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1 Executive Summary

This is the second deliverable of WP7 (Integration). Thedocument 6s main purpose

over-view of the evaluation and testing of the project results. The reader will have in one hand the feed-
back from the modules already tested during the first two years of the project.

The document provides a detailed overview of the project platform evaluation motivation as well as
critical research outputs. This document includes the descriptions, methodologies and detailed list of
the tested elements and how this has been done. It also describes the planned algorithm performance,
metrics and rules developed by the p a r t rmansoriwn. The la trials that took place in constrained in-
door and unconstrained out-door environments to enable the fine-tuning of the My eDirector 2012 plat-
form are analytically reported

Finally, all the results are summarised and compared with the expected ones. The evaluation of the
system is stated for consideration and review. The document addresses the tasks carried out by the
partners for the evaluation of the architecture that will lead to the integrated prototype of My eDirector
2012.

Audience

All the technical partners from My eDirector 2012 should read and agree on the information, schedules
and decisions presented in this document.

Summary

This document describes the implementation and integration of the final prototype of the My eDirector
2012 System. The implementation method of the lab trials, the tools that were used for measurement
and the results provided are described.

The purpose is to document the methodologies selected for the implementation of the lab trials and
specify that the results are the expected ones.

Structure

Chapter 1 is this introductory chapter, containing general information about the deliverable, including a
summary of the document, the targeted audience and structure of the deliverable.

Chapter 2 describes the integration roadmap of the platform at each phase
Chapter 3 specifies the evaluation methodologies that were used and the evaluation objectives.

Chapter 4 analyses the prototype assessment tests that were conducted by each partner. The testing
has been divided into two groups: 1% phase testing is the tests that took place before the first review
and the 2™ phase testing, which is also a reported, is the integration tests that took place before the
second review..

Chapter 5 describes the implementation of the lab based studies based on the partially integrated mod-
ules from My eDirector 2012

Chapter 6 provides a summary and a report of the field trial.

© My eDirector 2012 Consortium 2010 Page 9/ 86
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2.1

2 Integration

Integration roadmap

Input from ) Birmingham AVIVA London footage
various Athletics 2008 Grand Prix —rights
oiceas (\’k’:'l;'x'( 2010 free

1 ¥ 2" prototype i 4 Integrated
i i (loosely prototype of
(isolated) integrated) my-eDirector
prototypes
2012 platform

Individual
implementation

First Integration phase > S d i : ! Third Integration phase

Figure 1: Integration plan

The integration of the system consists of 3 phases: The phase until the 1** prototypes implementation,
the phase until the 2" prototype and the final phase that leads to the integrated prototype of the My
eDirector 2012 platform.

2.1.1 Firstintegration phase

In the first phase, there is an early assessment of the design and implementation approaches used for
the implementation of the platform, taking input from other projects and previous research of each part-
ner. Each partner was working independently in that period to determine the best technology that would
match the project aims. Several technologies were considered and early prototypes were implemented
in order to select the most appropriate one .The evaluation of the technology and the corresponding
conclusions selected led to the implementation of the initial prototypes, presented in the first review.

During this phase, tests like the seamless stream switching, video follow me, ambient camera selection,
and rtls, were implemented. Much effort was spent on the selection of the best streaming technology
and the streaming protocol. Microsoft HTTP, Microsoft RTSP and Standard RTSP were considered. Fi-
nally the consortium& decision was to use Microsoft HTTP technology that allowed very smooth stream
switching.

2.1.2 Second integration phase

After the first review, and following the assessment of the state of the art and 1% prototyped sssess-
ment, a revision of the DoW took place. The platformé design and implementation followed the new ar-
chitecture and the results of the 2™ prototype were used for the intermediate integration of the system,
based on trials of the platform that took place using input from the Olympic Volley Games and the Bir-
mingham Athletics 2008. The intercomponent interfaces were stated in D2.4 fSystem architecture and
specificationsd document. 32 intercomponent interfaces were detected. The My eDirector 2012 consor-

© My eDirector 2012 Consortium 2010 Page 10/ 86
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tumtriedtokeep complexity of the integrated system to a
interfaces. An integrated demo of the whole system was prepared and presented at the 2 yeareds r
view.

2.1.3 Third integration phase

Following the completion of the second phase, the planning of the final prototype and the corresponding

lab based studies and field trials started. These tests will be based on input taken from the AVIVA Lon-

don Grand Prix 2010. The Final pl at f or modhy thosatti-uat i on
als. Evaluation from persons not directly related with the partners is expected to be retrieved. Also the

involvement of experts related to television and sports topics will be requested.

During this phase, the following components were scheduled to be finished and integrated: Knowledge
Base server, Personalisation Streaming Server, Profile Builder, Sport Information System, MPG7 Crea-
tion module, SP/AA module, Web Access Subsystem and Terminal Application. Detailed information
about the implemented architecture can be found in D2.5 Trials Architecture and Configuration.

The different modules will be distributed and accessible through the internet, but the user will not be
aware of this. The final user and evaluator will be able to access the system through a web-site front-
end, and will have an experience of the integrated system.

© My eDirector 2012 Consortium 2010 Page 11 /86
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3 Evaluation

Following the integration plan, the evaluation of the system is separated into three parts. Each part is
distinguished from the others by the different nature of the tests that will be implemented. In the first

part, the lab based studies, a set of separate tests will take placei n each partner os

evaluation methodology used in each section of the system. After the fulfilment of lab based studies, a
set of tests, where feedback from experts will be obtained, will take place. Finally, the last part is the
field trial where the full system will be evaluated as an integrated platform, . The results of those tests
will lead to the configuration and fine tuning of the system.

Lab based
studies

Field Trial

Feedback
from
experts

Final platform evaluation

Figure 2: Evaluation tests

Following the integration of the platform, the final evaluation is the last step towards the full assessment
of the platform. The full assessment consists of tests involving both users in a real life use case sce-
nario (Field trial), as well as users testing the system in a more constrained environment (Lab based
studies). It should be noted here that the final lab based studies follow the intermediate platform lab
based assessment, with the difference that now the platform for testing features full functionality for
each test case.

Lab based studies are experiments that will be set-up in QMUL, INOV, AIT and ICCS to measure inde-
pendently the quality factors. For example, we would like to have information just about the HMI and we
want to be sure that the computer has enough power to stream and show the application, or that other
factors like the streaming network might not influence in the HMI. Each test will be focused on a differ-
ent factor. The usersod6 feedback wil/ be used to

In the Field trial, an integrated version of My eDirector 2012 will be accessible through the internet in
different countries over Europe. Users will be asked to enter the My eDirector 2012 field trial web-page
and test the system. The user will be able to test My eDirector 2012 running in a real sport event. The
user can be comfortably seated at home, beer in hand, watching a sport retransmission though the in-
ternet. The user will be able to select his preferences and live the My eDirector 2012 experience.

© My eDirector 2012 Consortium 2010 Page 12/ 86
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3.1 Evaluation Objectives

My eDirector 2012 evaluation activity aims to evaluate the outcome of the research and development

carried out mainly in the first two years of the project, but also in the third year of the project. The rea-

son to proceed with these evaluation tasks is to gat
on the one hand, fine tune the platform, follow-
ing the completion of RD activities and on the
other hand, prepare for the exploitation. We
will also use the analysis of the evaluation to
provide evidence that will allow us to have a

Fine tune the platform

clear vision for the future. 1 Add

Once we have finalised the evaluation of the Improve functionality
project results including the main platform, we

will obtain information that will allow us to un- T Drop

derstand what functionalities interest the con- Prepare for expletation

sumers and which do not. Which of the pro- _

posed functionalities are mature or need addi- I Evaluate poigntial use
tional effort to mature. 1 Identify usade scenarios

Identification of the functionalities, that even if

. . . T r n
in an embryonic stage, generate the interest of T est user acceptance

the consumer. We will also want to determine 1 Assess usefulness
which elements of the platform do not for the "
consumer. At the end we will be able to list T Compare to competition
which functionalities we can add to improve Future Vision

the user experience and which functionalities .
should be improved, according to user expec- 1 Report on technologies
tations. We will also be able to evaluate the 1 Research agenda
technical performance of each functionality

and how the users take advantage of each of I Link to other platforms

them, which will allow us to understand if they
can be deployed in a commercial solution.

Secondly, the evaluation efforts of the project

will allow us to better define and prepare the exploitation of the project results, especially for commer-
cial exploitation. In this sense, we will analyse which are the potential uses of the platform, apart from
the support for the Olympic Games, and other Foreground work of the project. The consortium expects
to gather information that will allow us to identify usage scenarios unforeseen at this point. It is also
very important to understand how the users accept the different technologies, distribution mechanism
and overall use of each functionality. The functionalities that, from our point of view are very interesting
and fun, need to be evaluated to decide if and how they would be exploited. In order to understand
where the consortium is in terms of commercial exploitation, we also need to have evaluation metrics
that will allow us a full view of how competitive the project will be.

Finally, the evaluation results of the project will be used to develop our vision of the future. This vision
will be partially reflected in D7 . 4 fiTechnol ogy [Boutdhe ooasortiummwill &so pse this 0
information to develop the individual as well as common research agenda.

The clear future vision will also help us to review and/or update the research agendas from an individ-
ual point of view, but also foresee future research collaborations. These visions will also allow us to
evaluate the collaboration with other platforms, which we have not yet enhanced.

© My eDirector 2012 Consortium 2010 Page 13 /86
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Evaluation factors

Stakeholders

Scene analysis and Characterisation

End users

‘%ﬁ

Scalability

Cross platform deployment

Back end Core platform Frontend
evaluation evaluation evaluation

The core evaluation of the platform is classified in 4 categories of usability testing:

1. Scene analysis and Characterisation. Scene analysis and characterization is highly important
in the platform, as the results of this process trigger the production of information that describes
what is being seen in the covered event, as well as the creation of related metadata. This in-
formation is used for both the provision of recommendations to the viewer, and for enhancing
the user experience through the generation of specific data concerning a t h | adtivtissénd
their progress in events. Scene analysis and characterisation can be assessed either directly,
through the examination of the corresponding scene analysis and tracking algorithm outputs, or
indirectly, through an analysis of the way the results of this process are utilised by the users.

