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1. General Requirements low delay (depend on application)

high quality
Source ==

Compression
Image P

low complexity

Still Image: 640x480x3 = efficient implementation

Mg
Motion Picture: 640x480x3x.n0~2/M
- Amount or degree of compression

< the number of bits per displayed pixe! needed in the compressed
bitstream

- Image Quality
<> lossless compression : perfectly recovering the original representation
<> lossy compression : recovering presentation similar to the original one
- Speed of Compression and Decompression
<> compression speed is less critical than decompression speed
- by Software or by Hardware
<> general-purpose vs. special-purpose acceleration hardware
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*+ Compression Standards
- Why ?
<> interoperability of codecs manufactured by differentcompanies
<> reduce the prices of codecs
- Standards
=3 JPEG :Digitalcompression and coding of stillimages (15:1)

Py 261 (px64) : Video coder/decoder for audio-visual services at px64 Kbps
(100 1to 2000:1)

<> MPEG : Coding of moving pictures and associated audio (200:1)
- Applications

. Size Frame rate
Bandwidth {Standard pixels by lines) |[(framesisec)
interactive Multimedia
{image stored on CD-ROM) N/A JPEG 352 x 288 1
Anaiog Videophone 5-10 Kpbs H.263 170x144 2-5
Video Conferencing 64~1000 Kpbs H.261 352x288 15-30
Interactive Multimedia .
(Motion Video) 1-2 MB/sec MPEG-1 352x240 30
Digital NTSC 3-10 MB/s MPEG-2 720x480 30
Muitimedia Compression and Standards -5 -

II. Basic Compression
Technigues
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Major Steps of Data Com pression source
- Preparation 'mige

< the analogue to digital conversion,
generating an appropriate digital luti
representation of the information, dividing P ““agfl n IS olution
the picture into a block of 8x8 pixels, and reparatio
represented by a fixed number of bits per
pixels

- Processing Image .peT )

<> a transformation from the time to the Processing -subband coding

frequency domain using DCT T

< interframe coding uses a motion vector for
each block of 8x8 blocks L
-~ Quantization Quantization (| T 5

< the mapping of real numbers into integers
{precision reduction) ¥
< the coefficients are distinguished R .
according to their significance Entropy AR an ding
- Entropy Coding
< compress the sequential digital data
stream withoutloss

compressed
image

Multimedia Compression and Standards

2.1 Com pression Categories and Techniques

L
oisel

ossiess
ess,entrop

mportance~
d)rlentsd

[Fiitering JPEG
Subsampling MPEG

[Quantization [H.281 ]

Arithmetic
Run-Length
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Lossy Com pression

- encoding into a form that takes up a relatively small amount of space, but
which can be decoded to yield a representation that humans find similar to the

original
- Methods
< Predictive
= predicting subsequent values by observing previous ones, and
transmitting only the usually smal¥ differences between actual and

predicted data
> DPCM, Motion compensation
< Transformation

= a transform is a process that converts a bundie of data (a group of
pixels, 8x8) into an alternate form which is more convenientfor some

particular purpose
— DCT (Discrete Cosine Transform), FFT
< Important-based
= to consider as more important those parts of an image that humans
are better attuned to
= Quantization, Filtering, Subsampting, CLT {(Color Lookup Table)
< Hybrid
= systems and standards for video compression often apply
— motion compensation fortemporalcompression
— transform coding for spatialcompression, and
-» Huffman coding or arithmetic coding for statisticalcompression

Multimedia Compression and Standards
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2.2 Entropy Coding (Lossless Coding)
~ the data stream to be compressed is considered to be a simple digital
sequence and the semantics of the data are ignored
* Huffman Coding

- a statistical data compression technique which codes the more frequently
occurring values with words using fewer bits, and the less frequently occurring
values will be coded with longer words

- Assumption

caTSome symbols occur more often than other (e.g., characters in an English
ext)

~ Principle
<> Frequently occurring symbols are coded with shorter strings
~ Needs coding Table (code book)

Symbol Code A B D C A A E D [

001 1 000 011001 001 010 000 011

A 001

B 1

C 011 " the code book may be transmitted once for
each individual image, or it may even be

D 000 transmitted for individual blocks of a single

E 010 image

Multimedia Compression and Standards -10 -
- Algorithm

1) Rank all symbols in order of probability of occurrence

2) Successively combine the two st bols of tha lowest probability to form a
new composite symbol; eventually we will build a binary tree whaera each
node is the probability of alinodes beneath i

