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Abstract: This paper describes the work in the FP7 STEER Even though their friends at home will not experience the
project on augmenting a live broadcast with live user event in the same way as visitors present at the event, their
generated content. This user generated content consists obroadcast experience can be enriched with these various other
both video content, captured with mobile devices, and streams. User generated video's supply alternative views of
social network content, such as Facebook or Twitter the event, showing views from the audience perspective and
messages. To enable multi-source synchronization, allperhaps capturing certain events missed by the broadcast
content sources need to time stamp the content usingcamera’s. The streams from social networks provide
synchronized clocks. For synchronized play out we use aadditional information and discussion, making the user more
synchronization server to control the output timing of the ‘part of it’ by colouring the main broadcast stream.

various content. Using social analytics, we determine the

most relevant social network messages to present ‘ )
synchronously with the broadcast. A main part of our Steer C}l{ ]’]
L

future research in the project will focus on determining 1
the optimal timing of such social content with a live Streaming from
broadcast.

Streaming from
use 2

Keywords: media synchronization, IDMS, social analytics,
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1 INTRODUCTION ~ —_—

A recent trend in media consumption is consuming multipK@;g:Z’iW\ \
different media at the same time, see e.g. [1]. More and mc _

people tend to multitask while watching TV, by being activl b oo e e e by stan o ooster and

on multiple social networks while at the same time consuminyg

content from sites offering video content. In the living roonfkigure 1 - STEER Live Augmented Broadcast use case.

the.second screen and the connected .TV have chang_ed }whee broadcast can be a professional broadcast, provided by
setting completely. Users no longer just watch a single

2 e_event organization through the regular television broadcast
television show. Instead, users use secondary screens such as

tablets and smartphones, during their television usage. Wl‘cl;lweam' The broadcast can also be a semi-professional capture

much of this usage is unrelated to the broadcast content pl)rgvided over the Interneft,. gither by the event organization or
. . : ’bx one or more users visiting the event. The user generated
people browsing the web and sending e-mails, the number_ of

: . content shown to a particular user can be content from friends
apps that provide context related to the broadcast is growii S .

. grfamily visiting the event, but may also be content provided
fast. Also, connected TVs not only allow for browsing thg

web or consuming over-the-top content, they also include ne

. . . . . . al
features such a communicating with friends while watchng(gth by users at the event and by users at home watching the

the same broadcasted show. : : . :
) ) ~ broadcast. Figure 1 depicts a possible user interface for
One of the two major use cases in the STEER project is fihsuming this live augmented broadcast at home.

Live _A_u_gmented Broadcqst use case. Here, various peoqjl%s paper deals with the synchronized delivery of broadcast
are visiting an event that is being broadcasted, for example a

media, user generated content and social network streams like

skiing event in Schladming, Austria. Wh|le visiting the even.tl, itter and Facebook. Out of scope for this paper is the
these visitors can use a STEER mobile application to recard. . .
imized delivery and caching of content, as well as the

(short) videos. Also, a lot of posts related to the event e

. ! . . necessary group- and session management for delivering these
being made on various social networks, e.g. on Twitter Of y group 9 9

social telemedia services. These topics are part of the STEER
Facebook.

), @n anonymous user at the event using the STEER mobile
plication. Twitter and Facebook messages can be provided
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project, but are not included in this paper. Instead, the focudmfimprove recall and cope with the constant evolution of
this paper is on the synchronization of the various contembrd and hash tag use during events, we need much more
streams and the issues encountered therein. The STEBphisticated techniques. A lot of research has already been
project is currently running, and no experiments have bemnducted in this area, see e.g. [12],[13],[14],[15] and [16].
performed so far. This paper is giving an overview of o@entiment mining is the problem of finding subjective
design and our plans in the project. expression of attitude or sentiment towards e.g. a certain

This paper is structured as follows. In section 2 we disci¥§duct, brand, or topic in text. Sentiment mining has been
related work, both in the area of synchronization and in tR&tensively applied to social media [17][18], often for brand
area of social analytics. Next, various challenges @halysis and recommendation purposes. Improving retrieval
synchronization are discussed in section 3, explaining thed recommendation based on information from social
main research goals of this part of the STEER project. \W@tworks has been investigated by a.o. [19] and [20].