2. Usability and Personalisation. The goal of usability testing is to improve the profitability of the
platform in order to provide to the users useful and satisfying services. The evaluation of usabil-
ity is parallel to the evaluation of personalisation as the My eDirector 2012 platform focuses in
personalised multimedia access. There f or e t hi s evaluation targets t

service. The results of this process are ¢c¢ceflect
tured questionnaires. ¢he services must be targeted to user preferences and cover their re-
guirements.

3. Media Quality. Media quality evaluation is a combination of the evaluation of audio, audiovisual
and visual quality factors that reflect the characteristics derived from the presented stimulus
material. Poor media quality (fogginess, mixture, unclarity of colors) can easily lead to low Qual-
ity of Perception (QoP). The quality of media is extremely important as the intention of My eDi-
rector 2012 is to provide a high quality live experience.

4. Cross platform deployment. This is a factor that arises from the constantly increasing multi-
media consumption in personal devices[14]. The user ds demand is to wat
anywhere using their preferred device. Theref or e
screenso and t horaving snplemerged relatedsvimget applications for mobiles
and TVs. These applications are tested and evaluated based on all the above quality factors.

The evaluation follows the integration roadmap as depicted in Figure 1 and is a combination of tests in
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three stages: the 1% prototype tests (before integration), the 2 prototype tests (integration stage) and
the final lab based studies followed by the field trials.

Thesetest s t ook pl ace i n egmtehlthe servicas erovilad by thelplattoron andn t e
their roadmap and results are stated below. Interconnection over internet was used, when necessary, in

each prototype testing phase. Finally, after the completion of the integration tests, the evaluation of
each service of the platform was implemented through lab based studies that took place with the in-
volvement of real users.

In the first category: Scene analysis and Characterisation, the tests were split into two categories: Ob-
jective and subjective.

Regarding the objective category, the tests were twofold:

1 Metadata per se: Automatically generated metadata (mainly positions) are compared with man-
ual annotations. These tests are not extensive, due to the huge overhead required to generate
accurate and detailed manual annotations.

1 Reasoning about incidents: These tests address the following questions: Is the metadata suit-
able for incident reasoning? Does the reasoning exhibit misses and/or false positives with re-
gards to incidents when this metadata is used? What is the temporal accuracy of incident de-
tection?

The subjective tests involve users and will be part of the user trials: A typical question to be answered
is: Do the users like the presentation and accuracy of the visually overlaid annotations provided by the
automatically generated metadata?

Furthermore, in order to evaluate the Usability and Personalisation, the trials that took place involving
real users are: APer son aHataealsb sthteddelodvc ast i ng servi ceso

Moreover, media quality evaluation is part of a | | l ab based studies by measur
of the real-time streamed video.

Finally, the cross platform deployment was tested through the evaluation of different versions of the
service, including the use of mobile devices and DVB STBs. Furthermore, the use of corresponding
technologies in each terminal platform was also tested, mainly as a proof of concept of the feasibility of
deploying the service in different environments. These tests included both hardware and OS dependent
applications (i.e. applications running over Microsoft Windows with the need for a special framework
such as Silverlight,) but also cross platform technologies such as HTML pages and widgets.

In Backend evaluation, the process targets the evaluation by a group of stakeholders. The stakeholders
are asked to present their perception of each service under the prism of scalability. That means that the
methodology used is based on the measureme nt of the userds preferences.

On the other hand, the end users are involved in the front end evaluation. The methodology used here
targets the evaluation of the HMI factor. That means that the Interface must be user-friendly, easy to
navigate and aesthetically pleasing. Therefore, the users are asked to fulfill structured questionnaires or
they present their point of view by the method of one-click that is running while the services are demon-
strated to them. As regards the evaluation of the platform from the view of the stakeholders, the evalua-
tion was based on both views as regards the front end and back end use of the platform. As regards the
front end, this was based on the collection of feedback from the end users and experts, following field
trials, over which a pilot implementation of a real system emulating live coverage of an international ath-
letic event was used. The same trials were also used in order to trigger feedback from experts as re-
gards the back end use of the system. This dual approach for evaluation as a compact system, pro-
vided the opportunity to assess all 4 categories (Scene analysis and Characterisation, Usability and
Personalisation, Media Quality and Cross platform deployment) through the end user experience follow-
ing the use of the User interfaces developed in the course of the project. In this way, the way the possi-
ble issues and problems that were affecting the end user overall experience could be detected. On the
other hand, issues related to the deployment of the platform by potential services provided could also
be evaluated, through the back end evaluation. For the latter the opinion of experts was used.
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3.3 Evaluation summary table

The evaluation methodology will be adjusted to the item evaluated and the specific objective of the evaluation. The following table summarises the method-
ology that will be used for each evaluation.

Evaluation  (please feel free toa n-
swer with a free text)

Evaluation item Early pr o- i 6 Lab Field
totype . )

Please, feel free WP Objective testin tion tests based trial Methodolog v / Metric

to add more eva - 9
uation items
1 [Seamless Stream Switching 6 [Demonstrate and test the capability of stream- Without X X X Lab tests / Proof of concept

ing live video content to different kinds of Cli-

: . users
ent devices and access network technologies

2 \Video Follow me 6 ([Test the feasibility of seamless service mobili- Without X X X Lab tests / Proof of concept
ty within a heterogeneous network platform
covering the most popular network access
technologies (fixed and wireless)

users

3 [Smart mobility 6 [Test the ability of a wireless station to be able X Without users X X Lab tests / Proof of concept
to connect to the access point and access
technology that will offer the best quality of

service
4 |Personalised broadcast servic-{ 6 [Test the utilisation of the ICCS DVB-T/H net- X Without users X X Lab tests / Proof of concept
es (Laptop) work infrastructure in order to demonstrate

how it is possible to provide personalised ser-
vices over broadcast networks. The test uses
as terminal a laptop equipped with DVB-T/H
tuner and dedicated software.
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vices (Set Top Box)

AThe interactive service provision over con-
ventional broadcast networks

ADelay of the channels switch

AComparison of the end user QoE from the
personalized broadcast services compared
with the corresponding service over IP
networks

This test will be evaluated on a commercial
available Set Top Box. The only think that
the end user has to do is to download the

special software plugin.

Evaluation (please feel free to a n-
swer with a free text)
Evaluation item Early pr o | ntegr a- Lab Field
Please, feel free iecti totype tion test based trial i
, WP Objective testing I USEES as e Methodology / Metric
to add more eva I-
uation items
\WiFi Load balancing mechan- 6 [Evaluate the following: X X With users X Questionnaire based study following
ism A Compatibility of load balance software with tests in constrained environment with
a variety of WiFi NIC. real users/ usefulness, appropriate-
AMonitor the improvement in various IP key ness, consistency, intrusiveness
performance indicators like throughput.
ACooperation of technique with the HTTP
progressive download.
AEvaluation of the cross-layer QoS provi-
sion
AEffects of the technique on the perceived
quality by the end user.
Smart and Seamless mobility 6 |Evaluate the following: X X With users X Questionnaire based study following
AThe success rate of the handovers tests in constrained environment with
AMonitor the effect of the mobility on the real users/ usefulness, appropriate-
quality of the stream ness, consistency, intrusiveness
AThe seamless mobility feature on various
0os
Personalised broadcasting ser- 6 [Evaluate the following: X X With users X Questionnaire based study following

tests in constrained environment with
real users/ usefulness, appropriate-
ness, consistency, intrusiveness
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Evaluation  (please feel free to a n-
swer with a free text)
Evaluation item Early pr o- .
yp | ntegr a- Lab Field
Please, feel f ot tOYPE tion test based | trial i
S, S EE WP Objective testing ol U e el Methodology / Metric
to add more eva I-
uation items
8 |Ambient Camera Selection 4 Without ?
users
9 [RTLS 3 [To access the quality of data produced by the Without Test of controlled environment e.g.
RTLS & access the potential RTLS for use users observe static position errors, Test in
with the athletics and other sporting environ- outdoor sporting situations
ments
10 |Face tracking 3 |Assessment on the feasibility for deployment  Without Without Without True positives, misses and false po-
in a real-time event. users Users Users sitives measured
11 Text detection 3 Without Without Without
users Users Users
12 [2D Body Tracking 3 Without Without Without
users Users Users
13 3D Body Tracking 3 Without Without Without
Users Users Users
14 |User acceptance of annotations| 3/4 Without |User satisfaction score can be as-
users [s€ssed based on various metrics
15 ROI for auto crop proposal 4 Without Spatial accuracy and perceived sta-
Users bility
16 Incident detection 4 Without Without Hit & false positive rates, temporal
. . r
Walk: Congestion, Athlete X is Users Users accuracy
frontal
Long jump: Start running, land-
ing
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Evaluation  (please feel free to a n-
swer with a free text)
Evaluation item Early pr o- | ntegr a- Lab Field
Please, feel free iacti totype tion tests based trial i
’ WP Objective testing Methodology / Metric
to add more eva I-
uation items
17 [Non-personalised interaction of 5 Play As for earlyAs for early As for |Observations of Expert users Think
PVR (Personalised Video Re- Buffer replay testing testing teartl'y Aloud
corder) Play with Live video Sy . . .
streaming (PC and mobile ter- Slow play Web Questionnaire about usability
inal ersion in  non- (learnability, user satisfaction etc) for
minal  versions) i Fast forward larger group of end users
personalised mode. )
e L Video observations of smaller groups
Zoom of end users in QMUL Usability
. . Labs.
Switch view
18 PVR Player interaction stream- 5 As for 12 Group Recom-As for inte{ As  for |As for 12
ing (PC and mobile terminal mendations  gration test{ integra-
\versions) Ing itlnf;n test-
19 PVR Player Metadata stream-| 5 Event Info. As ) for earlylAs 'for earlyy As for |As for 12
ing and interaction (PC and testing testing ?artl_y
esting

mobile terminal versions)
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4  Prototype testing

1st phase testing

In the context of integration of the first phase, assessment of the following five areas took place through
the use of the corresponding prototypes:

1 Networking
U Demo of Seamless Stream Switching by INOV
U0 Demo of Video follow me by ICCS
1 Video processing
0 Demo by FBK
1 Ambient Camera selection
U Demo by AIT
1 Sports Information System
U Demo by ATOS
1 Interactive Terminal Application
U Demo by QMUL

Networking
Interactive 1.Seamless
Terminal Stream Switching
Application Demo(INOV)
=~ (@Qmuy) 2Video follow
e me(ICCS) '
Sports . \ / B )
Information VAN Video
System VAN processing
®0s)  /, AN\ (FBK)
/'/) ’.
S [ Ambient
7 / Camera
7 L selection
’ (AIT)

Figure 3: 1st integration phase

4.1.1 Seamless Stream Switching

4.1.1.1 Rationale

The prototype was developed in order to test and demonstrate the capability of streaming live video
content to different kinds of Client devices and access network technologies, by incorporating an Adap-
tation System capable of seamlessly switching streams of the same content with different quali-
ties/bitrates in real-time, increasing the video quality experienced by the Client with this seamless adap-
tation.

