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Digital video compression standards 2

e Three international standards setting
organizations are mainly responsible for
creation of widely deployed video compression
approaches
— International Telecommunication Union (ITU-T)

— International Organization for Standards (1ISO)
— International Electrotechnical Commission (IEC)
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Video compression standards 3
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Predictive coding with motion compensation 4
¢ INTRA (I) frame coding ]
[—'b
frame P

e INTER (P) frame coding

— Prediction from a previously coded
frame (I, P)
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Predictive coding with motion compensation

e Backward
— Predict where the pixels were in a previous frame

e Forward
— Predict where the pixels will be in a next frame
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Forward

e Produces holes or overlapping regions
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Backward

e No holes or overlapping regions
e Popular approach to predictive coding
e Produces a reasonable coding delay
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Bitstream syntax

A typical compressed video bitstream is
composed of:
e Several frames of different types:

— Every frame is composed of

= Group of Macroblocks

(synchronization) | -

* Macroblocks (motion+texture)

- Blocks (DCT)

DCT block
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H.261 9
&
DCT Quantization coding
Past reference Inverse Inverse
dit}?el:)ecnkce Quantization
Motion Motion
estimation vector coding
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H.261 — Highlights 10
Recommendation ITU-T H.261 (p X 64)
o Only compressed bitstream syntax and decoding
process are standardized
o Compressed video is made of | and P frames
o | frames are compressed based on DCT similar to
JPEG (not compatible)
o P frames are predicted from previously coded
frames (Il or P)
o Prediction is based on a motion compensation
approach applied to blocks of 16 X 16 pixels
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Predictive and interpolative coding with

motion compensation 1

e INTRA coded frames:
— Random access AN
— Robustness to errors ot
rames

¢ INTER (P) coded frames:
— Prediction from a previously coded
frame (I, P)
e BI-INTER (B) coded frames:

— Prediction from previous and/or future
coded frames (I, P)
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Entropy
DCT Quantization coding
Intra-coded
frames
Past reference Inverse Inverse
frame buffer DCT quantization
Predictive-
coded
i frames
Motion Block L Entropy
compensation difference DCT Quantization coding

Future reference Inverse block Inverse Inverse
frame buffer difference DCT quantization
Bidirectional-
coded
N frames
Motion Block Lo Entropy
Coded
Motion Motion motion vectors
estimation vector coding
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MPEG-1 — Highlights

13

MPEG-1 video coding at 1.5 Mbps

o Only the compressed video bitstream syntax and decoding
process are standardized

o Compressed bitstream is composed of |, P, and B frames

o Compressed bitstream is divided into a group of frames starting
from an | frame

o P frames are predicted from previously coded frames (| or P)

o B frames are predicted from previous and future frames (I or P)

o Prediction is based on motion compensation on blocks of size
16 X 16 pixels with %2 pixel resolution
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Fine motion estimation

14

e Motion estimation at 'z pixel resolution

— Motion estimation from an interpolated
reference frame
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Fine motion estimation

15

e Motion estimation at 'z pixel resolution

— Motion estimation from an interpolated
reference frame
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Interlaced video compression

16
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Scalable video coding with MPEG-2

17

MPEG-2
enhancement
layer encoding

Spatial or
temporal
up-scaling

Spatial or
temporal
down-scaling

MPEG-2
base-layer
encoding
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MPEG-2 — Highlights

18

MPEG-2 Generic Video Compression

o Only the bitstream syntax and decoding process are
standardized

o Several modes are used to efficiently compress
interlaced video (field based modes)

o Generic coding at various frame sizes and bitrates

o Temporal, spatial and quality (PSNR) scalability
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H.263 — Highlights