carry out this work based on the use case discussed in sectéon CHALLENGES IN SYNCHRONIZATION
4. In section 5 we go into more detail on the social analytics

aspects of our work. The content distribution architecture ah@ere are various challenges in providing a synchronized
related synchronization architecture and implementation &@erience for the end user watching the broadcast at home.

discussed in in section 6. Finally, we conclude with som&®€ major challenge we currently focus on, is how to provide
remarks on the work that is still ahead of us in section 7.  Synchronization of social network streams. At a first glance,

this seems a rather easy task. Each message on the various

2 RELATED WORK social networks such as Facebook or Twitter is time stamped.
For media synchronization, a good overview is given in [3}lthough the timestamp granularity is usually in whole
discussing  intra-media  synchronization,  inter-medg€conds, in general this should provide the necessary accuracy

synchronization (i.e. lip-sync) and inter-destination medf@ these kinds of semi-real time messages. However, the
synchronization. Our paper focusses on both inter-me§f@nplexity comes from two issues encountered when
synchronization and inter-destination media synchronizatigiynchronizing these message streams to a live broadcasted
also discussed extensively in [4]. More recently, vario§&eam.

synchronization use cases are presented in [5], showirte first issue is due to uncertainty about the origin of the
synchronization requirements ranging from very high (<10 m#ssage, i.e. it is not known who is actually providing the
to low (< 2 sec) for various IDMS use cases. message. One can distinguish here between a user at the actual

Earlier work on synchronization of media coming fror§Vent and a user at home. If a user at the event, he or she is
various sources was presented at the Media Sync Workshohl¢ to respond much more quickly. That is, he has seen the
2012, showing synchronization in the HBB-TV context [7][gEVeNnt in real time, while users at_home only see the event after
Synchronization of various sources is performed usitfgh@s been delayed by the entire broadcasting chain. Hence
(inserted) timestamps in the various media streams. Otfffr any messages directly in response to something that
relevant work is in the area of social TV, of which [9] gives 3@Ppens at the event a real-world timestamp is only relevant
good overview, showing categories of social TV, includin§f Users present at the event. For users at home, the
‘community building’, defined as ‘commenting about &mestamp for the message should relate to the timestamp of

television program with a large community’. the broadcast stream.

Considering related work in the field of social analytics, tHgelated to this is the issue of first messages in relation to
most popular social network is Twitter, due to its real tinfellow-up messages. In a message stream, people respond to
nature, and ease of access to publicly available stream<Eagh other as well as to events that occur. If someone responds
Twitter data. Second screen applications for broadcast@d@nother message, the thread should be maintained. If the
events using Twitter data have been developed commercidligSsage is a first message, e.g. in response to the event, the
e.g. Umami ittp://Www.umami.tv), Zeebox timing of the message should be in porrelauon with the timing
(http://zeebox.com/) as well as for research [10],[11]. Twittef the event, regardless of the location of the user. To be able
volumes around broadcasts are typically large, and thereftgedistinguish between the two is not obvious and hence
most of the second screen applications focus on givifgnstitutes a part of our research.

overviews and statistics such as volume, aggregafBlie second issue is caused by the delay in message
sentiments, frequently used terms, etc. Also a commoonsumption. Because of the delays of the various broadcast
element in Twitter and second screen applications is a listcbhins, it is quite possible that Twitter messages posted by
tweets, either from your own social network, a curated setusfers at the actual event arrive earlier than the broadcast
influential Twitter users, or a (random) selection of tweets. stream. So, a message like ‘Awww, that fall must have hurt!

The main social analytics techniques we intend to use in @ P€ quite spoiling the experience, if you have not yet seen
set-up include adaptive event profiling and tracking, sentimdR@ skier actually fall. To solve this, we aim to synchronize the
mining, and user authority measurement. messages to the broadcast stream. However, since people do
The simplest way to retrieve relevant tweets is to use g€ time to respond to an event, it might be the case that

official hash tag of the broadcasted event. However, in ordB@ssages arrive too late and hence are no longer relevant. The
delay in the broadcast chain gives us the chance to display
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messages from users at the event, earlier with respect to #he SOCIAL ANALYTICS ARCHITECTURE

broadcast, as we can time the .play out of these MESSages, IEigure 3 an overview of the proposed architecture for
the STEER project, we aim to investigate the optimal tIm"'g%cial analytics within STEER is given. In this section we
of social network streams in relation to a broadcasted event..ss each module in the architecture. We start with the

