Video Compression

Overview




Presentation Outline:
Seven Sections

. Review of Concepts Basic to
Compression

. Definition of Compression

. Stages of Compression

. The Spatial Compression Process
. Why Develop M PEG-27?
. Motion Compensation and

Prediction
. MPEG-2 “Formats,” Applications, &

Profiles and Levels




Sectionil.
Review ofi Video Concepts for Compression

Topics
1. Analog “compression”
2. Sampling and Quantization

3. ITU-BT-R 601 (a.k.a. CCIR-601)
4, 4.2:2 Color Space
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Review: of Digital' Basics;

NYauistCrieneE

Minimum sampling rate = twice
the highest meaningful frequency
of the sampled signal
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Review: of Digital' Basics;

IMUIBIFRIGOL

 International sampling standard
for component video

 4:2:2 sampling structure

e 135MHzfor Y
e 6.7/5MHzfor R-Y and B-Y




Review ol Digital Basics:

Az Z2sampling

Active Picture Bit Rate Reduction (BRR)

720 Samples/Line 360 Samples/Line Each

Luminance Chroma Chroma
Y. Cq Cs

@25 frames/sec

8-bit = 165.888 M bps
10-bit = 207.36 M bps




SEction 2.
PENRINENGHCOMPRESSIGN

Topics.
1. What I1s compression?/\Why compr ess
video?
2. Broad Categories of Compression
3. Why is compression possible?
B Redundancy
B | imitations of the Human Visual system

4. Spatial Redundancy; Temporal
Redundancy

B New Types of Frames.




WHEWNS CORPRESSIeNZ

d Reduction in the number of bits used
to represent a item of data.

] Identification and removal of
(visually) redundant infor mation
from a collection of data words.




VWV COMPREsS\VICED?

1 Digital video seqguences ar e the most
demanding form of data

d Uncompressed video Impose:

| arge bandwidth requirementsfor
transmission;

 Enormous demands on the stor age capacity of
media.




Stelcge REFUIERIEntS

d One hour of 8 bit digital video for
e 4:2:2 digital component (216 M bps)
requires. 97 GB
e Digital NTSC (128 M bps)
requires. 58 GB
e 1125/60 studio HDTV (1.2) Ghps
requires. 540 GB




BirRales erCommon bl
Channels anadinteraces

| SDN
DS-1(T1)
DS-3(T3)

RF 6 MHz VHF/UHF channels

Video Conferencing Lines

144 Kbps
1.544-Mbps
44.7 M bps

19 M bps
(8VSB)

56 Kbps
to 1.5 Mbps




USESIeiCompressieninBroaccast

L Acquisition: Camcorders, Satellites,

Telco Networ ks, Archives, Film.*
e No unified Format

 Production: Storage and Archives, Film,
Non-linear Editing.*
e No unified Format
* Analog or Digital, any compression.

d Distribution: MPEG-2 MP@ML,
422P@ML (4.2:0 and 4:2:2)

d Transmission: NTSC and M PEG-2
MP@ML (4:2:0)




Bliea6CASHECRRPIESSICRICHEIN

Acquisition ||Distribution Production Transmission @

Analog Editing

MPEG ENC
|
Transcoding

DV

MPEG Transcoding

Archive
D)

Transcoding




BIea0CAIE00HES BIFCRMPIESSION
JIEChRIgUES

Classes of
Compression
Techniques

Entropy
Lossless

» Medical
e Technical

Variable

Visually Picture
Lossless Quality

Low Compression Medium to High
Factors Compression Factors




EROPY/LESSIESSICRMPIESSIoN

1 Thedata after compression and
decompression is numerically identical
to original data.

4 It allows only small compression ratios
e approximately 1.5:1to4:1

J With video and audio, this
compression ratio highly dependent
on.

« Sampling detail or resolution,
e Signal noise,
e Quantisation level.




VisuallylesSIess Compression

1 Thedecoded image containserrors
which are small enough to be
classified asinvisible.

4 Allowsfor higher compression
ratios.

 Errors (artifacts) will depend on the
Image itself.

1 Visually lossless means no visible
degradations.




LOSSY Compression

[ Thedecoded image containserrors
relativeto original image.

It allowsfor higher compression
ratios.

1 Errors (artifacts) may or may not be
visually apparent (visually lossless)
dependent on the complexity of the
visual content.




QU 2ReCempPrEssIon

d Compression quality can only be
judged subjectively.

d Use no morethan the smallest
compression ratio suitable for any
particular application.

