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Abstract

This deliverable D5.5 is part of a set of three deliverables D5.5, D5.6 and D5.7 associated with task
T5.2. The purpose of this task T5.2 is to investigate the use of Content-aware Network Codes and
network coding techniques for highly distributed media delivery to allow efficient delivery to
different device types (handheld, UMPC, PC, HD TV set) including media scalability with SVC. While
this deliverable D5.5 will investigate promising techniques, deliverable D5.6 and D5.7 will describe
the protocol implementation of the technique considered to be the most promising solution for D5.8
in T5.3 and the OCEAN experimental validation in WP6.
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EXECUTIVE SUMMARY

HTTP-Streaming has been gaining popularity in recent years. Contrary to the past tendency of relying
on RTP over UDP for multimedia communications thus avoiding the higher end-to-end delay and
jitter associated with TCP connections, many content providers have resorted to using HTTP
transport (over TCP) for media delivery in cases where the delay constraints allow it. The main
reasons for that are first that HTTP is not affected by firewall and network address translation (NAT)
traversal issues that exist in traditional streaming scenarios which typically rely on RTP over UDP and
second that using HTTP for the file delivery can rely on existing HTTP cache infrastructures on the
Internet, consequently substantially relieving the load on the video server and reducing the overall
traffic upstream of the cache. Some additional evidence of the increasing interest of the market in
HTTP-Streaming is the standardization processes lead by the standardization organizations IETF[1],
3GPP[2], OIPF [3] and MPEG[4].

Dynamic Adaptive Streaming over HTTP (DASH) as defined in [4] refers to a video transport
methodology where the clients adapt their requests based on some estimates of their available
download rate at regular time instants during the streaming service. For DASH a video is offered in
various (typically 4 to 10) versions. Each terminal can choose which version to download depending
on its capabilities and the network congestion level. Typically at frequently dispersed time instants
during each video there are “switching points” where the client can elect to switch from one quality
version to another. One possibility to provide DASH is to encode multiple representations of each of
the videos with H.264/AVC at the server and offer them side-by-side. Another is offering all these
representations embedded in one file via Scalable Video Coding (SVC). Offering all these
representations side-by-side is a high burden on the storage requirements at the origin server as well
as on the overall traffic allocation within the CDN. Furthermore, there might also be a decrease in
cache performance in comparison to SVC.

The technical benefits as well as the high interest on HTTP streaming within the market as well as in
the standardization groups makes HTTP streaming a promising technology for media delivery within
the OCEAN system. In this deliverable we describe the OCEAN contribution to the MPEG Dynamic
Adaptive Streaming over HTTP (DASH) standardization [41] which enables SVC delivery within DASH.

Furthermore, this deliverable shows coding results for potential configuration for rate adaptation
with SVC. Multiple operation points can be achieved with SVC by encoding multiple quality layers.
However, each additional quality layer increases the SVC coding penalty. Another possibility is to rely
on quality scalability (MGS or CGS), which allows extracting multiple operation points out of one
quality layer. Thereby, the SVC penalty can be reduced while multiple operation points can be
extracted.

While HTTP streaming, which is based on TCP, will be the focus of this task we further investigated an
approach for delivery over unreliable RTP over UDP connection. The third contribution within this
deliverable is on content aware network codes focusing on the SVC Layer-Aware FEC (LA-FEC)
technology. The basic idea of the proposed Layer-Aware FEC (LA-FEC) approach is to generate the
FEC parity data following existing dependencies within the multi-layer media stream in order to
improve the robustness of the more important layers. The implementation and application to SVC
has already been published by an OCEAN contribution in [42]. Applying a joint decoding, the more
important layers are protected by additional parity data, which increases the error correction
capabilities of the more important layers without any increase in terms of bitrate. Required signalling
for LA-FEC is investigated and further simulation results in a internet transmission scenario show the
gain for an unreliable media delivery over UDP.
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INTRODUCTION

This deliverable D5.5 is part of a set of three deliverables D5.5, D5.6 and D5.7 associated with task
T5.2. The purpose of this task T5.2 is to investigate the use of Content-aware Network Codes and
network coding techniques for highly distributed media delivery to allow efficient delivery to
different device types (handheld, UMPC, PC, HD TV set) including media scalability with SVC. While
this deliverable D5.5 will investigate promising techniques, deliverable D5.6 and D5.7 will describe
the protocol implementation of the technique considered to be the most promising solution for D5.8
in T5.3 and the OCEAN experimental validation in WP6.