Also, in our experiment we will analyse the social streams dgaptive event profiler, which generates and incrementally
detect the most relevant messages to display during Hiapts an event query which is sent to the social media scraper.
broadcast. This analysis will take time, due to processing e adaptive event profiler receives a basic description of the
the various messages and the construction of the overall vigWint through the STEER mobile application based on the
of what is relevant. This will cause an additional delay, apgailable event broadcast meta information. This initial profile
will determine the lower bound on the delay which we wijls extended and adapted based on information retrieved from
have to take into account in our augmented live broadcagternal sources such as Wikipedia and news sites. Also, the

implementation. profile is continuously adapted based on the media objects
Besides these particular social-network relatgétrieved by thesocial media scraper. A media object is any
synchronization guestions, more typical meditiem that can be retrieved from a social network, e.g. tweets,

synchronization issues arise. To be able to synchroni¢euTube videos, status updates and photos posted on
multiple streams coming from different sources, one nedegcebook, etc. The adaptive event profiler generates a number
three things: of key terms and relevant social network user identifiers

1. One needs the different sources to use synchronized cld@@ted to the event which can be used by the social media
Each source will provide timestamps in the media streari§/@Per to search and filter social media streams. The social
Unless the clocks on which these timestamps are based&¢gia scraper uses a combination of publicly available search

synchronized clocks, it is not possible to synchronize tRBd Streaming APIs to retrieve the media objects. Media
related streams using these timestamps. clogRiects and their relevant attributes are retrieved by the social

synchronization itself is well-known, and negotiating oR'€dia scraper within a certain relevant time window, and are

synchronized clocks is under standardization in the IEPEPred in a central database. The collected media objects are
[21]. One related issue here is the access to clocks A§§d s feedback to keep the event profile up to date with the
synchronized clocks on consumer devices, as these offdfiSt developments related to the event.

do not allow modification of such settings in regular apps,

i.e. root access may be needed. As discussed later, ?

foresee wusing (S)NTP as a well-supported clocks

synchronization mechanism, but which has some
downsides as well. l

2. One needs the different sources to insert timestamps bagrrsTm Social Message
on these synchronized clocks in the media streams. E evzrllt media » + user
when a synchronized clock is available, one needs ‘@r=& — analy=is

ensure that the proper timestamps are inserted into the
various streams. This is often not the case, e.g. no _ et
timestamps at all are inserted, timestamps are starting at 0, ;‘::::: edia
or random offsets are chosen. With a (semi-professional)
content ingest platform this will not be a major problem,

but including proper timestamps in an off-the-shelf Figure 2 — Proposed architecture for Social Analytics.

consumer device (i.e. in an app) can become complicateg, the module formessage and user analysis the textual

3. One needs the timestamps to remain untouched during ¢batents and the user information contained in the media
entire broadcast chain or other content delivery chains.olfjects are analysed. From the textual contents, entities such
transcoding is performed within the delivery chain, thias people, locations and sub events are extracted. In case of
often causes timestamps to be changed. Transcodinghés skiing event the participants will be frequently mentioned
often part of such a chain, e.g. to optimize video for geople in the buzz around the event. Sub-events are for
certain distribution network or to provide multi-bitrateexample the men’s giant slalom, or the women’s downhill. In
encodings to allow switching between bitrates withddition to entities, sentiment and sentiment around entities is
changing network conditions. In such cases, either tetermined. Sentiment can be extracted from the original
timestamp should be independent of the encoding, or tbgtual contents of the media objects itself, as well as from
transcoder should insert the original timeline in theomments and the likes on YouTube videos or Facebook posts,
transcoded version or the transcoder should be ableoto replies on tweets. Furthermore, the users that have

