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ABSTRACT

Our information societys beingoverflowed with digital data of
various kinds. In order for the usdp find relevant information,
novel digital repositories should pvide search mechanisms that
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areboth content and context based, facilitating the tdation of
queriesand enabling earch byexample using 3D/2Dbbjects,
sketches, etc. At the same tithe repositories should scale to the
growing number of users. Thigpaper presents the main
achieverents of the IS project VICTORY that aims at
developing an innovative distributed digitakepository
introducing novel search, retrieval, and visualizatapabilities
to a desktop and mobile P2P networks.
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1. INTRODUCTION

Three-dimensiona(3D) content retrieval is overlooked in
most commercial search engines, while #te sane time it is
expected to represent a huge amairdata stored in the Internet.
Indeed, “geometrys poised to become tlieurth waveof digital-
multimedia conmunication”, where the first three waveswere
sound in the 1970s, images in tB8s,and video in thed0s” [1].
With thewide availability of digital media capturing devices, over
the las decade, it isiow posible to acquire 3D dataf a physical
object in a few seconds andopuce a digital modebf its
geonetry that can be edg shared on the Internet.

The cag of content/context bad sarch where a es
searchegor a specific or similaobjects (e.g. a photo of a flower
in a vag placed on the table) is currently a hot research topic. In
that ca®, the user visualizesthe object which corsts of all the
information s/he wants tdescrbe and which is derived from the
experience of seeing that object. Thugjigital repositorythat
provides both content and contexsbd search better suits to the
user’'sneedsWhile it is easier talevelop such a digital repository
asa centralizedstandalone dution, a distibuted RP (Peer-to-
Peer) baed option would slve dorage pace, networlbandwidth
and processing power related problems oémtralizedapproach.
This is especiallycritical for systems that support Erge
community of userswhich are allowed to add their own digital
content and thus enrich the repository

Further,in recentyears the mbile handheld devices (e.qg.
mobile phones and PDAs) have degdto such extent that they
are often used as web ternnals. However, theyare still
underpowered in terms of processing power, rendering
capabilitiesand network connection when cpared to a PC.
Nevertheless, wide adoption of tkeslevices callsfor their
integration in the proposed search and retrieval framework.
Therefore mechanisrs ableto utilize not onlythe distributed data
storage, but also the cgutational power ofentities in the
network need to be developed.

The IST VICTORY project (Audio-Visial ConTent sarch
retrieval in a distributed P2P repositORY),[2] projectwhich
started in Januarg007, aims to tackle the mentiongbblems.
Its main purpose is to build a distributectpository of
heterogeneousisual objects acconpanied with relatedextual
docunents, videos and irages,that we call MultiPedia objects
and a sarch engine ablef retrieving 3D objects. This paper
describes the project and its imaachievements so far payg
specific attentionon the architectural pectsof the repoisory, the
hybrid network and on the innovativapplicationsthat have
alreadybeen developed.
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The paper is organized asllfavs: Section 2 presents the
Victory architecture while &ction 3  bagally reviews
technologies and methodologies used withinghgect. Finally,
conclusions are drawn in Section 4.

2. THE VICTORY ARCHITECTURE
The main elenents of the VICTORY network architecture
are depicted in Figure 1 and include:

Edge Peersare interconnected ddsp conputers and
mobile devices. Edge peers provide share and download
services, therefore allowing for othgweers to download
physicalfiles that are distributed in the P2P network. Storage of
the physical data files on edggeerseliminatesthe enormous
storagespace and network bandwidth requiramts that would
ariee in cas of a comletely centralized erver-bagd ®lution
and offers the user a sense of secwsityce his/her property
remains on his/her PC. Edgeersare responsible also for local
low-level feature extraction frorthe $ared3D objects andin
this way they contribute their processing powr the system.
The set of functionalities for abile anddesktoppeersnaturally
differs because of different processing and storage capabilities
they posss.

