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€ Multimedia Fireworks ...

Looking for a spectacular multimedia development

For the technologies it includes ...
For the range of functionalities it provides ...

For the content production and consumption paradigrs it
promotes ...

For the social interactions it stimulates ...
For the new technologies and functionalities it in@res ...

For the challenges it opens ...
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Mission Impossible ?




Broadcast Yourself ™

YouTube is a video sharing website on which usersa upload and share
videos. Created in February 2005, it was in Novemb&006, bought by
Google Inc. for $1.65 billion, and is now operateds a subsidiary of Google.
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gk Prosuming ... Producing and Consumiing ....
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YouTube displays a wide variety of
user-generated video content,
including movie clips, TV clips, and
music videos, as well as amateur
content such as video blogging an
short original videos.

Most of the content on YouTube has
been uploaded by individuals,
although media corporations
including CBS, the BBC, UMG and
other organizations offer some of
their material via the site, as part of
the YouTube partnership program.




TTTTTTTTT
RRRRRRRR

i€ Social Networking ...

With its easy to use interface, YouTube made it posde for
anyone who could use a computer to post a video tha
millions of people could watch within a few minutesSome of
these video become worldwide popular in a few hours.

The wide range of topics covered by YouTube has toed
video sharing into one of the most important partof
Internet culture. Many videos have been created gt to be
put in YouTube ...

People with YouTube accounts are able to join groupcalled
"Channel Types" that make their channel more distirctive.
The types are: Comedian, Director, Guru, MusicianNon-
profit, Reporter, Politician, ...



W #€ Social Impacts ...

TTTTTTTTT
RRRRRRRR

YouTube has changed the communication strategy abmpanies,
political parties, presidential campaigns, governrantal projects

YouTube has fuelled revolutions and denounced couption ...
YouTube has revealed new stars ...

YouTube has stimulated new business models and lacimed new
businesses ...

If it is not in YouTube ... very likely, it does not exist.



i) & Compression and Streaming Technologies
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Flash Video is a file format used to deliver videover the Internet
using Adobe Flash Player. Though the Flash Video otainer
format itself is open, the codecs used with it aregtented.

Commonly, Flash Video files contain video bit strelas which are a
variant of the H.263 video coding standard, underite name of
Sorenson Spark.

Flash Player 9 Update 3, released on December 20@¥K0 includes
support for the H.264/AVC video coding standard (a80 known as
MPEG-4 part 10, or AVC) .

Flash Player supports audio compressed using AAGIPEG-4
Part 3), the MP4, M4V, M4A, 3GP.



i &€ Metadata, Searching ...
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YouTube considers metadata fields such as
Title

Description

Category

Autos & Vehicles, Comedy, Education, Entertainmieii) &
Animation, Gaming, Howto & Style, Music, News & Rodi, People &
Blogs, Pets & Animals, Science & Technology, Sporasvel &
Events, ...

Date of upload
Number of views

Scores



W i€ Managing Legalities ...
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YouTube has been criticized frequently for failing to enste that its online
content adheres to the law of copyright.

At the time of uploading a video, YouTube users are shown areen with the
following message.'Do not upload any TV shows, music videos, music concerts
or commercials without permission unless they consist i&iyi of content you
created yourself. The Copyright Tips page and the Community Ginde can

help you determine whether your video infringes someone'glsepyright.”

YouTube does not view videos before they are posted online, amds left to
copyright holders to issue a takedown notice under the termaf the Digital
Millennium Copyright Act.

Videos that are considered to contain potentially offensive coemt are
available only to registered users over the age of 18. The uploadiafyvideos
containing defamation, pornography, copyright violations, and material
encouraging criminal conduct is prohibited by YouTube's terns of service.



i &€ Copyright Filtering ...
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YouTube has introduced a system called Video ID, which chks uploaded
videos against a database of copyrighted content with the aim ofdecing
violations.

The Content Identification tool offers copyright holders to eagy identify
and manage their content on YouTube.

The tool creates ID files which are then run against usarploads and, if a
match occurs, the copyright holders policy preferences aréén applied to
that video. Rights owners can choose to block, track or monetizkeir
content.

