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SUMMARY

The MUSCADE technical roadmap has been elaborated in two phases. Phase 1 aimed at studying,
implement and validate advanced features to optimise performance and user experience. Phase 11 will of
course add functionalities, but will also lead to an increased integration between the system components
L.e. synchronisation and integration of audio and video in a single player, synchronisation and integration
between interactive content and audio-visual streams. Furthermore, Phase 11 also aims at validating the

end-to-end chain in real-time whereas Phase I was focusing on off-line processing as a first step.

This document is an upgrade of document D.1.1.2, which were describing the overall architecture
definition of the 3DTV broadcast chain that has been studied in Phase I. As a result of the experience
gained through the work carried out by the MUSCADE consortium during this first phase, specifications
of the whole chain have been reviewed and modified when needed to better answer the specific
requirements of Phase II described above as well as the Mission scenarios & service requirements
described in D1.1.1.

D1.1.3 still outlines the main specifications for the various 3DTV audio-visual broadcast chain modules
that are going to be carried out in the Phase 11 of MUSCADE: acquisition, post-production, transmission,
decoding, rendering and displays. The interfaces between each element of the chain and the metadata to
be generated and transmitted all along the chain have also been revisited as well as the transport protocols
of 3D content (Production master format, Compression technique, Distribution format, uncompressed

display interface

The document also details the various network configurations (satellite, terrestrial wireline, terrestrial

wireless) that will be studied and set up in the frame of the project.

To make it more readable and understandable, upgrades versus previous version appear in a blue font

whereas unchanged specifications still appear in black.
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1 INTRODUCTION

Figure 1 shows the overall architecture of the 3DTV chain as it appears in Annex 1 of the MUSCADE
grant agreement. It is made of different modules like acquisition, post-production, encoding, distribution
through different channels, rendering and displays. The purpose of this document is to provide more
details for the different blocks of the chain specifying the architecture, the audio/video formats, the
metadata to be generated and transmitted, the network requirements, the interactivity architecture and the

addressed displays. It also gives an overview of the various interfaces separating the above modules.

This document addresses Phase 11, and it is an upgrade of document D.1.1.2
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Figure 1: Overall architecture of the MUSCADE 3DTYV chain
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2 REFERENCE ARCHITECTURE - ACQUISITION

2.1  ACQUISITION MODULE BLOCK DIAGRAM

2.1.1  Video path

Figure 2 outlines the structure of the acquisition module. A rig of at least 4 identical professional cameras
(1 or 3 sensors per camera) will be built to generate a multi-view content. The 2 central cameras will
generate a classical stereo pair to ensure a back compatibility with existing 3D stereo infrastructure. The 2
(or more) satellite cameras will acquire additional views of the scene. The baseline is adjustable but the
cameras are not equidistant to allow some flexibility when addressing Light Field displays, which need a

larger acquisition angle than more classical auto-stereoscopic displays.
All camera centres are adjusted to lie on one common baseline in order to simplify disparity estimation.

The camera axis of the inner stereo pair is parallel to avoid keystone distortion. The convergence plane is
then going to be adjusted in post production by shifting views towards one another. If necessary, the

satellite cameras might need to converge in order to ensure a significant overlap of the content captured

by all cameras.

An assistance system will allow controlling the opto-mechanical adjustment of the camera rig in real time,

to make sure that unwanted vertical disparities are minimized. In addition the scene’s depth structure is

Assistance system

Video

Mech. adjustment
Acquisition
Calibration

Colour Matching
Rectification

R«

Sound
Acquisition
Calibration

Metadata

Figure 2: Acquisition module
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analyzed in order to ensure that basic rules of 3D acquisition are respected. Meta-Data for Colour
matching and View rectification is being generated which will be needed to ensure that all cameras provide

homogeneous views in colour and geometry.

2.1.2  Audio path

The audio acquisition system will be made up of professional quality microphones and microphone arrays.
At least one microphone array capturing audio in A- or B-format is required per scene. A-format audio is
captured with four capsules positioned at the sides of a tetrahedron. The signals captured by these
capsules can be converted into B-format, which consists of the pressure signal, W, and pressure gradients
X, Y, and Z, along the corresponding axes. Professional quality microphone atrays capturing in these
formats are commercially available. These are conventionally used for ambisonics, 2-channel stereo and
5.1 channel recordings. However, these signals can also be used for decomposing a sound scene into its
constituent audio objects, thereby enabling spatial audio object coding (SAOC). This requires that the
array(s) be positioned in the middle of the audio scene and be made as visually unobtrusive as possible.
Additional microphones to capture clean individual audio objects (for example speech of a single person
or sound of a single instrument) and ambient sounds might be installed as well, depending on the scene

characteristics

2.1.3  Capture format

The left part of Figure 2 shows that the capturing format will be made of

e Atleast 4 HD views
® Atleast 4 audio tracks (max. 8)

® 4 set of metadata (see 2.2)

For Phase 1, the HD Views will have a 1920 x 1080i resolution. The audio tracks will be at 48 kHz

sampling rate and have 24 bit resolution.

©Copyright MUSCADE Consortium 2011
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2.2 METADATA MANAGEMENT

Table 1 shows the list of metadata that the acquisition module is going to generate and pass to the Post-production module; The table also describes the

metadata representation and the way they are going to be generated.

Category  of Alphanumeric Generation of data Remarks

metadata :
representation

Project title YYYY_MM_DD Manual input Defines the name of the project and
Film title the date of production, production
Production company company, director and DOP, contact
Director / Director of details DIT
Photography
Digital Imaging
Technician

DIT email + phone

Scene and take 123 123 take 01 Manual input of scene number. Defines the scene and the actual

number. . .
Automated counter of take number until take (=single capture file)

input of new scene

Timecode TC in 00:00:00:00 Automatically generated Indicates the start and end timecode

©Copyright MUSCADE Consortium 2011
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Take review

Lens aperture

Focal length

Camera

parameters

Camera FOV

T'C out 00:00:00:00

¢ unmarked

** marked

XXX mm

R,T,K,... matrices

Intrinsic and extrinsic

camera parameters.

In case of registered

images, only X shift.

FovX and FovY

Manual selection.

Automatically generated

Manual input or automatically
generated (depending from

lens system).

Generation of extrinsic parameters via

assistance system.

Manual input

©Copyright MUSCADE Consortium 2011

for each take

Defines the usability of each take as
helpful information during selection

for editing.

Indicates the aperture used for each

take.

