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* Poznamka k barve:

chcete-li v PowerPointu CB verzi, jdéte
do menu View a zvolte polozku Black

and White



Prehled

« multimédia: prinasi dalsi zpusoby
Interakce s pocitacem — zvuk a video

* hypermédia — nelinearni prace s medii
— Ted Nelson (1965)
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Interakce multimédii a siti

kodovani do vhodného formatu a jeho
dekodovani u prijemce

osetreni chyb prenosu

parametry Quality of Service (QoS)

— Sirka pasma, zpozdéni (latence, RTT), jitter
synchronizace mezi medii

klient — server vs. peer-to-peer (P2P)
aplikace

multicast



Aplikace

AA
multimedialni produkty, databaze, hry
videokonference

streamovani (aka video-on-demand,
webcasting Ci netcasting), interaktivni
TV

virtualni realita
Zpracovani videa, distribuovane strizny



* ukazky
— WebMuseum, Paris
http://www.ibiblio.org/wm/

— BBC, CNN
http://www.bbc.co.uk/, http://www.cnn.com

— Index of Multimedia Information Sources
http://viswiz.gmd.de/Multimedialnfo/

— archivy konferenci Internet2, Canarie
http://www.internet2.edu/, http://www.canarie.ca/

— ResearchChannel
http://www.researchchannel.org/



Audio

nahravani/prehravani

syntéza zvuku (prip. reci)

efekty nad zvukem

posilani zvuku v digitalni forme siti



Audio — digitalizace

e ZVvuk
— spojite tlakove viny putujici vzduchem
— bezne fyzikalni jevy vin: odraz, ohyb,
difrakce

* mikrofon — prevod zvuku na napetovy
analogovy signal




« PCM (Pulse Code Modulation)

— vzorkovani — rozdéleni Casové osy
» vetsSina lidi nedokaze rozlisit zvuky nad 20 kHz

 vzorkovaci frekvence musi byt nejméné dvojnasobek
frekvence zaznamenavané (Nyquistuv teorém)

 feC: 11.025 kHz (telefon: 8 kHz)
zvuk nizsi kvality: 22.05 kHz
CD: 44 .1 kHz (frekvence >22.01 kHz se odfiltruji pfed
Zpracovanim)
DAT: 48 kHz

* vysoce kvalitni zaznam: 96 kHz



— kvantovani (quantization) — rozdéleni svisle
osy (intenzita — tlak/napeéti)
- 1 bit odpovida pfiblizné 6 dB (2x hluénejsi)
« CBR vs. VBR

« telefon: 8 bitt (256 urovni, mono)
CD: 16 bitu (65536 urovni, stereo)

* je-li V., maximalni positivni a negativni

amplituda signalu a n je pocCet pouzitych bitu,
pak kvantizacni interval g je definovan:




[a]

(b}

\\“"‘H_H,f”r =

IS | | N O O | O | S

i -
S

Figure 2.2 Signal encoder design: (a) circuit components: (b) associated waveform set




» odbocka k Nyquistovu teoremu
— puvodni signal




— vzorkovani na stejne frekvenci




— vzorkovani na 1.5-nasobné frekvenci







— vzorkovani na jeste vyssi frekvenci




» podvzorkovani (undersampling)

— podvzorkovana frekvence se ,schova“ za
jinou frekvenci

Figure 2.3 Alias signal generation due to undersampling.




chyby v kvantovani
— chyba v zaznamu muze byt q/2

— nekolik urovni intenzity se representuje
jednou hodnotou => kvantovaci sum

— vylepsit |ze
« ditheringem

* nelinearnim kvantovanim

— ucho je nelinearni €len soustavy zvuk — mozek ;-)
(zhruba logaritmicky)