Section 1 describes the state of the art on HTTP streaming for media delivery, including the recent
developments in the relevant standardisation bodies consortium members have contributed to.
Section 2 analyses the coding performances of SVC. Section 3 introduces a new approach for content
aware network codes: SVC layer aware FEC. Section 4 concludes deliverable D5.5 and elaborates on
the next steps in Work Package 5.
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1. HTTP STREAMING FOR MEDIA DELIVERY

HTTP Streaming has been gaining popularity in recent years. Contrary to the past tendency of relying
on RTP over UDP for multimedia communications thus avoiding the higher end-to-end delay and
jitter imposed by TCP connections, many content providers have resorted to using HTTP transport
(over TCP) for media delivery in cases where the delay constraints allow it. In fact, [1] shows that
before adaptive streaming over HTTP became popular already a lot of video was delivered over HTTP
(often referred to as progressive downloading). Apparently the delay introduced TCP is not a
roadblock to many video services. Obviously with the additional feature of adaptivity in DASH the
HTTP share in the video traffic is likely to increase more”. The main reasons for that are first that
HTTP is not affected by firewall and NAT traversal issues that exist in traditional streaming scenarios
which typically rely on RTP over UDP and second that using HTTP for the file delivery can
substantially relieve the load on the video server by re-using existing HTTP cache infrastructures on
the Internet, therefore reducing the overall traffic at the cache feeder link.

Some additional evidence of the increasing interest of the market in HTTP-Streaming is the
standardization processes lead by the standardization organizations IETF [1], 3GPP [2], OIPF [3] and
MPEG [4].

Dynamic Adaptive Streaming over HTTP (DASH) as defined in [4] refers to a video transport
methodology where the clients adapt their requests based on some estimates of their available
download rate at every time instant of the streaming service. For DASH a video is offered in various
(typically 4 to 10) versions. Each terminal can choose which version to download depending on its
capabilities and the network congestion level. This choice is not only made at the beginning of the
flow, but at frequently dispersed time instants during the streaming of the video, at which the DASH
client can switch from one version to another (for example to alleviate the onset of congestion).
Typically this is achieved by segmenting each version in chunks such that the segment boundaries of
various versions are aligned in time. All the DASH clients need to do is to consecutively download the
most appropriate chunks, based on the information obtained by monitoring recently downloaded
chunks of the ongoing movie.

1.1 SVC for adaptive streaming in CDN networks

One possibility to provide DASH is to encode multiple representations of each of the videos with
H.264/AVC [6] at the server and offer them side-by-side. Another is offering all these representations
embedded in one file via Scalable Video Coding (SVC) [6]. Offering all these representations side-by-
side does not only put a high burden on the storage requirements at the origin server, but might also
result in a decrease in cache performance in comparison to SVC.

SVC allows embedding multiple substreams within an single bit stream. The base layer of SVC
provides the lowest quality level. It is an H.264/AVC compliant bit stream, which ensures backward-
compatibility with existing receivers. Each additional decoded enhancement layer increases the video
quality in a certain dimension: temporal, spatial, and fidelity scalability. Although the number of such
substreams is theoretically unlimited, each additional substream decreases the coding performances
compared to a single layer encoding at the same quality. Therefore, there is a trade-off between
number of substreams and acceptable coding penalty. Furthermore, due to its layered nature, SVC
provides flexibility to DASH, since it allows dividing media content both per SVC layer and per time
interval, and thus allows prioritizing very accurately the different elements of the media content
according to their importance. Therefore, clients can be designed such that they have a higher
responsiveness and better playback quality under adverse network conditions since a request for a
time interval is diluted into multiple requests (HTTP GET requests) performed subsequently, one for
each of the layers, and when congestion is detected, the client may elect to omit requests for higher
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layers. Conversely, for the AVC case a unique request is issued for the whole data of a given interval,
having to wait longer for the requested data to be downloaded until switching to a lower
representation can be performed. The fact that the client needs to issue more HTTP GET requests in
SVC case than in the AVC case is not considered to be a major drawback as the (client-to-server)
traffic associated with these requests is negligible and HTTP caches can offload the additional
processing power that this might introduce on the server.