Indicates the focal length used for
each take.
Treatment of zoom lenses to be

discussed

Defines the exact location and orientation of cametras
in 3D

Indicates camera rotation (R), translation (T) and

space, with respect to central camera.

camera intrinsic (K) matrices required for spatial

synchronization of audio and video objects

Defined the Field Of View of cameras
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Shutter, fps xx shutter, xx fps Automatically generated Indicates the shutter and fps value

Film speed

Color preset

Interaxial

distance

Vertical

disparity

Rotation

disparity

Lens distortion

xxx [SO

xxxx K

XX mm

x %

kappal, kappa2

Automatically generated

Automatically generated

Automatically generated

Automatically generated

Automatically generated

Generated on demand using checkerboard

calibration or using meta data provided

from the lens manufacturer

©Copyright MUSCADE Consortium 2011

used for each take.

Indicates the film speed preset used

for each take.

Indicates the color presets used for

each take.

Indicates the interocular distance used for each take.

Treatment of dynamic changes of

interocular distance during take to be discussed.

generated Indicates the measured vertical

disparity between the different views

Indicates the measured rotation

disparity between the different views

Indicates the measured lens
distortion between the different
views. Representation depends on

the analysis procedure.
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Convergence x % Automatically generated based Indicates the crop and scale factor
preset on the manual convergence related to the manual chosen
shift for 3D preview. convergence plan.
Audio <Number of acquisition ~ Manual input Specifies the total number of acquisition units used
recording units> during capturing and for each unit, specifies the label,
configuration Unit 1 { type of the recording (as mixed, individual or ambient),
the number of channels the unit captures, sampling
<Label> frequency in samples per second, resolution in bits per
<Type of recording > sample, the position (as x y z) and rotation (pitch yaw
<Number of channels> roll) of the unit with respect to the camera rig for each
take.
<Sampling frequency>
<Resolution>
<Position (x y z)>
<Rotation>
h
{
Audio scene <Number of audio Manualinput Specifies the total number of audio objects in the scene
geometry objects in the scene> and for each object, its position (x y z) with respect to

Object 1 {

©Copyright MUSCADE Consortium 2011
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<Position> spatialisation (as true or false).
<Content> Initial coordinates are entered for moving audio
C objects.

<Spatialisation> )
) Spatialisation is entered true for directive sources that

require 3D positioning during rendering.

Table 1: List of metadata for acquisition module

©Copyright MUSCADE Consortium 2011
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3 REFERENCE ARCHITECTURE - POST-PRODUCTION

3.1 POST-PRODUCTION MODULE BLOCK DIAGRAM

Figure 3 represents the diagram of the audio/video post-production module for both offline and live
post-production use cases. This module is going to perform the following actions of content optimization

and augmentation

® View rectification: fine tuning
® Disparity/Depth map computation
® View interpolation if necessary (see below)
e [diting
¢ Color correction
¢ Compositing: adding graphics overlay and subtitles
® Packaging
® Content storage
The framework will be PC based and the workflow is slighly different depending on the use case since live

post-production has additional real time constraints as shown below.

Rectification

Offline Editing =

Online Editing

e

Color Comection

aefa .'.

Supervised
Depth
Computation

Compositing/
Subtitling tool

Packaging <

Real Time
Rectification

White

3

Balance/Color
Comection

Real Time Depth
Computation

'
-

Mixing / Editing
Overlay

§
3

Compositing/
Subtitiingtool [l

ettt

Packaging

1.
bl B

Figure 3: Post-production module

At the end of the module, a generic 3DTV representation format is available and delivered to the

encoding module. It contains:
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4 views maximum as it has been decided that the encoder will not manage more than 4 views to
avoid network overloading (see 4).

As a consequence, if the acquisition stage has more than 4 cameras (e.g. #06), the post-production
unit will choose 4 views out of 6 and use the remaining two for enhancing depth map quality.

Each view is enriched by graphical content

e 8 sound tracks corresponding to the audio objects or object groups (extracted from and/or

directly recorded by the acquisition units)

® 4 sets of metadata

©Copyright MUSCADE Consortium 2011
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3.2

METADATA MANAGEMENT

All metadata generated in the acquisition module are transmitted to the post-production module

Category of

metadata

Acquisition
Metadata

Dense

Disparity map

Alphanumeric

representation

One 2s complement integer per video pixel
16 bits

Absolute value if HD horizontal resolution

does not change during transmission

Percentage like value if HD resolution changes
during transmission (e.g. 1920 => 1440 =>
1920

0 codes pixels in the convergence plane
Positive values code objects behind the screen

Negative values code objects in front of the

screen

Accuracy: 1/8 pixel for 1920 resolution

©Copyright MUSCADE Consortium 2011

Generation of data

See section 2.2

Analysis of feature point

positions on adjacent views

Remarks

2s complement to make calculation easier.
One dense disparity map per view

16 bits are necessary to deal with very large
disparity values that are going to occur

between external and central cameras

The number of disparity maps equals the

number of cameras of the rig.

The central stereo rig will generate 2 disparity
maps: Left to right and Right to Left

The external cameras will generates 2
disparity maps: External Left to Center Left,
External Right to Center Right
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Subtitles X,y position Authoring  during  post-  This will be embedded in a language specific
Subtitle disparity value production subtitle channel
Timecode
Subtitle text
Interactivity URL information will be inserted in a specific ~ Authoring  during  post- This will allow trigeering the interactivity
channel production module in the rendering section (See 6.2)
Audio Scene description Analysis of microphone array Scene description (Binary Format for Scenes

recordings and acquisiion BIFS) detailing the spatio-temporal

. ositioning of audio objects, intensit
metadata during post- p_ o g o ) S ?”
) directivity, composition, listening point, etc.
production

Table 2: Post-production additional metadata

©Copyright MUSCADE Consortium 2011
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4 REFERENCE ARCHITECTURE - ENCODING

41 ENCODING MODULE BLOCK DIAGRAM
Figure 4 represents the diagram of the encoding module.

As mentioned in section 3.1, the consortium decided that the encoder will not manage more than 4 views
in the distribution channel to avoid network overloading. The post-production is then going to provide 4
views containing Audio, Video, Disparity maps and metadata corresponding to each of the views in an
uncompressed format. The encoder station will be PC based. If the processing power needs it, several PCs

could be used in parallel.

The compression scheme should be compliant with the MPEG standard. Encoder parameters will have to
be changed any time we want to change the type of Network to Address.

The Video encoding algorithm will be based on MVC + Depth format (MVD).