— zhusteni urovni v oblasti, kde je to treba; u zvuku je
treba mit jemnéji rozliSenou oblast s nizkymi
kmitoCty, protoze ucho je v této oblasti citlivéjsi na
sum
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Figure 2.4 Quantization procedure: (a) source of errors; (b) noise polarity



sum
— signal / noise ratio

- J = .E'lll.l."l.ll.'
I al I

— 8 bitt — SNR 50 dB
16 bitu — SNR 98 dB

priklady

Quality Sample Rate Bits per Mono/ Data Rate Frequency
Stereo (Uncompressed)

Telephone KBytes/sec 200-3,400 Hz

AM Radio .0 KBytes/sec

FM Radio Stereo 2 KBytes/sec
CD . Stereo 4 KBytes/sec 20-20,000 Hz
DAT Stereo 0 KBytes/sec 20-20,000 Hz




Zpracovani signalu — FT

* Fourierova analyza




 Fourierova tranformace

« na pocitai nemuzeme délat nekonecné
soucty => diskrétni FT

* muzeme predstirat, Ze x(t) je periodickeé se
stejnou delkou, jako je délka zaznamu

« zakladni frekvence = 1/delka zaznamu

« window function — minimalizace nespojitosti
fazi na rozhranich segmentu



Zpracovani signalu — DCT

 DCT pouziva realna Cisla

» obrazek o NxN pixelech: 2%

< < '< ‘ :
* DCT je pole koeficientl‘.]:

kde:




Poznamky k FT a DCT

* slozitost:
— DFT ... O(n?)
— FFT ... O(n*log,n)
— DCT ... O(n%) resp. O(n?)
« odkazy:
— http://www.dataq.com/applicat/articles/an11.htm

— http://www.chipcenter.com/eexpert/bmasta/bmasta
001.html

— http://bellatrix.isr.umd.edu/TechReports/ISR/1996/
PhD_96-9/PhD_96-9.phtml



Formaty audia

PCM
— telefon: 1*8000*8 = 64 kbps
— CD kvalita: 2*44100*16 = 1.41 Mbps

DPCM (Differential Pulse Code Modulation)

— ztratova komprese, pouziva 4 bity na zaznam
rozdilu nezavisle na puvodnim kvantovani

ADPCM (Adaptive Differential Pulse Code
Modulation)

— snazi se o prediktivni analyzu potrebnéeho poctu
bitu v zavislosti na slozitosti signalu

.aw (A-law v Evrope)

— podobne ADPCM, pouziti v telefonech (kvantovani
pak odpovida spise 13 bitim nez 8)




 LPC (Linear Predictive Coding), (Code
Excited Linear Predictor) a GSM

— optimalizace na hlas

« MP3

Time 1o fiequency Bit/Noise Allocation Bt siteam
=] Mapping Filter =] Quantizet ~| Formatting
Bank and Coding

PsychoAcoustic

—al Model

Encoded NCY noy-lo- Lime
Bit Stteam _ _ _ . __PCEI‘I Audio




MP3

— frekvencni pasma — subbands
trik MP3 — vybér spravnych pasem
psychoakusticky model

— DCT -> kvantovani -> Huffmanovo

Kodovani

— Layer | — 384 kbps — 4:1

_ayer |l — 192 kbps — 8:1

_ayer lll — 128 kbps — 12:1




Video — kodovani, komprese

* komprese obrazku

— Lempel-Ziv, GIF (8 bitovy index barev,
slovnikova LZ komprese; 10:1 az 2:1)

- JPEG

: komprimovany
—)
obraz




« JPEG

— DCT - bezeztratova
* DC, AC koeficienty
— kvantovani — tabulky kvantovacich
Koeficientu
— kodovani
« RLE pro nulové koeficienty
* Huffman pro nenulové
« delta kddovani pro DC koeficienty
— barva (3 vrstvy)
* moznost redukce 24 bitu na 8 bitu




Jak funguje MPEG

* intraframe vs. interframe komprese

« 3 typy snimku (frames)
— | frames — intrapicture, referencni snimek

— P frames — predicted, rozdil oproti
predchozimu snimku

— B frames — bidirectional predicted,
Interpolace mezi predchazejicim a
nasledujicim



Input
stream

Frame 2| [Frame 3 Frame 4 Frame 7

- MPEG
compression

Forward

- ‘ prediction

1frame | |B frame| | B frame| [T frame

S - ~ Bidirectional
- prediction

Compressed
stream

Flnuro7 13 SQquonce of I. P, mi_d B fr_amea geh_emt_od by MPEG..