3) Traco a path to each leaf, noticing the direction at each node
- Example
<> Characters to be encoded : A,B,C,D, E
< Given probabilities of occurrencae:
= p(A)=10,p(B)=30,p(C)=5,p(D)=8,p(E)=86

Symbol Code
A 011
B 1
[+ 000
D 010
E 001

Multimedia Compression and Standards -1t -

* Run-Length Coding

- blocks of repeated pixels are replaced with a single value and a countofhow
many times to repeat that value

-~ Assumption
<> data should have many subsequently following equalsymbols

- Examptle
A B CEEZEEEETDA ACHB ....

compression
. A B CE 6 DA CB .
number of
occcurrences

symbol
Multimedia Compression and Standards -12 -




2.3 JPEG (Joint Photographic Expert Group)
*« Overview
- International Standard
<> For digital compression and coding of continuocus-tone stillimages:
= Gray-scale, Coior still
Very generalcompression scheme (e.g., 255 planes)
- Independency of:
<> Image resolution
<» Image and pixel aspect ratio
<> Color representation
«» image complexity and statistical characteristics
Well-defined interchange format of encoded data

< regular format : the encoded data stream has a fixed interchange format
that inciudes the encoded image data as well as the chosen parameters
and the tables of the coding process

<> abbreviated format : does notguarantee inciusion of necessary tables
— implementation in:

<> Software only

< Software and Hardware
- "Motion JPEG" for video compression

< for video editing

Multimedia Compression and Standards -13 -

e« JPEG Image Compression/Decompression Steps

Image Image Entropy
Preparation Processing Coding
Source - Quanti- Run-Length
|!“.°. F—-» PredlctoT] zation [ —
Block, ——
MCcu FDCT Arithmetic

: o d Dg?ed Uait Jable Table
: pecification A .
IDCT :Inverse DCT ‘ pecification

Image Image = Entropy
Postpro- Processing Decoding

cessing .

Source Dequanti-

Image'}" zgtion <« {[Run-Length
[ocr] | | e [Hefman ]

Arithmetic

Multimedia Compression and Standards - 14 -

* 4 Modes of Com pression
- Lossy Sequential DCT-based Mode (Baseline Mode)

<> each image component is encoded in a single left-to-right, top-to-bottom
scan

< mustbe supported by every JPEG implementation
<> "Block, MCU" + "FDCT" + "Run-Length” + "Huffman"”
- Extended Lossy DCT-based Mode (Progressive Encoding Mode)
<> provides a set of further enhancements to the baseline mode
< the image is encoded in mulitiple scans for applications in which
transmission time is long, and viewer prefers to watch the image build up
in multiple coarse-to-clear passes
< an image buffer exists prior to the entropy coding step, so thatan image
can be stored and then parceled out in multiple scans with successively
improving quality
Predictive Lossless Mode
< has a low compression ratio that allows perfect reconstruction of the
originalimage
- Hierarchical Mode

<> comprise images of different resolutions and selects its algorithms from
the three modes defined above

Multimedia Compression and Standards - 15 -
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(2) Extended Lossy DCT-based Mode (DCT Progressive Mode)

- a sadmple precision of 12 bits per sample as well as 8 bits per sample can be
use

* Bequential vs. Progressive Image Display
- Sequentialimage Display
< Top -> Bottom
< Good for smallimage and fast processing

A

A Aaa

~ Progressive Image Display
<> Outoffocus -> focused
< Good for large and complicated images

A= A=

shadow

Multimedia Compression and Standards -18 -

{2) Extended Lossy DCT-based Mode (DCT Progressive Mode)

- a sadmple precision of 12 bits per sample as well as 8 bits persample can be
use

*» Bequential va, Progressive Image Display
- Sequentialimage Display
< Top -> Bottom
<> Good forsmallimage and fast processing

| g

- Progressive Image Display
< Qutoffocus -> focuse
<> Good forlarge and complicated images

AS A= AS

“hedow

Multimedia Compression and Standards -17 -

(1) Lossy Bequential DCT-Based Mode
- source image samples are grouped into 8x8 blocks, shifted :rom unsigned

integers with range [0, 27 -'] to signed Integer with range [-2P-?, 2P-1.1]
8x8 block i
Image Image || Quanti- Entro
—={Preparation Procesgsing zation > cadlnpg