The Audio encoding algorithm will be based on MPEG Surround and also support Spatial Audio Object
Coding (SAOC) by down mixing up to 8 audio objects (or object groups) and by producing related side

information. AAC core codec is to be used for compressing downmixed signals.

Additional bricks will be present at this stage like 3D Media Content adaptation to the network, Data

encapsulation (Subtitle,...) and error resilience

Figure 4: Encoding Module

©Copyright MUSCADE Consortium 2011
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4.2 SCALABILITY STRATEGY

The system developed by the MUSCADE project will target a large range of displays: legacy 2D,
stereoscopic, multiview and even advanced lightfield display. In the final demonstrator, only one display
will be driven at a time. However, this doesn’t mean that specific bit streams will be generated according

to the targeted display. Such a system would be bandwidth consuming.

Instead of that, the view scalability concept will be part of the video encoder. This feature guarantees that
the same bit stream can be decoded by all kind of displays.

The number of scalability levels is a dimensioning parameter for specifying the video encoder. If this
parameter is high, the complexity at the receiver/display is reduced. The counterpart of this fine grain

scalability is that it induces extra signaling in the bit stream and loss of coding efficiency.
At the opposite, a reduced number of scalability levels will prevent to easily address all targeted displays.

As a compromise, it seems reasonable to consider a 3-level scalability: Stereo / MVD2 / MVD4.
With this choice, the output of the decoder can directly feed the 2D and stereoscopic displays. Additional

signal processing is needed for multiview and lightfield displays for synthesizing the missing views.

In Deliverable D1.1.1, a requirement has been expressed to enable the baseline adjustment at the
reception level, in order to better adjust the depth perception and to reduce the eventual eye-strain. An
already available method for adjusting the depth perception consists in applying some pixel shifting
between the views. As a consequence, the rendered volume is displaced out of or behind the screen.

However, this technique introduces geometry distortion and does not really allow reducing the baseline.

To be compliant with the requirement, the video format must carry additional information by means of

depth (or disparity) map. There may be as many maps as views.

When considering both the view scalability and the baseline adjustment issues, it appears that this depth
information will be discarded by the 2D receiver and that a stereoscopic receiver will need to decode only
two such maps. Thus, a view scalability concept will be considered too for encoding these additional

maps.

During Phase 2, a concept for a module for Decoder-side Stereo to Multi-View conversion will be
developed and evaluated. Such a module is desirable since it would enable support for multi-view displays
and would allow adjustments of the stereo baseline even if no depth data is transmitted. Hence, such a
module would enable these advanced functionalities also if only the base level of the proposed 3-level
scalability strategy is used for transmission. The module will be evaluated offline, since it is expected that it

will not yet be possible to optimize for the algorithm for real-time performance.

©Copyright MUSCADE Consortium 2011
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4.3 METADATA MANAGEMENT

Category of Alphanumeric Generation of data Remarks
metadata :

representation
Acquisition See section 2.2
Metadata
Post-Production See section 3.2
Metadata
Video MPEG No new metadata generation needed
parameters
Audio MPEG No new metadata generation needed
parameters

©Copyright MUSCADE Consortium 2011
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5 REFERENCE ARCHITECTURE - DISTRIBUTION

Figure 5, Figure 9 and Figure 10 present the various network architectures that are going to be addressed
in the frame of MUSCADE. They are split into DVB and IP families. Below are detailed the structures of
the various networks that are addressed in MUSCADE

51 DVB FAMILY TRANSMISSION NETWORKS

It is interesting to compare the typical available bandwidth budget of existing DVB networks with what is
required by MUSCADE objectives

Summary of typical bandwidth budget
1. For satellite networks.
42 Mbps with a 60cm antenna in QPSK4/5 transmission mode.
53 Mbps with a 80cm antenna in 8-PSK2/3 transmission mode
See section 5.1.1.4 for more details
2. For terrestrial networks (DVB —T2)
36 and 45 Mbps
See section 5.1.2 for more details
Muscade requitements

In the tables below, we provide an estimation of the bandwidth requirements for various transmission
scenarios like HD 2D , Stereo without depth, simulcast 4 views and eventually Muscade scenarios MVD +
Depth with 4 views or 2 Views (MVD4 & MVD?2) This estimation has been made in accordance with
technical discussions in Mpeg where video and depth are encoded separately, which is also the case for
Muscade. Considering 2D HD 25 fps as a reference, we can estimate the factors to apply to compute data

rates using the table below

Relative data rate for a View 1 View2 View 3 View 4 1 depth per Total
given format view

Single HD 1 N.A N.A N.A N.A 1
1080p25 (Reference)

MVD 1 (2D+Depth) 1 N.A N.A N.A +50% 1.5
MVC 1 +0.7 N.A N.A N.A 1.7
MVD 2 1 +0.7 N.A N.A +50% 2.55
MVD 4 1 +0.7 +0.7 +0.7 +50% 4.55
Simulcast 4 views + 4 depth 1 +1 +1 +1 +50% 6

Taking the example of a HD channel of 8 Mbit/s, following data rates can be estimated
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Example (worst case) Mbit/s
Single HD 8
1080p25
MVD 1 (2D+Depth) 12
MVC 13.6
MVD 2 20.4
MVD 4 37.2
Simulcast 4 views + 4 depth 48

Table 3: Bandwidth requirements

We can see that in the worst case of image encoding (fast moving pictures with lot of details) MVD4 has a

gain of 23% versus simulcast 4 views. More details are provided in D1.3.3.
Furthermore, the Muscade requirements are in line with today’s DVB network capabilities.

Below are described more in details the capabilities of satellite and terrestrial systems

5.1.1  Satellite system

The system architecture consists mainly in a gateway transmitting the 3D-TV programs to the satellite
which amplifies and re-transmits the signal to a wide European coverage. The architecture is illustrated in
Figure 5.

Geostationary Ku-band
broadcast satellite

@ Coverage Area @

o
Lo =

Figure 5 Ku-band broadcast satellite system architecture

Gateway
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The system includes:
- A satellite offering a European coverage through a single wide beam
- A gateway transmitting the 3D-TV programs to the satellite
- Terminals allowing the reception of 3D-TV programs at the end-user side

- A satellite control centre monitoring the satellite maintenance and operations. This ground
segment part of the system is not represented on Figure 5 and is not further considered in

this report

5.1.1.1 Satellite

For 3D broadcasting via satellite over Europe, a Ku-band broadcast mission is foreseen. As an example,
the ASTRA 1E satellite located at 23.5° east can be considered. Figure 6 shows the saturated EIRP
performances over the satellite coverage area, in the BSS (Broadcasting Satellite Service) frequency band
(11.70 -12.10 GHz) and with vertical polarization.