MPEG - komentar

* pro prenos po siti je dulezité:
— snimek P nema smysl bez snimku |
— snimek B nema smysl bez snimku | a P
— v pfipadé snimku B se snimky neposilaji v
sekvencnim poradi
 MPEG nedefinuje pomeér I/P/B snimku
— pouze | snimky ~ MJPEG



* snimky | — makrobloky 16x16

Color frame

16 x 16 macroblock
with Y component

8 x 8 macroblock
with U component

8 x 8 macroblock
with V component

Figure 7.14 Each frame as a collection of macroblocks.




* snimky B a P jsou zpracovany take po
makroblocich
* snimky B
— vyjimecné muze byt makroblok stejny jako
v pripade | snimku (v pripade velké zmeny)
— Ctverice
» souradnice makrobloku ve snimku

* motion vector vzhledem k predchozimu
referencnimu snimku

e motion vector vzhledem k nasledujicimu
referenénimu snimku

. .)ro kazdy pixel — zmeéna pixelu vzhledem k
referencnim snimkum (komprese DCT)

F.(x,y) = (F,(xx,,yTy,) + Fi(x+xpy+yp))/2 + K.y



* motion vector & motion estimation

Target Reference

(xy earching

)D i 3 : region

Reference

Vector(u,v)

« MPEG v realném case? S podporou
HW ano, bez ni to trochu boli...



MPEG formaty

- MPEG-1
— rok 1993
— 1—-1.5 Mbps
— nahodny pfistup — 0.5 s
« MPEG-2
— rok 1995
— digital TV, DV, DVD
— az 100 Mbps
— od 4 Mbps vyrazne lepsi kvalita nez MPEG-1



— MPEG-2 main profile

Group of pictures Group of pictures | . SeqEndCode

Macroblock

Block(0) | Block(1) Block(2) Blocki(3) ~ Block(4) Block(5)

Figure 7.18 Format of an MPEG-compressed video stfeam. .




— CBR vs. VBR (zmény BR pro jednotlivé GOP —
napr. zménou kvantovani)

— co je optimalni BR v pfipadé multicastu??
=> odpovéd: vrstveni dat

— problémy s retransmisi v TCP — neprijatelne velka
latence v pfipadé vypadku

— prenos po UDP — ma smysl peclive volit rozhrani
paketu, aby ztrata paketu ,moc nebolela® =>
Application Level Framing

— problémy se ztratami | snimku => diffserv

— problém s latenci:
|BBBBBPBBBBBI
Clovek vnima hranici 100 ms, ale 5x 67/ms (15 fps)
= 335 ms!



— kombinace s audiem — interleaving
— optimalizace v pripade ucpani site

« vynechani B snimku a prfenos audia misto nich,
protoze Clovék je mnohem citlivejSi na
nekvalitni audio nez na nekvalitni video



. MPEG-4

— urceno pro malou Sirku pasma 10 kbps az
1 Mbps

— dulezity bezchybny prenos
— organizace do objektu, k nimz Ize
pristupovat samostatne

— MS (Streaming) Media, RealMedia, DivX



DV

MPEG-2
25 Mbps (DVCPRO-50 50 Mbps)
kompresni pomer 5:1

iIntraframe a interfield komprese
— frames (snimky) vs. fields (pulsnimky)



DV artefakty - fathering

DV, D\

DV, DVCAM, DVCPRO






DV artefakty - motion blocking




H.261 a H.263
+ H.261

— vznikl primarne pro konference nad ISDN
— variabilni Sirka pasma

« 40 Kbits/s az 2 Mbits/s (typicky 64 Ci 128 kbps)
— obdoba P snimku

Picture Formuats Supported

Uncompressed

Picture | Lummance |Luanance | H.261 bitrate (MIbit/s)




* H.263
— lepSi kompenzace pohybu (pulpixelova
presnost)
— hierarchicka struktura proudu

— obdoba P a B snimku (pro€ to nemusi byt
vzdy dobry napad?)