Compressed
Uncompressed FDCT image Stream

image Data ,

uableﬂ ’jab‘les E

« DCT (Discrete Cosine Transformation)

-~ DCT is one-to-one mapping for 64-point vectors between the image and the
frequency domain
- each 8x8 bhilock of source image samples is effectively a 64-point discrete
signal which is function of the two spatial dimension x and y
- because sample values typically vary slowly from point to point across an
image, the FDCT processing step lays the foundation for achieving data
compression by concentrating most of the signai in the lower spatial
frequencies
< for a typical 8x8 sample block from a typical source image, most of the
spatigl frequencies have zero or near-zero amplitude and need not be
encoded

Multimadia Compression and Standards -18 -




- Forward DCT

< each of 8x8 block of source image samples is effectively 1 64-point discrete
signal which is a function of the two spatiaidimensions x and y

< the FDCT takes such signal as its input and decomposes it into 64
orthogonal basis signals
< blocks with 8x8 pixelresult 64 DCT coefficient
= formula applied 64 times for each 8x8 pixels
1 7 7
Flu,vy = —C,oC [ & Y flx.y)ecos
4 x=0y=20

where ('“,Cv:%for u,v =0 ; else C',,Cu-

(20 + unrx (2x+ D)vrw
® cos
16 t6

<> the output of the FDCT is the set of 64 basis-signal amplitudes or "DCT
coefficients"” whose values are uniquely determined by the particular 64-
point input signal
= F(0,0): DC-coefficient
— determines the fundamental color of the data unit of 64 pixels
-» mostimportant
= Others : AC-coefficient
-» all DCT-coefficient for which the frequency in one or both
dimensions is zero
— less important

Multimedia Compression and Standards =19 -

- Inverse DCT
< forreconstructing image, the dacoder uses the IDCT
7 7
fix,y) = 1—[ z T C,eC, e F(u,v)ecos nx*l)"”-cos Qxrhvr
4, Z0vso0 16 16

1

where C ,Cv:Tfor u,v=0,¢cse C,,C, =0

v ) >

< in principle, the DCT introduce no loss to the source Image samplas; it

merely transforms them to a domain which they can be more effectivaely
encoded

¢« Quantization
- after output from the FDCT, each of 64 DCT coefficientis uniformly quantized
in conjunction with a 64-element Quantization Table, which mustbe specified
by the application (or user)as an inputto the encoder
- the purpose of quantization is to achieve further compression by representing
DCT coefficients with no greater precision than is necessary to achieve a
desirad image quality
- defined as division of each DCT coefficient by its corresponding quantizer step
size, followed by rounding to the nearestinteger
Flu,v)
OT (u,v)

Fe(u,v)y= F%(u,v)e QU (u,v)

FY(u,v)= Integer _ Round (

Muitimedia Compression and Standards - 20 -

*« DC Coding and Zig-Zag Sequence
< after quantization, the DC coefficient is treated separately from 63 AC
coefficients

- DC coefficient /DC,,, /DC'
<> a measure of the average value of 64 image samples
<> because there is usually strong correlation between Block Bi K
the DC coefficientofadjacent 8x8 blocks, i ocky

the quantized DC coefficientis encoded as the
difference from the DC term of the previous block
in the encoder order

DIFF=DC,-DC,,

= this special treatment is worthwhile, as DC coefficients frequently
contain a significant fraction of the total image energy
- AC coefficient DC 07

< allofthe gqguantized coefficients are ordered
into “Zig-Zag" sequence
<> this ordering helps to facilitate entropy
coding by placing low-frequency coefficients
(which are more likely to be nonzero})
before high frequency coefficients

-
AC,,

o
3 @
2ig-Zag Sequence

Muitimedia Compression and Standards - 21
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¢« Entropy Coding

- this final step achieves additional compression losslessly by encoding the
quantized DCT coefficients more compactly based on their statistical
characteristics

- Baseline sequential codec uses Huffman coding
- a 2-step process

1) converts the ZIg-Za? secLuence of quantized coefficient into an
intermediate sequence of symbols

2) converts the symbols to a data stream in which the symbols no longer
have externally identifiable boundaries

- Huffman coding re(1uiras that one or more sets of Huffman code tables be
specified by the application

< Huffman tables may be predefined and used within an application as
defaults, or computed specifically for a given image in an initial statistics -
gathering pass priorto compression

* Compression and Image Quality

- for color images with moderately compiex scenes, all DCT-based modes of
operation typically produce the following levels of picture quality for the
indicated range of compression