4.1.1.2 Description of lab prototype

The prototype of the streaming server was built on independent software modules. The main functional-
ities were the negotiation of video stream contents using RTSP (RTSP Module), notification of the
channel characteristics using SIP (SIP Module), delivering the stream to the Clients using a Streaming
Module and adapting the content and the network using an Adaptation System Module.

The Adaptation System implements two adaptation methods for the selection of the most appropriate
stream for each Client at any moment in time. The adaptation methods are related to the network
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transport using Multicast/Unicast modes. The first one, the Real-Time Rate/Quality adaptation method,
is used for the Unicast mode and to perform the Real-Time adaptation. The second one, the Multi-
cast/Unicast network adaptation method, is used for the Multicast mode and to perform the Multicast to
Unicast adaptation.

41.1.3 Tests

To test the Streaming Server/Adaptation System prototype with the functionalities it provides, a basic
Test Architecture was implemented, in a controlled network environment, and a Test Methodology was
designed to collect the system response times. The test architecture is represented in Figure 4.

Bandwidth
Controller

CAMO1-128Kbs kil

> Edition
— — ___ CAMO01-256kbs o
CAMO01-512kbs _QAM@_’
CAMO1-768kbs
B CAMO1-1024kbs )
— SoaTG Terminals
Encoder '
Servers Server

Figure 4: Stream Switching Test Architecture

It consists of an Encoder Server that stores five multimedia streams of the same content, but with dif-
ferent fixed bitrates/qualities (128 Kbps, 256 Kbps, 512 Kbps, 768 Kbps and 1024 Kbps) and streams
them to the Streaming Server prototype. The end user client application is a simple hybrid RTSP+SIP
player able to request streams from the Streaming Server. The tests were carried out on a private High-
Speed 100 Mbps LAN network.

To simulate different network speeds and degradation (and introduce some loss) a Bandwidth Control-
ler was implemented at the client system.

The Test Methodology considered three types of tests:

1. Test the effect of Packet-Loss on Video Quality
2. Test the Video Quality vs. bitrate
3. Test the Response times of the Streaming Server vs. bitrates

In these tests, a session starts when a stream (request) is ordered from the Streaming Server and ends
with a Teardown request. For each initial request the Streaming Server starts sending the lowest quality
stream to the client. The adaptation algorithm, upon receiving feedback information, in a certain time-
frame, from the Client (player) takes a decision about the most appropriate quality class (bitrate/quality)
stream to be served to the client.

All the measurements were collected at the Streaming Server, reflecting just the time that the applica-
tion (Streaming Server/Adaptation System) takes to react to a certain command or request. No meas-
urements were taken for the network transit time (from client to server, or server to client).

4.1.1.4 Results & Conclusions

The results from the tests demonstrated that the Streaming Server prototype was able to successfully
deliver the live streaming multimedia contents to all Clients that requested them, seamlessly switching
the streams. On average, the stream switching time at the Streaming Servers is around half a second
for MPEG-4 Visual and around 0.1 second for H.264. For the Session Startup time an average of
around one second was observed. The overall performance of the system can gracefully adapt and
scale to a reasonable number of Clients, independently of the network conditions, video codecs used or
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Client devices, and always offering the highest possible video quality to the user.

A detailed description of this prototype can be found in references [1] and [2].
4.1.2 Video follow me

4.1.2.1 Rationale

This prototype has been developed in order to test the feasibility of seamless service mobility within a
heterogeneous network platform covering the most popular network access technologies (fixed and
wireless), like ADSL, Ethernet, WiFi, WiMax and 3G.

4.1.2.2 Description of lab prototype

The Video follow me is a lab prototype that is based on a mobile IP approach with the use of IP tunnels.
The IP tunnels are created between the end user terminal and the VPN server of the platform. The VPN
server has the task of providing seamless service provision with uninterrupted reception of video
streams without any reduction of QoS. The VPN server was based on a modified version of OpenVPN
open source that fulfils all the requirements [D2.3] like mobile IP provision, multiple OS support and se-
curity with ease-of-use which is very important for our system. OpenVPN's lightweight design sheds
many of the complexities that characterize other VPN implementations.

The Video follow me provides an efficient IP mobility approach over IPv4-1Pv6 protocols. The conven-
tional mobile IPv4 [RFC3344] requires a home agent, which stores information about mobile nodes
whose permanent home address is in the home agent's network and a foreign agent that stores infor-
mation about mobile nodes visiting its network. Foreign agents also advertise care-of addresses, which
are used by Mobile IP. Also the packet delivery on the mobile node when it is roaming to other networks
is performed by triangulation via the Home agent, In QoS sensitive services like video streaming the tri-
angulation will cause many problem due to increased packet delivery delay. On the other hand we have
the mIPv6 (RFCs 3775 and 3776) which requires the use of a core IPv6 network and has a lot of limita-
tions in real life as there is no support for this protocol from the internet service operators. Of course
this could be overcome with the use of 6to4 tunnel technologies like teredo etc, but the main limitation
for the use of such a mobility scheme is that the mIPv6 is being supported only by the Linux OS.

41.2.3 Tests

In Figure 5 we see the trial show case around a clock.

Wired
connedion

{D5L)

Wireless
connedion
[different
WiFiAP)

Figure 5: Video "follow me around the clock"

The core of the system is the Cisco router 2600 and the VPN server. The Lab trials for the Follow me
video are based on the following architecture in Figure 6.
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OpenVPN IP:
192.168.193.200

Mobile Terminal IP:
192.168.193.73

Cisco 2600
Series router
-

147.102.1.0/24

WiFi
Operator_C

Figure 6: My eDirector 2012 7 Heterogeneous Networking testbed

In Figure 6, with the red and blue dashed lines we can see the virtual connection via the OpenVPN
software to the nearest OpenVPN server. This functionality provides load balancing to the front end of
the system. With the blue lines we can see the links of the OpenVPN servers with one streaming server
of the system.

As we mentioned above OpenVPN provides a wide range of configuration parameters and we have to
select the optimum for our system. An important requirement is the support for the seamless handover
of mobile users when changing from one radio access technology to another without any interruption to
the existing stream. This could be achieved by selecting the appropriate values for the corresponding
parameters at the OpenVPN configuration file of the client and the server.

In the following Figures 7,8,9,10 we can see the steps of the trial, as the end user is moving with verti-
cal or horizontal handover via various access networks. In each Figure we can see at the bottom right
(black box) the type of network (ADSL, WiFi etc) and the care of address (IPv4 i IPv6) which is the cur-
rent IP address that each network provides.

~ '
reaming server

x5 L/‘

Xgis
/2 /2 " [
Figure 7: ADSL access network Figure 8: WiFi access network
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et [J X% L/

Streaming server

Streaming server

Figure 9: WiFi access network Figure 10: WiMax access network

(different network operator)

In all steps we have a media stream over RTP/UDP protocol and with a throughput of 2Mbps. During
the handover (less than 1 sec) there was not any distortion of the video quality as the packet loss was
very low. We have to notice that the above streaming scheme is the most sensitive as it is utilising the
UDP transfer protocol that has no protection against packet loss.

4.1.2.4 Results and conclusions

The results of the various tests were excellent as in all cases, like vertical or horizontal handover, the IP
connectivity was recovered after 1 second with a minor loss of packets which depends on the media
stream bit rate requirements. The tests were carried out in all network access technologies without any
problem and various types of devices from mobile phones to desktops. This mobile IP scheme was also
able to cooperate over IPv4 or IPv6 systems without any problem. Finally the overhead of the IP tunnel
was very low (20+8 bytes to the overall 1500 bytes of the packet).

The results indicate that the technique used here can be deployed in the context of the My eDirector
2012 platform operation in order to support seamless mobility, for streaming over RTP/UDP. However,
in the case where HTTP adaptive streaming is used (as selected by the project), then the inherent ca-
pability of HTTP to provide session less access to video streams through the transmission of chunks of
video over HTTP requests offers an alternative that can work even without the deployment of the
mechanism used in the Video follow me demo. Therefore, the mechanism tested here is kept as the al-
ternative to be used in any future version of the platform that requires operation using RTP/UDP.

4.1.3 Ambient Camera Selection

4.1.3.1 Rationale

The early prototype of the Ambient Camera Selection system aimed at demonstrating the incident rea-
soning capabilities and suitability of the video annotations within and between event camera selection.
The objective of the early evaluations of the camera selection system had been the exploration of per-
sonalisation possibilities stemming from combining metadata (either automatically extracted or manu-
ally inserted into the system) with user preferences.

4.1.3.2 Description of lab prototype

The early prototype of the Ambient Camera Selection system has been built in MATLAB, without the
existence of an actual Knowledge Base to support it. Results from the early video processing compo-
nents were input to the reasoning algorithm, which detected incidents. Upon the detection of the inci-
dents a camera switch was proposed, without taking into account a user profile.

4.1.3.3 Tests

At the early assessments, ambient camera selection has been based on reasoning only about incidents
in the long jump event. Also, these incidents have been obtained by using only video processing meta-
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data, having most of the SIS information hardcoded instead of read and utilized.
The demo utilised the camera motion parameters to understand the different phases of the long jump
attempts and the presence of faces to understand the athlete turns.

4.1.3.4 Results & Conclusions

As a result, camera switch proposals have been reasoned between a single 5000m walk camera and
three different long jump cameras, hence covering both within an event and between event switches.

Two lessons have been learnt from the results of the early tests:

1 The video processing metadata is not enough alone. Information about the start/stop of
events and lists of participants from the SIS are necessary.

1 Video processing should report on camera motion (pan, tilt, zoom) and on the presence of
the athletes as a whole, not just their faces.

