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Abstract - with the growing popularity of mobile devices
(including phones and portable media players) antrage
of Internet access, we tend to develop the neamiaguming
video content on the move. Some technologies ajraildw
end-users to watch TV and listen to nepsdcasts or
download music videos on their devices. Howeverghsu
services are restricted to a provider's selectidnpre-
formatted and linear content streams. Hence, wpqs® a
web-based interface system that supports inteectntents
navigation, making it possible for end-users taf'san video
content like they are used to on the Web. Thisesysts
extensible to any specific domain of video conteatsy web-
enabled platform, and to any browsing scheme. isyghper,
we will explain the architecture and design of thistem,
propose an application for soccer videos and ptetan
results of its user evaluation.

Keywords: architecture, multimedia, content,
hypermedia, navigation, video, semantic, XML, piipel
. INTRODUCTION

Nowadays, most of us carry latest-technology matiéeices,

such as mobile phones, PDA, pocket game consolds an

portable media players, allowing to play video eors$
wherever we go. Along with the increasing coveragel
bandwidth of wireless Internet access, today's woess
expect a richer, easier and more rewarding expegi¢rom
their video-enabled devices to find, select, re&ieand
consume video content on the move. The populatisolwf
cellular network providers is to propose a restricrange of
videos to download and/or access to certain TV ichlsn But
this approach is very restrictive as these prosgidgush”
their own content instead of leaving the consunewbe any
content from any source on the Internet.

While streaming any video from the Internet is baiog
possible on mobile devices like on desktop compgutéreir
technical and ergonomical constraints bring newdssto
consider. Firstly, according to [1], usage of melikvices is
not as exclusive as using a desktop computer aehbtabile
users can be distracted at any time by their conteence

they want an adaptive and flexible way to access th

information they are expecting at a time. Secondipbile
devices are technically limited: battery life, masnoapacity,
computing power, screen size, input interfaces, .ektence,

browse,

the browsing experience and the display of contemist be
adapted to ensure their usefulness on the mobilécele
Thirdly, wireless access to the internet is tooesgive for
users to afford wasting long and bandwidth-consgmin
connections as they could at home using unlimiteddiband
Internet access or TV.

In order to bring the multimedia web to our mohilevices
while satisfying these constraints, we need to tdhp
retrieval of multimedia content for these specfiatforms
and their usage. Our approach is to allow userbrtavse
inside the video content without having to transfér
integrally on the device and to personalize theeun This is
made possible by video indexing, as long as a brmgws
interface can be generated from the resulting esglic
providing direct links to access its most releveagments.

In this paper, we propose a web-based interfaceersys
relying on a SEO-indexed video library to bringhriand
personalized video content efficiently (by focusing the
information that matters for the user) and adaptiy® the
platform’s constraints) at anytime (on demand) angwhere
(on the move or at home) to the average end-usén gase
of use). As we are aware that new devices and gpastof
video contents are constantly appearing on the ehatkis
system is adaptive to new devices and extensibievovideo
domains. Moreover, its modular architecture makés
possible to integrate new components allowing bhnogvs
content in an intuitive, precise and enjoyable neann

This paper is structured as follows: Section 2 dbes our
previous work and the proposed application of thstesn;
Section 3 specifies the workflow of the expectegdligption;
Section 4 outlines the architecture of the propdsésetface
system; Section 5 explains the design of the dyoami
interface generation; Section 6 describes the imefgation
of our application on the system; Section 7 disesisthe
success of our approach by evaluating the appicatind
finally, Section 8 and 9 describe the conclusiond &uture
work.

Il. APPLICATION AND PREVIOUS WORK

As an application of such a system, we have prapose
navigation on soccer matches with adaptation tor use
preferences [2]. We have identified use cases whiobile
soccer enthusiasts would benefit from. The ide@ isrowse



soccer matches on the move after having recordeoh tht
home. Users could then use their mobile device @ugng
their daily bus journey) to browse the highlightsaamatch in
a constrained/noisy environment, browse the laggstting
events concerning one’s favorite players, list iasc with
interesting specificities, etc...