< 0.25 ~ 05 bits/pixel: moderate to good quality, sufficient for some apps
< 0.5 ~0.75 bits/pixel : good to very good quality, sufficientfor many apps
« 0.75 ~ 1.5 bits/pixel: excellent quality, sufficient for mostapps

<« 1.5 ~ 2.0 bits/pixel : usually indistinguishable from the original

Multimedia Compression and Standards -22 -

* Baseline Encoding Example

YO0 4y 133 15 158 1SS 1ss 25 6 1o 12ros2 20 L7 LR 14146 9 151 184 156 16 136
IHIS1 0 18E 1s6 1S9 156 156 %6 26 1S A2 RICIRE XL S U S iz M8 ISu 052 14 136 156 156 156
B e w16 s 1w fepapd W9 o e s s noe e g 185156 157 158 158 187 ise 18
1 Source Image Sample 71 Forward DCT Coefficient o3 W Reconstructed ¥ 15
159 I6b 161 162 162 185 185 18§ L 0.8 s (g ot 07 06 1.3 163 Image Sample 8 136
sl 161 161 IaL d60 15T 157 187 [ 393 (3 EUIEI U B | Lo 1o 163 164 163 64 162 G40 158 457
162162 161 163 162 187 187 1357 1y LR L s oes o2 11 L W60 161 162 16l d62 M6 39 ISK
162 162 161 161 163 158 154 ISk 1.6 16 - 3.8 18 19 1z V67 -0 4 IS4 1Sy 061 160 162 161 159 158
N i Vector Quantization DcT

16 0o 24 |
oo ho symbol] code
2oz ooy 26 SR e ss S0 10 6 w00 a0 O W ov o000 o
oo e T 1 00 0o oeon {2)

. 2 4 . 00 0 0 0 9
15 Quantization Table , Lo o noe (0) . DN
W22 A7 Se ex 109wy 77 L A }12)) 0 0 00 0 0 0 u
40558 e Km0 o Quantized s D i

gt equantized o
N R L] v Coefficients Egin) [ Cog”iacients u
292 e ov_ 12 loe  loi 99 [ I I A 1) o N @0 0 0 0 b
(2}, run-length encoding .
{1)(-2), le— Of zero values . Std Huffman Table # run-length
{0){-1), decoding
(0)(-1), H H
uffman ] uffman

:g;;:; '_—Coding —->|0111111011 0100 0000000111000 1010 decoding
(0,0) ' ISO intermediate finally compressed stream Dequantization

Symbois Sequence
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2.4 H.261 (px64)

-~ Video codec for audiovisual services at px64 Kbitis (p=1~30):CCITT standard
- achieves very high compression ratios for full-color, reai-time motion video
transmission

- the algorithm combines intraframe and interframe coding to provide fast
processing for on-the-fly video compression and decompression, optimized for
applications such as video-based telecommunications

- because its applications usually are not motion-intensive, the algorithm uses
limited motion search and estimation strategies to achleve higher compression
ratios of 100:1 to more than 2000:1

* Image Preparation

- the image refresh frequency at the input mustbe 29.97 frames/sec, butduring
encoding it Is possible to generate a compressed image sequence with a lower
frame rate of e.g. 10 or 15 stillimage per second

- the image is encoded as luminance signal (Y) and chrominance difference
signals ?C,,, C,)according to the CCIR 601 subsampling scheme (2:1:1)

- two resolution formats each with an aspect of 4:3 are specified
< Common Intermadiate Form at (CIF)
= optional, Y:352x288 pixel, at 29.97 frames/s = 36.25 Mbits/sex
<> Quarter-CIF (QCIF)
= mandatory, Y:176x144 pixel, at 29.97 frames/s = 9.115 Mbits/sec

24




- Video Format

CIF QCIF
Luminance (Y) 352x288 176x144
Chrominance (C,) 176x144 88 x 72
Chrominance (Cr) 176x144 88 x 72
Layered Structure Composition of Macro Block
< Block of 8x8 pixels Yoy Yok oy Yoliloy ol oy ol
~ X x X X X X X_ X X X X_x x_X X_x
@ Ma°;°Y°;‘>l°kk°'
> ocks XX X x XX X% X_X X_ X X X X_x
xox lox x°x lox )(o)( l°x XOX Xo)\
> 1 C block Ko X XX XA XX X X KX X X X x
ATX X XA XTX KT X XX XK XX
= 1C,block
x%x x®x x%x x®x x%x x®x x%x x°x
< Group of blocks (GOBs) ey,
= 3x11 macroblocks xOx x%x 2% x®x x%x x%x x®x x%x
XX X X K X X_X X X K X X_X X_x
< QCIF picture : 3 GOBs x%x% x%x x%x x%x x%x x®x x®x x%x
X X X x x_x x
<> CIF picture : 12 GOBs %3 x°% x°x X%x x%x x°x x°x x°x