4.1.4 Video Processing and Media Annotation

4.1.4.1 Rationale

The sports recordings with broadcast-type camera utilization is a very challenging domain for video sig-
nal processing. During the 1* year tests our goal had been to understand what algorithms we needed to
provide metadata for camera selection reasoning. Also a preliminary assessment of early prototypes
has been carried out.

4.1.4.2 Description of lab prototype
The partners concentrated on finding athletes in the scene, by using algorithms for:

9 Detecting faces.
1 Tracking regions of interest (faces, torsos, bibs).
I Segmenting the frames into regions of interest and moving bodies.

41.4.3 Tests

The early tests utilized afewoftheBi r mi ngham sequences, concentrating
the womendés | ong |fantimpformer event hava beerr naasually annotated to facilitate
the tests.

4.1.4.4 Results & Conclusions

We had run into many problems in the early tests, mainly regarding the faces. As during athletics com-
petitions the faces suffer from adverse pose expression and illumination changes, both detection and
tracking have proven problematic. It became apparent that we needed multiple visual cues to track
faces and more than face trackers to track bodies. These conclusions have paved the way for a new
generation of video processing components that resulted in good performance in the 2" year.

4.1.5 Sports Information System

4.15.1 Rationale

One of the big advantages of addressing the videos from the Olympic Games as a target for image
processing is the high amount of metadata available from the Olympic Systems in real time. The SIS is
an intermediary software capable of processing all messages coming from the commercially available
service called IDF (offered to broadcasters of the Olympic Games family) and storing relevant
information into a structured database that can be accessed using web services and realtime inter-
faces. The objective of this test is to show the utility of the SIS system.

4.1.5.2 Description of lab prototype

The prototype was shown for the first time at the start of the project. Data from the Athens Olympic
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Games had to be used. 4 videos from the swimming final events were selected:

2004-08-16 19:45:00 Men's 200m Freestyle Final
2004-08-16 19:52:00 Women's 100m Backstroke Final
2004-08-16 19:59:00 Men's 100m Backstroke Final
2004-08-16 20:15:00 Women's 100m Breaststroke Final

A SIS-Streamer has been developed for this presentation. It launched the video at the same time that
the data is sent. Each time the video finishes it restarts everything.

The following image is a screenshot from the web-interface.

e e | o
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8
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4.1.5.3 Tests

Visual and subjective evaluation is done.

4154 Results & Conclusions

It seems that the information available from the Olympic Games is useful for the image processing and
recommendation module. The system has been tested in a real environment. It takes milliseconds to
process the messages and the video images delivered from the Olympic Broadcaster had a delay of 2
seconds with respect to the data. The Sport Information System processing speed is enough for a real
environment.

© My eDirector 2012 Consortium 2010 Page 26 / 86



FP7-215248 Document Code:
My eDirector 2012 D7.2 Report on Integration and Lab Trials

4.1.6 Interactive Terminal (PVR Player) Application

4.1.6.1 Rationale

The interactive terminal application tests that the terminal application, an advanced personalized digital
video player and recorder or PVR, can be connected to the My eDirector 2012 service infrastructure
(Web Access Subsystem or WAS, Personalised Streaming Service or PSS and). This will test that the
terminal functions described in the next section work as expected. In addition, the tests will test if a user
can prematurely interrupt one task and switch to another one. Some terminal prototypes may monitor
ICT resource usage such as CPU % usage.

Furthermore, the rationale behind the mobile player prototype was more focused on investigating the
degree of feasibility and subsequent stability of delivering live content to mobile devices using the My
eDirector 2012 adopted Smooth Streaming technology. In addition, the prototype aimed to provide a
user friendly interface with which end users can interact with other services offered on the My eDirector
2012 platform.

4.1.6.2 Description of lab prototype

The PVR can be accessed, downloaded from the WAS. PVR player interaction with streamed data
supports the following application data functions: networked smooth video stream access, multi-view
switching of different channels and cameras, event selection, channel and camera, and DVR playback.

The following AV content from the UK Birmingham athletics event: MEN's 100m, MEN's Triple Long
Jump, MEN's 800m, MEN's 5000m, WOMEN's Javelin, MEN's High Jump, WOMEN'S Long Jump,
MEN's 400m. This represents a very limited set of data content to test the use of personalisation.

Three different terminals are envisaged for the PVR player, a PC/Laptop version, a mobile phone ter-
minal and a DVB terminal version (see Section 4.2.7). The DVB terminal is not discussed further here

The prototypes are designed to provide the following features as shown in Table 4-1 prototype fea-
turesError! Reference source not found.

Features Description

1. Event selection Switch between sports events

2. Camera selection Switch between cameras for a sports event

3. Recommendation Recommend other event views to users that the

current event views.

4. Event information Receive live event information describing the
available video streams from a service provider

Table 4-1 prototype features

PC/ Desktop Computer System Requirements
Video is currently supported on the following browsers:

1 Internet Explorer 6, 7, 8 for Windows (2003, XP SP2 or greater, and Vista)
1 Firefox 2, 3.x for Windows (2003, XP SP2 or greater, and Vista) and Macintosh (Intel

only)
i Safari 3, 4 for Macintosh (Intel only)

For all operating systems we recommend you have the latest service packs or updates applied.

Hardware and internet connection speed recommendations for viewing video in the SNF Extra
Player

For using the My eDirector 2012 player, we recommend the following minimum hardware and broad-
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band connections:

1 2.4 GHz Pentium 4 or Intel-based Macintosh, 1 GB RAM, hardware acceleration-capable
graphics card
1 768k broadband connection

For the best quality experience using the My eDirector 2012 player, we recommend the following
minimum hardware and broadband connections:

1 2.0 GHz Intel Core 2 (Windows or Macintosh), 1 GB RAM, hardware acceleration-
capable graphics card
1 2500k broadband connection

Machine and network conditions may vary during playback and affect the end-user experience.

 RECOMMENDED: Use Silverlight in the 32-bit Internet Explorer process on x64 systems.
Most browser plug-ins (including Silverlight, Flash, Java and almost all ActiveX controls)
only work in 32-bit browsers currently.

Mobile/ Handheld Devices Platform Requirements
Hardware Requirements

Currently, the My eDirector 2012 mobile player has been developed and tested against the Apple
iPhone as a test platform. However, given that it was developed using open web standards, any
mobile browser based on the Webkit rendering engine should be able to render its interface com-
ponents. This includes web browsers on the following mobile operating systems:

1 AppleiOS 4.0 (and above).
1 Android 2.2 a.k.a Froyo (and above).
T HP webOS 1.4.5 (and above).

Data Connection Requirements

A Wifi connection is preferred but cellular networks can also be used however, data charges may
apply.

The My eDirector 2012 mobile media access platform was built using Open W3C standards (i.e.
HTML5, CSS, and Javascript) to allow for access to a broad range of user mobile devices. How-
ever, the Apple iPhone was used as the prototype platform. This choice was made because of its
seamless support for Microsoft 1IS Smooth Streaming and also due to its rich array of on-board
sensors. In addition, the prototype extends some AJAX enabled interfaces with which it can inter-

act with other My eDirector 2012 services. Figure 11 s hows some compohents

interface.
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Figure 11: Home screen of the My eDirector 2012 mobile prototype.

41.6.3 Tests
The following tests will be performed for the PC version.

1. The WAS can be accessed and the PVR can be downloaded and then used. The PVR cannot
be downloaded again. if is already playing

2. The Event information can be triggered at any time during the operation of the player to display
which event instances content can be streamed to the player. In this test, the information is
transmitted via a Web service.

3. The following functions work: select any stream from event info, pause, resume play, switch
stream.

4. Due to the fact that player features including 2,3 and 4 (see Table 4-1 prototype features) use a
window to allow the user to further perform the task, it is possible the user can quit the task be-
fore it is completed or switch to other task or other seldom performed interaction. In these con-
ditions, the player should not throw an error. The following detailed assessments are conducted

a. Switch user task of camera switching to event selection/recommendation
b. Web browser window size change

Further mor e, I n order to ascertain the mobilen-proto:
tent , two video streams ( Nokendran tHe WR Bimminghamdathlstiesncons 8 0 0 m
tent) were encoded using Expression Encoder 4 Pro in a Smooth Streaming format with H.264/AAC-LC

codecs on a Video Streaming server. The encoding profile chosen was an H.264 Baseline Profile Level

3.0 for video and AAC-LC (up to 48 kHz) for stereo audio. Subsequently, links to the respective streams

were placedont he mobil e player 6s Ul el ements so thad- when
sen stream. Figure 12 shows the Ul element for the evaluation.
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Figure 12: List of simulated live events used for evaluating Adaptive Streaming.
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webspace.gmul.ac.uk/... &

Men's 5000m

4.1.6.4 Results & Conclusions

The test results are listed in Table 4-2. the test ID corresponds to the test number in the last section.

Test ID PC Results Mobile
1 With Silverlight 3 / 4 enabled Web browser, the | With a Webkit en-
player can be successfully accessed. abled mobile Web
browser, the
player can be suc-
cessfully ac-
cessed.
2 The Web service containing event information can | The Web service
be retrieved and displayed in styled Ul as shown in | containing event
Figure 13: Event information displayFigure 13. information can be
retrieved and dis-
played in styled Ul
as shown in Fig-
ure 12
3 No conflicts occurred between playback features. No conflicts oc-
curred  between
playback features.
4.a Camera window closed when user confirms an | N/A
event from the event selection menu or accepts a
recommendation
4.c All float windows closed when browser window | The Ul components
size change resized themselves
when the orientation
of the phone
changed.
Table 4-2 Player test results
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Figure 13: Event information display

The tests indicate that the PVR tasks worked as expected. Some problems were found and can be
summarized as follows:

1. Overlays with rich styles can significantly increase the application CPU consumption

2. 3D projection can increase the application CPU consumption

3. Multiple streams can increase the application CPU consumption if bitrates are not controlled.

4. For the mobile player, the results from the tests demonstrated that the mobile prototype was
able to successfully consume the simulated live streaming content from the streaming server in
a mobile optimized format over Wi-fi.

4.2 2" phase testing

The second stage of integration was designed based upon the decision to test both issues of intercon-
nection between platform modules and full functionality demonstrating a prototype implementation emu-
lating a real use case scenario. For the first, tests over a loosely interconnected prototype of the plat-
form featuring end to end media feed to the system, annotation, matching to user preferences and dis-
tribution following personalised recommendations were performed. Integration of the modules took
place a few days prior to the second review of the project, resulting in a 2nd loosely interconnected pro-
totype that was tested and subsequently demonstrated during the review. For the second, parts of the
overall platform were integrated in a way that they could test and demonstrate the potential use of the
My eDirector 2012 platform under specific scenarios (such as personalised broadcasting, seamless
mobility, integration with SIP etc.). Again, these individual tests took place before the review, evaluating
different features of the platform, and were subsequently demonstrated during the second review.