1 Quality varies widely with source
material.




WhaylimaeeS CanBeConpressen

1 Images typically contain large
amounts of redundant infor mation.

d Therearetwo types of redundancy:
e Spatial—(similarities) between neighboring
pixes,
e Temporal—between neighboring framesin a
video sequence.




Wihvdinaees CanbBeCompresseai2)

Compression eiminates
redundancy

netween pixels
netween lines
netween frames




Elpglltetilopls eiiaeiphV/e
(HumanVisualiSysten)

 Spatial properties
 dight changes (errors) in luma areinvisible
 larger errorsinvisible at high luma levels
 high frequency errorsarelessvisible
 distortions are lessvisible around sharp edges

e [imitations of ability to see detail in the areas
where saturated colors exist.




Himiatiens eirtneFVSNZ)

1 Temporal Properties

 |f movement isdrastic (after a scene change),
the perceived spatial resolution isreduced
Immediately after the change

 |f moving objectsare not tracked by eyes, the
loss of percelved spatial resolution is
significant




RECUREEREY:
InpEchoRtIENE] eVISIeCNERRINE

d Intraframe
 gpatial redundancy

4 Interframe
e temporal redundancy




SpPauEIREdUREEREY,

Many pixels exhibit similar values

1

Thesmaller thearea
examined the easier it is
to perceive the spatial
redundancy.




IIEmpoeraliRedUREEREY

Object displacements ar e often not
significant between frames

Many regions of the picture have smilar
pixel values

Static regions are fully redundant




Section 3.

Sta0ES ORCOMmPressIoNn

Topics
1. 4 Stages of Compression of |- frames.

2. Color-Space Sub-sampling

3. Picture Blocking




A8 St ES|eiCoMPression

1 Stage 1: Pre-filtering

e Restructuring the video’s component signals.

1 Stage 2: Picture Blocking: Field or
Frame, Slice, Macro- & Micro-
Blocking

J Stage 3: Algorithm

e Fourier Transform using DCT

 Stage 4: Bit Rate Reduction

e Technologies used to exploit the redundancies
revealed by DCT




Sticlg el

PIEERIOCESSING

d A.K.A.: Prefiltering or Sub-sampling

 Thedataissub-sampled to produce
the desired preliminary datarate for
further processing. Examplesare
4.2:2:,4.2.0, and 4:1:1, each of which
Isdescribed in the following slides.




AESEIMPING

720 Samples/Line Each

Luminance Chroma Chroma 8-bit = 248 Mbps
Y | G Cy 10-bit = 311 M bps




A2 2 SemplinG

720 Samples/Line 360 Samples/Line Each

Y. Lines

Luminance 576 ' Chroma| [Chroma 8-bit = 166 M bps

Cq Cq 10-bit = 208 M bps




A SEmpInG

720 Samples/Line 180 Samples/Line Each

Crl |Cq 8-bit = 124 Mbps

Y. Lines

Luminance 576 '




4520 Sampling
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720 Samples/Line 360 Samples/Line Each

Y Lines Cr Cg 8-bit = 124 Mbps

Luminance 288 I




4520 Sampling (6251bViE)
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SAMPIRGIEXEMPIES




SamplingExXanmpIes

4:2:0
625 DVB




SamplingExXanmpIes

ololo

000

4:2:0 4:2:0 4:2:0
MPEG-1 MPEG-2 625 DVB




StcgeZ.
Elalolar e Silice Velera Bloeinle

L Thepictureinformation Is broken
Into manageable pieces of information
to allow easy conversion of data.

1 Blocking may be performed in the
field or frame mode.

e Either thefield or frameisbroken into 16 pixel
high (l.e. 16 linethick) slices.

e Thesearebroken into 16X16 pixel blocksfor Y
and 2 8X 18 pixel blocksfor R-Y and B-Y.

e Grouped together they form a M acroblock.




VIREGIDELENHIEI2EHY,

Video Sequence

/ \Group of Pictures/

Picture Macroblock

Slice

mm—- B — ——




SUR-PIVISIeRIGFaPICIUETNIONVIPES
VIaCHeIIOEKS

704 or 720 Pixel/Active Line
= 44 or 45 Blocks Across

16 Lines

¥ Picture height
must be a
whole number
multiple of

16 such as
576 or 608
active lines
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BlecksSiandVacronloeks