An added advantage of providing adaptive HTTP streaming using SVC is that content duplication on
HTTP servers is avoided and that networks caches such as HTTP proxies and the network itself can be
used more efficiently. Figure 1 distinguishes between the feeder link, which is the link from the open
internet to the CDN, the CDN Network itself including caches and the last mile delivery to the user.
The figure further illustrates the reduced network link usage and how the network cache is used
more efficiently when using SVC for adaptive HTTP streaming in comparison to using AVC. This is
interesting to Internet Service and Content Delivery Network Providers that typically have to
maintain large server and network infrastructures.

R
Q3 (kbps)
Q2
1
AVC/BSS Q. I SVC Q3| 1057
I
SEIVer ¢ (kbps) = 315 790 1755 [ Sever ool s28 1900
AVC/BSS «—> | o] a5 |3
loss I 1105 | SVC loss II
«—>
7] | @
) 2860 |
Feeder link

CDN Network/
Caching
|

315/ / \315 \ \ Last mile
NN N NN

Figure 1: Comparison of CDN with multiple representations using AVC (left) and SVC (right)

In Figure 1 the transmitted rate on the cache feeder link and last mile, as well as the content in
network caches are depicted for an example with three different video representations. For the
given example an SVC overhead of 10% compared to a single layer encoding at the same level of
video quality is considered. Whereas in case of AVC the representations are alternative to each other
in case of SVC they are complementary to each other. This means that for AVC three different
complete video streams are necessary (Q1,Q2,Q3 in Figure 1) and when one representation is
requested the whole video stream has to be transmitted and stored in the network caches. In case of
considering SVC, a single encoded video stream is subdivided into layers, each one corresponding to
a given quality. Thus, when a representation is requested just the missing layers may be transmitted
and stored in the network caches reducing in this way the load on the links and necessary storage in
the caches, as exemplarily shown in the figure. Furthermore, the number of clients requesting the
same content increases and thus the caching hit ratio increases. Indeed, since all the streaming
clients requesting quality Qi with i2j are expecting to receive a chunk containing layer j, whereas in

Page 6 of 43
Copyright © OCEAN Consortium, March 2011



Deliverable D5.5 Distributed delivery methods using
Content-aware Network Codes

Ocean

traditional HTTP streaming with AVC just the streaming clients requesting quality Qj are expecting to
receive a chunk for this quality representation.

The influence of SVC on the caching performance and thereby on a reduced feeder link as well as on
the last mile will further be investigated in Task T5.3 which combines the outcome of WP4 and WPS5.
In this deliverable we mainly look at the performance of pure SVC encoding and what is required to
enable SVC delivery within MPEG DASH.

1.2 State of the art

1.2.1 ISO base media file format —based Streaming

Adaptive HTTP Streaming (AHS) is based on the idea of adapting the requested media representation
to the network condition during streaming. For this purpose it is assumed that the server offers a set
of (partial) representations, e.g. as defined in[2], at different media rates, qualities, resolutions or
fidelities to allow clients adjusting their requests to the network conditions as well as possibly to the
client’s capabilities. Herein such presentations are called alternative (partial) representations.

A partial representation is a component of the media such as video, audio (language), subtitles or
any other part of the media which can be contained in a single ISO base media file format track [21]
and thus can be contained in a single 'moof' fragment, also called a segment, representing a certain
timeframe of the representation. Following this definition, a partial representation may be also a
track containing a subset of an SVC or MVC bitstream [21].

Beside the use of the ISO base media file format, AHS may also support the MPEG-2 Transport
Stream container format as, e.g., shown in [23].

Since AHS is based on the ISO base media file format or the MPEG-2 Transport Stream (following
[24]), which both are supporting SVC and MVC, the extensions required for supporting multi-layered
media are straightforward and limited. AHS mainly requires extensions to the media presentation
description and guidelines for using the ISO base media file format or the MPEG-2 Transport Stream
in AHS with multi-layer coding standards.

1.2.2 Adaptive HTTP Streaming with single layer codec

One approach for adaptive HTTP streaming is specified in [2]. The main idea of AHS is that the
content is stored at the server divided in different segments, and there is a variety of possible
representations representing different bitrate encodings of the same content available to be
requested by the client, e.g., based on the available downlink transmission rate. Figure 2 and Figure 3
show the content in server and client, respectively.

