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Digital television

Video and Audio compressing

* Motivation for compression
* QOverall structure of codecs

* Fundamental blocks: DCT, Motion estimation,
Entropy coding

* MPEG stream

2013 Digital televsion techniques — Lecture 2




“!  Format of original analog signal

Blanking signals Sync pulses

\-—————————--——————- Black level

e White level

st = .
- e — — T —
*--..H__‘_ -
,-"::. e
_,..-F"P. _-—_—“—-—_\—_ﬁ- -
-___"'.--______ E L—-—. B_,.-r . T _‘_,':___ .
Odd hnes Inaclive lines o Even lines & Inactive lines
in 15t vertical trace in 1st vertical retrace ir1 2d verlical trace in 2d vertical relrace
l | Lo |
F 1
1st field = 262% hnes 2d field = 262 lines

L - |

Frame -—— 525 |ires
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“|  Sampling of analog signal mﬂ?k

Standard sampling Wu

S[k] = s(kTy)

reference value Uy (t) analogue input signal
Q

ke{01,23,..} B e

_— - - ‘ R
1/f, =T, sampling interval I w| . [],
-1 ot E2 |otwo
‘ - | 3L | "5y
b digital
output signal

Nyqvist rate 2 f__, q] TS

YAV VD4

Ri2 comparators
. with register

(LK docksignal
*Table source: U.Reimers: Digital Video Broadcasting
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Digital TV: Sampling

Sampling of video signal (composite video):
Normally 4fsc” 4 * colorsubcarrier frequency
e.g. -> 14.318 MHz at 12 bits = 171 Mbit/s

Sampling components (Y / Cb / Cr):
Normally 13.5 MHz luminance frequency
At 4:2:2 sampling totally 27 MHz, 8 bit ->

=» 216 Mbps Available: 5 Mbit/s

PAL TV

Compression 740:1”
@ 1 Gbps Compression 7250:1” (HEVC)

HOTV TV

2013 Digital televsion techniques — Lecture 2




e Table 2.3. Digitisation characteristics and data rates of video signals with irrelevance reduction
Signals  Clock  Values/ Lines H H,.  Format
[MHz]  [line] [Mbit/s]  [Mbit/s]
R 13.5 864 625 108 4:4:4
13.5 864 625 108 ITU 601
B 13.5 864 625 108 324
Y 13.5 864 625 108 4:2:2
C, 6.75 432 625 54 ITU 601
Cq 6.75 432 625 54 216
Y 13.5 720 576 83 4:2:2
C, 6.75 360 576 415 only active image
C, 6.75 360 576 41.5 166
Y 13.5 720 576 83 4:2:0
C,C, 6.75 360 576 415 124.5  only active image
Y 6.75 360 288 20.7 4:2:0,SIF
C,C, 3.375 180 288 10.4 311 onlyactive image
*Table source: U.Reimers: Digital Video Broadcasting
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MPEG: History
JPEG — during the 80s — first standard 1992

MPEG started in 1988

H.120 — 2Mbit/s — DCPM - videoconferencing

H.261, 1989, — 384 kbit/s-1Mbit/s — DCT - videoconferencing
MPEG-1 (ISO/IEC-11172), 1989-1996 — VHS quality at 1,5 Mbit/s
MPEG-2 (ISO/IEC-13818), 1991-2000 — video broadcasting
MPEG-4 (ISO/IEC-14496), 1995-2002 — objects, wavelets
MPEG-7 2002 — “content-based coding”

MPEG-4 AVC 2004

H.265 HEVC 2013

2013 Digital televsion techniques — Lecture 2 6



“l  What is MPEG iIn general?

A MPEG have several parts; for instance MPEG-4.