Macroblock
Structure




VIPEGBIoCKESTRUCTUNE

8 x 8 Pixel
Block
Y,Cror Cb

Y

422P @ ML Macro Block consisting of
Y, Cr & Cb Blocks




VIPEG FrRRmESHUciUeE

45

sngemacrosiocc | NI

PEEEEEEEE

Slices Consisting of a !!!......
Number of Macro Blocks [ NI RN IR
EESEEEEEN

An MPEG 422P @ ML Frame of 45 x 38 M acr o Blocks




Section4,

eSSt CoMpPRESSIeN PIOCESS

Topics.
1. Transforms

» DCT Example with Basis Functions
2. Z1g-Zag Ordering

3. Quantising

4. Entropy Coding

e Using a Huffman Table




PEIEBASENSPatEI ERCOEEY

SR - Huffman
Encoder — Quantizer —P> Coder - RLC =

Quantizing HuffmanTable
Tables Specification

Frequency
Coefficients




Diserais Cosigafrersioi (BT,

L Transforms spatial pixel domainsto
the freguency domain

] Transformed data is more suited to
bit-rate reduction techniques

|t takes advantage of limitations of
human visual perception in the
decoding process




Dataiansiorm

A Simple Number Transform

“Adult” Verson: 2+1=3
Vs.
“Child’s’ Version




EoUreriiansionm

Analog Waveform with
PAM and Quanta indicated.
Note that PAM pulses map
thediscrete“ elevations’ of
corresponding pixels

Note changes in amplitudes.

Note changes in frequency.




Imeane ErEequeRcy bRz

Oscilloscope

Data Values
0.1, 0.2, 0.3, 0.35,0.,3...

Time Domain

Spectrum Analyzer

ni

Frequency Domain




INMEVSHEEAUERGY,
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liransiormiViethneas

. Discrete Fourier Transform
« Mathematically smple
e Sinefunction requirestwo coefficients
- (Generates too much data for compressing video
. Discrete Cosine Transform

e Mathematically more complex

A single coefficient
- Suitable for compressing video




DEIFEH S BIOCKGIPINEIS

720 Pixels
8 Pixels




IVpIcalRPIChure

Most 8x8 Pixel areas are closely shaded




SIgnalEReRY BEereDE])

Sample
Probability

Before DCT




SIgRAIERUGRYATERDE

Sample
Probability

After DCT




PIXel/CoETiicIeEnt DIStubutienR

Same information in DCT
block but more compact

“l”llw LI

Spatial information carried DCT Coding
by all pixels in the block




PIXel/CoETiicIeEnt DIStubutienR

Larger abrupt
changes in pixel
amplitudes mean
more frequency
coefficients

Smaller relative
amplitude
changes mean
fewer frequency
coefficients




CoETficIentPIstrloutien
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AGEZa0SCanningane @uantisSes

DCT matrix Z1g-Zag scanning

e
_( (2
X SMALL
Coefficient Data-Brocks

CgJ‘i CSL! C23! ClB! CZAI C31! CS(E CZ! Cl!I COJgi (504 Clli CZE! Cl(! COJ; Ix

LARGE SMALL
COEFS. COEFS.




QUaRMIARGNIEIRIE
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Where’s the entropy in this picture?

[
'
';L'




ERLGPRY/ CoEING

d In PCM digital, bit rate set by
sampling rate
e Sampling rateis constant

d Information ratein the signal varies
substantially

 Difference between infor mation rate
and sampling rate isredundancy.




=(|Ere)0)Y

L Indicates an Iinactive or static
condition.

d How to express differencesin
randomness in ter ms of measur able
qgualities. The problem initiated In
ther mo-dynamics from which the
term ultimately derives.




Entropy Coding and the Alphaket

d Toset data up for entropy coding, it needs
to be structured in away that likely events
are given mor e importance (and shorter bit
codes) than unlikely events. Consider the
alphabet:

Alphabetical order
ABCDEFGHIJKLM
NOPQRSTUVWXYZ

Order of Common Usage
ETAORIHSDLCU
MFPYBWGVJIKQZ




SUINERCEEING

 Statistical Compression Technique

Coding schemethat uses variable length
code wordsto reduce the redundancy

and consequently compressthe data.




Fltifinsieln) Cojellnle) e

Code Prob.
1




000 . : | Huffman Tree for English Alphabet

0010
(00)
0100

0.58

0101

0110

0111

1000

10001

10010

10011

10100

10101

10110

10111

11000
11001
11010
11011
11100
11101
111100

111101 K
111110 X
1111110 Q
1111111 Z




SECHION'S
Vieving Beyend Intra-Frames

Topics
1. Limitations of JPEG.

2. Quality of compression; all
comparisonsto MPEG-2

3. Introduction to Motion
Compensation.

4. MPEG Standards




JREGIOURIIDY

Bits/Pixel Image Quality Compression
Ratio

8.0 L ossless 2:1

1.5 Visually identical to
original

75 “Good” Quality
.25 “Useful” Image
| Recognizable | mage




Pavermance Charactierstics

Compression
System

Compression
Ratio

Storage Cap.
(1-hr.)