Media
object
Media I Media

Popularity
predictor

match in- and outgoing timestamps. generated the media objects are ranked on authority within the
These issues are further discussed in the implementa¥gnt space. Authority is measured based on a combination of
section. number of friends and followers, centrality in the social

network graph that is created for the event, number of event
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related (re)tweets, etc. This extra information about the text@ap Sync Architecture
contents and the users is added to the media objects in

database I’—t,&%re 4 shows a more detailed functional overview of this

i ) ‘augmented broadcast chain. These functions are  now
The media object ranker generates the top ranked medigiscussed, with a special focus on the functions that deal with
objects that will be shown in the STEER application. Ths have to support the synchronization of the various streams
media ranker is personalized, i.e. content from people in yQyien presented at the various client devices.

own social networks IS considered more relevant. .OthF e capture device main functions include capturing a stream,
factors that the media object ranker takes into account incl %ally consisting of video and audio, and uploading this

sentiment, popularity, releyancg weights, and time. Entmgt?eam to the content ingest platform. For synchronization
can be used to group media objects around persons, Iocatcm,

. ) . f.‘)oses, it has to support the functionalities mentioned in the
or sub events. Finally, an important analysis fsry

svnchronization ispopularity orediction. The popularit nchronization challenges section: it has to have its clock
y Pop y p y pop Y synchronized to the various other capture sources, and during

predicto_r predicts the pop_ularity of entities and_ media obje% pture it has to insert timestamps into the streams based on
by looking at early sentiments, number of times they a8 synchronized clock.

linked, authority of users involved, etc. The estimation 0 ) ) ]
popularity potential can be used to handle synchronization arfé content ingest platform is mostly agnostic to the content,

distribution issues due to high demands for a (video) me§#&ing P2P transparently for carrying the streams to their
object. various destinations. The exception to this occurs when the

P2P overlay network wants to downscale because of network
5 SYNCHRONIZATION ARCHITECTURE conditions, i.e. when limited bandwidth is available in the
& IMPLEMENTATION overlay network. In such a case, the ingest platform will
perform transcoding, and will have to keep timestamps intact
5.1 Live Augmented Broadcast Architecture or report on the combination of incoming and outgoing
Figure 3 shows the current high-level STEER architecture fgpestamps. The ingest platform also contains a content
the live augmented broadcast chain. On the right side, it sh&®gmentation function. This function is used to supplement
multiple capture sources, which can be (semi-) professioH2 capture device, taking care of transforming streams to
camera’s for the broadcast stream and a variety of consuff&8 segments to be used on tablet devices and the like. The
devices running the STEER application for user generaf@dP network can carry these HAS segments transparently as
content. These streams are inserted into the content iny¢&lt delivering HAS segments instead of streaming media.
platform. From there, STEER will use a P2P overlay netwoThe home gateway functions as a server in the home network
to transport the streams to the various homes where usiysain, hosting various STEER functions. It receives the P2P
watch the augmented broadcast. This P2P overlay networkdgments and recombines these either in an outgoing stream,
capable of adapting to the network conditions, but is as sugh. to a set-top box, or collects the HAS segments and stores
not the focus of this paper. Once the streams enter the haiege on the internal HAS server. The home gateway also
gateway, they can be distributed to various different end-ugentains a transcoder function to be able to deal with
devices, such as a set-top box connected to a large flat scfeeiuating network conditions inside the home network. The
or to secondary screens such as tablets or smartphones.hbge gateway can either monitor these conditions itself
home gateway also supports content transcoding, to deal witfough a bandwidth monitoring function (also not further
fluctuating home network conditions such as a tabldiscussed in this paper) or rely on e.g. HAS clients to request
temporarily having a bad Wi-Fi connection and thus havingwer-bitrate versions of segments once the available
less available bandwidth. Specifically, it can provide multbandwidth has dropped. The home gateway also contains a
bitrate encodings using HTTP Adaptive Streaming such @gchronization server. This server collects play out timings
HLS [22] or DASH [23]. from the various clients and client modules, calculates
synchronization settings and thus effectively controls the play
~ out timing of the various streams on the various end-user
STEER platform

Idhazementianazementig Management /) Finally, the client devices contains the functions for playback

p
S
s »\ of the various media streams. To achieve this, we have split
playback capture i . .
! /i* up that functionality in a number of modules. We have a
, 4 separate STEER session client, which enables users to join

y Content V48 " . s : .
Settop Home | ingest [ Ej:ﬁ specific augmented broadcast sessions, e.g. join with their

distribution

SoK § Gateway Platform friends who are present at the actual event broadcasted. For
B (P2P) video playback, we have a video client and for the
\_ % presentation of social network streams we have a social
Figure 3 - High-level STEER live augmented broadcast network module._ Bo_th of these report on their play out timing

