almost never used in 0pp|ico+ions nowcdoys

* JPEG File Interchange Format (JFIF) in 1992
— Defines YCbCr as default color space
— Allows for defining sample aspect ratios
— Clarifies the location of chroma subsamples
— Thumbnail support

e Wide support in opp|ico+ions as well as devices like digi’ro| still cameras,
mobile phones etc.



JPEG

* File organization based on marker
— Can be identified in the file without decoding the image
— |n contrast to chunks (PNG) the marker do not contain

|eng+h information about the compressed image data

° \/orieer of compression modes
- |_OSS|€SS OHCI DCT-bOSQd

— Sequenﬁcﬂ, progressive and hierarchical storage

8 or 12 Bit somp|e precision per component

JFIF supports inclusion of thumbnail

File extension jpg or .joeg, MIME-Type image/jpeg



IMAGE FORMAT SELECTION ...

Consider Fo”owing use cases:
e Print: Color Model CMYK.

e Web: SJroring a |ogo without compression

artifacts.
 Email Sending 0 pho’ro to a friend.

¢ mage PFOCQSSiﬂg: S+OI’€ a preprocessed pl’]O+O

Tor more processing later on.



SPATIAL HILTERING

e Methods for enhomcing or fransforming the
image

° Typico”y a kernel or filter is used:
— A matrix which is Qpp|ieo| to the image

— |n a linear transformation



SPATIAL HILTERING

1/9 1/9 1/9
1/9 1/9 1/9
1/9 1/9 1/9

194 128 102 197 69
162 68 103 144 115
121 85 o7 27 14
24 183 192 239 150
92 93 154 138 170
194 128 102 197 69
162 68 103 144 115
121 85 122 27 14
24 183 192 239 150
92 93 154 138 170




SPATIAL HILTERING

e Thisis o simp|e smoo’rhing kernel

e Other operations

— Shorpen
— Gradient



S0BEL HTLTER

e 3x3 kernel




SHARPENING

e 3x3 kernel
Vo | /9 1/9
1/9 9 1/9




BLUR FILTER

e 3x3 kernel
1/9 1/9 1/9
1/9 1/9 1/9
1/9 1/9 1/9




(LAUSSTAN BLUR FILTER

e Kernel depends on Gaussian distribution




SELECTIVE BLUR (EGDE RETAINING)

e More comp|ico’reo|



DGE DETECTION




DGE DETECTION

. App|y two Kernels
— with results |_X and |_y

e Then compute the
grodierﬁr magni’rude

W B

» Edge direction: orc’ran(Ly/LX)




DGE DETECTION




EXERCISE: APPLY FILTERS TN GIMP

e |nstall GIMP

— th://WWW.gimp.org/downbads/

e Use or take a phoJro

* Using GIMP create these versions
— Generic blur filter (from slides)
— Generic Sobel filter (from slides)

— Generic shorpen filter (from slides)

— Use “Filter” -> "Selective Gaussian Blur ..


http://www.gimp.org/downloads/

EXERCISE: APPLY FILTERS TN GIMP

Use this menu

== \p



EXERCISE: APPLY FILTERS TN GIMP

e Put the images into your report.

e Add 500 words describing your experience.



DITHERING

. |n’ren+iono||y infroduced noise
— to prevent color bonding.

— to have a more oppeohng visual representation
with fewer colors.

. Typico”y used in newspaper

— ie. fo print graysco|e images in black & white



DITHERING EXAMPLE: B & W



DITHERTNG EXAMPLE: § COLORS



L0YD- STEINBERG DITHERTNG

e Color quantization error is pushed to neighbor

pixe|s

for each v from top to bottom
for each =x from left to right
oldpizxel = pixel|[x][v]
newpixel = find closest palette color(oldpixel)
pixel[=][v] 1= newpixel
guant_error = oldpixel - newpixel

pixel[x+1][y ] := pixel[=x+1][y ] + 7/16 * gquant error
pixel [x-1][y+1l] = pixel[=x-1][y+1l] + 3/16 * guant error
pizel[x ][y+l] := pixel[x ][y+1] + 5/1& * guant error
pizxel [x+1])[v+l] = pixXel[x+1l][v+l] + 1/1& * guant error

sre. Wikipedia



INTRODUCTION T0 MEDTA INFORMATICS:
VIDEOS



CONTENTS

e Video Compression
e H9264
e Video Formats & Containers

e Video Retrieval

e Video Summaries



VIDED

e Video erpico”y names the combination of
— One or more audio streams and

— One or more \/iCIQO streams

h.264 compressed video stream

AAC encoded German audio stream/s

AAC encoded English audio stream/s

- en e» ear N EGr G G GP GP G G I I GIP GIP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEP GEDP GEP GEP GEP @GP G ap o o o o o



VIDED

We focus on the visual part:
e A video is a sequence of pichu res

e Shown at a certain rate
—_ MOI’@ H’TOH ]Q il’ﬂOg@S / SQCOI’]CJ I’]Q@CIQCI
—eg 25 (PAL) 30 (NTSC), 24 (24p)
* For equo| |eng’rh time slots

— cp. jitter



VIDEQ COMPRESSTON

. Bosico”y there are two types of compression:

— |ntra frame compression: A sing|e imoge 1S

compressed (like a JPEG image).

— |nter frame compression: Compression is based on

surrou nding frames.