» Systems — Synchronizing and multiplexing of A/V
* Visual — Compression of visual objects

* Audio - Compression of audio

« Conformance testing

« Delivery Multimedia Integration Framework

» Reference software

 MPEG-4 delivery over IP networks

* Reference hardware

» Advanced Video Coding - ITU-T H.264 standard
» Scene description / app engine

* ISO base media format

 Intellectual property handlign

* MP4 file format

« AVC file format

2013 Digital televsion techniques — Lecture 2




MPEG-1

*This standard i1s named after the ISO committee that created it. It has
a bandwidth of about 188 KBps, and consists of three layers:
*MPEG video, encoded at 138 KBps
*MPEG system (responsible, among other things, for A/V sync),
encoded at 34 KBps
*MPEG audio, the Third Layer, hence MP3, encoded at 128
Kilobits per second (16 KBps)

MPEG-2

Improvements for broadcasting
Possibilty to perform parallel decoding
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ed\ MPEG-4

« MPEG-4 standard: 30 parts
*Most known: MPEG-4 Part 10, or MPEG-4 AVC/H.264
* Video encoder (Advanced Video Coder)

« HEVVC (High Efficiency Video Coder)

Comparison of video coding standards based on equal PSNR[66]
Average bit rate reduction compared to

Video coding
H.264/MPEG-4 H.262/MPEG-2
standard AVC HP MPEG-4 ASP H.263 HLP MP
HEVC MP  35.4% 63.7% 65.1% 70.8%
H.264/MPEG-4 o o o
AVC HP - 44.5% 46.6% 55.4%
MPEG-4 ASP - - 3.9% 19.7%
H.263 HLP - - - 16.2%

Source: G.J. Sullivan; Heiko Schwarz; Thiow Keng Tan; Thomas Wiegand (2012-08-22).
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http://iphome.hhi.de/wiegand/assets/pdfs/2012_12_IEEE-HEVC-Performance.pdf
http://iphome.hhi.de/wiegand/assets/pdfs/2012_12_IEEE-HEVC-Performance.pdf
http://iphome.hhi.de/wiegand/assets/pdfs/2012_12_IEEE-HEVC-Performance.pdf

ademi

Compression of data in general

L_ossless Lossy
decompressed stream there is loss in data,
identical to original taking advt. of limits

of eye and ear
EX. Run-length encoding
Huffman-encoding EX. Interpolation,
(ZIP, GIF) subsampling, quantization

\ / (YUV, Wavelets, Fractals)

Hybrid coding
Combination of lossy / lossless etc.

Jpeg, Mpeg,
Last step entropy

2013
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“l  MPEG compression techiniques

Iframe P-frame MPEG-Z Video

- Temporal, spatial redundancy
- Impercitible details

2013 Digital televsion techniques — Lecture 2
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Video compression - methods

Simple Interpolative Predictive Transform Statistical
Truncation DPCM Discrete Huffman &
CLUT Sub-sampling Motion Cosine Arithmetic
Run-length Compensatior] | Transtform coding

. e
\ ' /
Fixed / Adaptive
Video Y YYVYVYVY
mpu Color [™® Video -

—> ™ Compression > S L
Components fap P . Assignment
Algorithm

Compressed
PCM Signals) e
( enats) Bit-Stream
2013 Digital televsion techniques — Lecture 2 12
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Video Sampling Formats

4.2:2 Sampling (Digital Betacam)
High profile MPEG-2

ereeHO;
eHeneH®
ereneqd;
¥ ¥ Y ¥

oréte
“iejellelflofeofe-
4:1:1 Sampling (NTSC DV) ~ €hil®] ©1071©m>
& offefel-

olefolefiel 4:2:0Co-sited (PAL DV)

m m .0.@4- Normal profile MPEG-2

@ gl © gl e
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Sample interpolation
Chrominance

¢ Bi-linear interpolation: .+ s s s

U(1. 1) = U(0,0)x0.75 + U(1.0)x0.25 + | |-
U0.1)x0.75 + U(L1)x0.25  L100,° ° ° %)

Sub-sampled
U or V' component

14
14
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MPEG fundamental blocks