19

Recommendation ITU-T H.263

o Compressed video is composed of frames of
types |, P, and B

o Advanced motion compensation (1 mv per
blocks 16x16 or 4 times 1 mv per block 8x8)
o Motion estimation and compensation at 2 pixel

o Extended motion estimation (outside of the
region of definition of reference frames)

o Arithmetic coding can be used instead of
Huffman (option)
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MPEG-4: Audiovisual object-based coding

o MPEG-4 proposes tools for conventional
coding of audiovisual content with excellent
robustness against errors

o MPEG-4 proposes an architecture where
several audiovisual objects can be coded and
decoded independently

o Audiovisual objects can be composed in a
flexible way to create different scenes

o MPEG-4 handles both natural and synthetic
objects efficiently
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21

MPEG-4 Example

Custom Interface
with Personalization

Multiple Video Windows

2D Graphics
alpha-blended

CD-Quality Audio
Custom Branding

ISO N3536 MPEG4

III Multimedia Signal Processing Group
‘PG Ecole Polytechnique Fédérale de Lausanne

cPrL

21




Conceptual representation of an MPEG-4 scene 23

2D background audiovisual
presentation
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MPEG-4 acting as a conventional coding system 24
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MPEG-4 emulating a conventional coding system 25

demultiplexer

encoder
decoder
compositor
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MPEG-4 deploying its object-based functionalities 26
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Binary shape

Padding

Motion compensation

Quantization

AC/DC prediction

Scanning

I, P, B modes

Temporal scalability

Spatial Scalability

Error resilience

Static sprites

Interlaced coding

12-bit video

Static texture
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Overlapped motion compensation
Advanced motion compensation
Method 1

Method 2

Non-linear

Type 1

Type 2

Slice synchronization

Extended header code

Data partitioning

Reversible VLC

Basic

Low delay

Scalable

[ -

PrL
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e Arbitrary shaped

video object

hounding hox

Video Object

— texture (3 color
components YUV)

— Transparency plane
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MPEG-4 shape coding (2/3)

e Coding modes
— Opaque
— Transparent
— No-update
— Intra Context based Arithmetic Encoding
— Inter Context based Arithmetic Encoding

e Lossless

e Lossy
— Motion compensation without update
— Subsampling by a factor of 2 or 4
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MPEG-4 shape coding (3/3)

e Context based Arithmetic Encoding
— Intra

— Inter
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Motion compensation (1/3)

31

An object can be coded in one of the following modes: I, B, P
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Motion compensation (2/3) 32
reference bounding P-VOP or modified block
P-VOP or box B-VOP (polygon) matching
I-VOP ’ —\POY8 € =
padded referenc| conventional
pixels f-or block matching
unrestricted
block matching . A faranc
S padded reference
pixels for block
matching
reference VOP
e advanced
pixels for block ..
. prediction
matching
mode
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Motion compensation - padding (3/3)

block[x-1, vl
\_ ]

Normal Padding

. Extended Padding

repeat

. Process of extended padding of a block
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Process of padding of a VOP

33

Padding summary

e Object can change and
some matched parts in
the original reference
can be transparent

e Transparent pixels are
padded and rthe
esulting VOP is used ,
as reference =

e Macroblocks in current
object are matched

=
b |

against the reference a
|

»
-
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A%0)

macroblock
entirely inside
VOP

(coded by
conventional
DCT scheme)

macoblock
partially outside VOP
(blocks partially outside

the VOP are coded

by DCT after padding)

macroblock
entirely ouside
VOP (not coded)

QFS[n]

Coded Variable /

Length

Data .
a Decoding

Inverse Inverse
AC/DC Quantiz-
prediction ation

QF[v][u]

Inverse
Scan

Inverse
DCT

SQF[V][u] Reconstructed
VO

/

Decoded

. Pels
Motion

Compen-
sation

T dly][x]

Decoded
Shape
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Scanning of coefficients

39
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Alternate-Vertical scan

zig-zag scan
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e Resynchronization markers
e Extended header code
e Data partitioning

e Reversible VLCs
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Error resilience tools (1/3)
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Error resilience tools (2/3) 41

Shape | Motion Texturey@=jglg, Texture Data
DATA | DATA DATA HEDIESiM Reversible VLC