: ; to the synchronization server located at the home gateway,
chain architecture. ) L .
and are under control of this synchronization server to achieve
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synchronization. Note that to display various streams, thpproach utilizes a central time-keeping unit, with each device
client device will normally have multiple instances of theeporting their time information and adhering to the time
video client running at the same time. All stream presentatianformation which is shared between the different content
are bundled together in a single interface in the user interfaceators. Yet another method assumes that all devices are in
module. Finally, to enable synchronization, the client devisgnc with each other by using a common clock (e.g. NTP,
also needs a synchronized clock. Network Time Protocol). Within STEER, we aim to utilize the
latter approach, making use of the NTP infrastructure which
contains a precise clock signal. This time information is then
(@t (i, Tl O Content Capture used to precisely timestamp generated multimedia content.

(Server) Ingest Device - ! _

Also, Facebook and Twitter messages are time stamped using

(presumably) synchronized clocks, which allows us to display
these messages in synchrony with the other content. Part of
the STEER project is to analyse the clock usage of Facebook
and Twitter, to see if our assumption holds up.

Figure 4 - Detailed functional overview of the live With regard to synchronized play out, the same NTP
augmented broadcast chain. synchronized clock could be used. Assuming that content

o ) distributed over the renderers has related timing information,
5.3 Synchronization Implementation sharing that information is sufficient to obtain synchronized

. media play out. Within STEER, this sharing of timing
5.3.1 Introduction . ) . : 2
information is performed using a synchronization server

Our implementation of synchronization of hybrid medigroyisioned at the home gateway. A detailed description of
builds on the technology developed within the EU FP7 Negis approach is given in [27].

Generation  Hybrid Broadcast Broadband, or HBB'Ne)ﬁ'{ITP may not always give accurate clock synchronization.

project [24]. This project aims to develop technical SOIUtlogupport for NTP on various devices fluctuates, as some

that allow for innovative new services to be delivered ov Lvices only support the less accurate SNTP (Simple NTP)
hybrid-broadcast-broadband  platforms. — Topics be'.r}ﬂso, different NTP servers may have clocks running (slightly)

researched in HBB-Next include group recommendan%.h rently, so using various NTP servers can also lead to
systems, synchronization of heterogeneous media on a sir) 5 Y, Sing \
accuracies. Finally, NTP assumes symmetric networks.

or multiple devices and deployment of device and platforJ Lymmetric networks and network congestion may lead to

'”‘?'e'_oe”de”t appllcat|ohs. ) _some inaccuracy in the clock synchronization. Still, NTP, or at
Within STEER, we build upon the achievements of this Opsast SNTP, is widely available and the alternative on mobile
going project with respect to (frame-accurate) synchronizatiggyices (GPS) is less available. Because of this last point,
of hybrid media on one or multiple end-user devices. Fralgfhin STEER we have chosen (S)NTP as a clock
accurate synchronization can be useful in case of, for exang;!}ﬁchronizaﬂon mechanism, also since our use case is not