[ =51 dBW
[ =19 dBw
|:| = 47 dBW

Figure 6 Astra 1E EIRP performances (BSS, V-pol)

In the BSS frequency band, the transponders bandwidth is 33 MHz, each one being fed with a single 27.5
Msps carrier. This scheme allows operating the power amplifier near the saturation, optimising the use of

the on-board power resources without generating intermodulations.

5.1.1.2  Gateway

The gateway provides access to the satellite for the broadcasting of the 3D-TV programs. The scalability
scheme defined in section 4.2 implies that the gateway should implement a DVB-52 modulator supporting
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VCM (Variable Coding and Modulation) transmission in order to map each quality layer to a specific
MODCOD (Modulation and Coding).

5.1.1.3 Terminal

The user terminal should be able to support DVB-S2 standard implementing VCM. A detailed description

of the video decoder and renderer is provided in D1.4.3.

The most common type of terminal antenna is the parabolic reflector, ak.a. the satellite dish. The
parabolic shape of the dish reflects the signal to the dish’s focal point where the feed horn is placed. The
size of the antenna may vary. Typical antenna sizes for home reception in Ku-band range from 60cm to
100cm.Usually small antennas are used at the centre of the coverage where satellite EIRP is high whereas
larger antennas are used at the edge of the coverage. However, a large antenna can be used at the centre of

the coverage in order to benefit from high link availability, i.e. a better service.

Figure 7 illustrates the recommended dish sizes for proper Astra 1E programs reception (BSS, V-pol)
depending on the location.

DISH SIZES
® socm
B s5cm

® 120cm

Figure 7 Recommended dish sizes for reception of Astra 1E setvices (BSS, V-pol)

5.1.1.4 Performances

This section aims at giving an estimation of the end-to-end satellite network performances in term of
bandwidth (for Astra 1E satellite, BSS, V-pol). The complete link budget analysis is provided in 1D1.3.3
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“Specification of 3D encoder and transmission channels — Phase II”” and takes into account the scalable

transmission of 3D-TV.
Assuming the following service requirements:
- Service to be received over 97% of the coverage area
- Target time availability higher than 99.7%
the available bit rate is 42Mbps in the 60cm antenna scenario and 53.2Mbps in the 80cm antenna scenatio.

Thus although it is clear, from the above, that the full transponder satellite channel can technically carry
the different formats envisaged by Muscade, it is far from certain that the commercial environment would
allow broadcasters to commercially sustain such transmissions. The discussions about frame compatible
3D have clearly shown the importance that broadcasters attach to reduced bitrates also in the context of
3D. The current bit rate estimation for multiview 3D lead us to consider MVD2 as a realistic
representation format that could find its way into the market whereas MVD4 is more of a technology

showcase. This could possibly be solved with encoding algorithms using higher compression levels.
In any case, the multi-layered scalable transmission of 3D-TV defined in the frame of MUSCADE is an
efficient way to improve the average spectral efficiency of the system.

5.1.2  Terrestrial system

The basic architecture of a DVB-T/T2 delivery system consists of several blocks as indicated in Figure 9.

Transmitting site

UHF channel
(Bw=8Mhz) j

DTT head-end
TS from :‘/r\ Re-mux
Encoders 5 signallin

Transport Stream
(3DTV programmes)

Distribution
network

Transport stream
(3DTV programmes)

Network Adapter

Digital radio link
(or satellite)

Network Adapter

D:

.~ Roof-top
antenna

User reception

A 4

DVB-T/T2 receiver|—>

Figure 8: DVB-T /T2 Distribution Channel

—a ™

5.1.21 DTT Head-end
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In the main DTT head-end the Transport Stream from the encoding block can be processed to include
additional A/V programmes, or contents like interactivity, or simply to add additional data like for
example signalling or EPG information. The resulting Transport Stream is then ready for the delivery to

the terrestrial transmitting sites through the Distribution Network.

5.1.2.2 Distribution network

Depending on the number of transmitters the distribution network could be based on digital radio links,
IP networks/optical fibres or satellite transponders. In some cases a combination of technologies is used,
for example for main transmitting sites the main feed is from a digital radio link with redundancy plus an

additional backup via satellite, while for small/minor transmitting sites only one type of network is used.

5.1.2.3 Transmitting sites

The number of transmitting sites required may vary from a few tens up to some hundreds, depending on
the area to be covered both in terms of extension and in terms of orographic condition (as an example for
a country like Italy, with mountainous areas, several hundreds of transmitters are used, with some high

power stations and a majority of mid-low power stations).

For a nationwide service the DTT network may use the same frequency in the whole coverage area in the
so-called SFN (Single Frequency Network) mode: in this case, to avoid destructive interference in the
overlap areas of two transmitters, all the transmitters must be synchronized to broadcast exactly the same
bits at the same time and this functionality is achieved in the head-end by means of SFN adapters, locked
to the GPS signal.

Every transmitting site is then equipped with a DVB-T/T2 modulator (with SEN adapter option where
necessary) and a power amplifier feeding an appropriate antenna radiating system.
5.1.2.4  Receiving sites

At the user premises, the reception of DVB-T or DVB-T2 signal is expected to be performed through a
roof-top antenna. Fixed reception is the typical usage scenario for 3DTV services, other configurations
like portable or mobile reception are less interesting and in addition cannot offer adequate performance

(i.e. transmission capacity) so they are not considered in the MUSCADE project.

5.1.2.5 Performances

The capacity offered by DVB-T or DVB-T2 broadcasting networks could range from 20 to 45 Mbit/s so
it is capable to accommodate different quality levels/layers of 3DTV according to the use cases described
in D.1.1.1. Considering for simplicity the most performing second generation DVB-T2 standard with
capacities ranging from 36 to 45 Mbit/s the following 3DTV setvices could be delivered:

- stereo without depth (13 Mbit/s): 2 or 3 setvices in a DVB-T2 multiplex
- MVD2 (20 Mbit/s): 2 services in a DVB-T2 multiplex

- MVD4 (37 Mbit/s): only 1 setvice occupying the whole capacity in the DVB-T2 multiplex
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As well as the satellite network it is to be noted that using the full bandwidth of a multiplex to transmit a

single 3D-TV program, even if technically feasible, may be not realistic from a commercial point of view.