X :Luminance Sampling
O :Chrominance Sampling

25

¢« Picture Structure
- 1 CIF picture = 12 GOBs = 12 x (33 macro blocks) =12 x 33 x (6 blocks)
- 1 macro block = 4 Y blocks + 1U block + 1V block
- 1 block = 8 x 8B pixels

1] 2T 3] 4ls5T6 [7 8 Tal10l11]
1 2 12[13[14 11516/ 17118[19 20[21[22
[Z3[Z&7S 26 2 282930

3 4

5 3 /]

7 8 /]

9 10 L7 112 O
11 G2 314 u v

26

* Image Compression
< itis a hybrid of DCT and DPCM schemes with motion estimation
- Intraframe coding

<> DCT like JPEG baseline mode : every 8x8 block in a picture frame is
transformed into DCT coefficients, linearly quantized, and applying entropy
encoding to the AC- and DC-coefficients

- Interframe Coding, Motion Estimation
<> based on a prediction for each macro block of an image
— search of similar macroblock in previous image
= position of this macro block defines motion vector
> search range is up to the implementation
— i.e. motion vector may be always zero in simple implementation
< results
= difference between similar macro biocks and motion vector
difference of previous macro bltock MVD (coded by DPCM}
= DCT if value higher than a specific threshold
= no further processing if values less than this threshold
<> motion vector : components are entropy coded
< quantization
= linear

= agaptation of step size -> enforce a constant data rate at the output of
coder

i

27




* H.261 Codec

Coding Control

|

Analog
Video
in

Analog
Video
Qut

28

« H.261 Bource Coder

Video

Qe Yo H o

\\ Motion
A . Vector
N T —~ \\/

29
=2 1T Il
gL 4

-

G ool 2t BE(HEN MEZI UEtLEs 8 4)8 23t
EXY =3 58 &7t
LI ]

- block 29 2 3% x{ % TE (space low pass filter) At 8

16

P ajbijic

NEE 4 djelf

(T 2 ginli

17211 4

= e = 1/16(t1xa + 2xb + 1xc + 2xd +
4xe + 2xf +1xg + 2xh + 1xi)

41814
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2.4 MPEG
* Overview
- Motion Picture Expert Group (MPEG)
< ISO/IEC JTC/SC29/WG 11
«>1SO IS 11172 since 3/93
- itcovers motion video as well as audio coding

- MPEG is striving for a compression of the data stream of about 1.2Mbit/s
(150KBytes/sec) which is today's typical CD-ROM data transfer rate
consists of 3 parts
< MPEG-Video
= full-motion video compression of television resolution 352x240 down
to 1.2Mbps (PAL ¥ 4 352x288@ 25)
= uses interframe compresslon, achieving compression ratio of200:1 by
storing only the differences between successive frames
< MPEG-Audio
= the compressed bit rate will be two channels of 128 Kbps or possibly
64Kbps
= inputsampling rate of 32, 44.1 and 48KHz with 16bits per sample
< MPEG-System

= audio and video multiplexing and synchronization

* Features of Video Compression Algorithm

sapda aoceswinitly, fast forward/reverse search, reverse play, auduo vosual
synchronization, robustness to errors, coding/decoding delay, E iy,
format flexibility, cost trade-off

+ Applications of Compressed Video

- Asymmetric Applications : Electronic Publishing{ Education and Training,
Travel Guidance, VideoText), Games, Entertainment (movies)

- Symmatric Applications : Electronic Publishing, Video Mail, Vidaotelephone,
Video Conferencing

+ MPEG Standards

Video Compressed

MPEG Format Parameters bl?rata

MPEG -1 SIF 352x240@ 30Hz 1-2 Mbisec
MPEG -2 CCIR 601 720x480@ 30Hz 3-10 Mb/sec
EDTV 960x480@ 30Hz 7-15 Mbisec
HDTV 1920x1080@ 30Hz 20-40 Mbi/sec