VIDEQ COMPRESSTON

DIFFERENCE BETWEEN TEMPORAL NETGHBORS




IDEA: COMPENSATE MOTION

e Difference originates from motion

— FOI’QgI’OU I’]Cl VS. backgrou HCI motion

e Encoder tries to estimate motion

— E.g. rooster moves from left to right % pixe|s
e Decoder ‘moves last decoded picture

e Difference is encoded



IDEA: COMPENSATE MOTION

* Image is split in blocks (e.g. 8x8& pixels)
e "Motion vectors are compqued
— Where does the block move from the last pictu re’?

e Difference is stored

— Between predicfed block and
— Moved block in the previous picture



INTER ERAME COMPRESSION

e |-Frame: Intra coded picture

e P-Frame: Predicted picture

e B-Frame: Bi-directional predided picture



INTER ERAME COMPRESSION

¢ Fromes are encoded N GOPS (gI’OUp O]C

pictu res)

e GOPs differ in size based on the

— Compression S+CH’1CICIFCI CH’]CJ

— Video content
e Examples
— GOP size 5: |-P-P-P-P
— GOP size 17: |-B-B-B-P-B-B-B-P-B-B-B-P-B-B-B-|



MPEG VIDEQ ENCODING SCHEME



MPEG VIDEQ DECODING SCHEME



1. 204 INTERNALS: EXAMPLE

e H9264 slices and macroblocks for predic’rion
 Skip, I- and P-macroblocks

e Motion vectors






Rot=intra, Blau=inter, Grin=skipped









VIDEO CODING: ADDITIONAL THOUGHTS

. \)\/hy does encoding take so |ong?
e Whatis mu|+i—poss encoding?
e How can fast forward” and ‘reverse” work?

* How do | jump fo a cerfain tfime point in a
video?



VIDED FORMATS & CONTATNERS: AV]

e AVI .= Audio Video Interleave

. \)\/ldespreod format for storing audio visual data
e Defined |oy Microsoﬂ, very popu|or on Windows

systems

e Based on the Resource |n+erchonge File Format

(RIFF)

— File is orgonized in chunks and lists

— Sequen+io| and hierarchical composition of chunks and lists



VIDEO FORMATS & CONTAINERS: ASk

« ASF .= Advanced Systems Format
— Meant as rep|o1cemen’r for AV|

° Design goo|:
— Efficient p|oybocl< from servers (e.g. HTTP ser\/er)

— local storage

— Mcy be used for ediﬁng purposes (no exp|ici’r {ocus)

¢ LQSSOHS |earneo|

— Support of incremental generation of content (live content)

— 64 Bits size fields (to tackle 4 GB limitations)

e File extensions

— .wmv (video data) and .asf (otherwise)



VIDEQ FORMATS & CONTAINERS: MP4 / MOV

* Very powerful and complex format

— File organization based on boxes

— Supports file sizes > 4 GB

— Explicit timing information

— Focus on MPEG-based audio and video formats
* Streaming support

— Video streaming supporJred (e.g., used by iPhone)

— Bit rate hint boxes available

— File format concepts do not allow incremental generation and

consu mpﬁon

o MP4 is not the successor of MP3 ;)



VIDEQ FORMATS & CONTATNERS: MATROSKA

. Qpen & patent free container format

— For streaming and storage

e Matroska is derived from Do
Meta Seek Information

ma 'I_ ryo S h kO (ManémKa) — = Segment Information

Track

,,nesﬁng doll’ Chapters

e File extensions: .mkv .mka .mks iz




VID 0 CONTAINERS & FORMATS: MPEG

MPEG-]
— Meant for Video CDs
« MPEG-2
— Meant for high resolution materials
— Used for DVDs & DVB, main cash-cow of MPEG

e MPEG-4 SP & ASP
— First try on a better format

o AVC /H264
— Adop’red from H264 / ITU, used for e.qg. B|ue—Roys, etc.

« HEVC (High Efficiency Video Coding)
— Supports 8K Ultra HD



VIDED CONTATNERS & FORMATS: WEBM

. RoyoHy free online video format

— Matroska container
— VP9 video codec

— Opus audio stream

e Native support in
— Chrome, Firefox, Opera



VIDED CONTATNERS & FORMATS: AVID & DTVX

* Both are basically MPEG SP/ASP

imp|emen’ro+ions

e DivX is poroprietary

DivX ;) was hacked

Deve|oper got hired

| ater DivX ‘learnec

from a MS codec
by DivX, Inc.
"AVC, HEVC and uses MKV

¢ ><\/ICI E open source SOH’WOFQ

—Typico”y pocked into an AV| container



UTHER VIDED FORMATS ...

OGG (Vorbis & Theora)

— Qpen source, patent free

— Used in CC, \)\/ikimedio, many game engines

* Bink (RAD Game Tools)
— Proprie’rory, used in games, |ibrory & effects

e FLV - Flash Video
— Adobe container for Sorenson, VP6 & AVC

o MXF
— Professional container for B2B
e Real Media

— SJrreOming server & p|oyer o|ong with format



0: FEMPEG CMD-LTNE

¢ S’]OW f'moeg —|

* Show ffmoeg “i > webm

e Show f'fmoeg 4 ED_HD.avi -s 640x360 -b
1024k ed.webm




EXERCTSE: TRANSCODE A VIDEO FOR THE WEB

e Get ffm peg

— th://Hmpeg.zeronoe.com/bui|ds/ for windows

— th://WWW.evermeejr.cx/ﬁcmpeg/ for Mac

e Create a video (mobi|e phone, e’rc.)

e Convert the video to WebM
— using ﬁcmpeg

e Create a web page featu ring your video


http://ffmpeg.zeranoe.com/builds/
http://www.evermeet.cx/ffmpeg/

EXERCTSE: TRANSCODE A VIDEO FOR THE WEB

e Consult slides of the course on HTML 5

* Search GOOg'Q iCOF “i(icmpeg l’iOW convert Webm"

e Add 500 characters to your report describing

your experience.

e Deadline (for all exercises) Jan 19, 2014
e Test (multiple choice) Jan 21, 2014



MULTIMEDTA NETWORKING

. Apphcoﬁons
— SJrreoming stored data
— SJrreoming ive data

— Real time interactive video

e Characteristics
— De|oy sensitive

— Loss tolerant



INTERNET MULTIMEDIA: DOWNLOAD & PLAY

e Data stored in file
e File transferred via HT TP

— Received at the client

— Passed on to the p|oyer

e That's not streaming

— Long start-up delays, etc.