Picture Formats Supported

Uncompressed
bitrate (IvIbat/s)

Pictwre | Lummance | Lwnanmance | H.261 | H.263
support |support | 10 frames/s | 30 frames/s




* porovnani H.261 a H263

— PSNR = Peak Signal Noise Ratio
— 15 kbps — 4-QAM

— 30 kbps — 16-QAM

— 45 kbps — 64-QAM

=
=
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Dalsi formaty

* Motion JPEG
— seérie obrazku komprimovana pomoci JPEGu

— casto s podporou HW
 AVI

— format MS

— obalkovy format

« MOV

— format pro QuickTime
— rlzné komprese



Nekomprimovane video

e 7/68*576%24*25 = 265,420,800
* kK cemu to muze byt dobré?

— vysoka kvalita

— nizka latence



Metadata o multimediich

« MPEG-7

— Multimedia Content Description Interface
q. MM cu;uEQ

USEI or data
. processing :

P = " System -
Description ), Descrip tion Definition

Generation [ Language (DDL)

_J'—_ Description Schemes |

I.I_.- "--._I.I D S L
( pMPEG] "| il
D escriptio n,

Descriptors (D)

/7 MPEGT ™,
Encoder —* Coded | Decoder
v Descrip tin n s




standardization

Feature _ Search
Extraction : Engine

Feature Extraction: MPEG-T Scope: Search Engine:

Content analysis (D,D5) Description Schemes (DSs) Searrhine J& filtering

Feature extraction (D, D5) Descriptors (Ds) Classification

Annotation teols (DS) Language (DDL) Manipulation

Authoring (DS) Ref: MPEG-7 Concepis Summarization
Indexing

mferaction

! i
Contenf or ganization ‘ Colleetions ] [ Ivindels J | ar

M gafion df
Production references

Sununarjﬂsl
Views l
Confent descripfion
Structural | Semantic —
aspects | S

Busic elements

[ Scherna ] | Easic ] [Lin.ks&media

Tools datatypes localization




* popis obrazu a zvuku:
— obraz: tvar, velikost, povrch, barva, pohyb...
— zvuk: klic, nalada, tempo...

— na nejvyssi urovni: , This is a scene with a barking
brown dog on the left and a blue ball that falls
down on the right, with the sound of passing cars
In the background.”

» ukazuje na ruzné casti jednoho materialu



 dalsi informace
— format
— podminky pristupu k materialu

— klasifikace (napr. preddefinované
kategorie, napr. adult)

— odkazy na dalsi relevantni materialy
— kontext porizeni materialu

 MPEG-21



_,"}_ MovieTool = [L¥#MovieToo - Mau#Contents¥maste MPG]

[ MPEG-7 editer
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Hardware

* audio:
— zvukoveé karty (D/A, A/D prevodniky; syntéza
Zzvuku)
— vstupy: mikrofonni, linkové vstupy, digitalni vstupy
(S-PIDF)

— vystupy: sluchatkové, linkové vystupy (zesilovac -
> reproduktory), digitalni vystupy (S-PIDF),
podpora vice nez 2 reproduktoru

— hw podpora: napr. DSP procesory, podpora pro
syntézu zvuku

* mikrofony
» zesilovacCe a repro vs. aktivni reproduktory



* video:
— grafické karty
— hw podpora kodovani

— grabovaci karty (capture cards)
« kompozitni signal vs. S-Video
* firewire (IEEE-1394)




* scannery (bubnove, ploche — flatbed, filmove)

* videokamery

— analogove (square pixel):

PAL (768x576, 25fps)

NTSC (640x480, 30/29.97 fps)
— digitalni (DV-based)