Alternative
representations

| Initialization |

segment: Segments for ‘ Segments for ‘ ‘ Segment for I
| Segment #0 | Timeframe #1 | Timeframe #2 | | Timeframe #x |
‘ftyp’ | 'moov’ ‘'moof#1 ‘'mdat’ ‘'moof#n ‘'mdat’ 'moof#1*n+1 'mdat’ ‘'moof#2*n | 'mdat’ ‘'moof#(x-1)*n+1 'mdat’ | 'mgof'#(x-1)*n+n 'mdat’
- “‘?::el, ‘traf#l . ‘traf#n ‘traf#l . traf #n . ‘traf #1 . ‘traf #n
-’mvex’ (Quality 1) (Quality n) (Quality 1) (Quality n) (Quality 1) (Quality n)

Figure 2: ISO file at the server with single layer video encodings and alternative segments

For simplification, all segments are available as n representations associated with different bitrates,
thus different sizes of the segments.
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The client chooses the most adequate representation for each segment/fragment based on, e.g., its
available download rate. An example of a downloaded multimedia content to be played is depicted
in Figure 3, where different representations have been downloaded. The first segment contains
video data of track 1 (Quality 1). Due to a variation on the client’s capability, the player downloads
the video data from track 3 (Quality 3) for the second segment #2 and so forth.

Segment for Segment for Segment for Segment for
Segment #0 Timeframe #1 Timeframe #2 Timeframe #3 Timeframe #x
‘ftyp” | 'moov’ ‘moof'#1 ‘'mdat’ 'moof#n+3 | 'mdat’ 'moof#2*n+5 |'mdat’ ‘moof'#(x-1)*n+1 'mdat’
° uqttsael’ ‘traf#1 ‘traf#3 ‘traf #5 ... ‘traf#1
~’mvex’ (Quality 1) (Quality 3) (Quality 5) (Quality 1)

Figure 3: Received ISO file parts at the single layer client

It is important to point out that, due to this adaptation, the received data may consist of fragments
containing different tracks, in contrast to commonly used stored content which usually contains a
fixed set of tracks for the whole duration of the media file. Therefore, the client has to take care of
switching between tracks while loading and decoding newer segments.

1.2.3 Adaptive HTTP Streaming with layered codec

Adaptive streaming using a multi-layer coding standard such as SVC or MVC is similar to AHS as
described in section 1.2.2 with the only difference that the video segments are divided in different
complementary partial representations (video fragments), where possibly multiple complementary
partial representations are downloaded for a given timeframe. Which and how many representations
are downloaded may depend on the capability of the client or its available downlink rate, i.e., this
decision is up to the choice of the client, but the client may need additional information for making
such decisions.

Complementary
representations

| Initialization |

segment: Segments for ‘ Segments for ‘ ‘ Segments for ‘
I Segment #0 I Timeframe #1 I Timeframe #2 I I Timeframe #x I
‘ftyp’ | ’moov’ "moof#1 ‘'mdat’ ‘moof#n ‘'mdat’ | 'moof'#n+1 | 'mdat’ ‘'moof#2*n | 'mdat’ ‘'moof#(x-1)*n +1|'mdat’ ‘moof#x*n | 'mdat’
- “‘?t‘:el, traf#1 .| ‘waf#n ‘traf#1 | trafn o ‘traf#1 .| traf#n
(base (enh. (base (enh. (base (enh.
-'mvex’ Quality #1) Quality #n) Quality #1) Quality #n) Quality #1) Quality #n)

Figure 4: I1SO file at the server with layered video encoding and complementary video
segments

The main difference to the AHS approach as described [1] is that in case of multi-layer codecs, there
may be more than a single video segment for the same timeframe to be jointly decoded at the client,
as shown in Figure 5.