Picture
Quality

Editing
Capability

Multigen.
Capability

JPEG

2:1

38 GB

Excellent
(lossless)

Yes

Yes

JPEG

8:1

7 GB

NTSC
(no block)

Yes

Limited

JPEG

3.5GB

NTSC
(blocking)

Yes

Poor

JPEG

1.2GB

Poor

Yes

No

MPEG 1
(1.5 Mbps)

708.5 MB

VHS

NoO

NO

MPEG 2
(5Mbps)

2.4 GB

>NTSC

Limited

No

MPEG 2
(10Mbps)

4.25 GB

Nearly
D-1

Limited




PaYerHnanceCharaclerstics

Compression Efficiency
(bits per pixel)

<

Lossless - Intra DCT Motion )
Systems (JPEG) compensated Compression
DCT (CCIR723) Scheme




Quality Comparison

QUALITY

Acceptable

VHS
(or Less)

6 Mbps

DV/DVCAM

1.5M bps/sec
(MPEG-1)

8mm

12 Mbps

3 Mbps

Prosumer

20-30 M bps

25 Mbps

6 Mbps

Production
4:2:2

50+ Mbps

Pro-50
(50 Mbps)

18-50 Mbps




VGBI COMPERNSAIEd COEING

1 Data reduction uses both spatial and
temporal dimensions.

1 Dataisreduced across multiple
frames

e Group of Pictures (GOP)

d Thelarger the GOP the greater
compression for equivalent quality.




IEEEREMEERCEEING

Coded Streamto
Application or

Generate i Transmission Stream
B/P Frame

INTER frame Process INTRA frame Process




Prediction Erame

O

Source Frame A

S

7

Source Frame B

Frame B is the
same as A
except for:

Frame A is encoded
as a |l Frame

Frame B is encoded
as a P Frame




WHES Fervard Prediciion?:

Forward
ﬁ

Current

Past Pictures Picture

Uses picture information from “Past” pictures to
create "Best Guess" for input picture.




WhHES BackiwarcPredictiion 2

Backward
Prediction
——

Current
Picture

Past Pictures Future
Pictures

Uses "Future" pictures to create "Best Guess"
for picture to be processed




WhHES BidIECtionalPrediciien2:

Forward Backward
D ———— D —

Past Pictures Future
Pictures

Uses information from "Past" and "Future"
pictures to create "Best Guess"
of picture to be processed




VIGHBR COMPERSAIGNR

» Object displacements ar e often not significant
between frames

 Many regions of the picture have ssimilar pixel
values

e Static regions are fully redundant




VIPEGHVGHORICOMPENSENGN

Previous
Picture

Companson

Current
Picture

M otion
Vectors

EREEENER
ENEEEEEE
1T 2leby 1
—l bl |
rritriit!

< P

| |
| Il!%?f!»l--l
Encoded |HRR4AHANENR

Data Pixel

Difference




VIGHBRECEnPENSAIEE CEEING

Previous Frame
(Reference Picture)

Forward Motion
Vector (MV) {

ﬁ_
Best Match

Macroblock
to be Coded
“TMB”

Current Frame
(P-Picture)

Displaced block in previous frame is used
as prediction for block in current frame




VIPEGIV oHeRESHIManeR

\ = displaced MBs,
(relative to MB to be coded) Motion

AXIS

Horizontal

Vertical
AXIS

= MB to be coded




DIiference Erame
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DIiference Erame

Frame N

(Frame N) - (Frame N+1)




DIiference Erame

(FrameN) - (Frame N+1)




ViotIeRErEerICiion

FrameN Frame N+1




ViotreREreICiion

Difference Frame
Without Motion Prediction

Graphic taken from: “MPEG Video Compression Standard”
Mitchell, Pennebaker, Fogg & LeGall