INTERNET MULTIMEDIA: PROGRESSTVE DOWNLOAD

* Video URL is handled by browser, plugin or
video p|oyer

* Server is contacted via TCP/HTTP

° SJrreoming-hke experience using HTTP-GET

. P|der starts as soon as there is enough
downloaded

. SJrops or pauses if there is not enough data



INTERNET MULTIMEDIA: STREAMING

* Non-HTTP protocol between server and media
p|O|yer
* Can use e.g RTSP+RTP+UDP (see later)
— Each frame is packoged in a UDP o|o+ogr0m
— If one is lost the frame is lost
— Client takes care of package order

— Pause, forward, rewind are supporJred



INTERNET MULTIMEDTA: CURRENT APPROACHES

e HITP pseudo-sﬂeoming
— Like progressive download

— But seeking is supported (jump 2 time)
e H] TP dynomic/hve streaming
— Server provides many small files

— In different resolutions / bitrates

— Client g|ues files JrogeJrher for full video

e RTMP SJrreoming
— Proprietary Adobe protocol



MPEG DASH

¢ SQI’\/QF l’]OS for QOCh \/iCJQO
— lots of small chunks, ie. 1 sec each
— pre-transcoded in different sizes & bit rates

* Client gets Media Presentation Description
— knows which chunks are available

— requests what is appropriate

o Features:
— stream & bitrate switching, HT TP transport, ..



MULTIMEDTA NETWORKING: MULTICASTVS. UNTCAST




MULTIMEDTA NETWORKING: MULTICASTVS. UNTCAST




WHY STREAMING!

e DRM & Securi’ry in ...
— IP-TV & Interactive TV: Aon TV, etc.
— Movie & video rentals: Ne*ﬂix, Xbox Video Store

e Real time services like

— VolP, video conferencing

* Live streaming

— SporJrs event, etc.

e Multicast: De|ivery to many clients at once



DEMO: TWITCH.TV



DVB

* DVB := Digital Video Broadcast

e by ropean standardization and o|eve|opmen+

effort

e Suite of open standards for digi+o| television

since 1990s

— Based on existing standards



DVB

e DVB ProjeCJr (Www.dvb.org)

— |no|us’rry—|eo| consortium of 280 companies from 35

countries (broadcaster, network operator, manufacturer)

— CurrenHy more than 200 million DVB receivers o|ep|oyeo|

e by ropean Telecommunications Standards

Institute (ETSI)

— Founded in 1988, now 740 members

— |no|epeno|en+, non—profi’r standardization organization



DVB - TRANSMISSION

e Common source coding and mu|’rip|exing

« DVB-S (1994)
— DVB-52, DVB-SH

— 107 million receivers dep|oyeo|

« DVB-T (1997)
— DVB.T2 DVB-H

— 8] million receivers dep|oyeo|

« DVB-C (1998)
— DVB.C2

— 49 million receivers o|e|o|oyeo|



DVB-3

e Broadcast by geostationary satellites
e Coexistence with existing on0||og programmes

* \/ery popu|0|r N Europe
— Inexpensive equipment (< 100 €)
— No follow-up expenses

— COVQFOgQ O]C SpOFS@-pOpU'O'I’QCI dreds

— Variety of different channels (free to air, FTA)
— Astra and Hotbird satellites



DVB-3

. Geos’roﬂrionory Communication Satellites

— Appeor at a fixed position for an earth-based observer
— Moves with the same speed as earth rotation

— Orbitdl position of about 36000 km above equator

—_ Comporison:

1/10 way to the moon
1SS or Spcce Shuttle - orbit of 400 km

e Satellites can be posiﬁoned at different
|ongi’ruo|es, e.g.

— Astra at 19.2° East
— Hotbird at 13° East



DINA/UPNP

e UPnP is set of networking protocols
— For residential networks
— Without administrator
— Devices discover compoﬁb|e neighbors

— Function services are established oquomoJricoHy

e UPnP A\/
— Extension to AV dato

— Definition of roles & functions



DINA

* DLNA := Digital Living Network Alliance
 Non proFiJr organization, > 250 members

¢ Common 900' O](
— Using standard based Jrechno|ogy to
— Make it consu mption of multimedia easier

— Digital photos, videos and music

e > 8000 devices certified
— As of Moy 2010



DINA — HOME NETWORK DEVICES

Media Server
— S+oroge and o|e|ivery of AV content

Media P|oyer

— /A\CCQSS servers, p|OYbOCL( OHOI render

Media Renderer

— Render content, controlled |oy controller

Media Controller

— Access & find servers, control renderer

Media Printer



DINA SETue?



INTRODUCTION T0 MEDTA INFORMATICS:
AUDIO



AGENDA

e Audio Basics

e Audio Visualization



WHAT IS DIGITAL SOUND!

¢ A digi’riza’rion of the wave.
— Either a recipe for reconstruction

— Or a discrete approximation

AWy



SAMPLED SOUND

e Wave gets samp|eo| x times a second
— E.g. 48.000 times -> 48 kHz samp|ing rate

e Obtained values are stored
— E.g. 256, 240, 13, -7, 12, -44, ...
— Quantization fo eg. 278 levels -> 8 Bit

. Possib|y from different sensors

— Stereo -> 2 channels III"II



SAMPLED SOUND

* Example: 8 kHz, 16 bit Stereo

— Sound wave is somp|eo| 8 000 times a second

— Somp|es are stored in 16 bit numbers

e That's Pulse Code Modulation (PCM)
— Often used in WAV files ...