Segment(s) for Segment(s) for Segment(s) for Segment(s) for
- Timef #2 Timef #
Segment #0 T@@e #1 imeframe T\mejetwe #3 imeframe #x
I Y V" N\ I
'ftyp’ | 'moov’ ’moof#1 ‘mdat’ | 'moof'#2 ‘'mdat’ | ‘'moof#3 ‘mdat’ | 'moof'#n+1 | ‘mdat’ |'moof#2*n+1 'mdat’| 'moof#2  |’'mdat’ 'moof'#(x-1)*n +1/'mdat’ 'moof#(x-1)*n +5|’'mdat’
ude | warsL ‘traf#2 traf#3 ‘traf#1 ‘traf#l ‘traf#2 | Ctafi - | raf#s
~'tsel (base (enh (enh (base (base (enh (base (enh
~’mvex’ Quality #1) Quality #2) Quality #3) Quality #1) Quality #1) Quality #2) Quality #1) Quality #5)

Figure 5: Received ISO file parts at the multi-layer client
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1.2.4 MPEG 2 - TS-based Streaming

The same AHS concept as for the ISO base media file format can be used with MPEG-2 Transport
Stream as container format. Different representations, potentially produced by packet Identifier
(PID) filtering, will be considered, and the data will be divided into small chunks (segments), which in
this case will be a concatenation of many TS packets of potentially a single PID.

AHS based on MPEG-2 TS is straightforward and no special additions are required, but it is important
to remark that synchronization through the Programme Clock Reference (PCR) timestamps would no
longer be possible, since all the packets from a given timeframe will be downloaded in a single file
and are ready for immediately decoding. This is a general fact rather connected to HTTP Streaming
than to the use of multi-layer codecs.

1.3 AHS improvements for multi-layer coding standards - Progress
beyond state of the art

1.3.1 Information on ISO base media file format level

As mentioned above, one of the key features of AHS is that the client may switch between tracks in
order to allow video adaptation to overcome changes within the network.

The Track Selection Box ('tsel') [21]'in the User Data Box ('udta') within the Track Box ('trak') may be
used to provide the player enough information about the offered file in terms of required tracks and
contained bitrate/resolution/etc. This information allows for selecting the media content of
appropriate quality, which can be deduced by the 'attribute_list' of 'tsel'. It should be noted, that this
information may also be obtained by parsing other boxes within the appropriate tracks.

Furthermore, since in a live event the received files could become unacceptably large, not all
segments might be saved and kept in memory; therefore, there is a necessity of describing the timing
of the fragments, especially, if considering the use of extractors [24]. The new box 'tfdt' [25] within
the 'traf' box should be used for this purpose.

1.3.2 Client behavior for track switching

Following [2], in the beginning of a streaming session the initialization segment is requested. This
segment typically contains an 'ftyp' box, a 'moov' box and optionally other boxes. In the 'moov' box,
the presence of fragments is indicated by the 'mvex' box. The most important aspect of the AHS is
that an adaptation may be performed to adjust the video quality to the available downlink rate. In
case of single layer codecs (such as AVC), a sole fragment is received per time interval, whereas for
layered codecs (such as SVC or MVC) a varying amount of fragments is received. Depending on the
track requested in case of single layer transmission or the number of video fragments requested in
case of multi-layer transmission, the received media quality is determined.

Due to this main difference, the client functions in different manners. In case of a single layer codec,
when receiving a file fragment, the player knows that the track within the fragment for the time
fragment can be decoded, but it may have to wait for fragments of other tracks such as audio to
synchronously play the media content. Conversely, in case of a layered codec, when receiving a file
fragment the client should keep on reading the following fragments to check whether there is
another fragment containing another track which is required by the selected track to be jointly
decoded. For SVC and MVC, this dependency relation between tracks is indicated in the 'tref' box.

Additional information for selecting between a set of tracks (at certain qualities/resolutions/etc)
corresponding to the same SVC or MVC bitstream may be also indicated by the switch group in the
'tsel' box [21].
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1.3.3 Additional information for media presentation description

1.3.3.1 Dependencies between representations

In order to make the dependencies between representations visible on the media
presentation description level, an indication of data similar to the 'tref' information shall be
added. Due to the possible presence of multiple dependencies, we propose to add all
existing dependencies for a single representation. Therefore, an identifier (ID) is required for
indicating each of the representations in order to allow expressing dependencies (DeplID) of
a representation to other representations in the media presentation.