The digital content identification file corresponds to a regérence file
generated using Google software to create ‘fingerprints’. Matabs can be
to only the audio portion of an upload, the video portion only, or bdi.

The reference library is generated from copies of content drom ID files
that are submitted by content owners.



W &t Quality ? What Quality ?
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YouTube video and audio quality are sometimes quitpoor ...
still, this does not prevent some of this contenbtbe very popular

What is and determines ‘good quality’ ? What ‘quality’ ? Quality
of the multimedia experience ?
Which are the components determining quality ?

Signal fidelity

User profile

User involvement

Context, e.g. train, abroad

Natural environment, e.g. noisy, dark



i€ Compression: the Foundations of the
Multimedia Babel Tower

According to the Book of Genesis, the
Tower of Babel was an enormous tower
built at the city of Babylon, a
cosmopolitan city typified by a confusion
of languages.



The Multimedia Babel Tower ...
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Basics on
Video Coding



Multimedia Everywhere, Anytime, for Everybody



#€ The Importance of the User ...




Applications: What Does the User Want ?

News & Information
Entertainment
Communication
Games

Survelillance
Education

Shopping



E Video Coding/Compression: a Definition ...

Video Coding/Compression is the technologallowing
to efficiently represent video information while
fulfilling a certain set of relevant requirements.

And the relevant requirements are always changingpllowing
the technological evolution and user needs: compr&sn
efficiency, retrieval, complexity, random access,reor
resilience, interactivity ...



US Video Coding/Compression Patents
(19902007



€ The Old Analogue Times: the TV Paradigm

Video data modeled as a sequence of pictures with a certainmber of
lines

One audio channel is added to the video signal
Video and audio have an analogue representation

User chooses among the available broadcast programmes



The Digital Jump ...

People Want More ...
also because Technology Can Give More !



i€ Why Digital Compression ?

A video segquence may be created and consumed as a set
of frames atF frame/s, each withM™N luminance and
chrominance samples, with a certain number of bits
per sample ()

The bitrate needed to digitally
represent a video sequence is

BIG !l



Coding ... and Deoodimy) ..
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Encoder




#€ Digital TV: Jilisstean Exanype

Original bitrate, e.g. Rec. ITU-R 601: 25 image/s ith 720 576
luminance samples and 2360 576 chrominance samples with 8
bit/sample

[(720” 576) + 2" (360" 576)]” 8~ 25 =166 Mbit/s

Acceptable bitrate, e.g. using H.264/AVC: 2 Mbit/s

=> Compression factor: 1G52» 80 b= i l

The usage of coding technologies enables the emearge of new
products and services, e.qg., DVD, digital TV, whickvould not
existe otherwise.



i Digital Compression atWiti...

Og%:tnaal Symbols Bits
Symbol Entropy
— Generator [ Encoder [r—
(Model) (Model)

The encoder extracts from the information
‘the best of it’” exploiting:

Spatial redundancy
Temporal redundancy
Statistical redundancy
Irrelevancy
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Where doesConpyesssoorazniesicom ?

REDUNDANCY — Regards the similarities, correlation and predictability of
samples and symbols corresponding to the image/audvideo data.

-> redundancy reduction does not involve any information loss teimeans it is a
reversible process —*ossless coding

IRRELEVANCY - Regards the part of the information which is
imperceptible for the visual or auditory human sysems.

-> irrelevancy reduction is an irreversible process -*ossy coding

Source coding exploits these two concepts: for
that, it is necessary to know the source statistics

and the human visual/auditory systems

characteristics.



£ The Frame-based\itEnMaodiel

Video data is represented as a periodic sequence(ocdctangular)
frames, each formed by M N pixels.

Data model is a direct translation of the old analgue model and
thus the functionalities provided are similar.



g The Winning Cocktail: DCT Hybrid Coding

The frame based data model is just a translation of the
analogue model !