>

Forward decoding Backward decoding
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Error resilience tools (3/3) 42
| | (Picture Start Code
I 1
| | H/MPEG-4 Resync Marker
I 1
| | BH.263 Resync Marker
I I
| |
H.263 Bitstream
MPEG-4 Bitstream
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Synthetic objects in MPEG-4
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e Face coding and its animation
e Body coding and its animation

e Photo-realistic 3D model coding

e Animated 3D model coding

Illm Multimedia Signal Processing Group
’PG Ecole Polytechnique Fédérale de Lausanne

43

Advanced Video Coding H.264
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e Also known as MPEG-4 Part 10 pr AVC
e Became international standard in 2003
e Similar general structure as in H.263

— But differences in each module

Better compression efficiency when compared to
MPEG-2 and MPEG-4 part 2

— Mainly due to a better prediction

e But more complex
— Remains reasonable especially as decoder

MM Mutimedia Signal Processing Group | -
Ecole Polytechnique Fédérale de Lausanne [ -

PrL

44




H.264 — Highlights 45

e Compressed video is decomposed into |, P and B
frames but also Sl et SP (stream switching)
e Spatial prediction (in | frames)

— By 4x4 (luma, 9 modes), 16x16 (luma, 4 modes) or 8x8
(chroma, 4 modes) blocks

e Temporal prediction (in B or P frames)
— Motion estimation at V4 pixel accuracy

— Variable motion block sizes: 16x16, 16x8, 8x16, 8x8, 8x4,
4x8 et 4x4

— Multiple reference frames (I, B or P)
— Weighted prediction
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Fixed size vs. variable size block matching 46
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H.264 — Highlights 47

e Integer transform in 4x4 blocks
— Integer approximation of DCT
e Context-adaptive binary arithmetic coding
(CABAC)
— More complex but 5~10 % better compression
efficiency
e Context adaptive entropy coding (CAVLC)
— Faster and simpler but less efficient than CABAC
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Block Diagram: H.264 Encoder 48
*Superficially like other standards
iction *But numerous advances...
—
Bitstream
Prediction
Video In Loop
. E
me
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A 16-Bit 4x4 DCT 49

1 1 1 1] Quantization step siz¢
control 1s nonlinear:

| 2 1 -1-2 step sizes graduated

IR S by about 12%

= (double after 6 steps)
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Intra Pred., 9 Modes 50

= Directional spatial prediction
(9 types for luma, 1 chroma)

Intra
Prediction

EF GH

=S BP0 |
5 OO W
o ~a ala
o~ o alo

0

g O =2 B XRgHO

7
2
8

4 615 3
* e.g., Mode 3:
diagonal down/right prediction
a, f, k, p are predicted by
(A+2Q+1+2)>>2
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Flexible Block MC
- 7 Segmentation Shapes

Intra

Prediction

51

Eaii

16x16 16x8 8x16 8

F MB 0 0 ol 1 0
Types p 5
8x8 8x4 4x8 4

8x8 0 0 ol 1 0
Types 1 2

Motion vector accuracy 1/4 (6-tap filter)
(1/8 sample bilinear for chroma)

Vidieo In

Filter

Prediciion
LOOP
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5 Ref. Frames 52
Intra
Prediction
Eam
| Pred
Video In Lo0p
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In-Loop Deblocking 53

16x16 Macroblock 16x16 Macroblock

Sisireanm

\5\

Vertical edges (chroma)

Vertical edges (luma)

Frediciion
LOOP
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Two Entropy Codes (VLC and CABAC Arith. Code) 54
- CAVLC and - op
(Context-Adaptive Variable- bl
Length Coding) Dilsirean
- CABAC
(Context-Adaptive Binary Q71D
Arithmetic Coding)
Prediciion
LOOP

Video In

=
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Weighted Prediction

e Inter-picture prediction with scaling
and offset

e Encoder-specified or timing-derived
weights

e Multiple weights per picture
supported

e Tremendous advantage for fade-in,
fade-out, and cross-fades
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Test — Mobile & Calendar (CIF)
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Bitrate (kbis)
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