5.2 TP FAMILY MODULE BLOCK DIAGRAM

IP Family transmission network is based on two different network architectures:

e JPTV wireline distribution

®  Broadband Wireless Access Network

IP family

— Wireline |

= Wireless |

Figure 9: IP Family Distribution Channel

521 IPTV

In the case of IPTV over fixed line networks, the delivery infrastructure relies on a "managed network" to
ensure bandwidth efficient delivery of vast amounts of multicast video traffic. The video data is sent as an

MPEG2/H.264 transport stream and delivered via IP Multicast in case of Live TV or via IP Unicast in

case of Video on Demand.

WIMAX, WLAN.,

The IPTV broadcasting architecture relies on the following main segments (Figure 10):

¢ Contribution/Head End: the patt of the architecture dedicated to receiving television signals,
content ingestion, processing and distribution over IP network. It hosts Live Encoders,

Centralized Video Servers, Media Asset Management System, Middleware Platform, Conditional

Access (CAS) and DRM systems.

e Transport/ Distribution Network: relies on IP Core Network (Optical Packet Backbone and

MAN GbE) .Hosts local VoD servers.

® Access Network / Home Network: the part of the network which connects subscribers to
their immediate service provider. Access Network infrastructures are currently based on xDSL
technology (ADSL2+). The adoption of FTTx Optical Access technology (in particular FTTH),

will ensure higher bandwidth (over 100 Mbps).
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® Home Network: at the customer’s premises, Ethernet or Wi-Fi based, hosts the end uset’s CPEs
(STB, TV, ... ) enabled for the fruition of 3D-TV content.

Distribution/Transport Access
Network Network

: : Content Fruition
1 1
1 1
I xDsL ! o

Core |P Backbone IP Metro ) : — 5 s

Access sTB

)
1
) __/ | DSLAM aw

8 =
fir) . Local VoD 1
n '@ Servers :
“Live TV" hased on Multicast mocdle
“Video On Demand” based on Unicast mode

]

Figure 10: Particular case of the IPTV Wireline distribution

What is more relevant in the transmission of 3D-TV content of IPTV wireline infrastructure is the Access
Network (the part of the network which connects subscribers to their immediate service provider) which

represents the bottleneck in IPTV delivery.

Current Access Network infrastructures are based on ADSL2+ technology (Ref. ITU G.992.5).
ADSL2+ provides maximum theoretical speed of 24 Mbit/s download and up to 3.5 Mbit/s

upstream, depending on the distance from the DSLAM ! to the customet's home.

In the case of Telecom Italia IPTV for the majority of customers Access Networks typically rely
on a bandwidth budget of max. 12 Mbit/s.

If we compare the typical available bandwidth budget of IP networks with what is required by
MUSCADE objectives (Table 3), in the case of ADSL2+ Access Network:

o 2D (~8 Mbps): supported

o Conventional Stereo w/o depth (~13 Mbps): not supported, as in the case of ADSL2+
real network, this would be too much for most (typical) customers. It can only be tried

on an ADSL2+ line in Lab environment.

o MVD2 (~20 Mbps): not supported, very critical support and only theoretical, #ot commercially

realistic.

I DSLAM: Digital Subscriber Line Access Multiplexer - a network device, located in the telephone exchanges of the service providers, that
connects multiple customer Digital Subscriber Lines (DSLs) to a high-speed Internet backbone line using multiplexing techniques
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o  MVD4 (~37 Mbps): not supported.

In the case of ADSL2+ real network, it is necessary to take into account bandwidth deterioration
depending on distance on the Access Network, and it is to be noted that using the full bandwidth
available in the Access Network to transmit a single 3D-TV program, even if technically feasible,

may be not realistic from a commercial point of view. Some trade offs will have to be discussed.

In D.1.1.2 the adoption of VDSL2 technology (Ref. ITU G.993.2) for the Access Network
infrastructure was foreseen as a solution to increase the bandwidth capacity. This solution is no

longer considered by Telecom Italia, which is going to roll out 100-Mbps FTTH network.

In the case of IPTV, the adoption of FTTx Optical Access technology (in particular Fiber-To-
The Home - FITH), for the Access Network infrastructure could increase the bandwidth
capacity. In the case of Telecom Italia FTTH infratructure, it is based on G-PON (Gigabit
Passive Optical Network). The ITU-T G.984 (GPON) standard permits several choices of bit
rate, but the industry has converged on 2.488 Gbps of downstream bandwidth, and 1.244 Gbps
of upstream bandwidth. The maximum splitting factor is 1:128. For its deployment Telecom Italia
has chosen two levels of splitting of 8 lines each, for a total split ratio: 1:64. The following max

attenuation estimation was taken into account in FTTH deployment by Telecom Italia:
® 10dB: first level splitting at the Central Office (OLT - Optical Line Termination)
® 6dB (ona 1 km access network)
® 10 dB: second level splitting at the building (ONT — Optical Network Termination)
® 3 dB operational margin

With this conservative estimates, it is assumed that within 30 dB attenuation no packet loss

occufrs.

With this figures, it is also assumed that a bandwidth of 100 Mbps is statistically granted to the

end usetr.

If we compare in the case of FI'TH the typical available bandwidth budget of IP networks with
what is required by MUSCADE objectives (Table 3), :

o 2D (~8 Mbps): supported

o Conventional Stereo w/o depth (~13 Mbps): supported
o MVD2 (~20 Mbps): supported

o MVD4 (~37 Mbps): supported

For the delivery of 3D-TV over IPTV managed network, it is important to ensure scalable transmission

and bandwidth occupancy optimization, taking into account that users may have different bandwidth

availability, depending on their Access Network infrastructure and on their location (N.B. bandwidth

availability in a managed network is detected during service provisioning).
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A scalable solution for IPTV based on “multilayered approach” was proposed in D1.3.1, D1.3.2 and
D2.4.1, which on one side preserves the current IPTV distribution network, and on the other side allows

3D-TV content fruition to users who may have different bandwidth availability.

5.2.2 Broadband Wireless Access Networks

5.2.2.1 WiMAX Network Architecture

The diagram in Figure 11 below illustrates the proposed network architecture for delivering 3DTV over
WiMAX to Subscriber Stations (SSs).