The BiggestSsamedt Wiatiomm linfonmaitiom ...



i€ | P andB Frames ...

e Intra frames (I) — Don’t use
temporal prediction (needed
for random access)

e Predicted frames (P — Only
useforward prediction from
| and P frames

e Bidirectionally predicted
frames (B)— May use both
forward and backward
prediction (very efficient)
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Video
Compression

Past and Present



#€ The Importance of (Open) Standards

Media technologies, notably representation
technologies, are used in many audiovisual
applications for which interoperability is a
major requirement.

The interoperability requirement is solved by spedying standards

To allow evolution and competitior, standards shall provide
iInteroperability by specifying the minimum possibleset of elements, for
example the bitstream syntax and the decoden¢t the encoderfor a
coding format.

Standards are also repositories of the best techrogly and thus an
excellent place to check technology evolution andends !

Standards are Good for Users ! And for Many Compares ...
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The Standardization Path ...

H.261

o~

MPEG-1 Video

/

H.262/MPEG-2 Video

JPEG

l

JPEC-LS

!

JPEG 2000
MJPEG 2000

/
H.263 \ .
\ MPEG-4 Visual
H.264/AVC/SVC/MVC ¥ RVC
/ \
NGVC ? HVC ?

!
JPEG XR

v

AIC ?

® )7

ms;



a4t The Role of Moore’s Law ...

Moore's Law describes a long-term trend in the hisiry of computing
hardware, in which the number of transistors that @an be placed
iInexpensively on an integrated circuit has doubledpproximately every
18 months.
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Advanced Video
Coding



i€ H.264/AVC: The Objective 2003 |

OO
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Coding of rectangular video with increased efficiency: about
50% less rate for the same quality regarding existing
standards such as H.263, MPEE-¥ e a4 IMP&C3
Visual.

This standard (joint between ISO/IEC MPEG and ITU-T) offers also good
flexibility in terms of efficiency-complexity trade-offs as vell as good
performance in terms of error resilience for mobile enviroments and
fixed and wireless Internet (both progressive and interlaakformats).



Basic Coding Architecture
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Similar to Previous Standards

Macroblocks: 16 16 luma + 2 8 8 chroma samples

Input: Association of luma and chroma and conventiaal sub-
sampling of chroma (4:2:0)

Block motion displacemen

Motion vectors over picture boundaries
Variable block-size motion

Block transforms

Scalar guantization

|, P, and B coding types



Intra prediction

Variable block-size motion estimation
Multiple reference frames
Hierarchical integer transform
Context adaptive entropy coding

In-loop deblocking filter

4t Different from Previous Standards

16x16

16x8

8x16

MB 0 0]1
Types 0 0] 1
yp 1 B
8x8 8x4 4x8 4x4
0 0|1
8x8 0 ol 1
Types 1 213

Motion vector accuracy 1/4 (6 -tap filter)

N-4 N-3 N-2 N-2 N-1 N
HENE R E
— T

IR




4t Intra Prediction

To increase Intra coding compression efficiency, it is podse to exploit for each
MB the correlation with adjacent blocks or MBs in the samepicture.

If a block or MB is Intra coded, a prediction block or MB is built based on the
previously coded and decoded blocks or MBs in the same picé.

The prediction block or MB is subtracted from the block orMB currently being
coded.

To guarantee slice independency, only samples from the saiee can be used to
form the Intra prediction.

This type of Intra coding may cause errors to propagate if th@rediction uses
adjacent MBs which have been Inter coded; this may be solddy using the so-
called Constrained Intra Coding Modevhere only adjacent Intra coded MBs are

used to form the prediction.



it 4 4 nira Prediciion Directions

Mode O - Vertical Mode 1 - Horizontal Mode 2 - DC Mode 3 — Diagonal Down/Left Mode 4 — Diagonal Down/Right
P glolole
> 5 Wi
-5 7
5 1/
\4 v v v > K /

Mode 5 — Vertical-Right  Mode 6 — Horizontal-Down  Mode 7 — Vertical-Left Mode 8 — Horizontal-Up
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i€ Variable Block-Size Mtition Qomnyersstton

Input .| Coder
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i€ EntropyCoding 1 g1 1 o 1

SOLUTION 1

Exp-Golomb Codes are used for all symbols with the exception tfe
transform coefficients