— Also as inpu’r from microphone or line in



WHAT DO WE WANT T0 CAPTURE?

¢ HqunS can heOII’
— From around 16 - 21 Hz
— To around 16 kHz - 19kHz
— 16 bit is enough (CD), 32 bit even better



S0UND MIXING

. Mu|+ip|e sounds at the same time?



AUDTO REPRESENTATION: WAVEFORM

e Gives the power of a signo| of a given time

e Visualization of pu|se code modulation



AUDIO REPRESENTATION: SPECTRAL

* Gives Power I Frequency bOﬂCJS as CO|OI’

— gray -> blue -> red -> white

e Shows if there are high or low frequencies

present.



AUDIO REPRESENTATION: SPECTRAL

e Whistle

— h’r’rp://wwwfreesou nd.org/peop|e/THE _bizniss/sounds/39548/



http://www.freesound.org/people/THE_bizniss/sounds/39548/

AUDIO REPRESENTATION: SPECTRAL

 Voice
— l’]Hp://WWW.](I’QQSOU nd.o rg/peop|e/epo nody/sou nds/107720/



http://www.freesound.org/people/epanody/sounds/107720/

AUDIO REPRESENTATION: SPECTRAL

e Music
— http://wwwireesound.org/people/IEDIabs/sounds/82323/



http://www.freesound.org/people/IEDlabs/sounds/82323/

AUDIO REPRESENTATION: SPECTRAL

e Environmental

— l’]Hp://WWW.](I’QQSOU nd.o rg/peop|e/soge+yr+|e/sou nds/36734/



http://www.freesound.org/people/sagetyrtle/sounds/36734/

AUDIO PROCESSING

. High Pass Filter

— Removes low frequencies

* |_ow Pass Filter

— Removes high ﬂequencies

* Demo: Audacity



AUDIO PROCESSING

¢ Amphfy
— increase power of somp|es, e. somp|e * X

— may result in c|ipping

* Demo: Audacity



AUDIO PROCESSING

. Change somp|e rate
— mOkQS SOuU nd ]CCIS+€F or S|OW€I’

— Cl’]O nges Frequencies

e Demo: AudQCier, chonge speed filter.



AUDIO PROCESSING

. Chqnge piJrch or tempo
— somp|ing rate chonge does both

— doing just one is complicated

* First compute Frequency domain representation

—ie. with Short Time Fourier Transform

e Then re—compque Frequencies based with

different time basis

. Aop|y inverse Fourier tfransform



AUDIO PROCESSING

° Adding Echo

— Add the same signo| in a new track and reduce

omp|i+uo|e
— Mix with origino| track

e Can be done online

— ie. computer games, 3D sound



S0UND HORMATS

* Waveform Audio Format
— Container for several compression formats
— Includes PCM, MP3 GSM [-Law

* Musical Instrument Digi’rcﬂ Interface

— Control codes for instruments

— |nstruments can be ‘emulated”

° Compressed Audio Formats
— MP3, OGG, AAC, ...



AUDTO COMPRESSTON

° |_OSS|€SS Compression enough?

— does not work with audio too well

. Mu|"i|o|e options for compression
— MPEG-1 Layer 3 (MP3), Ogg Vorbis
— MPEG-4 AAC, Dolby Digital (AC3)

e |n General: Psycho—Acousﬁc Modehng




MP3 COMPRESSTON

* Developed by MPEG for Audio Compression
(19992)

— Part of MPEG-1 (Layer-3: Audio)

* BOSQd on PSYCI’]OOCOUS'HC modehng

Deve|opeo| on an empirico| basis

\/losking effects on 27 Frequency bands

Model details which Frequencies mask which



CRITICAL BANDWIDTH

e |f two sounds share the same critical

bandwidth, the ear cannot dis’ringuish between

hem

e Sound separation is possi|O|e if the frequencies

are different enoug h’



[EMPORAL MASKING

e Sudden stimulus makes other sound inaudible.

* Backward masking

— obscures a sound immedi0+e|y preceding the
masker

e Forward mosking

— obscures a sound immedio+e|y Fo”owing the
masker



MP3- KOMPRESSTON

Moskmg leads to actudl compression

* RQdUﬂCIOI’]CIQS in stereo Ci’]Oﬂﬂ€|S are QXp'Oi'I'Qd

too

. Compression about 10 : 1



INTRODUCTION T0 MEDTA INFORMATICS:
METADATA



CONTENTS

* Introduction to Metadata

Metadata Formats

— Media Production
— Ontologies
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WHAT TS METADATA!

Metadata is Data about Data

Meta" 2 data is data about metadata



METADATA APPLICATIONS

e Retrieval & Browsing

— No need to download / view the whole video
° Monagemen’r & Qrgoniza’rion

— RithrS, Bi||ing, Ordering, Classification
. Adop’roﬁon

— Transformation to appropriate representation

e Service Descripﬁon
— Orchestration, Harmonization, Access

— On technical and semantic level



METADATA PROBLEMS

|n+eroper0|oi|i+y

— Comp|exi+y & power of metadata models

— Infegration in (different) opp|ico’rions & scenarios

* Preservation
— Reodobih’ry in 100, 1000 vyears

— Descripﬁon how to decode ...
* [ransmission

— Synchronized, pQr’rioHy, etc.

e Timeliness

— Chonging with audiovisual content while ediﬁng?