E.g., the two new attributes 'ID' and 'DeplID' may be added to the representation description

to the MPD format [24] as follows:

Table 1 - Semantics of additional parameters for Media Presentation Description as specified in [2]
(M=Mandatory, O=Optional, OD=Optional with Default Value, CM=Conditionally Mandatory)

Element or Attribute Name Type Cardinality | Optionality | Description
(Attribute
or
Element)
MPD E 1 M The root element that carries
the Media Presentation
Description for a Media
Presentation.
Period E 1..N M Provides the information of a
Period
Representation E 1..N M This element contains a
description of
Representation.
ID A 1 (@Y Assigns an identifier ID to a
presentation in a set of
Must be complementary partial
present in representations. Serves at
case of the same time as an indicator
complemen | for a complementary partial
tary partial | representation.
representat
ions
DeplID A 1 (@Y Indicates a whitespace
separated list of 'ID'
Must be attributes  indicating  all
presentin | complementary partial
case of representations the
complemen | representation depends on.
tary partial
representat
ions

1.3.3.2 The additional XML syntax.

<?xml version="1.0" encoding="UTF-8"?>

Copyright © OCEAN Consortium, March 2011
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<xs:schema targetNamespace="urn:MPEG:HTTPStreamingManifest:2010"
attributeFormDefault="unqualified"
elementFormDefault="qualified"
xmins:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns="urn:MPEG:HTTPStreamingManifest:2010">
<xs:annotation>
<xs:appinfo>MPEG Media Presentation Description</xs:appinfo>
<xs:documentation xml:lang="en">
This Schema defines the MPEG HTTP Streaming Media Presentation Description!
</xs:documentation>
</xs:annotation> <!-- MPD: main element -->
<xs:element name="MPEG-MPD" type="MPDtype"/>

<l-- A Representation of the presentation content for a specific Period -->
<xs:complexType name="RepresentationType">

<xs:attribute name="ID" type="xs:string"/>
<xs:attribute name="DepID" type="stringVectorType"/>

</xs:complexType>

<xs:simpleType name="stringVectorType"
<xs:list itemType="xs:string"/>
</xs:simpleType>

</xs:schema>

1.3.3.3 Example

Example for media presentation description as specified in [1]:

<?xml version="1.0" encoding="UTF-8"?>
<MPD xsi:schemalocation="urn:MPEG:HTTPStreamingManifest:2010 MPEG-Manifest.xsd"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns="urn:MPEG:HTTPStreamingManifest:2010">
<Period start="PT0S">
<Representation mimeType="video/mp4; codecs=svcl" ID="tag0" bandwidth="128000">
<Segmentinfo duration="PT10S" baseURL="rep1/">
<InitialisationSegmentURL sourceURL="
http://www.aService.com/aMovie/seg-1-init.mp4"/>
<Url sourceURL="seg-1-128k-1.mp4"/>
<Url sourceURL="seg-1-128k-2.mp4"/>
<Url sourceURL="seg-1-128k-3.mp4"/>
</Segmentinfo>
</Representation>
<Representation mimeType="video/mp4; codecs=svcl" ID="tagl" DeplD="tag0" bandwidth
="256000">
<Segmentinfo duration="PT10S" baseURL="rep2/">
<InitialisationSegmentURL
sourceURL="http://www.aService.com/aMovie/seg-1-init.mp4"/>
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<Url sourceURL="seg-1-256k-1.mp4"/>
<Url sourceURL="seg-1-256k-2.mp4"/>
<Url sourceURL="seg-1-256k-3.mp4"/>
</Segmentinfo>
</Representation>
<Representation mimeType="video/mp4; codecs=svc1" ID="tag2" bandwidth="512000">
<Segmentinfo duration="PT10S" baseURL="rep3/">
<InitialisationSegmentURL
sourceURL="http://www.aService.com/aMovie/seg-2-init. mp4"/>
<Url sourceURL="seg-2-512k-1.mp4"/>
<Url sourceURL="seg-2-512k-2.mp4"/>
<Url sourceURL="seg-2-512k-3.mp4"/>
</Segmentinfo>
</Representation>
<Representation mimeType="video/mp4; codecs=svcl" ID="tag3" DeplD="tag2" bandwidth
="768000">
<Segmentinfo duration="PT10S" baseURL="rep4/">
<InitialisationSegmentURL
sourceURL="http://www.aService.com/aMovie/seg-2-init. mp4"/>
<Url sourceURL="seg-2-768k-1.mp4"/>
<Url sourceURL="seg-2-768k-2.mp4"/>
<Url sourceURL="seg-2-768k-3.mp4"/>
</Segmentinfo>
</Representation>
<Representation mimeType="video/mp4; codecs=svcl" ID="tag4" DeplD="tag2 tag3"
bandwidth="1024000">
<Segmentinfo duration="PT10S" baseURL="rep5/">
<InitialisationSegmentURL
sourceURL="http://www.aService.com/aMovie/seg-2-init.mp4"/>
<Url sourceURL="seg-2-1024k-1.mp4"/>
<Url sourceURL="seg-2-1024k-2.mp4"/>
<Url sourceURL="seg-2-1024k-3.mp4"/>
</Segmentinfo>
</Representation>
</Period>
</MPD>