Context Adaptive YLC$CAVLC) are used to code the transform coefficients
No enc-of-block is use; the number of coefficients is deco
Coefficients are scanned from the end to the baginn
Contexts depend on the coefficients themselves

SOLUTION 2 (5-15% less bitrate)

@ext Ada@inary Arithmetic Codé€ABAC)

Adaptive probability models are used for the m&yoof the symbols

The correlation between symbols is exploited thiotinge creation of
contexts
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Deblocking Filter in the Loop

Yo a,
S|

Po
Py

4x4 Block Edge

The H.264/AVC standard specifies the
use of an adaptive block filter which
operates at the block edges with the
goal of increasing the final subjective

and objective qualities.

This filter needs to be present at the
encoder and decoder (normative at
decoder) since the filtered blocks are

after used for motion estimation (filter
in the loop). This filter has a superior

performance to a post-processing filter

(not in the loop and thus not
normative).



t Deblocking: Subjective Result for Intra Coding

at 0.28 bit/sample

1) Without filter 2) With H.264/AVC deblocking



H.264/AVC Profiles ...



Video Compression is Already Everywhere ...



€ H.264/AVC: a Success Story ...

3GPP (recommended in rel 6) @~% AR

: : : L 0N 4 &l
3GPP2 (optional for streaming service) N 55 17
ARIB (Japan mobile segment broadcast) )

ATSC (preliminary adoption for robust-mode back-up channel)
Brazilian Digital TV Terrestrial system

Blu-ray Disc Association (mandatory for Video BD-ROM players)
DLNA (optional in first version)

DMB (Korea - mandatory)

DVB (specified in TS 102 005 and one of two in TS 101 154)
DVD Forum (mandatory for HD DVD players)

IETF AVT (RTP payload spec approved as RFC 3984)

ISMA (mandatory specified in near-final rel 2.0)

SCTE (under consideration)

US DoD MISB (US government preferred codec up to 1080p)
(and, of course, MPEG and the ITU-T)



€ H.264/AVC Patent Licensing

As with MPEG-2 Parts and MPEG-4 Part 2
among others, the vendors of H.264/AVC
products and services are expected to pay patent
licensing royalties for the patented technology
that their products use.

The primary source of licenses for patents
applying to this standard is a private
organization known as MPEG LA (which is not
affiliated in any way with the MPEG
standardization organization); MPEG LA also
administers patent pools for MPEG-2 Part 1
Systems, MPEG-2 Part 2 Video, MPEG-4 Part 2
Video, and other technologies.



2k DecoderEmumtiaT Rnyatties

Royalties to be paid by end product manufacturersor an encoder, a decoder or both
(“unit”) begin at US $0.20 per unit after the first 100,000 units each year. There are no
royalties on the first 100,000 units each year. Alva 5 million units per year, the royalty is
US $0.10 per unit.

The maximum royalty for these rights payable by arEnterprise (company and greater
than 50% owned subsidiaries) is $3.5 million per ya& in 2005-2006, $4.25 million per year
in 2007-08 and $5 million per year in 2009-10.

In addition, in recognition of existing distribution channels, under certain circumstances
an Enterprise selling decoders or encoders both (8s end products under its own brand
name to end users for use in personal computers aril) for incorporation under its brand
name into personal computers sold to end users byher licensees, also may pay royalties
on behalf of the other licensees for the decoder drencoder products incorporated in (i)
limited to $10.5 million per year in 2005-2006, $1fillion per year in 2007-2008 and $11.5
million per year in 2009-2010.

The initial term of the license is through DecembeB1, 2010. To encourage early market
adoption and start-up, the License will provide a gace period in which no royalties will be
payable on decoders and encoders sold before Janyak, 2005.



t Participation Fees (1)

TITLE-BY-TITLE — For AVC video (either on physical media or ordered and paid
for on title-by-title basis, e.g., PPV, VOD, or digital dowmload, where viewer
determines titles to be viewed or number of viewable tiéis are otherwise limited),
there are no royalties up to 12 minutes in length For AVC video greater than 12
minutes in length, royalties are the lower of (a) 2% of therice paid to the licensee
from licensee’s first arms length sale or (b¥$0.02 per title Categories of licensees
include (i) replicators of physical media, and (ii) servie/content providers (e.g.,
cable, satellite, video DSL, internet and mobile) of VODRPV and electronic
downloads to end users.