At this point it should be noted that the results of this approach have assisted in the early identification
of open issues both as regards deployment of the modules as individual components but also intercon-
nection issues and issues related to usability, the same approach has been adopted for the final trials.
Therefore, both deployment of the full system in field trial is scheduled to take place, but also individual
tests (lab based), assessing the functionality of the system at the full extent will be used for final evalua-
tion.

© My eDirector 2012 Consortium 2010 Page 31 /86



. FP7-215248 Document Code:
My eDirector 2012 D7.2 Report on Integration and Lab Trials

- Texture-based Real Time
Media/data Sport camera Location System
tracking (BBC) (BBC)
gmﬁon Information
o System Video Processing and
(ATOS) annotation
Mediaannotation (AIT-FBK)
o User pofile
User profile building builder (QMUL)

Profile matching and

recommendation AT OMUTING
A 4 Session Initiation A?":::;' s";::; .
Media and stream Protocol (INOV) (T:OV)M ";:::cs;v
adaptation
N Personalised
Media access and broadcast services
playback Hee)

End to end testing
scenario Individual tests

Figure 14: 2nd integration phase
4.2.1 Media/data generation

4.2.1.1 Sports Information System
4.2.1.1.1 Rationale

The objective is to simulate the data for the Birmingham event. The integrated My eDirector 2012 sys-
tem uses images from the Birmingham event and matching data had to be created.

4.2.1.1.2 Description of lab ptototype

The data for the Final Men6 400m, Men6 and Womend 4500m and Men6 #ng jump from the Birming-
ham was created as would be sent during the Olympic Games. The data had to be created according to
the video images in the same way that they would be generated during the Olympic Games from the
sensors. Some required information was obtained from the Official Event Site and other parts visually
from the video.

4.2.1.1.3 Integration tests

It was confirmed that the recommendation module and image processing module could use this infor-
mation.

4.2.1.1.4 Results & Conclusions

The system is useful for the image processing module and for the recommendation system.
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4.2.1.2 Texture based camera tracking
4.2.1.2.1 Rationale

The My eDirector 2012 system will require an understanding of the real world. Image processing alone
is unable to relate the video images explicitly to the 3D real world. Therefore the My eDirector 2012 sys-
tem requires some sort of calibration, i.e. mapping from 2D images to the 3D world.

Therefore the My eDirector 2012 system will have camera calibration as part of the system. This cam-
era calibration will produce the camera variables (position, pan, tilt, roll, zoom) so that the 2D images
can subsequently be mapped into the 3D world.

An important aspect of the coverage of sports events is helping the viewer gain a deeper understanding
and insight by providing analysis of the action. A common technique is to place virtual 3D annotations in
the picture such that they appear tied to the ground. For example, in athletics it is useful to have graph-
ics that indicate things such as world record lines and distances.

For these reasons the BBC developed algorithms and software that compute in real-time estimates of
camera pose (position, orientation and focal length/zoom). This information is invaluable to the My eDi-
rector 2012 system when it is operating without the optional active tracking system (eg GPS, RTLS).
Without this camera calibration data the image processing would not relate to the real world.

This data has been used by the BBC, so that the graphics can be rendered to match the camera view.
Accurate camera tracking is also required by emerging multi-view 3DTV systems, which require all
cameras to be accurately calibrated in a common reference frame. The camera data generally needs to
be generated at full video rate.

One way in which camera calibration data can be derived is by performing an initial off-line calibration
of the position of the camera mounting using a theodolite or range-finder, and mounting sensors on the
camera and the lens to measure the pan, tilt, and zoom. However, this is costly and sometimes very dif-
ficult, especially when considering that the broadcaster may have no access to the camera itself, only to
the video feed. This is the case for My eDirector 2012.

A much more attractive way of delivering calibration data is to analyse the camera image delivered on
the video feed. This was the approach taken in [10], where the markings on the pitch are used to derive
the camera pose. The lines are then tracked from frame to frame to discover how the pose alters as the
camera moves during a sequence. This system gives very good results when used on sports with obvi-
ous pitch markings of a known shape such as rugby, football or athletics long jump pit. The system is
much less successful at working in an environment where the markings are unsuitable or fewer in num-
ber. Olympic events that My eDirector 2012 may include such as the sailing would be a challengel.

Figure 15: Sports graphics in operation

One such environment is athletics, where the camera picture will generally show limited numbers of
well-defined markings, and those that are visible may be insufficient to allow the camera pose to be
computed. For example, lines on a running track are generally all parallel and thus give no indication of

Y In the case of sailing GPS can be used and has been used in the past to understand the positions of the sailing boats
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the current distance along the track, making pose computation impossible from the lines alone.
An alternative approach is to track arbitrary features to help estimate the camera pose.

Approaches based on feature tracking, such as [11], are well-known in the literature, although they
have not been widely applied to situations with rapid camera movement, narrow field-of-view and sig-
nificant moving foreground objects, which are common in athletics coverage.

Furthermore, for the My eDirector 2012 system to understand the scene and calculate the position of
athletes, we need to calibrate the camera in an absolute reference frame, rather than just track the
scene as it moves through the image.

Thus, we also need a method to automatically initialise the camera pose before starting tracking. It can
be a time-consuming job for an operator to manually set the pose for the system for each new se-
guence. It is desirable for this process to be as rapid as possible to allow for its use in a live broadcast
environment. A fast-working system would also allow for mid-sequence initialisation that would trigger
once the camera reached an area of interest. Furthermore, ideally the system should be able to detect
when there is a problem with the tracking so that the initialisation can be triggered automatically to cor-
rect the pose in as seamless a way as possible.

However, in the case of My eDirector 2012 the system does not have control of the cameramen so will
not be able to carry out this method of initializing. This is also the reason that the camera calibration
cannot be carried out in real-time for the purposes of the My eDirector 2012 project. The camera cali-
bration will be carried out offline. However for the My eDirector 2012 project this offline process will be
semi-automatic over a whole video sequence. This is a significant improvement upon the more typical
camera calibration methods that typically:

9 are carried out frame by frame

and/or

M have known markers in vision.

For further details of how this algorithm works see: BBC Research White Paper WHP 181;Image-
based Camera Tracking for Athletics by Robert Dawes, Jigna Chandaria, Graham Thomas. In this
paper the sections describe the following:

1 Section Il describes the feature selection process, explains how the features are mapped
into the desired absolute world reference frame, and how they are tracked from frame-to-
frame. Section Il describes the initialization process.

1 Section IV presents results from both of initialization and tracking stages of the processing,
and

I Section V draws conclusions about this algorithm & software.

4.2.1.2.2 Description of lab ptototype

As the My eDirector 2012 scenario does not have control of the cameramen the camera calibration
process will not be able to run live. Further research is required to be able to truly initialise a camera
without human intervention of the unconstrained scenario of The Olympics.

The Olympics is available to broadcasters as a package. Thus, the broadcasters have no say in how
the cameramen operate during the event. This is true for all the broadcasters from the country the
Olympics is taking part in. Take the case of the 2012 Olympic to be held in London. It may be assumed
that as the BBC is a public service broadcaster it would be organising the broadcasting of the Lon-
don2012 Olympics. In fact, this is far from the case. The Olympics has a broadcasting arm called the
Olympic Broadcasting Service (OBS). The OBS typically sub-contracts the work out so the OBS is in ul-
timate control, not the sub-contractor.

The consequence of this is that there is no control of the cameramen, the Olympic feed is as given.

My eDirector 2012 can therefore not currently run its camera calibration in real-time due to these re-
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strictions. The current calibration methods that can run real-time for long jump for a camera that has

been pre-calibrated with the aid of the cameraman behaving as requested to aid this camera calibration
process using human input.

My eDirector 2012 requires all cameras to be calibrated:

1 ideally in real-time,

T with no specilalati de@ mmoti camafi or m t he camer
1 With no human input during the event

In practice for the My eDirector 2012 scenario the camera calibration will take place off line.
The calibration method will be run on the video footage:

1 Several points that are known approximately in the 3D world will be manually mapped to an
image early in the segment of video to have camera calibration data produced for it.

1  While the calibration method is running a grid representing the 3D world is overlaid upon the
image (see figure below).

1 This 3D grid enables the quality of the calibration to be monitored. If the calibration is drifting
off too far the camera calibration process will be paused. While paused, additional points will
be mapped from the 3D world to the image in the video sequence OR the calibration algo-
rithm is restarted.

1 The camera calibration process will be continued.

The process will be paused/restarted and/or additional points mapped as often as required to produce a
satisfactory set of camera calibration data for the purposes of the My eDirector 2012 project.

Different starting variables will need to be experimented with to get the camera calibration process to
perform to a sufficient standard.

Figure 16: The 3D real world track lines grid shown in green overlaying the video image & refer-
ence features around the start of the track

4.2.1.2.3 Integration tests

The use of the grid that represents the actual 3D world as understood by the camera calibration

process, and subjective human interpretation of the errors will be the tool used to evaluate the quality of
the camera calibration data.

4.2.1.2.4 Results & Conclusions

The algorithm will be run and re-run until the calibration is sufficiently good for use within the My eDirec-
tor 2012 project.
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4.2.1.3 Real Time Location System (RTLS)
4.2.1.3.1 Rationale

For the My eDirector 2012 system to work effectively it will need to understand the scenes that it has
available. Ideally it will know:

1 the event and the athletes that are available via camera footage

1 the stage of the event (e.g. semi-final, last lap)

1 the importance of viewing particular, events / athletes for the viewer

Image processing, direct and indirect input from the users go a long way to knowing the above. How-
ever, the addition of an active tracking system that is fitted to athletes is also a part of the My eDirector
2012 system. The active tracking system increases the robustness of the knowledge, thus in turn the
robustness of the My eDirector 2012 system.

An active tracking system such as RTLS feeds it positional and identity data into the My eDirector 2012
knowledge base.

Image processing has weaknesses so active tracking does have its place in My eDirector 2012 by in-
creasing its robustness.