ASPECTS OF METADATA

e Content Descripﬁon

e Administrative Aspechs

. Quo|i+y Metadata
. Leg0| Metadata
e Technical Metadata



ASPECTS OF METADATA: CONTENT DESCRIPTION

d Ageno'OI
— Overview on sequence of information to porﬁcubr topic

e Table of Contents
— A list of dll segments and their position

e Abstract

— Describes the topic of a content within a few sentences

e Preface

— Some words of the author ...

* Structure

— For consumption & navigation



ASPECTS OF METADATA: CONTENT DESCRIPTION

* Keywords & index

— Content descripﬁon and |ool<up of concepfts
¢ Summory

— Overview of the most important aspects
o Literature reference & footnotes

— Additional material
e Comments

— For interactive environments
* Categories

— Concep’ru0| classification in taxonomies (genre etc.)
* Languages

— Which |Gnguoges are used / available



ASPECTS OF METADATA: ADMINISTRATIVE METADATA

° /A\SSOCiCI'I'QCI persons

— Authors: who created the content

— Contributors: who contributed to the content
* History of changes

— Chonges in content and metadata

— with author, date, location and sort of action
. Unique identifier
— eg. URI or database id

e \ersions

— \/ersioning information ... related to the his’rory



ASPECTS OF METADATA: QUALTTY ASPECTS

. \)\/eigh’r
— Prioritization of segments

* Expiration Date
— Time perioo| of \/o|io|i’ry of the content

e Recessions

— Opinions, arguments from others

* Process descripﬁon & his’rory
— Who corrected, translated and Qpproved the content e.qg. within an

WOI’L(HOW

. Quo|i+y Assessment
— Rating of the (e.g. visual) qu0|i+y of the content



ASPECTS OF METATDATA: LEGAL METADATA

. Copyrithr

— Person or company |ego||y permiHed to sell or trade

with the content
. Pulo|ishing Date

— Date when the content has been released to pub|ic

e |icense Model

— Defines how consumers are allowed to reuse the

content



ASPECTS OF METADATA: TECHNTCAL METADATA

e Standards
— Descr;F’rion of the standardized structure in which the content and the

metadata are stored
. Apphcoﬁon/SySJrem
— Apphcqﬁon the content and metadata can be / has been processed
° Reso|u+ion, compression of pichu res or video c|i|os

e [ ncryption Method

— |n case of encrypted content
* Storage Media

— On which the content has been stored e.g. CDs, tapes, MO, paper etc.
* Logs

— Technical his’rory



CONTENTS

e |ntroduction to Metadata

Metadata Formats

— Media Production
— Ontologies
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IML: RECAPTTULATION

e Header iolen’rh(ying version & coding
e Tree-like structure

. Simp|e structuring elements
— Tags & attributes (Markup)
— E ntities

e DTD and XML Schema for model definition

—DID is ‘simp|e' and small
— XML Schema is XML based and rather powerlcu|
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MEDIA PRODUCTION: DUBLIN CORE

e Aims to proviole
— Common denominator for metadata

— Simp|e yet powencu| schema

e Dublin Core Metadata |nitiative defined
— 15 elements (author, date, title, type, )

— Further refinements (creation date, extent, ..)
* Dublin Core does not provide

— A schema for storage

— A schema for data types (e.g. dates)



MEDIA PRODUCTION: £BU P/META

e Aims to provide

— a universal standard for metadata exchomge between professionod media

orgcnizoﬂons

— a definition of common meaning to the data fields and values that most

broadcasters use in order fo enable exchange
— designed for use in a wide range of broadcasting activities
— both language and system independent
— a joint deve|opmen’r by EBU (Europecn Brocdcqs’ring Union) members

on a noJr—]Cor—proFi’r basis

— a scheme that makes use of other standards where possib|e, e.qg. SO
country codes



MEDTA PRODUCTION: OTHER STANDARDS

e SMPTE Metadata Dicﬁonary

— Socie’ry of Motion Picture and Television Engineers
* Since 1916, 61 members

— Standard for metadata exchqnge in TV
— Defines set of attributes / fields

« MXF DMS-]
— Metadata bundled with the Material Exchcnge Format (MXF)
— Open format for the broodccs’ring area (SMPTE + EBU)

* Virtually 'no information” about these is available

— Just for exchange for insiders

— Migh’r not be royoHy free
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UNTOLOGIES: Dt

* Metadata Model pub|isheo| by the W 3C
— Reaction on the insuﬁ(iciency of HTML metadata

for search & inference
— Based on "Subject - Predicate - Object” triples
— URIs for identifying concepfts
— Spans a directed graph

— |s used in conjunction with

vocabularies (e.g. DC, FOAF)



ONTOLOGIES: SKQS

. Simp|e Knowledge Organization System
— RDF \/ocobu|ory for KOS

. Know|eo|ge Organization Systems are

— Taxonomies, Thesaurii, Classification Schemes, etc.

e Can be used to organize multimedia data



ONTOLOGIES MMSEM

e Multimedia Semantics : Incubator /A\C’rivi’ry of the W 3C
—  Closed Aug. 2007

Deliverables:
. |moge Annotation on the Semantic Web.
— use cases and genero| discussion about Semantic Web vocabularies and tools

e Multimedia Annotation |n+eroperobi|i+y Framework.