SUBSCRIPTION — For AVC video provided on a subscription basignot ordered
title-by-title), no royalties are payable by a system (satellite, interndgcal mobile
or local cable franchise) consisting of 100,000 or fewer subscrilsen a year. For
systems with greater than 100,000 AVC video subscribers, theraumal participation
fee is $25,000 per year up to 250,000 subscribers, $50,000 per year feager than
250,000 AVC video subscribers up to 500,000 subscribers, $75,000 per year
greater than 500,000 AVC video subscribers up to 1,000,000 subscribeasad
$100,000 per year for greater than 1,000,000 AVC video subscribers



a€ Participation Fees (2)

Over-the-air free broadcast — There are no royalties for over-th-air free broadcast
AVC video to markets of 100,000 or fewer households:or over-the-air free
broadcast AVC video to markets of greater than 100,000 households, rotiat are
$10,000 per year per local market servicfoy a transmitter or transmitter
simultaneously with repeaters, e.g., multiple transmittes serving one station).

Internet broadcast (non-subscription, not title-by-title) — Since this market is still
developing, no royalties will be payable for internet broadcasservices (no-
subscription, not title-by-title) during the initial te rm of the license(which runs
through December 31, 2010) and then shall not exceed the oveetair free
broadcast TV encoding fee during the renewal term.

The maximum royalty for Participation rights payable by an Enterprise (company
and greater than 50% owned subsidiaries) is $3.5 million per ye in 2006-2007,
$4.25 million in 2008-09 and $5 million in 2010.

As noted above, the initial term of the license is througDecember 31, 2010. To
encourage early marketplace adoption and start-up, the Licensgill provide for a
grace period in which no Participation Fees will be payabléor products or services
sold before January 1, 2006.
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Scalable Videc
Coding



The World is Heterogeneous .....



€ Non-Scalable Coding ...

NON scalable stream

Decoding 1 Decoding 2

Decoding 3



#k Quality or SNR Scalable Coding ...

Scalable stream

Decoding 1 Decoding 2 Decoding 3



Scalabllity Types



LY

E The Price of Scalability ...

CIF

Non-Scalable Streams

Scalablllty overhead

_ Spatial Scalable Stream

SBIVE BTV simuicasting

For each spatial resolution (except the lowest), the scalald&geam asks for a
bitrate overhead regarding the corresponding alternative non-scaldb stream,
although the total bitrate is lower than the total simulcastimg bitrate.



i€ Scalable Video Coding Standard: Objectives

The SVC standard provides a functionality allowingthe decoding
of parts of the coded bitstream, ideally

1. while achieving an RD performance at any supported
spatial, temporal, or SNR resolution that is corapé to
single-layer coding at that particular resolutiand

2. without significantly increasing the decoding coexty.



i€ SVvC Coding Architecture

Motion compensation
and deblocking

Progressive operations only at the
— | SNR refinement
texture coding target Iayer
i _ texture > T
|| Hierarchical MCP & Base layer )

Intra prediction | — 5| coding

motion
Inter-layer prediction:
* Intra
Spatial « Motion Progressive
decimation « Residual —»| SNR refinement [—
texture coding
—
text
exture >
»| Hierarchical MCP & ™| Base layer »| Multiplex b?tcsa:?etgﬁq
Intra prediction | 5| coding - | :
motion
_>
Spatial Inlter—layer prediction: | .
decimation ntra} Progressive
* Motion — SNR refinement |—
* Residual texture coding
texture > T H.264/AVC compatible
Hierarchical MCP & Base layer base layer bit-stream

> ®
Intra prediction | | coding
motion

H.264/AVC compatible encoder




at svc Standard: What Future ?

Technically, the standard is a great success
already with some adoption

GoogleGmail service
Vidyovideo conferencing for the Internet

Industry appears to be open towards embracing
SVC for DTV broadcast servic

Specifically, enhancement of 720p to 1080p

Others might be less certain, but still
possible ...