MPEG -4 Fill-motion video for small frames

¢ and";Iow refreshments 9-40 Kbisec

32

(1) MPEG-Video
- source video

< a sequence of numbered frames tnput

<> each frame is stillimage

< digitized in a standard RGB format

<> 24 bits per pixel Encoder Decoder
- 352x240 at 30 frames per second

d 5 Mb Motion E;Hma!lon : kMohon i

- compressed to 1. s :

P P Compensation Lc°’“pe"53“°“;

* Image Preparation s g

~ well-defined image format Biscrete nverse
DCT

- resolution ! Cosine
Transformation

¢> should be %/ tf 768x576 pixel R
¢ 8bit/pixel in each components " inverse
Quantizer __Quantizer

S

eroding Model ‘Decoding Model’
i

¢ Entropy 7
i Decoder ¢
] trangsmission f
P

33
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- color subsampling (2:1:1)
image consists of three components (Y, C,, C); the luminance

< each

components has twice as many samples in the horizontaland vertical axis
as the othertwo components(7' 2, A 2 Sl & &)

=> 8 bit luminance per pixel, 8 bits U chrominance per 4 plxels, 8 bits V
chrominance per 4 pixels (2:1 compression)

= the number of bits to represent 4 pixels
— RGB : 8 bits *3 (R,G,B) "4 plixels =96 bits

- YUV :

8 bits *4 (Y) + 8 bits (U) + 8 bits (V) = 48 bits

= this subsampling (lossy step) does drastically affect the quality
because the eye is more sensitive to luminance than to chrominance

- esach image is divided into areas called '‘macro blocks®

< consists of 6 blocks of 8x8 pixels each
= four luminance (Y} blocks
= two chrominance(U,V) blocks

< the unitof motion compensation

\£ Y,

Y,

34

XX XX K K XX X %X A1 ¥ x %X

X X X X ¥ x X XX Xk X X X %

X% A% X% X AR X X x % £ A X

7 xTx o xUx oxTaiax o xUx o oxox ox7Ux

Ak XX XX K_A 6. X XX £ X s K

X7a X x xx o xTxiar X X X X x X

XX X % A E X.X.x 4 4 X X _x x x

XA KK KA R REX XA A KX KK

L S S S O S S S

o xTx xTxoxox % oxTxoxx ox

8 XX N X X X X _KIX_X R X XX XX

X 4 X X X X xArax ox x xX'x % x

X4 X x X X K X % K X X XA A_¥

U v 8 xx x x ok ox xTaix x4 4x aTx x'g

XX X %X XX X XIX X A, x KX X X

XX XX % x X XTx X % x K X X X
X'LuminanceSamplin?

Q :Chraminance Sampling

- H.2613%4 92 3 8F » MPEG-12 ME22 4
- ‘éaﬂ G ® MB{Macro Block}2 & - goﬂ?l 5 % random access® JtE A
- MmBE Block BEHE Lt %0 DCT - wi%}s#!ﬂﬂﬂﬁ AT NEg/HAY
coding 8t (e )A & A
- AeEm REF O W) BRYY RY - U s AN Yol JtE
ey ABBC
- DCT Ao X3 2§ THYo
M reygg IS
H 261 MPEG- !
e U £ A0 OO MR 0O o
H & & (bps}) px64kbps (p=1~30) 4 1 SMbpsH X
=5 M Al E AW Al GOPOt Al A A B O
Ao &Y e noz & R F Ry 2 NEF
o Ao c = o & ol &
ol & 7 = & o e & (MC) d LB OB (MC)
RSV RN GOB & o 0 A
IEIENE B MBA MBA (& T )
MB_Eb & MB_Et g MB Bl Y (N & E) YY)
22N MOQUANT MOQUANTO g Xt 8t O E 2 ~
=X O WEH Moo O H O (0~ ) gt A2 G H (0-2H )
20 @H A 8 El
CBP o @ of
N2 2B O X & VLG Ol &t ® VviLC (8 Z)
block coding g A oCcT pCcT

CBP: Coded Block Pattern{® £ 8 # % T & )
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-Video Stream Example (N=9, M=3, 352x240, 4:2:0 subsampling)

Sequence Layer

240

MB2 [~ | MB44

Stice Layer

(=]

Y C, c,

Macroblock Layer

Slice 1(not fixed size)
Slice 2
L]
L]
L]
Slice 30
352
Frame(Picture) Layer
pixal

Block Layer

36




Overview of MPEG-Video Compression

Temporal Redundancy Reduction {inter-Frame C ..iding)