— boHom—up Opprooch to provide a simp|e extensible framework to improve

interope ro|oi|i+y

e MPEG-7 and the Semantic Web.
- 'FOUI’ Curren+ OWL/RDF propOSO|S O‘F MPEG-7, as We” as d Comp(]rison O]C H"Ie

different modehng opprocches in the context of procjrico| opp|ico+ions.
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HOME USER:
METADATA APPLICATIONS

Editing
Tagging

Descriptions



HOME USER:
METADATA APPLICATIONS

Search

GeoTagging
Organization

Sharing



HOME USER: EXIE

o Exchongeobk |moge File Format (EXIF)

— Japan Flectronic and Information Techno|ogy

Industries Association (JEITA)

— Extensive format for technical aspects

— SeHings and sensor reodings at the time of

recording

— MosHy images from o|igi+o| cameras



- DAMPLE

Make - Canon

Model - Canon PowerShot A620
Orientation — Top left

XResolution — 180

YResolution — 180

ResolutionUnit - Inch

DateTime - 2008:02:10 15:44:58
YCbCrPositioning - Centered

ExifOffset - 198

ExposureTime - 1/200 seconds

FNumber - 2.80

ExifVersion — 0220

DateTimeOriginal - 2008:02:10 15:44:58
DateTimeDigitized — 2008:02:10 15:44:58
ComponentsConfiguration — YChCr
CompressedBitsPerPixel = 5 (bits/pixel)
Shut terSpeedValue - 1/202 seconds
ApertureValue — F 2.80
ExposureBiasValue - 0.00
MaxApertureValue — F 2.80

GPS information: -
GPSVersionID - 2.2.0.0
GPSLatitudeRef - N
GPSLatitude — 46 40 41.41
GPSLongitudeRef - E
GPSLongitude - 13 58 22.17
GPSAltitudeRef - Sea level
GPSAItitude — 503 m
GPSTimeStamp — 14 44 58

Maker Note (Vendor): -

Macro mode — Normal

Self timer - Off

Quality — Superfine

Flash mode — Auto + red-eye reduction
Sequence mode - Single or Timer

Focus mode — Single

Image size - Large

Easy shooting mode - Portrait

Digital zoom — None



HOME USER: IPTC

e [PTC Information |n’rerchonge Model (1IM)

— Several elements to describe images (assets)

— Rather common format
* Adobe Bridge / Photoshop
° Goog|e Picasa

e |fanview ...

— Like a predefined

metadata form ->

2lx
Caption | Keywaords I Categories | Credits | Origin | Options |
Filz name: s ™01 JdI0 1 u& il
« NN " JALEE L as s
Copyrighl |
Captiot: ;l
Caption writer I
Headline:
Special instructions:
Mote for multiple files edit: Same |PTC will be added to all subsequent files [Dptions)

WWrite I Abbrechen




HOME USER

e oXtensible Metadata Platform (XMP)
— |nitiative from Adobe
— Based on RDF, embedded in document
— Also used in PDF, Al PSD, etc.

e D3
— Metadata for MP3, spreod |oy popu|or p|oyers

— [wo versions ...
e vI: 128 By’re block Coding some fields at end of file

e v2: Several op’rion0| tags inside stream



BROADCASTING + T1V

e Electronic Progrom Guide (EPG)

— In use in conjunction with DVB

— Simp|e format in additional stream

 Multimedia Home Platform (MHP)

n use in Austrion DVB-T

DroprieJrowy format for data + function

BOSQCI on JO\/CI
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MPLG -

e |SO/IEC Standard: Multimedia Content

Desc ription Interface

* Moving Pictures Expert Group

— Spechcicojrion goes on ..

* |t's based on XML (Schema)
— Binary representations possib|e (BiM)

e Allows diﬁfering gronu|ori+y of olescripﬁons

— Extensive to very simp|e



MPLG, -/ HISTORY

* Call for Proposals: October 1998

* Evaluation: February 1999

* First version of Working Draft (WD): December 1999
¢ Committee Draft (CD): October 2000

* Final Committee Draft (FCD): February 2001
 Final Draft International Standard (FDIS): July 2001
* International Standard (1S): September 2001



MPEG,- / BASICS

* Descriptors
— Syntax and semantics of exoc+|y one (low or high level) e|emen+ory feature

— Also base data types are defined

Description Schemes

Defines structures within a
framework

Description Definition
Language (DDL)
Extension of XML
Schemes

Coding Schemes

Create and interpret
descriptions in BiM



MPEG- / PARTS

1. MPEG-7 Systems
® Tools needed to prepare MPEG-7 descripﬁons for efficient transport and storage

and the terminal architecture.

2. MPEG-7 Description Definition Language
® Longuoge for defining the syntax of the MPEG-7 Descripﬁon Tools and for

defining new Descrip’rion Schemes.
3. MPEG-7 Visudl
® Description Tools deo|ing with (on|y) visual descripﬁons.

4. MPEG-7 Audio
® Description Tools deo|ing with (on|y) audio descripﬁons.

5. MPEG-7 Multimedia Description Schemes

® Descripﬁon Tools deo|ing with generic features and multimedia descripﬁons.



MPEG- / PARTS

6. MPEG-7 Reference Software
[ |m|o|emen’r0’rion of relevant parts of the MPEG-7 Standard with normative

status.

7. MPEG-7 Conformance Testing

e Guidelines and procedures for testing conformance of MPEG-7 imp|emen+0+ions

8. MPEG-7 Extraction and Use of Descriptions

® Informative material about the extraction and use of some of the Descripﬁon

TOO|5.
9. MPEG-7 Profiles and levels

® Provides guio|e|ines and standard profi|es.