2 5T ST 3 [ [E o=
Wideo stream Sequence Group of Pictures  Picture Slice
Slice and Macroblock
oOP
L N
' ™,
Picture i\
- N
| Ry C C
Shice = =
Y| Y
A\ A
T

Macroblock (MB)

[

Macroblock  Block

2013
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JPEG / Still coding

Digitized still image
(or video frame)

Compressed

] E{(1£3 L‘l]l.\:‘]}"l'”.".'._\l-l.].
26050000 1B [ Qe YUV " mbit-stream [ i _Qirer To file
SERAERE: [.1_.‘.:1;31—8});1;,4., \.Il’l-.{n L }?ll—f‘}l[Lr‘im or
revesves Convertor Encoder Formatting network
Level DCT . Entropy
o : —» Quantizerr—» PY
Shifting Encoder Encoder
2013 Digital televsion techniques — Lecture 2 16
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Intra-frame coding: Overall

R Ca 4 7 1o 13 16 19 22 25 L
=4k . i 7T 10 13 16 19 22 25 2% L[1Y R .
""""" Image Step-size | 10 13 16 19 22 25 28 31 | | 010, Hulfman
vareeeed Store Tl 15 16 19 22 25 28 31 34 o "1
AR ['able 16 19 22 2% 2% 3] 34 37 (11T Code-book
R 19 22 25 28 31 34 37 40 (L1 R
aa a4 b e 1035 % 31 3437 40 43 o

l I5 2% 31 34 3T 40 43 4o 11 ..

Color.S Tove] DCT I 5 tI Compressed
~olor-Space eve i ntropy Qo
Convertor "1 <rie: _ —» Quantizerp—» P2 : .In? e

onvertor Shifting Encoder Encoder Jit-stream

¢ Compression comes from:

» Chrominance subsampling

» DCT coefficient quantization

» Difference coding DC
coetficients

» Statistical & run-length
coding of AC coefticients

(1 component)

¢ Qualitative results:

» 0.25 - 0.5 bpp — ok for some
applications

» 0.5-0.75 bpp — ok for many
» 0.75 - 1.5 bpp — excellent

» 1.5 - 2.0 — indistinguishable

2013

Digital televsion techniques — Lecture 2
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Transformation based compression

2 x 2 array of pixels |-D array of differences

A B _
A | B-A|C-A|D-A

C D

Encode differences with less precision!!

Common transformations: Fourier, DCT, Wavelets
MPEG2 uses DCT

2013 Digital televsion techniques — Lecture 2
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Discrete cosinus transform

¢ The 1-dimensional transform:

Fu) = ‘”} fo) cos (2xtDur
16

X=

» F(u) 1s the DCT coefficient for u = 0..7
» f(x)is the x” input sample fot x = 0..7
» C (u)is a constant (equal to 27" if 4 = 0 and 1 otherwise)

¢ The 2-dimensional (spatial) transform:

Fu,v) = ,U)(_(V}z fo‘*) COS (_A )y}r an( yv+l)vr

2 2 =1 x=1 16

2013 Digital televsion techniques — Lecture 2
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e\, Discrete cosinus transform
Represents input as sum of basic functions

[.evel-shifted values DCT coefticients

\

| [
1277 [50
trgﬂﬂmﬂﬂﬂﬂ Z 0 X

-128 \45[} J;

23456 7 01234567 ¢

0 1.0 1 1.0 2 1.0 3 1.0
0 [IRTRRTARIAN HH ﬂT;___ rr][n D} U:I[ T"'

-1.0 -1.0 -1.0 -1.0
4 L0 5 L0 6 1.0 — = 7 1.0 —

-”- -I_ § |1 M C i [l 00 [ -—n_

T
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DCT on frames

=

y the DCT in x and y dimensions simultaneously to

8X8 pixel blocks

¢ Apply
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preveey nJ.”_
= s
— 0y
1 1