PAL (720x576, 25fps)

NTSC (720x480, 30/29.97 fps)
— HDTV (mnoho moznosti)

— interlaced vs. progressive scan



HDTV




* barevne prostory
— RGB

- YUV
Y — luminance | luma

U, V — chrominance

Y=0.299R + 0.587G + 0.114B

U=0.147R + 0.289G + 0.436B = 0.492(B - Y)
V =0.615R + 0.515G + 0.100B = 0.877(R - Y)

—YCrCb (YUV + scale + offset)
Y = (77/256)R + (150/256)G + (29/256)B
Cb = - (44/256)R + (87/256)G + (131/256)B + 128
Cr=(131/256)R + (110/256)G - (21/256)B + 128
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http://www.adamwilt.com/pix-sampling.html



Projekce

e zobrazovani
— CRT monitory, LCD displeje, plasmové obrazovky
— projekce
« 3D
— 3D projekce, helmy
— polohovani v prostoru
— snimani objektu ve 3D

* haptika



Naroky multimedialnich
prenosu

e video
— velka Sifka pasma (negarantovana), neprilis velke
naroky na QoS (vypadky nejsou pfili§ rusive)
e audio
— stfedni Sifka pasma, dulezité naroky na QoS
* haptika

— extremni naroky na QoS — problem s latenci
(CastecCne limitované i rychlosti svétla), nutnost
existence lokalniho modelu



Streamovani

video a zvuk

diky jednosmérnosti muzeme data
dostat na cilovy pocitac jeste pred tim,
nez jsou pouzita

bufferovani (na strane klienta, prip. |
serveru)

potreba rozumne spolehliveho sitoveho
pripojeni



Streamovaci produkty

« obalkove protokoly
— RealMedia
— Microsoft Media
— QuickTime

— mohou v sobé obsahovat rizné formaty
komprimovaneho a nekomprimovaneho videa a
audia (napr. MPEG-4 video a MP3 audio)

* pokusy se streamovanim DivX

* synchronizacni a rezijni jazyky: Lingo
(Macromedia), SMIL (W3C standard)



SMIL

* synchronizace

« SMIL (Synchronized Multimedia Integration
Language)
— http://WDVL.com/Authoring/Languages/XML/SMIL

/Intro/smil.html
http://www.w3.org/TR/REC-smil

— XML

— napf. RealPlayer G2, Quicktime >=4.0
— MS neSMILni ;-)



— synchronizacni tagy
e dur (trvani)
* begin (zpozdéni)
» seq (sekvencni prehravani)
 par (paralelni prehravani)
— udalosti
 posilani udalosti
« Cekani na udalost
— switch tag



<smil>
<head>
<layout>
<root-layout height="400" width="600" background-color="#000000" title="Dreaming out Loud"/>
<region id="satfam" width="564" height="400" top="0" left="0" background-color="#000000" z-index="2" />
<region id="jupfam" width="349" height="400" top="0" left="251" background-color="#000000" z-index="2" />

<region id="title" width="125" height="25" top="40" left="237" background-color="#ffffff" z-index="2" />
</layout>
</head>

<body>
<par>
<audio src="media/dreamworldb.auz" dur="61.90s" begin="3.00s" system-bitrate="14000" />
<seq>
<img src="media/satfam1a.jpg" region="satfam" begin="1.00s" dur="4.50s" />

<img src="media/orion.jpg" region="orion" begin="1.00s" dur="4.50s" />
<par>
<img src="media/pillarsb.jpg" region="pillars" begin="1.00s" end="50s" />
<img src="media/blank.gif" region="blank" begin="2.00s" end="50.00s" />
<text src="media/music.txt" region="music" begin="3.00s" end="50.00s" />
<text src="media/dreamland.txt" region="dreamland" begin="4.00s" end="50.00s" />

