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Kodovanje video signala

KAKO SE MOZE POSTICI ZAHTEVANI REDUKOVANI PROTOK
PODATAKA, ZA PRENOS DTV SADRZAJA?

KORISCENJEM DVE TEHNIKE:
«REDUKCIJE KOLICINE PODATAKA
- KOMPRESIJA PODATAKA

-Redukcija kolicine podataka = ireverzibilan (nepovratan)
gubitak nepotrebnih informacija

eKompresija podataka = kompresija | kodovanje
neophodnih informacija na efikasan nacin.




Kodovanje video signala

 Full resolution broadcast:

— Bitrates:

SQCIF 192x144@ | 5fps = [0Mbps
DVB 720x480@?25fps = 162Mbps

* Standard digital broadcast channel - 8MHz

.

.

ow to compress DVB video!

igh redundancy in space and time




Kodovanje video signala

Independent frame coding: MJPEG 10:1-20: |
High correlation between successive frames
Prediction in time: estimate frame pixels

Improved by motion estimation/compensation




Vremenska predikcija — tipovi
frejmova

* Intracoded I-frames: N=3-12, shot changes

* Predicted P-frames: M=1-3, error propagation
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Vremenska predikcija — tipovi
frejmova

% Postoje 3 tipa slika u MPEG toku podataka

o 1 - Intra kodirana slika (JPEG)

P - Predikovana slika od prethodne I ili P slike

+*B - Bi-direkciona predikovana slika (interpolirana\)
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Kodovanje video signala

* Bi-directionally predicted B-frames, highest compr.
* D-frames - DC coeff. based FFVW/REVV low-res

- GOP
— display order: IBBPBBPBBI
— coding order: IPBBPBBIBB
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ProcenaZkompenzacija kretanja

* MPEG-1/2 Block based, MPEG-4 Object based

*  MacroBlock:

— 4xY+2x(Cr+Cb)
— 8x8 blocks
(a) Video frame format (4:1:1) Macroblock contents
| 8
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1 macroblock = 4 (8 x 8) blocks for Y
+ 1 (8 x 8] block for C
+ 1 (8 x 8] block for C.



ProcenaZkompenzacija kretanja

(b) Search region in farget frame:

Macroblock to

be encoded, MT

e

Same search region in preceding
(I or P} reference frame:

Best match
macroblock, M‘R
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ProcenaZkompenzacija kretanja

LOGARITAMSKA PRETRAGA U
3 KORAKA < Cilj: smanijiti broj tacaka u
kojima racunamo razliku

< Primer: oblast pretrage

o090 (£7, £7) oblst pretrage

* Pretraga se vrsi u tri

¢ \ G ¢ ¢ koraka (od grublje, ka
finijoj):
B < Korak 1: o (4 piksela)
o o < Korak 2: o (2 piksela)

% Korak 3: o (£1 piksela)

<+ Nalazi se najbolje

poklapanje u svakoj tacki

o ® ® < U sledecem koraku to je
pocetna tacka

<+ Ubrzanje je - DRASTICNO —




Kodovanje | frejmova

JPEG like encoding

DCT 8x8 blocks : grouping informaition
Zig-zag scanning

Quantisation

Entropy encoding

(a) Hrames:
hMacroblocks

| Entropy enceding
|

Cluantization

1<)

Target frame | : Forward DCT
confents | (FDCT)

J { Forml J .

Encoded

bitstracim




Kodovanje | frejmova
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Kodovanje P frejmova

* Cases:
— No encoding if error is smaller than thershold
— MV and prediction error is transferred
— No close match: no prediction, DCT |PEG encoding

(b} Prames:

Macroblocks
Target frame Difference FoCT | o EE L Farmaia L, Encoded
conkents computziicn | bitstrecm
DG
IDCT
Motion | Reler=nce
esfimation frame confents
Macroblock address
Muotion vector Differential
encoding

Lo = dequanrizer IDCT = inverse DICT



Kodovanje B frejmova

Similar to P frame encoding
Prediction values are determined by interpolation between two reference
frames

(¢} Bfames:
Macroblecks

1] i

Target frame D||'Feren;e | FOCT - EE | Pt Eﬁcndad
contents computation bitstrecm
DG
IDCT
Succesding : Motion | Refernce
frame contents =stimation frame cantents

Macroblock address

T [ i - i
Mction veckors Diftersntial
encading



MPEG-1, MPEG-2

* ISO 11172 standard: SIF 352x288 pixel
VHS quality audio and video
1.5 Mbps
|x700MB CD for a feature movie VCD standard
Slice structure 22MB/line
« ISO 13818

* Levels:
— Low — 352x288 to 4Mbps
— Main — 720x576 CD audio, 4:2:0, 15-20Mbps
— High 1440, 4:2:0, 1440x1 152, HDTV, 60-80Mbps

— High: 4:2:0, 19201152, HDTYV, 80-100Mbps



MPEG struktura bit stream-a

Sequence Video Bitstream | Cluantization
start code | parameters | paramefers paramelers

GOP Time- GOP Picture
startcode | shamp | parameters | (frame) 1

GOP1 | GOP2 | GRS |mmer | GOPMN

Ficture 2 e Picture M

e

Ficture | Type Buffer Encade _ : :
siart code parameters | poramefers Slice 1 Slice 2 | ==-- | Slice N
. Slice Vertical | Guantization |
start code po-siiic::n p{:rﬂmeters MB 1 MB 2 MBS | =ass MB N

//\

% ol Gluantization | Mation | Blocks El e
£ vale vector | present
Skip, | Skip, | | End DF

value | value blrxk




MPEG-2 struktura podataka
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MPEG-2 tok podataka

. M

Video stream

Sequence
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MPEG-2 tok podataka

251 [ |- ——-Q = | = o—m=—H—-CO

| ——
Video stream Sequence Group of Pictures Picture Shice hMacroblock  Block

Seqguence - Parametri dekodiranja (bitska brzina, velicina bafera,
rezolucija slike, broj okvira u sek.)