L

» Code coefticients individualls
with fewer bits
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DCT on frames: Example

2013 Digital televsion techniques — Lecture 2
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Quantization

172 218 15 -8 23 -9 -14 19 4 7 10 13 16 19 22 25
DCT 21 34 24 8 1011 14 7 f 710 13 16 19 22 25 28 | Gten-siy
coeffieionic| 9 8 4 6 -5 4 3 - [} 0 13 16 19 22 25 28 31 hle
coetlicients) 46 6 5 4 a4 4 2 1 |} 13 16 19 22 25 28 31 34 table
8 2 3 5 3 3 4 6|} 16 19 22 25 28 31 34 37
4 2 4 6 4 4 2 | 19 22 25 28 31 34 37 40
4 3 4 5 6 3 1 1[% 2225 28 31 34 37 40 43
0 8 4 3 2 1 4 0 1 25 28 31 34 37 40 43 46
Image Store " eeewn A
SESEESE DOT s —
LILLIIL e — 2af} »Quantizerf——=0s >
Peesera Encoder e “~
43 3 2 1 1 0 0 0O
. . 3 3 2 1 000 0
¢ Step-size table can be scaled to 1 1 0000 0 0
control degree of compression e
» Scaling factor called the 0 0 0 0 00 0 0
“g-factor” 0 0 0 000 0 0
y 00 0 0 00 0 0

* Variable in MPEG stream

2013
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ae\. Z1g-zag walking

In order to Increas | !?é%é%é
- ) ol gV V4
effectlveness_of run A A7
length encoding JTAAA NNV
N\ /L
A4

—>

S 43,3,3,1,3,2,1,2,1,1,1,0,0,1,1,0,0,....
I 1 0 0 00 0 0 After RLE:
L0000 0| 43,(32),1,321,2(13),(0.2),(12),(049)
6 0 00000 0
g 0O 0 0 0 0 0 0
2013 Digital televsion techniques — Lecture 2 24
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Run-length encoding

17 23 54 54 54 54 54 54 54 22 11

€9

17 23 (54.7) 22 11

2013 Digital televsion techniques — Lecture 2
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Huffman encoder - principles

Because I'm bad, I'm bad-- come on
Bad, bad-- really, really bad
¥You know I'm kbad, I'm bad--
vou know it
Bad, bad-- really, really bad
You know I'm bad, I'm bad-- come on, you kn (BIRYCbi 35)
Bad, bad-- really, really bad
Phrase Symbol - Frequeney  Code Length Code
Because b I 5 Q000
I'm I § 3 011
Bad B 15 1 | Bad IR 12
Come on L 2 4 Q001
It 1 | S 00000
Really [ & 3 010
You know ' -4 3 00
il )
I'm

{IRYChi 20)

(¥ Chi 8)

{Chi 4)

G 2)
Come on

b1 ;
Lac;use :;E R

2013
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Transformation based compression: Wavelets

Orig:64x64

8bpp 2.88 bpp 1.68 bpp

0.88 bpp 0.4 bpp 0.16 bpp

27
27
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MPEG motion compensation

I'rame ™
n—k I
- | Frame

| I |
I

 Performed on macroblock (16x16 pixels)
 The prediction search space is not specified in the standard
 ODbjective: Find an motion vector w that minimizes some
cost function, e.qg.
[5 13
> Z”f(ﬁ"{iﬁﬁ'{*”| 165 1, l(w'.?_, il —frame,, [16b +w +i, 1(},«'_1.1111;} yi)

=0 =0

28
28
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MPEG motion compensation
Bi-directional prediction

Frame ff:
F'rame » |

Frame n—k, L1 | |

 Not only prediction, also interpolation
 Both past and future frames are used to predict the
current frame

2013 Digital televsion techniques — Lecture 2
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e\ MPEG motion compensation