WiMAX operator's
C tivity Service Network
(CSN)

ASN GW

MBS cell

Figure 11: Proposed 3DTV over WiMAX network architecture

It comprises the following main entities: Connectivity Service Network (CSN), Access Service Network-
GateWay (ASN-GW), Base Station (BS), and Subscriber Station (SS). The CSN is defined as a set of
network functions that provide connectivity to the Internet, the Application Service Provider (ASP), or
other public or corporate networks. The CSN is owned by the Network Service Provider (NSP) and may
comprise network elements, such as routers, AAA proxy/servers, user databases, and Interworking
gateway devices. The ASN-GW typically acts as a layer 2 traffic aggregation point within an ASN. The
Base Station (BS) provides the radio dependant functions.

Providing the service to SSs over WiMAX may be realised using two transmission methods. In the first
method, the service may be offered in unicast mode to one user only (e.g., VoD). However, the offering
of the service in unicast mode will limit the number of concurrently served SSs due to the high bandwidth
requirements of the service (a minimum of 8 Mbps for a single HD 1080p25) as if everybody will try to
view the service at the same time, the network is going to saturate and the operator will not be able to
offer the service. In the second method, the service may be offered in multicast/broadcast mode, either
network-wide or in selected zones of the network to more than one user concurrently. The basic concept
here is to set aside bandwidth, i.e., a fixed number of megabits/second per channel that is dedicated to
delivering the service. WiMAX Multicast and Broadcast Service (MBS) provides an efficient transmission
method for the concurrent transport of data common to a group of SSs or households using a common
multicast/broadcast connection (CID). The MBS is offered in the downlink only and can be supported by
either constructing a separate MBS zone in the downlink subframe along with other unicast services, i.e.,
embedded MBS, or the whole frame can be dedicated to MBS only, i.e., downlink only transmission for a

standalone broadcast setrvice.
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In the downlink direction, the maximum Modulation and Coding Scheme (MCS) supported is 64-QAM
5/6, which can for example achieve a maximum peak data rate of 18.72 Mbps at (e.g., 8.75 MHz, 5 ms
frame duration). It should be noted here that the available data rate for the service will be lower, since this
will have to include upper layer overheads (e.g., TS, RTP, UDP, IP), MAC layer overhead per MAC PDU
(e.g., 6-byte GMH, 2-byte FSH, 3-byte PSH, 4-byte CRC), and PHY layer overhead (e.g., FCH, DL-MAP,
UL-MAP). In addition, in practice, the achievable peak data rate may also be lower due to the specific
traffic, propagation, and interference conditions. Not all the SSs will receive the same quality for a certain
MCS as this will greatly depend on the location of the SS and hence, the propagation conditions between
the SS and the serving BS (e.g., path loss, shadowing, etc.), which will impact the Carrier-to-Interference-
and-Noise Ratio (CINR) measured at the SS. In an MBS scenario, the selected MCS will depend on
several factors, such as the bandwidth requirement of the service, the required coverage area of the BS,
and the required quality level or CINR. Therefore, a modulation type and an FEC code type is selected

such that it will achieve the required quality level over the coverage area of the BS.

Due to the high bandwidth requirements of the proposed service, this will result in either supporting one
user in unicast mode or multiple users in broadcast/multicast mode, provided that the user or users are in
good channel conditions for utilising 64-QAM 5/6. Single HD 1080p25 with one depth map (12 Mbps) or
stereo w/o depth (13 Mbps) may be supported in this case. The other option to consider is to dedicate the
whole OFDMA frame in TDD mode for the broadcast service, i.e., the DL:UL ratio would be 1:0. In this
case, MVD?2 at about 19 Mbps may be supported. However, this will impose that the MBS service has to
be transmitted using the most efficient MCS, which will limit the coverage area of the BS.

By applying different DL/UL ratio for the OFDMA TDD frame, the bandwidth can be adjusted between
DL and UL to accommodate the asymmetric demand for data rate when transmitting the content. The
WiMAX profile supports different DL/UL ratios (e.g., 1:1, 2:1, 3:1, 3:2, 0:1, 1:0) to accommodate
different traffic profiles. The DL/UL ratio of 1:0 has been selected in phase II in order to accommodate
the demand for bandwidth and to obtain more flexibility for the scalable transmission of the content using
different spectrally-efficient burst profiles (or modulation and coding schemes). This is in fact the case
since the proposed architecture is based on operating the access network in multicast/broadcast mode,
which is the target transmission scenario. In this case, the maximum DL user peak data rate and sector
peak data rate is 27.216 Mbps (as opposed to 16.848 Mbps in the most common DL/UL ratio of 2:1)
when all the data symbols are dedicated to DL, for 5 ms frame duration, with 42 OFDMA data symbols,
and PUSC sub-channelization. Therefore, for phase II, link level simulations are being conducted to
reflect the chosen DL/UL ratio of 1:0. These link level simulations simulate the BS and SS PHY layers
(e.g., FEC coding/decoding, interleaving/de-interleaving, repetition/de-repetition,
modulation/demodulation, etc.) and the radio channel model, ie., the air transmission perturbations
between the BS and the SS, and produce a set of error pattern traces with their corresponding Bit Error
Rate (BER) and Block Error Rate (BLER) statistics for the propagation environment under consideration
and for different levels of signal-to-noise ratio (SNR) values at the SS.
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5.2.2.2 WLAN Network Architecture

The basic WLAN architecture generally consists of an Access Point (AP) and one or more remote devices
(clients) that connect to the AP through radio links. The AP connects to a wired network (e.g., xDSL link)
and it acts as a gateway point between the wired network and the wireless network and it is commonly
Internet enabled. The diagram in Figure 12 below illustrates the proposed network architecture for
delivering 3DTV over WLAN to an indoor end-user device.

Broadband Access Network

3DTV Server

End-user device (client)

A/ Content
RTP
UDP
IP : IP
LLC LLC
MAC ; MAC
802.11g OFDM ; 802.11g OFDM

v 4

| Radio Channel |

Figure 12: Proposed 3DTV over WLAN network architecture

In the downlink direction, the maximum MCS is 64-QAM 3/4, which can achieve a maximum peak data
rate of 54 Mbps. It should be noted here that in practice the achievable peak data rate may be lower due to
the specific traffic, propagation, and interference conditions. In addition, the peak data rate of 54 Mbps
refers to the physical layer data rate. The actual user data throughput for any given MCS mode will be
lower due to the following reasons:

= FEach packet transmission will incur additional protocol layer overhead. The overhead include the
upper layers overhead (e.g., TS, RTP, UDP, IP), data link layer overhead (e.g., 30-byte MAC header,
3-byte LLC header, 5-byte SNAP header, and 4-byte FCS per PSDU), and PHY layer overhead;

®  When every unicast packet is received, the receiver transmits a short acknowledgement packet back to
the sender. However, in the proposed network architecture, it is assumed that there is no
acknowledgement on receiving packets. This is in fact the case since the proposed architecture is
based on operating IEEE 802.11g in multicast/broadcast, which is the target transmission scenario;

® Transmitters wait for short random times between packets to allow other users to contend for and
share the channel.