Difference Frame
With Motion Prediction




PPl (e R = Free]leilve Cojellnle

| or P Picture

P Picture

/

+ DCT Bi
_ > Iitstream
S - Encoding Buffer ape

Motion Information _I—>




BERPICUES B = Predictive Codling

| or P Picture

B Picture

// B

DCT
Encoding Buffer =g

Motion Information _I_>

Bitstream




DlierentiallEncoueN

Input Output
Sequence Sequérce




WhHEREGESIVIPECICOMEN R

1 Began in 1988

« Open process, broad participation
- European, American, Japanese

e Goal: World accepted standard

d MPEG -1 specification 11/91

d MPEG-2 specification 11/93




W EIBVORSIOIVIIPES

d MPEG-1

e Delivers VHS quality

e CD-ROM and consumer use
e SIF subsampling 2:1:1

o 352x240 resolution

d MPEG-2

o better quality

o several bit-rates and compression ratios
 last miledelivery to users

» Profilesand Levelsfor flexible applications




VIPEG=ZESTaIie a0

d 1-2 Mbps
e low resolution “VHS’ quality
« CD-ROM, multimedia

d 3-10 Mbps

« NTSC, Pal, Cable, DBS: CCIR 601 quality
« DVD

« DTV & DVB

« 4-8 digital TV channels per analog NTSC

d 15-30 Mbps
e« HDTV: terrestrial




VIPEGICIOURIGHEICIUIES

Y WY AN

1 2 3 4 5 6 /7 8 9 10 11 12 13

A

NN NN

| : Intra Frame
P: Prediction Frame




VIPEGSHEam

] Several Streamsfor MPEG

e Elementary Stream (M PEG raw data)
- Over SDTI being standardized by SMPTE

e Packetized Elementary Stream (PES)

- Frame-based, packetized MPEG stream with time stamp

 Programme Stream

- An interleave of audio/video packets for use in single-stream
applications (e.g. DVD)

e Transport Stream
- Multi-stream, re-Packetized PES for Transmission
- DVB-ASI is standardized and mainly used in Europe




VIPEGES NGNS

MPEG Elementary Stream (Raw Data)

Frame based Re—pac;l;etlzmg

Packetizing ES

MIPEG Packetized Elementary Stream

Packetizing Re-packetizing
for to
Publication PES

MPEG Transport/Programme Stream




VIPEGES NGNS

TS input TS output

. |
TS/ES conversion ES/TS conversion |

ES EsA - I9

Transcoder Transcoder

ES/TS conversion TS/ES conversion

TSFile TS Based Server




VIPEGES NGNS

d MPEG Elementary Stream

e Lessprocess

- Less cost
- Less time delay

e Variable Speed Operation
e Suitablefor Operation in Station
« ESover SDTI now standardized by SMPTE

d MPEG Transport/Programme
Stream

e Suitablefor Publication




VIPEGEZNIEHNS

J

PTS
DTS

P
PAT

PID

d CAT

Jd NIT
Jd PCR

Presentation Time Stamp

Decoded Time Stamp

Program Specific | nformation
Program Association Table
Packet | dentifier

Conditional AccessTable
Network I nformation Table
Program Clock Reference




VIPEG Proelesiandilevels

] Standard isgeneric and broad in
application

* supportsawiderange of applications, bit
rates, resolutions and services

1 Single syntax integrates various

applications

d “Profiles’” and “Levels’ establish
subsets of “full syntax”

* helpsavoid requirement for single highly
complex full syntax

d These define decoder reguirements




VIPEGPrOEST Continueds

Profile

FRAME TYPES =

Main

SNR

Spatial

High

4:2:2

CHROMA —
SAMPLING

l, P &B

HIGH

Samples/Line
Lines/Frames
Frames/Sec
Max Bit-Rate (Mbps)

I, P&B
4:2:0

I, P&B
4:2:0

l,P&B

4:2:2 & 4:2:0

l,P&B

4:2:2 & 4:2:0

SSHDTV

1920
1152
610)
100

1920
1088
60
300

HIGH
1440

Samples/Line
Lines/Frames
Frames/Sec
Max Bit-Rate (Mbps)

1440
1152
610)
610)

1440
1152
610)
80

MAIN

Samples/Line
Lines/Frames
Frames/Sec
Max Bit-Rate (Mbps)

720
576
30
15

720
576
30
20

LOW
Samples/Line
NI ESEENES
Frames/Sec

Max Bit-Rate (Mbps)




VIPEGCEZ ORERANNGNTIERACHY

SDTV

Compressed Video Bit Rate
0 I 0

’ Il
-T-

Simple Profile

8-Bit SONY 4:2:2P@ML
4:2:0 CIF/SIT Main Profile (18 Mbps)
Video Conference Main Level

Distance learning,
etc..

8 Bit 4:2:2 Profile
4:2:0
Television Transmission/distribution

Desktop Video Networking, 8 Bit
etc.. 4:2:2

Contribution

Interstudio

Nonlinear editing (on-line)
Broadcast Acquisition
Program Archival
Play-to-Air Automation
etc..




REVIew/SummanieilVRPECIBASICS

1 DCT for spatial compression

d GOP for temporal compression

1 Heavy exploitation of temporal
redundancy

d “Synthesized” pictures between
periodic “anchor” frames




But that's just the