SVC for surveillance recorders

Lots of discussion on Scalable Baseline in
ATSC-M/H
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Multiview Video
Coding



a4t 3D worlds

3D experiences may be provided through multi-view video, notapl
Stereo which brings a depth impression of a scene

Free viewpoint video (FVV) which allows an interactive selectiotinef
viewpoint and direction within certain ranges.

New 3D display technology is driving this area: no glasses, nitpersons displays,
higher display resolutions, avoid uneasy feelings (headachesusea, eye strain,
etc.)

Relevant for broadcast TV, teleconference, surveillance, iatactive video, cinema,
gaming or other immersive video applications



Breakdancers ... from Microsoft ...



Ballet ... from Microsoft ...



Multi-\X{eaw \X{ cbbsp [ ta

Most test sequences have 8-16 views
But, several 100 camera arrays exist!

Redundancy reduction between camera views
Need to cope with color/illumination mismatch prerois
Alignment may not always be perfect either



at MVC Prediction Structures

Many prediction structures possible to exploit inte-camera redundancy:
trade-off in memory, delay, computation and codingefficiency.

MPEG-2 Video Multi-view profile

(JVT) MVC



MU ti- Wi Wik i (WIXED)

Direct coding of multiple views (stereo
to multi-view)

Exploits redundancy between views
using inter-camera prediction to
reduce required bitrate

Without any changes at H.264/AVC
slice layer and below, average 2C-50%
bitrate reduction can be achieved by
allowing interview predictions.
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Video
Compression:
the Future



H.261

MPEG-1 Video

~.

H.262/MPEG-2 Video

1\

H.263

MPEG-4 Visual

T~

H.264/AVC/SVC/MVC

(/\

\f RVC

NGVC ?

HVC ?

i€ Video Coding: Hot for Long ...

Video compression has been

providing:

Compression efficiencywith
a typical 50% gain every 5
years

Functionalities such as
scalability, error resilience,
Interactivity, low
complexity, random access,

Scenarios such as single and
multiple objects, single and
multiple views, ...
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3DVideo by
Synthesis



#€ 3D Displays: a Major Driving Force ...

3D displays are maturing rapidly ...

High quality stereoscopic displays can now be offed with no added cost

As display bandwidth increases, 3D is more attracte as a consumer
choice

Results in a wider customer base with 3D-ready HDisgplays



i€ Coming 3D Content ...

Nine 3D title releases to date since 2005
Recent: Beowulf, Hannah Montana, U23D

More on the way
Another 10 releases planned for 2009 alone

Hollywood is now able
to offer unique, high-
guality immersive 3D
experience in theaters

Revenue per 3D screen
IS typically three times
higher than traditional
2D screens

Results in increased
momentum in 3D
production and
growing consumer
appetite for 3D content



4t 3D Formats/Standards ...

There is much confusion in the area of 3D video formats andatdards. Most
formats are closely coupled to 3D display types and applicatisstenarios

A universal, flexible, generic, scalable, backward compatibl8D video
format/standard would be highly desirable to support any 3D vido application
in an efficient way, while decoupling content creation frondisplay and
application.

Experts expect 3D television to follow much the same trajectpras HDTV did
earlier this decade: a slow start, then a rapid ascent irages once enough content
exists to attract mainstream buyers.



E After MVC: the MPEG 3D Video (3DV) Approach

Synthesize a continuum of views based on a limitest of
decoded views

Specify a format that fixes the rate, but allows abitrarily large
number of views to be rendered

Stereoscopic displays l - Left

* Variable stereo baseline
* Adjust depth perception

: -

/ Limited *,
i Camera
Inputs

Format Format
i Constrained Rate
(based on distribution) 1

Auto-stereoscopic , Wide viewing angle
N-view displays . *Large number of
", output views

frém MPEG Doc.N10357. Feb. 2009



Bit Rate

Bitrate versus 3D Rendering Capability

Simulcast

3DV should be compatible with:

* existing standards
* mono and stereo devices MVC
* existing or planned infrastructure

>

2D+Depth
2D

V4

3D Rendering Capability



Limited Video Inputs
(e.g., 2 or 3 views)

|

Depth
Estimation

|

A 4

Video/Depth
Codec

at MPEG 3DVideo Framework

A 4

View
Synthesis

|, Larger #
Output Views

Binary Representation
& Reconstruction Process



a4k Quality Metrics: an Even Bigger Challenge

+ I >

How to measure the quality of the ‘synthetic’ viewdor which no
‘real’ references exist ?