The approximate user data throughput for 802.11g without 802.11b support is about 22 Mbps. This will
result in supporting broadcast of single HD 1080p25 with one depth map (12 Mbps) ot stereo w/o depth
(13 Mbps) in this case. MVD?2 at 19 Mbps may be supported provided that the total service throughput
does not exceed the available user data throughput; furthermore, the end-user device has to be in very

close proximity to the AP, or in other words, receiving very high signal quality for utilising the highest
MCS mode.

5.3 METADATA MANAGEMENT

No additional metadata needed at that stage
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6 REFERENCE ARCHITECTURE - RENDERING, INTERACTIVITY &
DISPLAYS

6.1 RENDERING, INTERACTIVITY & DISPLAYS BLOCK DIAGRAM

Figure 13 presents the overall diagram of the A/V stream player and the interactivity modules connected

to the various display technologies that are going to be addressed in the frame of MUSCADE.
The rendering module will be a PC based player ensuring the following functions:

® Network adaptation

® A/V decoding

® A/V synchronization

® A/V rendering

® A/V formatting for the vatious displays and loudspeakers

Several PCs might be used in parallel to ensure the desired functions

During Phase 1, one display was driven at a time and real time rendering was only performed for easy
cases like 2D and 3D stereo but was not guaranteed for all displays. Taking into account the complexity of
the light field display, a specific interfacing based on a Gigabit Ethernet connection was set up to connect
the player to the Lightfield adaptation system. The other displays were connected to the player either
through DVI or HDMI interfaces.

During phase 2, the target is to achieve real-time processing for the final scenario. This scenario is
integrating bandwidth scalability depending on network conditions. The player will then receive MVC or
MVD2 or MVD4 content. It will adapt the rendering processing to the received content. Multi-view

displays and/or stereo displays will be addressed depending on the received video.

The renderer feeding light-field displays will consume MVD4 (or MVD2 is MVD4 is not available) data,
and will perform rendering on multiple computers in a distributed way. The location of the decoder and
the interface between the decoder(s) and renderers needs to be considered (ie. running on the rendering

nodes, or transmitting decoded data on a very high speed network).

In addition during Phase 2, a module for Stereo to Multi-view conversion will be conceptually developed
and evaluated. This module will use stereo video as input and render that number of views as output as
needed by a particular multi-view display. Since this is a conceptual development, it is expected that the

developed module will not be optimized to work in real-time. Evaluations will be conducted off-line.

The audio rendering will be synchronized with video using the scene description in the A/V player and
will drive a multichannel audio interface equipment connected to a set of loudspeaker rigs that could be

Binaural, Stereo, Multichannel surround or Wave Field Synthesis (WES)
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Figure 13: Rendering, Interactivity and Display modules

6.2 DETAILS ON INTERACTIVITY REFERENCE ARCHITECTURE

The interactivity reference architecture (see Figure 14 below) introduces a distinction between the

interactive services domain and the home domain.

In the interactive services domain, three roles are identified: content provider, application platform

provider and satellite network provider.

The content providet’s responsibilities are to create A/V and interactive 3D content (in the production
phase) and to interlink the two by inserting metadata in the A/V stream (in postproduction). The latter
process is referred to as synchronisation decoration as it decorates the A/V stream with information

about which interactive content is associated to which A/V sequences.

The application platform provider is responsible for publishing and distributing the A/V and interactive
content to the viewer using the 3D Video Interactive Application (VIA) platform. Content can be either

pushed to the viewer by broadcast, or pulled by the viewer on request (Content on Demand).

The 3D Video Interactive Application (VIA) platform allows for the aggregation and syndication of
platform services by the interactive TV content provider across different delivery mechanisms (such as
DTH, IPT and mobile). It offers content providers horizontal services and standard interfaces facilitating
the development and deployment of video interactive applications. The following horizontal services
interfaces will be available for MUSCADE 3D interactive applications:

L4 user management — security, access control and account management

® application management — lifecycle of video interactive applications
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® messaging — unified access to multiple message protocols and networks
® payments — payment transactions, wallet management and credit clearance

The broadcaster or satellite network provider operates the hybrid network through which the content is
distributed to the viewer. Two-way communication may be established through terrestrial networks (for
urban areas) or DVB-RCS links (for rural areas). Nevertheless a two-way communication is not strictly
requited for the broadcast of A/V and interactive 3D content.

INTERACTIVITY REFERENCE ARCHITECTURE

3D Interactive Advertising & 3D Electronic Program Guide

HOME
. .\ /3D - /W g I:
3D Lightfield Display Stream Player DVB-S2
Interactivity & 3D Stereoscopic Display - 3D Channel, Synchronization
Viewer ; = Metadata and DSM-CC
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Figure 14: Details of the interactivity architecture

The home domain delimits the scope of the viewer and contains the 3D display, soft-switch, A/V and

interactive players as well as broadcast and return channel network access.

The interactive player requires a display that supports OpenGL. Backward compatibility with the
stereoscopic Side-by-Side format is achieved by configuring the Blender game-engine to output in Side-by-
Side and changing the parameters of the projection matrix in order to get a frame-compatible signal.
Holografika’s lightfield display supports OpenGL by means of an adapter, which allows displaying of
OpenGL-based applications through call interception. Multiview displays that support OpenGL include
Alioscopy and Philips/Dimenco. The use of Philips multiview display with Dimenco’s OpenGL Visualiser
is evaluated in D1.5.3.

A/V and interactive players will be studied separately and implemented on different PC-based equipment
(Figure 14). The high 1

evel design of a subsystem for overlaying 3D interactive content to a 3D
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audiovisual stream is defined in D1.5.4 3D VIA Platform Design. However, as indicated in the proposal,
this subsystem will not be implemented as part of the Muscade project. Instead graphic overlays will be
added during postproduction together with synchronization information encoded in the audiovisual
stream. A soft-switch will be used to transfer display control from the audiovisual player to the interactive
player and back. The soft-switch will be driven by the interactive event watchdog. The interactive event
watchdog will use metadata inserted in the A/V Channel streams to synchronize interactive events with

the A/V stream, as indicated in the metadata section of the post-production module (see section 3.2).