In the example above, there are two alternative representations (tagO+tagl and tag2+tag3+tag4).
Both of them correspond to SVC bitstreams, each separated into complementary representations.

The receiver could choose between the first and the second SVC alternative streams and, depending
on the download rate, complement the representation with the complementary (enhancement)
representations.
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2. SVC CODING PERFORMANCE

In this Section we will analyze the coding performance of SVC.

The selected resolutions for the encodings follows the target resolutions within OCEAN described
within D2.2 and listed again in Table 1.

Terminal type Target display Framerate
resolution
Mobile, TV Set, PC, 320x240 (QVGA) 25p
Laptop 640x480 (VGA) 25p
TV Set, PC, Laptop 1280x720 (720p50) 50p
1920x1080 (1080p50) 50p

Table 1 - OCEAN targets on screen resolution (From D2.2)

Note that some encodings does not fully match the target resolutions but it can be expected that end
devices are able to upscale to the target resolutions without a significant drop in quality.

The results show the overhead of SVC compared to single layer encoding of the highest quality,
which influences the required bit rate on the last mile (see Figure 1). Note that the base layer does
not show any overhead since with JSVM it is identical to the single layer stream.

Furthermore, we show the gain of SVC compared to encoding single layer encoding of both
resolutions which mainly influences the transit link, the CDN network and caching performance (see
Figure 1).

Taking this into account it is important to highlight again, that the last mile overhead, as well as the
transit link and CDN network and caching performance is not only influenced by the sheer encoding
performance but also by other parameters which will be further evaluated within the upcoming
deliverables.

Within OCEAN, we can consider two possible encoding settings:

1. Support multiple target resolutions (bit rates) within one stream
- Spatial and temporal scalability
- Support multiple device capabilities (e.g. 720p50/1080p50 or 480p25/720p50/1080p50)
- Rate adaptation points depend on number of quality layers

- Last mile overhead depends on the number of quality layers

2. Support multiple bit rates for one target resolution within one SVC stream
- Quality scalability with MGS/CGS
- Multiple operation points out of a single quality layer

- Small last mile overhead
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The encodings have been performed using the JSVM 9.17 software and an optimized encoder version
which employs the R-D optimized multi-layer encoder control as shown in [44][45]. In the following
we will explain some basics on the encoder in Section 2.1 and features of SVC like unequal random
access point frequency in Section 2.2 and multiple operation points with MGS scalability in Section
2.3 before we show the simulation results in Section 2.4 and Section 2.4.2 for an optimized encoding
to show the full potential of SVC and give a conclusion in Section 2.5.3

2.1 JSVM

The JSVM (Joint Scalable Video Model) software [42] is the reference software for the Scalable Video
Coding (SVC) project of the Joint Video Team (JVT) of the ISO/IEC Moving Pictures Experts Group
(MPEG) and the ITU-T Video Coding Experts Group (VCEG). JSVM can be used to encode standard
compliant H.264/AVC streams as well as scalable video streams The main purpose of the JSVM is to
reflect the standard, which only specifies the decoder. Therefore, there is room for encoder
optimizations beyond JSVM as shown in [44][45] and in Section 2.5.

2.2 Unequal Random Access Point Frequency

SVC offers the possibility to provide Random Access Points (RAPs) for the different layers (i.e.,
different values of dependency _id) of a bitstream at different time instances (i.e., in different access
units). An SVC RAP for a particular layer (i.e., a particular value of dependency_id) enables a decoder
to start decoding the particular layer, but in general it is not possible to start decoding any other
layer. An SVC IRD can start decoding (and displaying pictures) at each present RAP. In the worst case,
it can start decoding (and displaying) only the base layer, and after a small period of time it can
continue with decoding (and displaying) the enhancement layer. At the same time, a larger maximum
interval between enhancement layer RAPs enables providing a coding efficiency that is very close to
that of single layer coding, since intra pictures (which require a larger number of bits than inter-
predicted pictures) can be coded less often.