For this application, we need to extract some \dkia
metadata (structure and semantics) from the soddens

recorded on TV. Inspiring from MPEG-7, we have megd a
video indexing scheme and developed tools perrittim

segment and semi-automatically analyze soccer sidao
order to generate these indices from TV-recordedceso
matches [2]. The extraction process is out of twos of this

paper, but we will summarize the SEO indexing sahem

SEO is a semi-schema and object-relational basgeixing
scheme allowing a flexible and efficient way of atating
and indexing video content in XML. This work hasehe
focusing on soccer videos essentially but the spanadigm
can be used for different domains as well. Morepvters

based on MPEG-7 concepts and ideas, which have been

widely-accepted as the video description standbydsideo
professionals and institutions. 8EO index consists of the
following components:

« Segments: A segment is an individual spatio-temporal
range of a video document that contains indexable

contents such as whistle, slow motion replay, dondes
up on players’ face and near goal area.

« Events. An event is a special type of video segment that

contains a particular theme or topic such as aesagpzal

and foul. It usually embeds annotations and pogsibl

linking to objects.

* Objects: An object can be a person, a place, or any other

material or immaterial entity that is involved witin
event.

Thus, any video item (e.g. a soccer match) contans
definition of its belonging segments, events an@cis.

In the SEO model, access to content is broughtbyuse of
domain-specific queries (expressed in the XQuenguage)
that generate hierarchical summaries from the XMitadata.
Some of those queries are depending on the usefer@gnces
in order to personalize the results.

[ll. WORKFLOW OF THE SOCCER APPLICATION

In order to ensure interactivity and intuitivityrfend-users,
we have designed the system as a website, allousags to
browse the content by jumping from page to pagequsi
hyperlinks. Moreover, this paradigm is easily pbltato
devices that have limited input capabilities (fgw keys,
stylus) and can be supported on mobile phones usiag
WAP technology.

The interface system is session-aware, that melaas it
keeps the context for each connected user and sadhgt

content according to his/her preferences. As showfigure
1, connecting on the system leads to a login p&yee
authenticated, the user is brought to the homepelgeh
proposes links to queries and video segments fgistexed
domains and latest matches, as shown on FigurerZeach
match, a keyframe and some metadata (e.g. placdaadf
the match) are displayed. At all times, the usergaback to
this page or to the User Preferences managemergspag
shown on Figure 3. These pages allow the user lectse
his/her favorite players, event and segment typesefch
sport, using 2-list interfaces.
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Figure 1: Workflow of the soccer application
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Figure 3: User preferences management pages

Two types of queries are proposed on the main péye:

domain queries return summaries which scope a given

domain only (e.g. soccer), whereas (ii) media @sereturn
summaries which scope a given video (e.g. a matbine
gueries are parameterized, making it possible Heruser to
customize the results. As seen on Figure 4, whenuger
selects such one, he/she will be invited to fillanform of



parameters (a) before displaying the resulting sargnb).
This form is already populated in order to proppsedefined
(and existing) options to the user instead of dgtthim/her
type the corresponding information. The summaryars
interactive page containing a hierarchical browspzme at
the top and a details pane at the bottom showing alout
the currently selected item. Depending on the typéem,
links to video segments or to other summaries cen b
proposed.
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Figure 4: (a) Parameters form and (b) summary

More details about this application and its usexl@ation are
given in Sections VI and VII. We are now describiting
architecture and design of the interface systemwbiich
relies the soccer application.

IV. SYSTEM ARCHITECTURE

In order to easily support many kinds of client ides by
generating and delivering adapted user interfagcesath of
them, we decided to adopt a web-based architechate
consists in “light” clients using a web browseiiriteract with
an applicative server called theetrieval Server. Figure 5
depicts the architecture of the proposed system.
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Figure 5: Architecture of the system

Because the metadata library is heavily solicitad this
system, access to the metadata has to be handlad<iiL
database server that ensures reliable and efficitnieval
using XQueries [3]. For that purpose, we have chdseuse
eXist [4], a popular and robust open source sahutio

The actual delivery of video content must be hashdiig one
or several streaming server(s), according to thme tgand
format of content and the final application. We sfaot to
focus on streaming issues, hence the proposednsystes
designed to support any streaming server by exiensi

A. Design of theretrieval server

Our system is expected to be extensible to new dwna
browsing schemes, platforms and delivery serversrdier to
satisfy these specifications, tRetrieval Server was designed
with the layers listed on Figure 6: (i) tlata access layer
contains the queries that feed the system with fiata the
metadata library, (ii) therepresentation layer defines the
templates that transform raw metadata into theimdm+
readable representation, (iii) thieer interface layer proposes
components that implement platform-specific brogsin
schemes, (iv) theervices layer handles the calls for delivery
of summaries and content to the user that will beialy
processed by (v) theervers layer.
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Figure 6: Extensibility of the retrieval server

As depicted on Figure 6, the layers (i) and (iinche
extended with domain-specific queries and rendering
templates. New browsing schemes and platforms aan b
supported by extending the layer (iii) with compotse And
content delivery servers can be plugged by addihgraller

to the layer (iv) services.