Bi-directional prediction

\

-y

T\ N\
AR

1
-
B

s (A LAr LB LIB [IB [

« 3 types of pictures in a MPEG stream
* | — Intracoded pictures (still images)
P — Predicted pictures from previous | or P pictures
« B — Bi-directinally pictures (interpolated pictures)

2013 Digital televsion techniques — Lecture 2




é\, MPEG motion compensation

ademi

Bi-directional prediction

Aa O

5 6 L 9 |

\

"\ A\
A

2 3 4 7 3 :
1 LT L 1T L1 LT |
-1 -1 L~ -1 -1 -1 -1 |

B B B B B B |
e o Pl

¢ Directional prediction implies that frames cannot be
encoded or transmitted in the order they are scanned

¢ Encoding & transmission order:
» 1, P.B,B,B, I, B,B,B, P, B,,B,, B, 1,- B, BBy ...

31
31
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16x16
Macro- —m

block

Motion
Estimator

Macroblock
i

Butter

Previous G_)
Frame

8x8
pixel
block

Structure of MPEG encoding

DCT Inverse
Decoder Quantizer
DCT . Entropy
. — Juantizer Sl
Encoder Q Coder

> Motion

Vecetors

32

2013

Digital televsion techniques — Lecture 2

32



ademi

MPEG fundamental blocks

Z 5T —[ -~ E_'_‘::*EEIZD 1 .0

Wideo stream Sequence Group of Pictures Iﬁ Shice Macroblock  Block

» Sequence Layer

* decoding parameters (bit-rate, buffer size, picture resolution,

framerate’ ) | picure header | GOB, data . lGoB,., dard]
& | »Group of Pictures Layer T oo
§ * a random access point - Drntes [, ]
& | » Picture Layer i
o [ *picture type and reference picture information Wﬁfi’fﬁ’f"”“‘*-’ "“’“"-'f.|.f’ff" B
O » Slice Layer |-£;;—‘l"c.'m_’{f'| |L}(‘r‘mg__rf'i;:(";;|
L s : : ——
o position and state information for decoder resynchronization
= | » Macroblock Layer

* coded motion vectors

» Block Layer

* coded DCT coefficients, quantizer step size, etc.
2013 33
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MPEG fundamental blocks

guartiz2d DCT coefidents for one 8:x8 block (variahle length coded)

TEmm——

e—

m——

."'-
i

e _ g
- 3.;
T !
macroblock mode (optional) mation coed luminance | chrom .
address guarnti zation value |vectors |block pattern blocks blocks
stad glice |quantization | macroblock | macroblock macroblock
code | addrezzs value a1 1 | T n-1
start picture zlice zlice Hice
code flags ] A m-
.-___\_“- — . III'I
- . . - I;I
. —— ;"-
(optional) . . . ,
stad Sequer::e au antisation B (e ] . picture
code | parameters wighting st and level 0 1 [

Block layer

Macroblock layer

[containing four luminance

and two chrom inance blocks

for 4:2:0 video)

Slice layer
[containing »
macrokblocks)

Pidure layer
(containing
Hices)

Sequence layer
[containing g
pictures)

Each picture iz divided irto mhorizontal zlices, each comprising » macroblocks, For 4:2:0 videa, each
macroblock contains four luminance and two chrominance x5 blocks of quartized DCT coefficients.

2013
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Compression artifacts

EyeTrack Samples & Sources

18 Decembe

2013 Digital televsion techniques — Lecture 2
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e\ MPEG standardization

ademi

What about research???

* pre-processing: (or "how to fit a square peg in a round hole?™).

 motion estimation (or "how to efficiently find a good prediction.")

» macroblock decision models (efficient, but does it also optimise
the ripple effect on subsequent macroblocks ?)

» rate control and buffer management in editing environments

(MPEG: video only exists within a sequence. Real world: decoder

Is displaying picture from previous sequence, while reconstructing

a picture from the new sequence)

 Implementation complexity reduction (real time encoding on

normal PC hardware).

36
36
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