Decreasing the frequency of enhancement layer RAPs can result in a significantly increased coding
efficiency while providing the same channel switching delay (when the base layer is decoded and
displayed as long as no enhancement layer RAP was received).

In Figure 6, the decoding process is illustrated for an example of accessing an SVC bitstream at a base
layer RAP. The decoding process starts with decoding the base layer representation for the base
layer RAP and all access units that follow the base layer RAP and precede the enhancement layer RAP
in decoding order. For the enhancement layer RAP and all access units that follow the enhancement
layer RAP in decoding order, the enhancement layer representations are decoded. For the base layer
RAP and all access units that follow the base layer RAP in output order and precede the
enhancement layer RAP in decoding order, the base layer representations are output. For the
enhancement layer RAP and all access units that follow the enhancement layer RAP in output order,
the enhancement layer representations are output. No pictures are output for the access units that
follow the enhancement layer RAP in decoding order but precede it in output order.

In the following we will refer to it as unequal RAP frequency. Whereas equal RAP frequency refers to
having the same RAP frequency in both layers.
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Figure 6: lllustration of the decoding process with output picture skipping when accessing a two-
layer SVC bitstream at a base layer RAP using Scalable Baseline Profile. The access units are
displayed in decoding order (from left to right). The subscript numbers indicate the output order.
The representations that are decoded are marked with red frames; the representations that are
output are marked grey.

2.3 Multiple operation points with MGS/CGS scalability

The MGS scalability allows embedding multiple operation points within of one or two quality layers
while keeping the framerate constant.

Enhancement g
layer [T\ v N

Base layer

Figure 7: MGS prediction structure

The following figures show how multiple operation points can be achieved for an exemplary stream
with two quality layers by dropping NALunits of a specific temporal layer and quality layer. Figure 8
shows an exemplary setting with two quality layers (Q1 and Q2). The figures show GOP 8 with an
hierarchical prediction structure resulting in four temporal layers (T0,T1,T2,T3). It is important to
note here, that base layer units are not dropped and therefore the framerate is kept constant within
all operation points. The full video stream has a total bitrate of 7000 kbps. Dropping the second
quality layer of the highest temporal layer reduces the bit rate to 6380 kbps while reducing the
quality of every second picture at the same time. The other figures show how the bit rate can be
further reduced by dropping additional packets and resulting in exemplary 9 operation points out of
two quality layers. The subjective quality depends on the selection of operation points.
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Figure 8: Multiple operation points with MGS scalability

Note 1. Further analysis on MGS operation point selection will be performed within the on-going FP7
OPTIBAND project. Exchanges between OCEAN and OPTIBAND project are envisioned in this domain.

Note 2. Such a multiple operation point extraction can be also applied with CGS coding, which has
not been tested within this deliverable.
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2.4 Encoding results with JSVM

2.4.1 Encoding parameters

This section shows coding results performed within OCEAN. the sequences and common coding
parameters used for the coding results based on the JSVM 9.17. All encodings are based on Scalable
High (SVC) and High profile (H.264/AVC).

For better interpretation of the presented results, it should be noted, that as a reasonable quality
point for the video sequences, an PSNR value of 34 dB is assumed.

The test sequences are listed in Table 1 and the common coding parameters are shown in Table 3

Table 2: Sequences

: e Generation of input
Sequence Coding difficult Original
. Y / & sequences for each UC
medium-high 1920x1080p, | Down-sampling using
critical 50Hz the JSVM software
. . 1920x1080p Down-sampling using
highly critical !
any 50Hz the JSVM software
. - 1920x1080p Down-sampling using
medium critical ’
50Hz the JSVM software
Crowd Run
"y 1920x1080p Down-sampling using
low critical ’
50Hz the JSVM software
Old Town Pane
. "y 1920x1080p Down-sampling using
low-medium critical ’
50Hz the JSVM software
Low 1920x1080p, Down-sampling using
. ; 50Hz the JSVM software
Big Buck Bunny
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