B.

The Retrieval Server Core located on the layer (v) is a J2EE
application based on Java servlets which handlergémweb
logic (e.g. sessions). On the layer (iv), Qeery Subsystem
consist in servlets implementing the GUI (Graphitier
Interface) generation engine which drives the data from
the metadatabase to the final user interface. TWiils be
explained further in Section V. On the same laythe
Delivery Subsystem can be extended by servlets to give access
to the content from specific delivery servers. le tcurrent
implementation of the system, we use the HTTP semgea
Delivery Server, providing direct download access to content.
Hence we implemented two servlets: the first resldiRLs to
keyframes which are identified by the video ideatifind the
timestamp, and the second returns URLs to videonsats.
Both layers (iii) and (ii) rely on XSL transformatis. This
will be explained further in Section V. At last.ethayer (i)
consists in XQuery files.

Implementation of the retrieval server

V. DYNAMIC GUI GENERATION PIPELINE

In order to generate summaries adaptively to aensible
pool of queries, domains, browsing schemes andntclie
platforms, the GUI must be dynamically generated. cir
queries return XML data that must be processedeteigate
platform-adapted HTML summaries, we chose to follie
“XML/XSLT pipeline” approach presented in [5]. This



approach consists in processing the XML input dattn
different XSLT transformations in order to obtailatform-
adapted documents at the end of the pipeline. Eurtbre,

because the numerous extensible layers result inyma

different chain combinations, the pipeline has ¢ogenerated
dynamically. In order to achieve this, the GUI sugtem
generates the pipeline by building a graph
transformations are connected according to thegcifpd
input and output formats.

Browsing Schemes are defined as GUI components that

transform high-level results of queries into platfeadapted
interactive summaries allowing the user to browse t

contents. The system natively includes a genericl GU

component called th8ummary Browser, which consists of a
hierarchical browser composed otrae pane and acontent
pane, as seen previously on Figure 4. It is genericesithis
tree can match the structure of any XML output frtime
queries. In this browsing scheme, users can setelds in the
tree of results to display their corresponding mieta and
content (e.g. details, keyframes and other relalatd). For
example, if a query returns a set of soccer matatieking
on a match will show the location and date of timattch,
some keyframes, hyperlinks to match-specific q@esied to
the whole match video.

Note that a Keyframe Browser” is natively included in the
system as another GUI component. It enables the tose
browse the keyframes of a segment.

A. Case of the Summary Browser

The generation of a summary using tBemmary Browser
component is a particular scenario of the pipelkit is the
only browsing scheme natively included with thetegg we
will now describe the process of generating a surjrfram
the results of a query.

As depicted on Figure 7, this process consists

transformations:
2 | player
) E () suents
_\? (x?in > | 5 foul

= match—

r

L ;

Figure 7: Data flow from the XML query result teetfinal HTML
page using the Summary Browser

XML Result BR+CL
of A@uery %(xsm >""

S il

1. Browsing document Rendering (BR) with Content
Location (CL): This query-specific XSL transformation
builds up the structure of the summary that willshewn
on the final HTML page for browsing from the resutif
the query. The output of this transformation respéoe
input format of theSummary Browser component; it is a
high-level XML format with no platform-specificitie

in which

Moreover, this transformation calls a generic “emtt
location” transformation that will embed the contémg.
reference to keyframes and textual details) astwtia
with nodes of the tree structure, in order to letver
rendering for later. This transformation permits to
separate the structure from the content while kegpi
linkage information using identifiers for late bing.

2. Page Rendering (PR): This transformation renders the
final platform-adapted DHTML page from the high4év
tree structure resulting of the previous transfdioma
This page contains taeeview component and the scripts
driving the browsing logic for the final summaryhi$
transformation is actually the instantiation of the
Summary Browser component.