for example DVB, while another angle is send over-the-top to

a mobile device. As discussed earlier, we focus &m3.3 HBB-Next synchronization platform
synchronizing media streams of different sources (audithe HBB-Next synchronization platform allows for frame-
video, chat messages, etc.) in a live case. In contrast to dbeurate synchronization of hybrid media on multiple devices.
goals of HBB-Next, it has been decided that the accuracylwfits current implementation it is able to synchronize DVB-S,
synchronization is limited to the order of one second. Fram@ TP Live Streaming (HLS) [22], MPEG-DASH [23] and
accurate synchronization is deemed out of scope since riagular media files across devices, given that the media
content creation (in contrast to HBB-Next) is not limited to streams share a common clock. [7] gives an in depth overview
closely managed environment (e.g. everyone can contribafethis framework. The framework is primarily focused on
within STEER). synchronizing audio and video content, but can be extended to
5.3.2 Synchronized content creation and play out support other media types as well. The framework_builds upon
) o ) the open source GStreamer platform [28]. This platform
In general, media synchronization has two major hurdles s for accurate and high performance multimedia play out
overcome: 1) aligning the timing information of the differenjq supports numerous (streaming) media formats. The
media sources and 2) synchronizing the play out of differe§&treamer framework, running on for example a laptop, is
media streams on one or multiple devices. In a way, timiggecifically useful for rendering media on a regular television
information needs to be shared between content creators g as such, basically acts as an easy to access set-top-box.
content renderers. Sharing a common clock can be achievefjRhermore, the GStreamer platform is capable of
numerous ways and has been abundantly discussedcdmmunicating with other devices using regular (TCP)
literature, see e.g. [25],[26]. One way to achieve this commggckets and/or Web Sockets . This allows for inter-device
clock is to alter each media stream, adding (additional) tirR§mmunication. The mMDNS [29] (also known as Bonjour)
information which has a relation between streams. Anothﬁbtocm is supported in order to announce a service, such as a
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synchronization service, on a network to for example medi: STEER User Application Interface
renderers, further simplifying device discovery and inter- |[Fyrpmersws
device synchronization. Recommendation &

Advertisement
5.3.4 Synchronization within STEER
Within the STEER project, we aim to synchronize user
generated media content which is not limited to just video ajn LTIy
audio, but includes messaging services like Twitter amc sync,:‘:s:i':amn
Facebook as well. For content creation, the use of a commc
clock is proposed (e.g. NTP). Multimedia requires appropriate
time stamping (e.g. internal time codes likes Presentatipn :
Time Stamp (PTS) need to relate to the global clock). THi T .
way, no additional clock information needs to be inserted into EIEOAINS and Control

the media stream, resulting in full compliance to all t ~Zocal Context Aware e are Madla

applicable standards and further simplifying the design a Media Object
Database Placement

Network

Real Time Media

Distribution

User pload
Bandwidth Monitor
and Control

Social Aware Media Dynamic
Distribution Graph Transcoding

User Site

implementation.

Assuming that the media streams are properly aligned to eac
other, the next step is to render them synchronously. To this Figure 5 - The STEER Reference Architecture.
purpose, the use of a centralized sync server (see Figure 5) is

proposed to which each client can subscribe. This node 7 FUTURE WORK

distributes a common clock to the connected clients, taking the STEER project has only recently started, this paper
propagation delays into account (for further reading, Sg€scribes the current status of the on-going research carried
D4.3.1). Each node should adhere to this timing informationgt in this project. We are now in the process of implementing

6 THE STEER PROJECT the mentioned architectures, with the goal of carrying out
experiments with our implementation in 2014.

Service Provider

The work presented in this paper is on-going resear e main topic on which our svnchronization experiments
conducted as part of the European FP7 project STEER [1]. | ! P! whi ur sy zatl Xper

STEER (a Social Telemedia Enviorment for Expermenil (0005 18 e evel of teaues sychvonizaton betneen
Research), we focus on so-called “Social Telemedia",.g :

. - ._'Iin_the challenges section, we will be able to achieve various
cross-breeding of social networks and networked media. In 9 '

the project, various combinations of social analytics an nchronization_levels on_atechnic_al level. Ama}in purpose of
content delivery are being studied. Within the STEER proje ping our experiments will be to _d|s<_:over users’ appreciation
we use the term social analytics to refer to techniques %the various levels of synchronization.

algorithms for intelligent analysis of social media data streaf@® & technical level, the experimental environment builds on
and networks, whereas content delivery represents fslier synchronization work from projects like FP7 HBB-
communication medium through which social informatics afEXT, and extends on these projects with synchronization of
exchanged through a bundle of synchronized af@cial network streams and a separate synchronization server.
heterogeneous flows. Social analytics involves intelligeBy continuing our technical work on synchronization, we
automated analysis of social connections, opinions, topics &f@ect to have new insights in how synchronization can be
entities. Such information can be used to optimize t@shieved best. Also, this will further our experience with and
transport of content, to optimize caching of content, and ifggight in challenges in both media synchronization and clock
find related content or to give recommendations for contefynchronization as a main requirement to achieve media
STEER envision various interworking aspects of socigynchronization.

analytics and media distribution aspects, as depicted in Figure

5.
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