The evaluation objectives are to establish:

9 if such a system is feasible in the sporting scenario (cost & physical setup)
9 if such a system can produce reliable, accurate information
1 problems introduced by the occlusions (if any) created by the bunching of athletes

4.2.1.3.2 Description of trials

The UbiSense system was chosen to be tested for use within My eDirector 2012. The following factors
led to the choice of UbiSense:
1 High update rate compared with many other systems

9 High reported accuracy compared with many other systems

1 A scalable system. Thus, it could be used in a large setting. There are no theoretical limits on
the size of areaitwillcover ( j ust add .ihenre s nodinmitoh thesnGmber of tags

1 Already has applications that involve tracking people (actors, soldiers)

1 Low latency

The UbiSense system is an active RFID system. These tags use UWB radio waves operating between
6GHz and 8Ghz. These signals are received by a set of sensor units which contain an array of sen-
sors. This allows the system to calculate the Angle of Arrival (AoA) of each sensor. Thus it is possible
for the system to work with only one sensor. However for increased accuracy, the sensors can also
operate in a cell, of up to 6 sensors in number. In this configuration the sensors also work together to
calculate the Time Difference of Arrival (TDoA), with one sensor acting as a timing reference sensor.
The sensors have a cone shaped receive pattern, centred around the fiducial point on the sensor, and
extending 45° around this.

Various scenarios were created to assess the reliability and accuracy of the tags within single, 2, 3 and
4 sensor closed cells and an open cell. These were in the main in the outdoor environment.

Video was taken of these tests on moving and locked off cameras. This was for post analysis.

For more information about the trials carried out on this RTLS see deliverable 3.6.

4.2.1.3.3 Integration tests
Test Area

The majority of the tests were performed on the crog
department at its historic location of Kingswood Warren.
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There was one further test carried out in a TV studio environment.
Tests
The tags were tested:

1 in static positions,

1 moving in predictable paths on people;

1 moving in a ball

1 moving on a radio controlled car,

1 in sporting contexts: cricket, jogging, sprinting, football, cross country skiing.

The first 2 scenarios were assessed within a single, 2, 3 and 4 sensor closed cells and an open cell.
These were in the main in the outdoor environment.

Data Visualisation

To help display the value of RTLS athlete tracking to the other project partners, aid testing and explore
other uses for the system a 3D visualisation tool has been developed using Java3D.

This tool takes live data from the UbiSense system or pre-recorded data from a data base and presents
it in a 3D environment which can be navigated through or positioned to synthesize a view from a virtual
camera.
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Figure 17: Ubi3 data package

This visualization software is available Open Source (http://code.google.com/p/rtls-visualiser/).

For a more in-depth description of this software and the trials carried out on this RTLS see deliverable
3.6.

4.2.1.3.4 Results & Conclusions

The conclusion drawn from the test results is given here. To see the results see deliverable 3.6. The
broadcast scenario, results and conclusion are given in this section.

The TV studio environment: The UbiSense RTLS was taken to a TV studio during the production of a
Childrends programme. There was t he -oplioates fortaisoftwaref or t h
system that produces animated objects. The tags were worn by children in the TV studio and the RTLS

detected and tracked the tags on these children. Unfortunately there was a timing issue at some point

in the system (the RLTS and software system that generated the animated objects) due to the time

pressures of producing the TV programme there was no opportunity to eliminate the timing issue. How-

ever the quality of the tracking looked promising for this application. However, the tracking (or input

data) was still produced manually as in prior programmes.
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Figure 18: Merging real and virtual views, Tag position overlaid on video

The videos produced by combining camera tracking and RTLS data, although rough; show that it would
be possible to determine which tagged people or objects are in the camera view at the current point in
time. This is the main requirement from the RTLS module in the My eDirector 2012 project.

The RTLS should be used with closed cells of four or more sensor units. These cells should be no more
than about 60 metres square with the currently available system.

The current accuracy of the RFID system is sufficient to be able to understand where an athlete is such
that My eDirector 2012 will be able to make the correct personalized viewing suggestions and selection.

The RFID system can produce many statistics. However it is not precise enough at this stage to allow
statistics such as the exact time to run the 100metres. It has been found that there is too much jitter on
the positional data. Timing information will be available from other sources at large scale events such
as the London Olympics 2012. This and other RFID systems are likely to improve over the years to
come. It is likely the accuracy improvements over the next few years will make the acquisition of the
more precise athlete statistics a realistic option. This would in turn enable My eDirector 2012 to add fur-
ther value to its output.

4.2.2 Media Annotation

4.2.2.1 Video Processing and Annotation
4.2.2.1.1 Rationale

The visual processing algorithms have reached a mature state, both in terms of what is needed and
how well they operate. The goal of the tests has been to assure that this state is adequate for the pur-
poses of the project, in order to concentrate resources into real-time and 3D systems during the 3rd
year.

4.2.2.1.2 Description of lab prototype
The following algorithms have been implemented:

1 Face tracker, utilising different measurements on the video sequences, like colour, face detec-
tions and outline matching. It is implemented in MATLAB.

Face recognizer, operating on the faces collected by the face tracker, implemented in MATLAB.
Camera motion tracker based on key-point matching and optical flow, in MATLAB and C++ re-
spectively

Body detections as motion outliers, two systems, one in MATLAB and another in C++.

Text tracker in C++

Body tracker in C++

Scene segmentation in C++

1
f

= =4 =4 =4
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4.2.2.1.3 Integration tests

All the above algorithms have run on a subset of the Birmingham athletics data, namely all the cameras
dedicated to the womends Il ong jump and the mixed 5,
messages which have been post-concatenated into a single XML per camera. Also, first attempts to-

wards integrating metadata for more composite tasks (face and text tracking into body tracking) have

been explored.

4.2.2.1.4 Results & Conclusions

Results have been evaluated both for the stand-alone algorithms and the algorithms requiring integra-
tion of different sub-modules. The evaluation has been based on;

1 Annotation quality assessment: This relates to the use of the annotations for visualizations. It is
a difficult evaluation, since it requires the manual annotation of video streams, which has only
been carried out for a few sequences.

1 Incident reasoning capabilities: This relates to the use of the annotations by the reasoning sys-
tem. It is an easier evaluation and is carried out as part of the personalisation (profile matching
and recommendation) tests, described in Section 4.2.4.1

The results have indicated that the accuracy of the person tracking systems should be improved, while
the camera tracking systems have been proven adequate for the camera selection reasoning. Also, in-
tegratoilng modalities has been proven useful, and will be used fully for personalisation reasoning during
the 3" year.

4.2.3 User Profile Building

4.2.3.1 User Profile builder
4.2.3.1.1 Rationale

It is essential to have a sports event recommendation during live events. In order to recommend many
users with their preferred sports, user preference is required by the system. Here, the user profile is
termed as wuser 6s i esfhis prefemendefor certdinasportsi evedts. Mare specifically,
the user profile can be defined in terms of two categories of user information, namely the user personal
information and user sports discipline preference information. For user personal information, demo-
graphic information and AAA information are used to identify that user within a group and differentiate
that user from others respectively. For user sports discipline preference, it mainly is composed of the
us er 6 senges fa tldetes, sports incidents and forms.

Individual User
Profile

User

Information User
Preferences

» Demographic AAA
Information Information Sports
Discipline

g

Incidents

Figure 19: user profile architecture
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The testing of profile building at this stage is testing of the following core features

1. Have front end user interfaces that allow a user to directly input the concerned user profile.

2. The profile builder is able to generate the recommendation given the required user information

3. The profile builder is able to open a Web service end point which allows the Knowledge base to
retrieve the generated recommendation.

4.2.3.1.2 Description of lab prototype

The prototype system has the functionality of retrieving, maintenance and clustering. According to the
system structure, the user profile is retrieved from the client side via Web service. The retrieved user in-
formation is maintained in the data store from which the group recommendation mechanism gets the
input. The profile builder also has an interface to transmit the generated recommendation to the knowl-
edge base via Web service. The system links both the front end system and the back end system, and
therefore is pivotal in providing a user personalized viewing experience.

Storage

Group Clustering and
Recommendation Productio

Profile Builder S
Module :

Web Service
Modules

Figure 20: Profile builder architecture
4.2.3.1.3 Integration tests

The tests here are to verify the achievement of the design objectives, the first test is mainly concerned
with the interactive user interface, the second test is mainly concerned with the personalisation mecha-

nism and the last test is aboutthepr of i | e bui |l der 6 s pswthdr MceDirectdr eomf a c e

ponents to communicate with it.

1. Web based Ul, Figure 21, Figure 22, Figure 23 and Figure 24 respectively illustrates the Ul for
user personal information input and three-level user sports discipline preference input (see Fig-
ure 19), the following assessments are conducted

a. User personal information validation test: User personal information should be vali-
dated before it is submitted to the profile builder. E.g. a user email address should be
valid.

b. User personal information submission test: Valid user personal information should be
submitted to the profile builder after a submit button is clicked.

c. User sports discipline preference input test: User sports discipline preferences should
be expressed in a levelled manner, thus the discipline names should appear at the top
level, and preference perspective should appear at second and the detailed preference
instance should finally appear for the user to choose. This logic should be verified via
the sequence of Ul tasks.

d. User sports discipline preference save test: The preferences should be submitted to teh
profile builder after a save button is clicked by the user.
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Your Profile

password
—

E-mail Adreess _
Age )

Figure 21: user personal information input form

™ Field Events

™ Track Events

™ Road Events

™ Aquatics

™ Football

M Basketball

o volleyball

M Beach Volleyball

L Cycling

™ Tennis
™ Table Tennis

Figure 22: user sports discipline preference top-level selection
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Incidents

Figure 23: user sport discipline preference second-level selection

Figure 24: user sports discipline preference third-level selection

2. Clustering the user profiles on the back end system is important to group different users with
similar preferences for sports events. This is the essential step for further recommending users
to cameras within a particular event. The prototype system uses a simulation application to
generate a large number of users with randomly generated profiles. With the mechanism pro-
posed in project deliverable D 5.2, the first 80% of users are used for system training and re-
maining 20% of users are for testing. The recommendation precision is used as the testing met-
ric. The results will be compared with a system without a personalization mechanism, i.e. ran-
dom recommendation.
3. A Web service end point is required to allow the Knowledge base to retrieve generated sports
di scipline recommendati on donldw levsl sports glisciplirepplefec i t pr
rences such as o6tackl ed. Wwasusechi s prototype, a We!