3. Content Rendering (CR): This transformation is a
second pass on the output of the BR+CL transfoomati
It extracts the embedded content elements genebsted
the Content Locator and delegates their rendering to
domain-specific templates defining the represemtatf
those elements in the expected output format (HTML)

Then, the rendered content is integrated to thee péy
merging them) to obtain the final platform-adapsetnmary
that will be returned to the client. The DHTML codéthe
page drives the browsing interactivity, contennigdbound to
their corresponding tree nodes thanks to the ifiestiion
applied by the CL transformation.

The main strengths of this design are that: firstlg abstract
the platform specificities in the first transforiaeat, as it only
defines the way to structure the results of a gigeery in a
high-level format. Thus, it is easy to add supgdort new
client platforms or change the GUI layout by impéatting

different versions of thePage and Content Rendering

transformations only. Secondly, the rendering ofitent is
delegated to domain-specific templates. Hence,e#'sy to

in 3add support for new domains; the main transformagiogine

remains unchanged. Thirdly, the separation of e and the
linked content makes it possible to implement a LPU
version of the Summary Browser that would download
content on-demand from the server instead of doadiia
everything (“PUSH” of the contents from the server)

B. System configuration model

This section will describe the configuration mogdlich the
extensible GUI generation pipeline relies on. Thisdel
defines the entities that the system deals wittorder to
generate adapted interfaces dynamically. It isestoas a
XML document in the database. Extending the system
consists in merging extensions in this common syste
configuration XML tree.

As depicted on Figure 8, in tlegstem configuration tree are
defineddomains and platforms. For both of them, instances
are hierarchically linked using a reference to tharent
identifier. In the domain hierarchy, eadbmain node inherits
the queries that are defined for its ancestors. In thatform



hierarchy, eactplatform node inherits theransformations platform and an existing platform definition coutwdt be
that are defined for its ancestors. found. As an example, we can consider the following

A domain is defined by:

platform hierarchypfm.pc, pfm.ppc, pfm.ppc.vga, etc, where
pfm denotes platformpc corresponds to Personal Computers
Queries are proposed on the main page to provide (desktop)ppc stands for Pocket PC arda is a special kind
summaries that scope on the domain, of ppc with a high-definition screen. If we are using @clket

) . i i i PC client with VGA screen, but that no version okt
Media-queries are defined likequeries but are proposed g mmary Browser has been implemented specifically for

for each video items of the corresponding domaig.(é yGA screens, the standard Pocket PC version willibed
the “event summary” and “comprehensive summary”) instead.

and,
The Format identifiers are used to match inputs and outputs

lts renderer: a XSL transformation that renders the in order to build transformation graphs automaljcalike
metadata and associated content from the SEOpjatforms, formats are also identified hierarcHigalhere
components (segments, events and objects) that arghe descendants specialize their ancestors, givimge
defined for this domain and returned by the queries flexibility for the GUI generation process. Notethcontrary

A Query is defined by: to platforms, formats are not explicitly declared. They are

implicitly defined by their hierarchical identifierAs an
Its presentation consisting in XSLtransformations that example, we can consider the following format hiehg:
will convert the XML result of the query to the up  fmt.browser, fmt.html.basic, fmt.html.v4, where fmt denotes
format of the rendering component that will be used format, browser denotes the Summary Browser” input
generate the final interactive summary. Note that format, andhtml format could bebasic or advanced vg4)
different transformations can be proposed, depgndm depending on the target web browser.

thetarget platform. o . : o
A transformation file is specified given itsnput and output

An optional form consisting in aquery and its  formats. During use, the system will build the sfammation
presentation (defined as above), for parameterized pipeline required to render the GUI as a chain of
queries only. The query will ensure the retrieviitlata transformations in  which the inputs are optimally
that will be used to populate the form generatedaby corresponding to the outputs for the given platform

XSL transformation.