<text src="media/me.txt" region="me" begin="20.00s" dur="3.00s" />
<text src="media/jose.txt" region="jose" begin="23.00s" end="50.00s" />
</par>
<text src="medialtitle.txt" region="title" begin="3.00s" end="25.00s" />
</seq>
</par>
</body>
</smil>




Videokonference

» diky pozadavku interaktivity neni mozné
bufferovani

» potfeba vyuzivat kodeku s minimalni
latenci



Standardy ve

videokonferencich

 MBone tools
— multicastovy a unicastovy rezim
* nastroje vyvijene nad H.323 (prip.
SIPem)
— vetsinou komercni s podporou HW
— MS Netmeeting
— CUSeeMe
— OpenH323



Architektura H.323
videokonferenci

 klienti
— HW a SW (SW povétSinou nejsou prilis
kompatibilni)
« gatekeepery
— konvertovani dat pro ruzné sité
— AAA
« MCUs
— H.323 je v podstate point-to-point protokol
— MCU pfridava schopnosti point-to-multipoint



Architektura H.323 protokolu

Application

¢ Audio Signal ™,

| .71 || 6.728 |

(G672 |[ 672 || | ideoSignal )
[ H.261 _H.261 ][ H263 " H.263 |

(CRice ) ras ) rie SRR
 Supplementary Services ™, | IT.125:T. 122_].

(H.4503 | [ Ha50.2 | | -

~ (Haes01)] [ X224.0 |
" H235 ST

‘ Control |
.. I-.__- _|' ‘__._

': H.245 | [ H.225

Data Link
Physical




VolP

iIntegrace siti s telefonnimi sluzbami

protokoly H.323 a SIP

telefonni pristroje a ustreden s podporou
VolP

nekdy | s prenosem obrazu



Prostredky na sdileni
presentaci

 sdilena pracovni plocha
— wb/wbd/sdilené malovani v NetMeetingu

— VNC a sdileni aplikaci pomoci
NetMeetingu

 sdileni presentaci

— distributed PowerPoint
— VNC



QoS v operacnich systémech

* QoS neni jen o sitich!
— QoS je tfeba zajiStovat od uZivatele k
uzivateli, v€etné vsech meziclanku
* QoS na urovni operacnich systému
— pristup k procesoru
— pristup k filesystemu
— pristup k sitovym rozhranim
— podpora v aplikacich




Eclipse/BSD

» zaclenéni podpory QoS do FreeBSD
3.4

e motivace

— podpora aplikaci (web servery, video
servery)

— QoS parametry na zakladé
* klienta

* serveru
« pfenaseného materialu



« cile
— Isolation
— differentiation
— fairness
— (cumulative) throughput
— flexibilni management zdroju

— podpora aplikaci bez nutnosti vyznamnéjSich
zmen jejich architektury

— hierarchicnost v planovani



 priklad — dve spoleCnosti maji
hostovana sva webova pripojna mista —
kazda spoleCnost ma dve stranky

netwark bandwidth diske bandwdth

moo e ", _ - moo -~ S, - oo o e, -
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» ukazka chovani pod zatezi — 1 Apache
se 4 virtualnimi hosty a modulem
mod eclipse
— fixovany pocet klientu k mistu 1
— méni se pocet klientu k mistum 2, 3, 4
» obrazek 1 — FreeBSD

* obrazek 2 — Eclipse/BSD
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Loading the CPU: CGl intensive HTTP accesses
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Odkazy

http://www.cs.cf.ac.uk/Dave/Multimedia/BSC MM C
ALLER.html

http://www.bell-labs.com/project/eclipse/release/
http://www.mpegqg.org/MPEG/
http://ipsi.fhg.de/delite/Projects/MPEG7/
http://www.protocols.com/pbook/h323.htm
http://www.protocols.com/pbook
http://www.zvon.org

http://www.dv.cz



http://www.cs.cf.ac.uk/Dave/Multimedia/BSC_MM_CALLER.html
http://www.cs.cf.ac.uk/Dave/Multimedia/BSC_MM_CALLER.html
http://www.bell-labs.com/project/eclipse/release/
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