10. MPEG-7 Schema Definition
[ Specifies the schema using the Descripjrion Definition Lcmgucge



S(OPE OF MPEG-)

from: http://www.chiariglione.org/mpeg/standards/mpeg-7/mpeg-7.htm



BASTC ELEMENTS

Basic elements are fundamental constructs and
used throughout the whole MPEG-7
descripﬁon

e Basic dcﬁo’rypes

— Time and date, relative and absolute

— Numeric doJrQerpes ike matrices and vectors

e Links & Media Localization

— |nterconnections and content |inl<ing



NAVIGATION & ACCESS

* Descriptors for Browsing & Retrieval
— Summaries
— Partitions (time, space & frequency)
— Decomposiﬁons (Jrime, space & Frequency)

— Variations



USER INTERACTION

. Per’roining consumption of AV dato
— user pre{erences

— usage his+ory

e Meant to facilitate personahzoﬁon
— Mcﬁching User |nteraction DS with content

desc ription

— Is research topic @ ITEC



CONTENT URGANTZATION

. Orgonizo’rion & mode”ing of collections

— Audio-visual content, segments, events, and/or

objects

° E.g. pic’ru res, scenes, music fi|es, etc.

— Allows collection descrip’rion as a whole

* £E.g. Pictures of

halidons in Ehania”
v haolidov in Fhanin

I'LL BE MANAGING THE
ELBONIAN BRANCH
OFFICE BUT T'LL BE
BASED IN MY OWN

COUNTRY,

www.dilbert.com  scottadams®scl.com

T'LL NEVER SEE YOU
IN PERSON BUT 1
WANT YOU ALL TO
LJORK LONG HOURS

AND WEAR DOCKERS.

oF ©2007 Scott Adame, Inc./Dist. by UFS, Inc

SOMETIMES

WHAT
16 HE  WE USE MUD
DOING?  TO MUFFLE
LAUGHTER.




CONTENTMANAGEMENT

e Creation & Classification

— Title, textual annotation, creators, creation locations, and dates.
— CoJregories such as genre, subject, purpose or |onguoge.

— Review and guidonce information: Age C|QSSi1CiCO+iOﬂ, pqren’ro| guidonce,
and subjec’rive review.

— Related material information.

e Medio coding, storage & file formats
— Media profiles & master medio

* Confent Usage

— Usoge rithrs, usage record, and financial information



CONTENT DESCRIPTION:
STRUCTURAL V. CONCEPTUAL ASPECTS

* Program DS (in sense of TV program)
. Ano|ogy to

— Table of content - Region tree (linear por’riﬁoning)

— Index - Object tree (non-linear structure)

Table of% \ Index

1.............

Chapter 1............. W?tem 1
Section 1.1.7. % o T
Section 1.2 1 = 0 U\ eflae..

Chapter I(I:térﬁ“i .........
Section 2.1.... o o

Section 2.2.... — | A




CONTENT DESCRIPTION:
STRUCTURAL ASPECTS

e Divide a video stream into physical and logical video
segments

e The higher the I
|€V€| O? a phyS|Ca| w | Logical Video
Video Unit, the Fouls of player B ‘ Freekicks of player A Units
more semantic s S
Information Is E
necessary " —
g

| Physical Video
Units

t

e Logical units are
based on semantic
content




REGION AND OBJECT TREES



CONTENT DESCRIPTION:
SEMANTIC ASPECTS

e | ow Level Features
— Extraction from Content

— Descrip+ors for

. Shope, color, texture (visual)

e Timbre, rhy’rhm (audio)
* High Level Features
— Annotation

— So called semantic o/escri/ofors
e Textual information

. Concep+u0| information



MPEC- /HIGH LEVEL DESCRIPTORS

e Textual Descripﬁons
— Text to describe Jremporo| / spo+io| regions
e The W's

— Structured way of textudl descripﬁons

* Who, Where, What Object, When, Why, How

e |nstead of textual descripﬁons
— Controlled Terms

* Dictionaries, Taxonomies, Classifications Schemes

— Semantic Description Scheme



MPEG-/ SEMANTIC DESCRIPTION SCHEME



ACTUAL DESCRIPTION TN MPEG-/
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MPEG- 21 = MOTIVATION AND SCOPE



MPEG - 21 OBJECTIVES

MPEG-21's goo| is fo create an im‘eroperob/e and infegrofeo/

multimedia framework in three steps:

1. Deve|op “big pic’rure": understand how the components of the
framework are related and iden’rify where gaps in the

framework exist

2.  Fill the gaps: o|eve|op new standard specificoﬁons where

needed
3. |n’regra+e: achieve the integration of standards to support

harmonized Jrechno|ogies for the management of multimedia
content



MPEG- 2L DIGITAL ITEM

A Digital ltem (DI) is a structured digital object
with a standard representation, identification,

and metadata within the MPEG-21 framework

. Digi’rcﬂ ltems are ‘the content’

e Dls consist of

— Resources (individual assets, distributed content),
— Metadata (data about or pertaining the DI) and
— Structure (relationships between parts of the DI)



DIGITAL LTEM - EXAMPLE

The DI is the fundamental unit for distribution and
transaction within the MPEG-21 framework.




MPEC- /L USER AND USER INTERACTION

. Any entity that interacts in the MPEG-21 environment or makes use of a
Digi+o| ltem

o Users include individuals, organisations, corporations, consortia, governments,

other standards bodies, etc.