<> Block-based Motion Compensation : Prediction, Interpolation
Spatial Redundancy Reduction {Iintraframe Coding)

<> DCT, Quantization, Entropy Coding

4 Types of Coding

< why ? : contradictory demands for - and
= to achieve a high compression ratio, temporal redundancies of
subsequent pictures have to be exploited (interframe coding), whereas
the demand for fastrandom access requires intraframe coding

Forward
Prediction

Forward
Prediction

Bidirectionat
Interpolation

37

I-frames ('intra codad image)}
<> self contained : coded without any reference to other images (like J-PEG)
<> treated as a still image
<> reaij-time decoding demands
<> points forrandom access in MPEG streams
<> the compression ratio of {-frame is the lowest within MPEG
P-frame ('predictive coded frames)
< require information of the previous i- and P-frames for encoding and
decoding; the data of the last i-frame as well as from aliP-frames that weare
in betweean
<> a P-.frame can be accessed after having decoded the previous I-frame and
ail other P-frames between the previous I-frame and the current P-frame to
be accessed (¢ A X O 2 Y}
<> motion vector: MPEG does notdefine how to determine the motion vector

- B-frame ('bi-diractional predictive coded frame)

<> require for encoding and decoding information of the previous and
following I-frame and/or P-framaes

< the highestcompression ratio is attainable

< is defined as the differance of a prediction of the past image and the
following P-or I-frame

D-Frame ('DC-coded frame})
<> intracoded frame : only DC-coefficient are DCT coded
<> for fast forward and rewind maode
38

the regularity of a sequence ofi-, P-, and B- frames is determined by the MPEG -
applications

< for fast random access, the best resolution would be achieved by coding
the whole data stream as l-frames

<> the highest degree of compression is attainable by using as many as B-
frames as possible
<> for practical applications, the foilowing sequence has proved to be useful
IBBPBBPBB IBBPBBPBBI ....2 4%
—» random access would have resolution of nine still image
— still provides a very good compression ratio
Frame Reordering
<> At the encoder input
1 2 3 4 5 6 7 8 9 10 i1 12 13
Bl (=)= )[F]{= (el (= J[r][=] e ] MA ..
¢> Atthe encoder output, in the encoded bitstream, and at the decode output

1 4 2 3 7 5 6 10 8 9 13 11 12
B (=)= =)=l ] s ][e][=] time
<> Atthe decoder output

1 2 3 4 5 6 7 8 9 10 11 12 13
B - (- el (e ]=]le (e |[F](e (= | A
39
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* MPEG Encoding Procedure
- 1-Frame Encoding

Input Eradnsform
B Image oded
M gLoll‘)/verslon Macroblock acroblogk gr\:tiog‘er
G Transformation Entropy P

'R: Coding.. NN €298 01100..

- P/B-Frame Encoding
Reference

Frames Transform
Transl‘ornfrarionCm:led ks
Erro s
(};\ Motion
@ Compensation
Entropy
/ Coding Encoder
Yuv > ‘ Output
01100...
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* MPEG BSBource Coder

——

/ a] Se B Yo oy N
| owm’CMorion vector”
i O
\J b .. o ———
. Motion
B . ~ P} Vector
R e
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* Rate Control {8 E § A o)
-2 2HH: dolH YL BFa
< I-Frame >> P-Frame >> B-Frame
@ A Ao dgE AL, AU} F 5
- a2RAE RAHY) AN AV MEYE S ES
- Rate controld £ 3
o AT A E£EE T A$-2E B A4
< buffer overflow4 underflow & % X
- Rate control & = & &
> BER B4 E g (929 A2 know-how)
< example : MPEG-2 E& 3 @ F WA oM AL &9 Wy
3 macroblockd B # = & %z

= Macroblock @9 2 d 9 HHxE
quantization : quantization step size = 3

signal buffer
Forward activit state
Analyzer
Rate
Control

quantizer
step size

Encoder
(upto VLC)
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pictures bitstream




3.4 MPEG-2
« Jl® 37X MY
A% 294 (interopeerability)

<> oHNAe X¥F MG ndol(By, HE
Yw awo NtsER AA

Scalability
o HERY UAW Mo BYSN o BES U2 AY NS HER HA
- Exlensibilxly

= & M EQPO AN I e o ojstH meEgE gA 4+
RIS R A PR O TaR RN S A EEREE P A
« MPEG-20l T8 @3 =
- 8=

o UNY NS KAB OB AW AN By A
4 s
WU, MO EROBY IR NG B NI (TV, D)
& A

CBY UUE B IR UNE IY HE (B,

LHE BX 8),ME OB platform (CH& 71 F 2 # HE )