How do we know/measure what is ‘good quality’ ?

Subjective testing is mostly being used by MPEG ...
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Video
Compression
Again



Still the Olympic Games Approach ?



Still the Olympic Games Approach ?




Still the Olympic Games Approach ?




HDTYV Displays are Everywhere ...



at More, More, More, More ...

Higher spatial resolutions
Higher temporal resolutions
From interlaced to progressive
Higher pixel depths

Higher number of views

More colour, from 4:2:0 to 4:2:2
and 4:4:4

More content

Although content/cameras and displays seem to beaay for this
‘jumping up’ trend, the transmission infrastructure does not
seem to be able to accommodate the associated (ahdates !



2k Increased Video Compression: The Ways to Go ...

Exploiting the Status Quo ...
A. More efficient H.264/AVC non-normative coding tals

Smooth Evolution ...

B. Adding more efficient coding tools to the usugbredictive (H.264/AVC)
video coding architecture

Less Smooth Evolution ...

C. More substantially changing the usual predictivgH.264/AVC) video
coding architecture

Disruptive Approach ...

D. Adopting a new video coding approach based on wecoding principles
and tools



A. Exploiting the
Status Quo ..



a€ Better Encoders for the Same Decoders ...

MPEG-2 Video



Still Squeezing Compression Out of H.264/AVC

H.264/AVC is a powerful and very flexible
compression format with many options and
coding modes which have still to be fully
exploited in their compression potential,
notably under constrained complexity (e.g.
real-time).

Non-normative encoding tools, e.g. pre-
processing, motion estimation, multiple
reference selection, coding mode selection,
rate control, post-processing, etc. have to be
developed for best performing H.264/AVC
compression ...

Similar trends apply also for SVC and
MVC ...
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B. Smooth Evolution



#€ Still Using the Same Starting Point ...

Input »| Coder

Video Control C[(;n:rol

Signal — ata
I e EEEEEE T e R >

S )\ @ »| Transform/ >
Scal./Quant. I Quant.

Transf. coeffs

Splitino | | ____ :___‘_____’ Scaling & Inv. .
Macroblocks :' ! Transform ‘
i 1
16x16 pixels ! : ) Entropy
A Coding

i ' : Intra

! .| Intra-frame v Predictior/
! Estimation < Data

1 1 >
i
1

1

Intra-frame  [¢

' Prediction - .
I Deblocking Motion

1
v — Filter Data
Motion ¥
Intra/Inter | Compensation | Output
MB select i » Video

Motion D Signal
Estimation

Still using the same basic architecture, some mof&xibility and
adaptability (and thus complexity) may be added tdhe codec ! ﬁ

Growing the number of macroblock coding modes ...



Which Evolution Games Can you Play ?

Spatial Prediction
Temporal Prediction
Transform
Quantization
Entropy coding

Loop and post-processing filtering



it MPEG High-Performance
Video Coding (HVC)

Video bitrate (when current compression technology is usedyill increase at a
rate faster than network infrastructures will be able to e&onomically carry, both
for wireless and wired networks.

MPEG has determined that the next generation of video compre®n technology
Is needed to meet these demands in bitrate (October 2008).

Such video technology would need to have compression capabilibyat is clearly
higher than the existing AVC standard in its best configuraibn, the High Profile.

As a consequence, a study has been launched on the fedgynf High-
Performance Video Coding (HVC), which is mainly targeted fomigh quality and
high to ultra-high definition applications, including:

Call for Testing Materials issued in October 2008

Call for Evidence related to new compression technology issued in289
with responses expected by July 2009

Call for Proposals in October 2009/January 2010
from various MPEG docs up to April 2009



i€ Main HVC Requirements

Compression- Substantially greater bitrate reduction over the AVC High Prddile
required for the target application(s); at no point of the entiratbitange shall HVC be
worse than existing standard(s). Subjective visually losstaapression shall be
supported.