The interactive player is comprised of an interactive browser, a viewer’s input device, a 3D display and
network access to a remote video interactive application (VIA) platform. The interactive browser filters
and caches the 3D content received from the VIA platform either via satellite broadcast or point-to-point
network access. The interactive event watchdog notifies the player whenever interactive content
corresponding to the displayed A/V stream is available (synchronization). The interactive player processes

the viewer’s input to select the interactive content to be rendered on the 3D display.

In order to showcase the above functionality, two demonstrators will be implemented in the scope of the
MUSCADE project.

The 3D Program Guide (3DPG) demonstrator will take advantage of 3D display and input device
technologies as well as VIA platform functionality, to display channel schedule and programme guide
details to the viewer in a more immersive and enticing way. The 3DPG interface will be intuitive enough
to be used by an inexperienced viewer. Focus is on testing the 3D user interface and on improving the

viewer experience.

The 3D Interactive Advertisement (3D iAd) demonstrator will promote products that are advertised or
featured in the A/V stream, by complementing the A/V stream with interactive 3D content. Should the
viewer respond to the A/V stream, by expressing an interest in the advertised product, the interactivity
browser will take over the 3D display and render the associated interactive 3D content. Although the
layout and form of interactive content is up to the creativity of the content provider and might be specific
to the product in question, the objective is always to inform the viewer, stimulate his interest and entice
him to subscribe to further product notifications. In terms of design this demonstrator exposes

synchronization, content distribution and caching functionalities.

Unlike the 3DPG demonstrator, whose 3D model is designed by the broadcaster, the Interactive
Advertisement design will be produced by the content provider together with the A/V content. The
definition of a 3D interactive content production pipeline is necessary to funnel the creative process and
ensure a consistent deployment of 3D content on the interactive browser. The pipeline should support
input from popular digital content creation tool. The pipeline should also support an open transmission

format to ensure compatibility between different interactive browser implementations.

6.3 3D DISPLAYS AND 3D AUDIO EQUIPMENT AVAILABLE IN THE CONSORTIUM

Members of the consortium have or will have access to a wide range of 3D display and audio equipment,

identified below together with their major parameters.
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Manufacturer | Display model Category views Partners who have it
Alioscopy 3DHD 42" multi-view lenticular 8 | ASTR, HHI, THO, TI
Alioscopy 3DHD 24" multi-view lenticular 8 | HHI
Hyundai S465d polarized stereo with 2 | ASTR, HHI, SES, THO
passive glasses
Hyundai W240S polarized stereo with 2 | THO
passive glasses
Miracube G460X polarized stereo with 2 | DRZ, HHI, THO
passive glasses
Dell Optix AW2310 | active stereo with Nvidia 2 | DRz
Alienware shutter glasses
Asus G51J active stereo with Nvidia 2 | DRZ
shutter glasses
JVC GD-463D10E polarized stereo with 2 | KUK, HHI, EBU, TI, SES
passive glasses
Philips WOWovx 42" multi-view lenticular 9 | HHI, UNIS
Tridelity MV4200 multi-view parallax barrier 5| HHI
NewSight MV-42AD3 multi-view parallax barrier 8 | HHI
NewSight MV-84AD3 multi-view parallax barrier 5| HHI
Holografika HV128WLD light-field 128+ | HLGR, UNIS
Holografika HV64WLx light-field 64 | HLGR, THO
Holografika C80 light-field 80 | HLGR
Samsung SyncMaster active stereo with Nvidia 2 | TI, SES, EBU
2233RZ shutter glasses
Barco active stereo DLP 2 | UNIS
Panasonic TX-P50VT20 Stereo active glasses 2| TI,EBU
Samsung UE46C7700 Stereo active glasses 2 | EBU

It is clearly visible that the consortium can use stereoscopic displays based on either active or passive

glasses. Moreover, there are a number of autostereoscopic multi-view displays available having 5 to 9

views. There are also three kinds of light-field displays available.

Because of the lack of availability of raw input format for the multiview displays (even in the best case this
is provided for customers only, but they cannot share), the consortium decided not to fix the set of
supported 3D displays at this point, but rather leave the possibility open to support any of them by
designing the rendering system in such a way that consortium members can easily configure a custom
scrambling method that assembles the final image in the second stage of rendering. Thus, consortium

partners who have access to this information but cannot share, can make the renderer work on their

displays.

As of audio equipment, currently only UNIS and TRI have such devices in reach. The list is likely to

increase once other partners acquire 3D audio equipment.
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Manufacturer Model Category Quantity /# Partners
of
transducers
Trinnov Home multichannel 2.32 | TRI
IONOSO WFS 320 | UNIS
Genelec 16 x Genelec 8030A bi- | Multichannel audio 24+2 | UNIS
amplified loudspeaker
8 x Genelec 8020A bi-
amplified loudspeaker
2 x Genelec 7060B
subwoofers
Anthony Gallo 4 x Anthony Gallo Micro | Ambiosonic 4 | UNIS
loudspeakers reproduction
Sennheiser HD600 Headphones Binaural 2 | UNIS
reproduction
MOTU 828Mk2 Multichannel audio 2 | UNIS
recording / playback
interface
Soundfield SPS422B 4-channel 1 | UNIS
microphone array

As with video rendering, the audio renderer does not restrict itself to support any of these equipment, but
support for each of these can be supported via configuration files describing the number and position of

loudspeakers, and even the relative positioning of the display and the viewer / listener.

6.4 METADATA MANAGEMENT

All metadata generated upstream will be used to optimize the decoding and rendering actions inside the
player and in the Lightfield display. Especially, disparity maps are going to be a key element to adapt
incoming content to the different kind of display technologies. For instance, as only 4 views are going to
be transmitted, the player will lean on disparity maps to generate the missing views for 8 view
autostereoscopic displays. The Lightfield display itself will use the disparity metadata to generate all the
light beams necessary to produce a holographic-like image. Furthermore, the presence of disparity maps in

the player will allow the user to be able to adjust the 3D effect to his/her preferences.

The scene description will be used for rendering the audio objects spatially synchronously with the visual
objects. The scene description will also be utilised for user interaction with the audio content. SAOC
enables the users to recompose a new scene from the decoded audio objects, increase or decrease the
sound level of each audio object and change their presentation positions. This further allows applications
like karaoke. If desired, the sound levels of speech objects can be increased while other background
sounds are suppressed during rendering, which improves speech intelligibility especially for hearing

impaired users.
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