2 (e, VODE)

e, BA HANE)
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* MPEG-2
- From MPEG-1 to MPEG-2 (N 2o M ##22 std 7K}
<> improvemaentin quality : from VCR to TV ta HDTV
<> No CD-ROM based constraints
- Data Rates (2 ==> 100 Mbps)
< MPEG.1

about 1.5 Mbit/s vs. MPEG -2 : 2-100 Mbit/s
+ MPEG-2 Video
- inclusion of interlaced video format (¥ camera ¥ A & NP 2F A o)
- increase resolution : more than CCIR601(720x480) ==> 1920x1152 (m 33 & o4)
5 7t X profiles (R Y %4 X0/) 3 4levels (HHEY EF)2 117X 22 H 3
- o HEf 2 scaling ((vz e a3 9w N BEW MEB UL BT M s Qe Hy R
<> spatial scaling : decompression of image sequences with dissimilar
horizontal and vertical resolution (M2 2 458 2= ooiXNFY gRY)
< data rate scafing : a playback with a fower frame rate or for a fast forward
mode keeping the frame rate constant (2% q ¥ 32 <8 2o wa WA 758y

<> amplitude scaling : (#d o @ % /A 4§ EAA M3 ¥ WY Js58d,
= layered coding

TUE® T

-+ can be used for data partitioning in order to be able to transmit more
important data with better error correction than less important data
= progressive image presentation (3 Z Ao N4 Jts)

44
« MPEG-2 Profiles and Levels
MP@HL
High-L 1 HP@HL
(980075 Jus v < ¥5e% fs
i SSP@H-14 Y
High-1440a Leve P@H-14 HP@H-14
(1440x1152) Soqvllhllls LEEQ%%LYS) < 8O0Mbit/s
Main-Level SP@ML MP@ML SNP@ML HP@ML
{digital CATV) (video disk) H .
(720x578) <°15Ml1i_tls <15Mbitls < 15Mbit/s < 20%&)1(/5
Low-Level MP@LL SNP@LL
{(352x288) < 4M@inll$ < 4Mbit/s
i SNR Spatial
Simple Main High
i i Scalable Scalable i
Profile Profile B 1o file Profile Protile
L:ry‘;” No B-frames B-frames B-frames B-frames B-frames
Profiles 4:2:0 4:2:0 4:2:0 4:2:0 4:2:0 or 4:2:2
Not Not SNR SNRScalable SNRScalable
ar or
Scalable Scatable Scalable Spatial Scalable|Spatial Scalabie
SR E 1M7bA T w2t Ao YR
A FARE9 WA (A)MP@MLE mail profile at mail lavelo] & % &
gy >(2EH ) (kA )> H (EH B )> (2B A )Y T oY T RN Y
(A)MP@HLSE decoderi= M

P@MLE encoder # ¥ & decoding¥ & A&

&
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Summary

Official Name Standards Group Compression Ratio
(Remarks)
Digital Compression and Joinchotographlc 15:1
JPEG Coding of continuous-toene Ex_‘p v\f, (futi-color still-frame
stillimages (J C1ISCZI G10) applications)
H.261 Video coder/decoder for SPeC'3|'5th°UP on 1000:1 to 200:1
audio-visual services Coding for Visua {video-based tele-
(Px64) K 3t px64 Kbps Technology (ITU SG15?) communications)
Coding of moving pictures Moving Picture Expert 200:1
MPEG-1| and associated audio Groupg(lSO- ec (molion intensive
JTC1ISC20/ WG 11} applications)
Coding of moving pittures | Moving Picture Expert 40:1~ N
MPEG-2 ; 7 {motion intensive
and assoctated audio Group (JTC1/SC2%/WG 11 agpllcatuons)
Coding of moving pictures | Moving Picture Expert 200
MPEG-4 P (mohon mtenswe
and associated audio Groupi{JTC1:SC29/WGI1 applications)
Muiltimedia and specify multimedia
MHEG g%ﬁ!t«?géz?areasnemauon of Hypermedia Information | and hypermedia
hypermedia Coding Expert Group ptications any
information (JTC1/SC2/WG12) platform
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