4.2.3.1.4 Results & Conclusions

The results are presented in Table 4-3 user profile building testing results , the testing ID can be refe-
renced in the last section
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Testing ID Results
l.a The Ul i s abl e npot. Missing i

fields, short length of password and wrong
email address format all raise input error infor-

mation
1b Profile builder is able to receive valid user input
l.c The sequence of Ul appearance for this task is

Figure 22: user sports discipline preference top-
level selection, Figure 23: user sport discipline
preference second-level selection, and Figure
24: user sports discipline preference third-level
selection. This verifies the Ul works correctly

1.d Profile builder is able to receive the saved user
preference
2 System with personalisation mechanism has a

precision over 62% whereas a system without
has only around 50%.

3 Successfully read the WSDL file from Web ser-
vice address and can retrieve data from either
Java app or .Net app.

Table 4-3 user profile building testing results

In terms of these results, it can be concluded that the profile builder is able to maintain and update the
user profile, generate expected recommendations and be accessed from multi-platform applications.

4.2.4 Profile matching and recommendation

4.2.4.1 Personalisation based on annotation and profiles
4.2.4.1.1 Evaluation objectives
The goals of this module have been to demonstrate the following integrated functionalities:

1 SIS to KB: The initialization and real-time information from the SIS are transferred to the KB.

1 Video processing to KB: The video processing algorithms have been run on the 5000m walk
and long jump videos providing face, body, camera and bib annotations to the KB.

1 Incident reasoning in KB: Utilisation of the video annotations and the SIS information for inci-
dent reasoning.

1 Profiles and camera selection in the KB: The KB dynamically matches the detected incidents
with user profiles that are obtained from the profile builder and can change on the fly.

1 Camera selections to the PSS: The KB informs the PSS about camera proposals.

4.2.4.1.2 Description of lab prototype

The video processing metadata, the SIS initialization and real-time information and the profiles from the
data streams are all coming into the knowledge base to be used for incident reasoning and profile
matching.

Out of all the video annotations, only the face tracks and the camera motion parameters are used to-
gether with the SIS information for incident reasoning. Incidents are then matched to profiles for camera
proposal reasoning. All reasoning is implemented in Java.

4.2.4.1.3 Integration tests

To test the system, three sport events have been selected:
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1 5000m walk: A multicamera raw recording, suitable for automatic extraction of content and for
within event camera selection.
1 Long jump: A multicamera raw recording, suitable for automatic extraction of content and for
within event camera selection.
T Beach volleyball: A directorés mix recordieng (si
plays and overlaid graphics), not suitable for automatic extraction of content or for within event
camera selection.

The three sport events have been assumed to happen almost in parallel. Two of them in the same
place, being both athletics: the 5000m walk race and the long jump womend é$inal. The race is a con-
tinuous event, while the long jump is based on attempts organized in 6 splits. Half way down these two,
a beach volleyball match begins, extending beyond the other two. The approximate timeline is shown in
Figure 25.

/

5000m walk Beach volley
Long Long Long Long Long
jump jump jump jump jump
attempt attempt attempt attempt attempt
Long Long Long 5000m Long
jump jump jump walk jump
attempt attempt attempt race is attempt

k A fast

Figure 25: Timeline of the three events involved in the integrated demo. The foreground depicts
the events actually proposed to the user based on the profile.

4.2.4.1.4 Results & Conclusions

Depending on the profile, the tests result in a sequence of between event switches. For the particular
example of Figure 25, these are originally between the 5000m walk being interrupted by the long jump
attempts, then beach volleyball being interrupted by the long jump and once by the final lap of the fast
5000m walk race.

A second result is a sequence of within event switches, following:

1 The phases of the long jump attempts in the long jump case.
1 The camera with the largest number of visible faces in the 5000m walk case.

4.2.5 Media and Stream Adaptation

4.25.1 Session Initiation Protocol
4.25.1.1 Rationale

SIP is the signalling protocol used in the IP Multimedia Subsystem (IMS) t he fide factoo0o6 arc
many within the telecommunications industry which presents itself as the framework that allows the
convergence of the Internet, wireless and wireline networks and the global platform for the delivery of IP

multimedia applications in NGN. This All-IP network architecture is access medium independent and

based on packet based networks.

The SIP based implementation was developed to provide a fast, seamless stream switching solution,
requiring simple multiplatform terminal Client software.

This solution is characterized by a hybrid RTSP+SIP Streaming technology with automatic Rate Adap-
tation of multimedia content, able to provide seamless stream switching, in unicast and multicast
modes, to clients connected on several access network technologies, such as LAN/Fixed (Ethernet,
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xDSL, Cable, FWA) or WLAN/WWAN (3G, WiFi, WiMax).
4.2.5.1.2 Description of lab prototype

This hybrid RTSP+SIP Streaming technology with automatic Rate Adaptation of multimedia content

was considered one of the most promising technologies at the time of the My eDirector 2012 proposal,

as it embraces SI P and t hegnafinglpratscsliacdadiiedo tR M&Emestinr e a mi n
mobile operators to evolve to SIP.

The main functionalities of the architecture are the negotiation of video stream contents using RTSP,
notification about the network channel characteristics using SIP, deliver the streams to the Clients and
adapt to the content and the network. In a typical scenario, the Server requests streams of the same
content (RTSP negotiation) to an Encoder Server upon a Client stream request. When the first Client
request is made, the Server sends the lower quality/bitrate stream. Periodically, the Client sends notifi-
cations to the Server, reporting the local conditions of the network channel (SIP NOTIFY messages).

The main modules of the System are: the RTSP Module, the SIP Module, the Adaptation System Mod-
ule, the Link Module, the Streaming Module and the Configuration Module as depicted in Figure 26.

InStream Server

RTSP Module
RTSP/TCP
—--ATSPCk __ L [ RTSP Client Process | | RTSP Server Process | B Bl T ¥
i ession !
| - value ]
! 1
| New client: !
- SessionlD  —] Link Module :
! Ports, value, URL |
i URLs requested, . !
| delivering mode SesionID value > !
! 1
i Configuration Adaptation :
| Module System !
! Module |
i Java Object SIP Module '
!
: SIP/TCP
- - SIPClient | |__ | _____ Client
Encoder °"“g;’a"°n Real-time | | Unicast Process
Adaptation Multicast IR
! ; : : System Adaptation ok -
: Fixed time-window, Y System Notification 0o
i minimum packet loss, Process Process || messages I
! maximum Unicast by
: clients : !
| N
! . 1
! New request: -~ Ugistswnl?, A i
: SessionlID value, ) . 0 switc o
i URL requested, Media Streaming Server ! :
i delivering mode, : Vo
' address, port Streaming by
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| TR I IS (Y PRSPPI P R S SN
__________________________________________ !
1
1
i
. 1
Service Platform !
Legend: — HTTP/SOAP/TCP |
" Personalizaton|] || @ | |le-mmmmmema-- |
——  Internal connection Streaming SP&AAA Web Frontend
----- External connection Server

Figure 26: SIP Based architecture

The RTSP module implements all the standard RTSP messages: OPTIONS, DESCRIBE, SETUP,
PLAY, PAUSE and TEARDOWN.

The SIP Module is used to exchange (send/receive) signalling and control SIP messages with the Cli-
ents, implements the standard SIP messages: SIP SUBSCRIBE, SIP 200 OK and SIP NOTIFY and is
activated after the RTSP negotiation with a Client finishes, i.e., after the Client starts to receive the mul-
timedia content requested.
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4.2.5.1.3 Integration tests

The test architecture consists of an Encoder Server that stores five multimedia streams of the same
content with different fixed bitrate/qualities and streams them to the Server prototype. The end user cli-
ent application is a hybrid RTSP+SIP player able to request streams from the Server.

The tTest consisted of a suite of ten different client sessions where the Session Startup, Session Tear-
down and Stream Switching times were collected (10 samples per session).

A session starts when a stream (request) is ordered from the Server and ends with a Teardown re-
quest.

4.25.1.4 Results & Conclusions

The results from the tests demonstrated that the Streaming Server prototype was able to successfully
deliver the live streaming multimedia contents to all Clients that requested them, with Session Startup
time of around one second and an overall performance that can gracefully adapt and scale to a reason-
able number of Clients, independently of the network conditions. These results indicate that the solution
can be deployed in the context of the My eDirector 2012 platform operation in order to support seam-
less stream switching. However, in the case that HTTP adaptive streaming is used (as is the decision of
the project), then the inherent capability of HTTP to provide session less access to video streams
through the transmission of chunks of video over HTTP requests offers an alternative that can work
even without the deployment of the signalling method used in the SIP based Streaming server demo.
Therefore, the mechanism tested here is kept as the alternative to be used in a future version of the
platform.

A detailed description of this prototype can be found in reference [3].

4.25.2 Stream Adaptation
4.25.2.1 Rationale

The purpose of the Stream Adaptation trial is to test a technology that is suitable for live events and for
large scale media distribution and also capable of reacting to both bandwidth and local terminal condi-
tions in order to seamlessly switch the video quality that the user is receiving, maximizing its quality.
The HTTP Adaptive Streaming technology is the chosen technology for this trial, supporting personal-
ized media streaming to end users connected over several access network technologies and enabling
an uninterrupted streaming experience, guaranteeing the best possible video quality reception.

The Stream Adaptation trial consists of a QoS-Aware and Context-Aware HTTP Adaptive Streaming

Client prototype, featuring smooth media Rate Adaptation, context Personalization, fast programme

channel switching and Terminal/Network Portability capabilities. QoS-Awareness during streaming is
achieved dynamically by a regulating technique that
vice capabilities and the context of viewing.

4.2.5.2.2 Description of lab prototype

The HTTP Adaptive Streaming client prototype consists of a specialized Web Media Player responsible

for determining the appropriate media to request, download and reassemble the media and presented it

to the end user as a continuous multimedia stream. The Streaming Adaptation heuristics at the client

prototype can continuously measure download times, buffer fullness, rendered frame rates, network

bandwidth, window size, and other factors in order to seamlessly switch, without any pause in the video

or Abufferingd message, to a | ower quality ste-eam i f
guesting higher or lower bitrates of the same content from the HTTP Streaming Servers.