Group of Picture - Slucajna tacka pristupa u tok podataka
Picture - Tip slike i osnovni podaci o slici

Slice - Pozicija i informacija o stanju kako bi se dekoder mogao re-
sinhronizovati

Macroblock - Kodovani vektori pomeraja

Block - Kodovani DCT koeficijenti, korak kvantizacije i sl.




MPEG-2 tok podataka

Block layer

gquantized DCT coeficierts for one 5:8 block (variable length coded)

i
]
.,

S T Wacroblock lavyer
macroblock d (optional ) motion codded luminance | chrom . | (containing four luminance
address | MO¢€ guantisation value | vectors | block pattern blocks blocks and two chrominance blocks
—_ o for 420 video)
i . n . Slice layer
start slice |quantisstion | macroblock | macroblock | macroblock (containing »
code | address value 0 n-1 _‘ macroblocks)
stat | picture sice | siice dice Pidure layer
(containing m
code flags I 1 m-1 .
— dices)
— _ ."'
T . ."'
e . f"-
(optioral) : : : . Sequence layer
St?:;t S;t; :irl :fs quantisstion p:lolflle | plduure plc:ure plctu;e (cortaining
code | P weighting matrix [ 316 18VE P- pictures)

Each picture is divided into mhorizontal slices, each comprising » macoblocks, For 4:2:0 video, each
tnacroblock containg four luminance and two chrominance 8x8 blocks of guantised DCT coeficients.



MPEG-2 MP@ML

* Digital Television Broadcasting

e 4:2:0 720x480@30Hz or 720x576(@25Hz
* 4-15Mbps

* Frame and Field mode — supports interlaced scanning




MPEG-2 HDTV

ATV (USA), DVB(EU), MUSE(Japan)

16/9 1920x 1152 widescreen

Grand Alliance 1280x720, MP@HL + Dolby AC-3
DVB — 1440x 1152 (2xPAL), SSP@H 1440, Layer I
MUSE 1920x 1035, MP@HL




STA JE NOVO U MPEG-27?

ePodrzava vece bitske brzine 80-100 Mbit/s za HDTV
ePodrzan je veci broj aplikacija

elnterlaced i progresivno skaniranje

eRazlici fornmati: 4:2:2, 4:2:0, 4:4:4

eFleksibilna kvantizaciona sema

eSkalabilni bitski tok podataka

eRazni profili 1 nivoi




MPEG-2 koder

blok
faktor povrathe <
kvantizacije sprege
preuredjivanje redukecija I.).
—p| redosleda pcT ~» o redunda- B MUX | bafer
video — nse
informacije i
procena inv[Q]
pomeraja
bloka
inv[DCT]
l"*Litl
video
memaorija
|
prediktor vektori
* pomeraja




MPEG-2 dekoder

—»| Bafer

DENIUX

Kvantizaciond
faltor
INV
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MPEG-2 — profili 1 nivol

Profil Nizak-nivo

Osnovni nivo

Visoki-1440 nivo

Visok nivo

Prost —

Osnovin - 352 x 288
(4 Mbps)

SNE 352 x 288

skalabilm (4 or 3 Mbpe)
Prostormo
skalabili

Visok

(15 or 10 Mbps)

120 x 576 or
352 x 288
(20 or 15.40 Mbps)

1,440 % 1152
(60 Mbps)

1,440 x 1,152 or
720 x 576

(60 or 40.15 Mbps)
1,440 % 1,152 or
720 x 576

(80 or 60.20 Mbps)

1920x 1,152
(80 Mbps)

1920x 1,152 or
960 x 576
(100 or 80.25 Mbps)




MPEG-4

* Conceptually different — audio and video objects

* Interaction — language Binary Format Foe Scenes
BIFS

* Highest level — scene descriptor
* Visual Object Plane — VOP

e Semantic segmentation — not really achieved!!!




MPEG 4

Original frame/scene

VOP = video object plane

VOP 2

VOP |

VOP O




Kodovanje video signala

(a) Scene and object descriptors Enceder
 VOP identification + L
VOPOQ
encoding
- - - ".l‘l'OP h .
d efl n Itl O n Video hame iderfifization VOP 1 Transmission
input 4 encoding rruu|lip|ea-:er

definition

VOP 2

* Error resilience R

Audic

inpu m S S
— Packets pui | ;(meh%

LS

Scene and objecl descriptors | K'K._.«M_,_J'j
* Reversible VLC 2
| decoding
Video CO;C;Z;Q“ YOP 1 ﬁunsmisﬁion
cutput - dacoding dermultiplexer
renderin_g
| VOP2
— decoding
Audio P [
cutput wdio decoding

J Decoder



VOP koder

* More detailed motion estimation
* Shape coding
* Texture coding

* Main question still — meaningful segmentation

(b) .
YOP N Joigs | : b [
i | WOP N | Differznce computation ceding /|
video input PR I decading

Reference VOP memary -

VICP N | VOPN
multiplex enceding
Molion estimation Motion
compensaticon
Shape
VOP N Shape coding

encocer



MPEG 4 dekoder

Flementary

streams [ESS) '

Packstized

elementary
streams (PESs)

Transport
strearm (TS5)

Multimedia PC
ol
television

Audio | Video

Composition and rendering

Audic
object

Object

descriptors

SCEHE

descriptor b

VOP 1 VOP 2

Synchronization layer

Flex\Aux layer

Transmission
network

Dec:ompre:«.—sic:n

leryer

Interactions
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