VI. IMPLEMENTATION WITH SOCCER VIDEOS

The system has been implemented and deployed orc&tom

as a web application. As seen on Figure 9, $hemary

Browser GUI component has been implemented in DHTML
it (HTML + JavaScript) for both modern browsers on &t
Ao [ pares Pocket Internet Explorer on Pocket PC.

queries

In order to evaluate the system, we have implendetie

i “soccer” domain (queries and templates) and add&EQ-
indexed soccer matches in the video library. Thigliaation
e supports 6 summaries, including 2 which are pararizetd,
and 1 which is based on user preferences. We will n

[ name ]| [ fom | presentaiion ] describe the summaries Q1, Q2, Q3, Q4, Q5 and Q6.
f,‘"e [ moe | m:mm Kg ot Q1. Comprehensive Summ_ary: This summary Iis.ts t_he
UG it é) st « play-break tracks » of a given match. Each tiamksists in
fommats a “play” and a “break” segment, the “play” phasenbe
S —— interrupted by an event (e.g. foul, goal...). A “glaggment
describes the cause of an event whereas a “bresjthent
Figure 8: System configuration scheme describes its outcome.

Platforms are defined as a set of platform-specific XSL Q2. Events Summary: This summary chronologically lists
transformations for given input and outpuformats. Each the events happening in a given match.

transformation is actually the implementation of GUI
component (like th&ummary Browser) that will generate the
final user interface from formatted query resulfhe
platform hierarchy enables the GUI generation endiinelect
higher-level (and thus, less precisely adaptedifqrlas for
the case where a perfect match between a reqterget

Q3. Playersby Team: This summary lists all video segments
in which a players appears as part of one of hasng for
every player of any team.

Q4. Player Summary: After selecting a player, this query
returns personal and strategic details (e.g. pogitand event



segments related to this player. Segments are gdolny
event type and match.

Q5. Exciting Matches. This summary provides a list of
matches filtered by their custom number of goats fanls.

Q6. Personalized Summary: Basing on the user's
preferences, this summary shows the latest vidgmests
related to his/her favorite players, types of eseind
segments.

ey

Figure 9: Web-based Video Retrieval System Accessdsl
Desktop and Mobile Devices

VII.

To prove the effectiveness of our proposed interfaygstem,
we have conducted a user evaluation on the soppdication

relying on this system with a group of 53 universtudents.
The aim of this survey is to gather users’ feedbackthe
effectiveness, intuitiveness and enjoy-ability e system for
this application. Each criterion is measured umifigr by

quantified “strongly agree, agree, disagree, amngty

disagree”.

USER EVALUATION

As shown on Figure 10, an average of 90% of theeyed
users agreed with the effectiveness, intuitiverax$ enjoy-
ability of the system for the proposed soccer appithn, and
about 15% of them strongly agreed. The most appiegti
summaries were Q2 (Event Summary) and Q6 (Perzeaakli
Summary).

B | | | | | | | |
Q1 \

@ \

@ \

o |

e \

0 10 20 30 40 50 60 70 80 90 100

‘\j Strongly Agree [0 Agree [l Disagree [l Strongly Disagre%

Figure 10: User acceptability of summaries

VIILI.

In this paper, we have proposed the architectuledasign of

an extensible video retrieval and browsing systérhe
architecture is intended for use with a XML-basddew
content indexing scheme, and we have shown its
effectiveness with SEO-indexed soccer videos. Tdsigth is
highly modular, allowing adaptation to various damsa
browsing schemes and any web-enabled platform/devic

CONCLUSION

The major contributions proposed in this paper &ethe
extensible multi-layered architecture of the systdil the
Summary Browser as a hierarchical browsing scheme
allowing to browse the results of virtually any guén a rich
and user-friendly manner, (i) the graph-based GUI
generation pipeline, and (iv) the system configarascheme
including domain description and platform adaptatio

Our approach expands the hyper-navigation paradighis
used on today's websites (pages made of text aagdeish to
video content in order to browse it in a non lin@aanner.
Moreover, our evaluated implementation demonstraked
such an approach is realizable and effective.

This system could be the platform for new servimesight to
end-users for video hyper-navigation and summaoizatt is
suitable for many specific applications that colithg profit
to content providers by selling more content andbgr
proposing highly-targeted advertising to their oig

IX. FUTURE DIRECTIONS

As the architecture and design of the system pexpas this
paper has already shown its robustness in the sobjits
application in a soccer video library, we proposme future
directions to improve it further: (i) add new bromg
schemes (e.g. using thumbnails or chronological
representation), (i) add new data rendering téelg. charts),

(iif) consider user's location and environment detivery of
targeted and adapted content, (iv) add user contynamid
exchange features (e.g. forums, and tagging), endupport

custom query creation.
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