The HTTP Adaptive Streaming client prototype components are depicted in Figure 27 that shows a
modular architecture, with features built on top of a Smooth Streaming Media Element, which handles
the basic streaming and player features, such as the Trick Play elements, the Playback Interface, Track
Selection (used for bitrate switching), and the native Heuristics module.
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Figure 27: HTTP Adaptive Streaming client prototype architecture

The implementation takes the form of a Silverlight Media Player browser plug-in built above the Smooth
Streaming Media Element. The Event Selection, and Camera Selection components allow the user to
choose an event to watch, and even the preferred camera from the available ones. The corresponding
Metadata information is retrieved from the streaming server using a polling mechanism. A Terminal
Portability feature and components of the Host Capabilities Strategy, such as the Total CPU Limiter,
Player CPU Limiter, Screen Size Adaptation and Content Adaptation bring the overall adaptation en-
hancements to the solution, together with a Time Control Strategy component with the objective of
normalizing the bitrate changes, avoiding frequent bitrate oscillations.

The Terminal Portability allows a user to suspend/resume session playback, either with the same ter-
minal or with a different terminal (with the same or with different capabilities such as screen
size/resolution or access network attachments) and in a different moment in time. It also supports a
flexible user experience in a transparent manner (a kind of Network Portability or Vertical Handover), as
long as the end user device provides adequate networking capabilities (multiple active interfaces like
WiFi/WiMax, 3G, etc.), in terms of a continuous uninterrupted playback during network handover
(switching between multiple active interfaces).

The Content Adaptation heuristic adapts the bitrate of the stream according to the content of the video
i.e., the points of interest like athletes/artists or type of action. For example, if the user is watching an
athletic Long Jump competition, it is natural that the most important parts of the content are those when
the athletes are competing. In this case, when the athlete is jumping, the bitrate/quality should be the
maximum possible. But if the video is just showing the stadium the bitrate can be reduced, saving re-
sources. This heuristic relies on information received from the streaming server in real-time. This infor-
mation is received from a parallel channel, and refers to the content being streamed to the end user, ei-
ther a Live stream, or a VoD stream. This list containing the context meta-information is periodically re-
guested from the Streaming Server

4.2.5.2.3 Integration tests

For the evaluation of the HTTP Adaptive Streaming client prototype behaviour, a basic Test Architec-
ture was implemented, with the Streaming Server in a controlled network environment, and a Test
Methodology was designed to collect values for the key metrics. The Test Architecture consisted of a
HTTP Streaming Serveria Web server based on Microsoftésnl | S 7.
sions installedi providing services to an internal high-speed 100 Mbps Local Area Network (LAN), a
Wireless LAN (802.11g) and to the Internet. For consistency of the evaluation process, the tests were
always performed using the same movie (encoded with bitrates of 230, 440, 660, 900, 1150 and 1400
Kbps), played in VoD mode from the beginning and for a duration of 900 seconds. The HTTP Adaptive
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Streaming client prototype on WLAN and on 3G reached the Streaming Server through the Internet.
4.2.5.2.4 Results & Conclusions

The evaluation of the solution allowed the test of all the functionalities and mechanisms of the proto-
type, as well as to assess its behaviour under various networked conditions, such as a LAN, Wireless
Local Area Network (WLAN) and 3G networks, and different CPU loads. The tests demonstrated a suc-
cessful adaptation to the existing conditions (both network and local host), while optimizing the stream-
ing quality. Content adaptation performance was also tested, with satisfactory results, clearly showing
that the adaptation algorithm privileged the quality of the most important scenes instead of just band-
width optimization in the transition to the less important scenes. This is the result of trying to optimize
the bandwidth resources, withoutdimi ni shi ng the end userdéds quality of

The trial prototype with QoS-Awareness and HTTP Adaptive Streaming provides an excellent streaming
application and protocol for heterogeneous network environments, in particular to the mobile environ-
ment (due to its channel variations and quick adjustments to the channel capacity and quality). The ap-
propriate buffering and QoS-Aware Adaptive Streaming approach with the content adaptation according
to host environment and network characteristics provides the optimum video quality experienced when
compared to conventional streaming protocols, even under difficult network conditions like low through-
put, big packet delays, jitter or a large number of dropped packets.

These results indicate that this solution is the most suitable, and is the decision of the project, for de-
ployment in the context of the My eDirector 2012 platform operation in order to support seamless
stream adaptation.

A detailed description of this prototype can be found in references [4] and [5].

4.2.5.3 Smart Mobility
4.25.3.1 Rationale

The idea here is to test the ability of a wireless station to be able to connect to the access point that will
best serve the streaming service deployed. For this, the Smart mobility trial is based on a complex pro-
totype which consists of 2 parts. The first one corresponds to the Video follow me but with a different
mobile IP approach. The second part is responsible for the guaranty of the QoS of the media stream
over wireless technologies. Most specifically the QoS mechanism is based on a load balancing mecha-
nism for the WiFi networks and other radio access technologies.

4.2.5.3.2 Description of lab prototype

Forthe1®part of the prototype t he tliemsane hdiwerk ardhitectuperobt ot y p
Figure 4, but without the VPN server as now the media streamer is an 11S7 web server which streams
the video content over HTTP/TCP protocol and more specifically by implementing the progressive
HTTP downl oad scheme which Microsoft calls fASmoot h S
less mobility on a real time stream video even we have a large number of packet losses during the
handover. On the other hand the smooth stream provides other benefits like QoS provision, as the
stream server adapts the content that streams according to the network capabilities (throughput, de-
lays, jitter etc). The most important innovation of this approach is the capacity to provide multiple en-
coded bitrates of the same media content, as well as to allow, at the end clients, seamless and dynamic
switching between these bitrates. Smooth Streaming is a technology developed by Microsoft that en-
ables an uninterrupted streaming experience, guaranteeing, for each user, the best possible video qual-
ity reception. Smooth Streaming encodes multimedia sources (video and audio) in various bit-rates, re-
lies on HTTP progressive download and is able to react to both bandwidth and local machine conditions
in order to seamlessly switch the video quality that the user is receiving, maximizing the quality of ex-
perience (QoE).The following figure graphically depicts the use of HTTP Adaptive Streaming Figure 28.
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Adaptive Streaming

= Media is split up into a series of
file chunks which are downloaded
via plain HTTP

= |f several bitrates are available,
client can choose between chunks
of different size

Typical chunk size = 2 seconds of video 2
(i.e. 250 KB for 1 Mbps video) i

Figure 28: HTTP Adaptive Streaming [6]

The 2™ part of the prototype is the load balancing for the QoS provision with mechanisms that control
the link-layer network access by performing monitoring. This is very important as there is no need for
new firmware from the side of the terminal vendor and it will give the opportunity to be compatible with
most network cards.

In order to capture traffic that it is not caused by the wireless adapter, the wireless adapter must be able
to run in promiscuous mode. But, when a wireless adapter is in promiscuous mode it cannot be used to
transmit and receive data, which is a limitation of the Windows series OS. For this, our pilot implemen-
tation needs two wireless adapters, ane to be used as a sniffer (receiver only) and the other to be used
for data exchange. It should be noted here that in a commercial implementation, the inclusion of a
second, receiver only chip, would not increase significantly the cost of WiFi hardware on the portable
device. In Figure 29 we can see the end user Laptop with the additional WiFi USB card as traffic sniffer

(in promiscuous mode).
TX/Rx
RxLevel= -85 dBm
B=1

QWlan1

RxLevel= -85 dBi
B=3

QWian3

Figure 29: Laptop with load balance feature

Trying to cover most operating systems, the implementation was tested in both Linux and Microsoft
Windows operating systems. In Linux systems, there is a library called libpcap which can be used to
shiff packets which are transmitted in wireless networks. With this library we can capture every packet,
so both implementations are feasible. When it comes to Microsoft Windows systems things are not that
simple. For recent windows operating systems (Vista, Windows 7, Windows XP sp2) there is an API
called wireless native API. This API has been released by Microsoft and it includes functions that con-
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trol the wireless adapter. Unfortunately, this API does not allow capture of any packets, although it dis-
penses most of the information from the beacon packets that the wireless adapter captures. But, this in-
formation is not enough to implement the traffic sense mechanism. Fortunately, there is one more API
released from Microsoft which comes with the program Microsoft Network Monitor. This API allows cap-
turing wireless traffic, so we can combine these two APIs to implement the dynamic AP reselection me-
chanism.

4.2.5.3.3 Evaluation tests

The trial implementation for the mobile IP part is the same as we described in the 1* prototype and the
follow me trial. The only difference is that there is not any packet loss at all which means no artefacts
for the video during the handover.

The second part of the prototype with the load balancing mechanism was carried out with the following
setup. First of all, one of the two wireless adapters is configured to be in promiscuous mode and the
other is used to connect to the APs and exchange data. The tool, then, enlists all the available APs and
sniffs for packets for a predefined period of time. Two threads are used by the sniffer, one for self traffic
and the other for beacons of all the other enlisted APs. As mentioned above, while sniffing, only beacon
packets and self traffic packets, sequence numbers and signal strength are recorded. When this pe-
riod of time has elapsed, the tool stops sniffing and calculates the traffic for every enlisted AP. This is
achieved using the following steps. The differences between the recorded sequential sequence num-
bers are calculated. Following this, the average sequence number difference and the average signal
strength is calculated. The average sequence number difference is then scaled from zero to five. If the
second wireless adapter is not connected to any AP then the tool undertakes the task of connecting to
the AP with the best quality. If the second wireless adapter is already connected to an AP, then equa-
tion (1) is used to determine whether an AP reselection should be done. The parameters f and Hyster
have default values, although the user can change their values from the tool& GUI (Figure 30). The tool
runs continuously and after the selection of the best AP it then restarts the sniffing threads for the next
loop. This application replaces the zero configuration NDIS (Windows XP) or the native WiFi configura-
tion utilized by Windows Vista.

Figure 30: Software GUI

In order to evaluate the results of this technique on a real use case scenario, we deploy in the lab a Wi-
Fi network based on 3 APs that implements the IEEE 802.11g protocol. Each AP could provide a real
IP throughput of 24 Mbps. The trial was carried out by utilizing 4 laptops. Two laptops have the loadba-
lancing application plus, WiFi usb receivers that are acting as probes (sniffers) for the air traffic monitor-
ing and the other two laptops utilizing the conventional AP reselection mechanism of the IEEE 802.11
standard. In Figure 31 we can see the layout of the trial.
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