Complexity - Shall allow for feasible implementation within the constraintdef
available technology at the expected time of usage. HVC should beeapéialding-
off complexity and compression efficiency by havi) an operating point wit
significant decrease in complexity compared to AVC but with bettgpression
efficiency than AVC: ii) an operating point with increased compyexind
commensurate increase in compression performance.

Picture Formats - Focus on a set of rectangular picture formats that will inclide a
commonly used picture formats, ranging at least from VGA to 4K=a2K,potentially
extending to QVGA and 8Kx4K.

Color Spaces and Color Sampling a) The YCbCr color space 4:2:0, 8 bits per
component shall be supported; b) YCbCr/RGB 4shduld be supported; c) Higher bit
depth up to 14 biteer component should be supported.

MPEG, January 2009



MPEG and VCEG are currently
Negotiating another Joint Project ...
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C. Less Smooth
Evolution ...



Changing Maore Deeply .......

Model-based Texture Coding
Inpainting-based Texture Coding

Advanced Transforms,e.g. directionlets, bandlet
contourlets, curvelets, ridgelets, edgelets with flexible
block sizes and scanning orders

Context Adaptive Coding or Metadata-based
Coding



Synthesis, Inpainting and Both ....

Texture Synthesis- Techniques able to
generate regions of homogeneous texttrnasa

their surroundings, using a description, or an

example.

Texture Inpainting — Techniques aiming to fill-
In missing data iimore general regiorof an

Image in a visually plausible way with or without
the help of auxiliary information (this is
iInpainting for coding, not for restoration).

Combining Texture Synthesis and Inpainting

- Texture synthesis and texture inpainting
techniques are used in a dynamic way, depending
on the characteristics of the various image

regions.
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D. Disruptive
Approach ...



Hints for a Disruptive Approach ...

Human Visual System

Combined Predictive-
Distributed Coding

Compressive Sensing



E Time to Learn More About the Human Visual

System ?

Visual perception is an illusion generated by neuraactivity !

If you are a video coding expert, do you feel youdow enough
about the Human Visual System, your main ‘client’ ?




#€ Learning from Audio Coding ...

Audio compression comes mostly from irrelevancy exgpitation through
audio masking, not redundancy exploitation !

What about visual masking ?



ak Psychoacoustic Model: the Success Key for
Efficient Audio Coding

A psychoacoustic model (PSA) is a mathematical mold&hich defines,
In a simplified way, the main properties and toleraces of the
human auditory model, notably its sound intensity prception, its
spectral selectivity and, especially, the maskindfect.

A PSA is very useful to dynamically
and adaptively estimate the amount
and shape of the coding noise that may
be injected in the audio signal without
becoming perceptible, allowing to
reduce the coding rate.

How much has video compression
been exploiting psychovisual models
and visual perception in general ?




#€ The Quality Metrics Challenge

PSNR is widely used for video quality
measurement but it is not completely
consistent with subjective visual quality
evaluation ... the usual complains..

Measuring the visual quality of a
perceptually driven codec with PSNF
may be even a worst than usual solution.

Many objective quality metrics have been
developed but the problem is still open ...

The idea is to come up with novel
perceptual metrics to adequately measure
the performance of HVS driven codecs.

from http://www.ece.uwaterloo.ca/~z70wang/reseasin/
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Final
Remarks



#€ Looking over the Horizon ...

From the late 80s until recently, major video compession gains have
been obtained in an almost continuous way: about 80 gains every 5
years. These developments resulted in a major usgenpact !

Current predictive coding schemes are struggling t@rovide again
more compression, at least for the usual conditions.

However, the size of the compression gains may stgly depend on the
type of content.

Breakthroughs in video compression are not yet emgmg but, at least,
the new needs and the possible ways to go forwardeabecoming
clearer ...

What else ? | would love to know ...
“The best way to predict the future is to invent’ifAlan Kay) ...



Obrigado el aVossaidesoead!