* Roles inc|uding creators, consumers, righ’rs holders, content providers,

distributors, etc.

e Each User will assume spechcic righ’rs and responsibih’ries occording to their

interaction with other users

Transaction/Use/Relationship
< Content>
CAuoizationlyalue




SEVEN ARCHITECTURAL “ELEMENTS”

Digital Adaptation Processing  Systems Misc
Rights Pt. 7: Digital Pt. 10: Digital Pt. 9: File Pt. 8: Reference
Management Item Adaptation Item Processing Format Software
Pt. 4: IPMP Amd.1: Convers. Amd.1: Add'l Pt. 16: Binary Pt. 11: Persistent
Components And Permissions C++ bindings Format Association
Pt 5: Rights Amd.2: Dynamic Pt. 18: Digital Pt. 12: Test Bed
Expression Lang and Dlstrlt_)uted Item Streaming Pt. 14: Conform.
: Adaptation
Pt. 6: Rights Pt. 15: Bvent
Data Dictionary Reporting
Amd.1: DIl Pt. 17: Fragment
relationship types Idenfication

Vision, Declaration, and Identification

Pt. 1: Vision, Technologies
and Strategy

pt. 2: Digital Item
Declaration

Pt. 3: Digital Item
Identification




ROLES OF THE ARCHITECTURAL ELEMENTS

Examples Digtal Item
+‘Container” Declaration Examples
“Iltem” *Unique Identifiers
*‘Resource” +Content Descriptors
Digtal Item
a:\o(ljeDntrﬁcatplqun Examples
+Storage Management
+Content Personalisation

Content
Management
and usage

Transaction/Use/Relationship

< Digital Item—>
ﬁA uthorization/VaIue Exchang)

Intellectual
Property
management

and
Protection Examples

Examples * Encryption
*Resource Abstractio>Terminals & + Authentication

*Resowe Mgt. (QoS) Networks » Watermarking

Examples > Contert
* Natural and Synthetic Representation

* Scalability

Event
Reporting
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METADATA GENERATION & ANNOTATION

e Process of creating data about data

* Content has to be known
o Watch & understand video / image collection
o Listen and assess audio

* Metadata standard has to be known
o0 What are the possible fields

o W hat are the used classification systems



FVALUATION (1/2)

e Goal |o|enjrh(y the opinion of users on manua

semantic annotation

e 5 Users with Fo||owing (mediom) bockground:
o I/ years of computer experience
o Using a computer 50 h / week

o9 years experience with o|igiJrO|| phoJro cameras

o4 yedrs experience with imaging software



EVALUATION (/)

e 9 Tasks were given:

o Annotate o phoJro with a given descripﬁon and an
extensive prior introduction to semantic phoJro
annotation with Co|iph

e video was shown,
* concept was exp|oineo| and

o quesﬁons were answered

o Annotate a phoJro Fu”y on your own

o After Tasks:

* Questionnaire with several subjective questions

* Evaluation Scale from: -3 (strongly disagree) to 3 (strongly

ag ree)



EVALUATION RESULTS: GENERAL QUESTIONS

o The concept of meta data is very new to me: -2.6

o It was easy to understand the concept of semantic meta data while

using Caliph: 1.8

o The visualization of the semantic meta data within Co|iph is easy to

understand and interpret: 2.2

o The annotation of images with textual descripﬁons can be done fast and

eqsi|y: 1.4

o The annotation of images with semantic meta data can be done fast

and eo|si|y: 1.2

o | can see an obvious benefit by using semantic meta data for image
(multimedia) annotation: 1.4

Scale: (disagree) -3 to 3 (agree)



EVALUATION RESULTS: SCENARTO BASED QUESTIONS

1. The complexity of semantic -0.6 -1.8
annotfation is too high to be useful for
organizing phoJros.

2. ' would find it easy to annotate a -0.6 0.2
large set digital photos (e.g. 100+).
3. | would recommend Caliph or a
similar tool to annotate digital photos. 0.8 1.4
4. | can see an obvious benefit by using

semantic meta data for the

organization of pho’ros. 1.4 29

Scale: (disagree) -3 to 3 (agree)



EVALUATION RESULTS: ANNOTATION PERFORMANCE

25

20

15

min.

10

5_

0_

User 1

User 2

User 3

User 4

User 5

BTest 1
B Test 2



EVALUATION RESULTS: ANNOTATION PERFORMANCE

e Median times for annotation:
0 15.4 minutes for the 15t test and
o0 6 minutes for the 27 test

e Median time in a self test with 17 pho’ros:

o1 minute and 53 seconds per pl’]O+O

e That results in an approximate time of 10 h 27

min. for annotation of a set of 333 phoJros



EVALUATION RESULTS: DIVERSITY OF ANNOTATIONS (240 TEST)

* Structured text annotation field "Who"
1. Vedran, \)\/oh(gcmg, Armin
\)\/ohc, Armin, Vedran
\)\/ohcgong Kienreich, Vedran Sabo|, Armin Ulbrich

WO|1chI ng, armin, vedran

W.Kienreich,A.U|brich,\/.SObo|

A A B A



EVALUATION RESULTS: DIVERSITY OF ANNOTATIONS (240 TEST)

* Free text annotation:

1.

2.
3.

Stadthalle, Graz, Austria I-Know '04 Know|eo|ge Monogmen+ Conference
The three are sitting ...

\)\/oh(gcmg Kienreich, Armin Ulbrich und Vedran Sabol (v.|.n.r.) sprechen miteinander
auf der |—Know.\)\/o|1(gong Kienreich, Vedran Sobo|, Armin Ulbrich are ot |-Know,
Graz for To”dng

Stadthalle, Graz, Austria I1-Know '04 Know|ec|ge Monogmen+ Conference
\)\/o|Fgong,Armin and Vedran Jrodking to each other on I-Know 04 at Stadthalle Graz.



EVALUATION RESULTS: DIVERSITY OF ANNOTATIONS (240 TEST)

User 1: User 2:



EVALUATION RESULTS: DIVERSITY OF ANNOTATIONS (240 TEST)

User 3: User 4:



EVALUATION RESULTS: DIVERSITY OF ANNOTATIONS (240 TEST)

User 5:



LESSONS LEARNED

— Users like the graphiccﬂ annotations editor

— Users see semantic annotation in a professiond

(business) environment

— Semantic annotation is very time consu ming

— The MPEG-7 nomenclature is not intuitive

* Semantic agent / place / object & relations

e Creator of image / descripﬁon / quo|i+y rating
—Tagging with central tag repository ...
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