Super Peers are in the finglace providing sarchservicesof
distributedMultiPediarepository Each of super peers contains
a part of the distributed search enginéexthatis usedto map
search queries to search resulteother inportantfunctionality
of Superpeersis acting as a rendezvous and relajowing for
resolving edge peersendpont addresses and providing
mechanigns for firewall and NAT travera. Super peersare
also responsible for hosting othélCTORY services. Some of
the super peers (rendering providers) will enable theotem
visualization of complex 3D geometries that canrm
processed on peers with low processing capabilitteger
Peers encopass also a set of dedicated servers thit
provide specialized services like QoE (Quality Experience)
coordination services andlertity provision service. Super
peersals function asgateway for mobile devicesTheyact as
a bridge between mobile clients, which are not capablsiofy
P2P communication nechanims, and the rasof the ystem
The gatewayalso performs various tasks on behalf of the
mobile uers where the proasing power and bandwidth of the
mobile device limits the set of functionalities.

As canbe ®en, a hirid between pure 2P and Grid-like
client ®rver approach waselected for theVICTORY project.
The classical P2P mechanisare mainly used to support sharing
and downloading services which are running alsa@vicesthat
are hidden behind firewallsnd NATs The® nechanims
provide the downloading of distribked data files fronmany peers
simultaneously VICTORY uses JXTA [3] technology for
establishing an overlaiP2P network over an existingw-level
networking infrastructure. Allother services (rendering, QoOE
coordination, identitynanagenent, etc.) are located onachines
with public and static IP addresses, theref@r@rid-like client
server approach isised to accesthem



This hybrid architecture waselected becausit offers the thefactthat it will be transparentlysed byboth fixed and mbile

following advantages: peers
The advanced low-level featurbasd searchmechanis is As it has been emtioned, a hirid architecture, utilizing
extremely complex. Running processes of this complexity pure RP aswell asclient-serverapproaches. Pure P2P protocols
everypeer in the network is netviable option. Instead a set of are ued when comunication withdevices behindirewalls and
servers providing this capability a better solution. NATs is needed, therefore thewre mainly used for the

implementation of sharing and dowallingservices of files that
are stored on edgepeer devicesProject VICTORY ugs IXXTA
technologyto build high-level sevices. We choseJXTA because
Stict securty needs m professbnal bushess a broadly accepted tandard for establisng an overlay P2P
applcations can be beter managed wth this kind of network over an existing low-level networking infrastructure is
architecture. still missing. The onlyattenpt in that direction isthe project

The efficiency of search (b&r precsion and recdl JXTA which tries to standardize a set of generic low-level

bei db ; vih th protocols andservices on top ofvhich diverse P2P applications
measurespan be mproved by groupig peers e canbe built. Also, VICTORY proposes the concept of “islands”,

The need to control perfoance and reliabilitydictates a
partially centralized solution.

sane interest into groups. The eamst way of doing where VICTORY island groupgisers share commainterests
this is cannecting peerswith the sane interest o a (like automotive group or tourist group). Further, a VICTORY
dedicaied super peer antidn queryng for resuts only island mayprovide some specifiservices (collaboration), while
within cergin group. other services (search and ddead) are common to whole

VICTORY community

The search and other services (renderiQ@E, identity

management, and so on) are all located on known public IP
* Super-peers addresses. For the communication with this ordinbfyTP
transfer, Apache Tomcat and Servlet technologies are used.
= Edge-peers ) . . )
The integration of these tguinnovative search mechanisms

with P2P technologyshould result in a flexible, secure, high-
performance distributed MultiPedia repositorgsultingin high
precision and recall measures for retrieval.

. 3.2 Search Engine
Content-based search relies on awet low-level

geonetric characterics. The exiding 3D retrieval gsternrs allow
the user to insert a 3D adel as query Novel algorithms
Figure 1. VICTORY network architecture regarding the 3D content-basezhech and retrieval based on the
RadonTransform[4], Spherical Trace Transforis], Moments
[6,7] and combination of geometry witbpology[8] havealready
been introduced. However, thigsearch field stilfemains open
because of various reasonsrsiy, there are no sthods et
which can be applied to all 3D objects regardless of their
3. TECHNOLOGY USED degenerations and digital formateither are theyinvariant to
3.1 P2P Middleware objects affine transformations. Foetrnore, there exisonly afew
methods that combine partial (2D/3D or sketches/3D) matching.

The next-generation of P2P technologies is promising
provide the necessaryinfrastructure facilitating a sedess
distribution of data and sharingf computational resources that
are needed when building distributed digital repositories.
Additional challenges for the P2P-based framework emerge from

Context based searcheghanism will be basedon high-
level featuresof MultiPedia objects, which will be apped to
low-level geonetric features Semantic information representing
high-level features will be amaged in a fornof ontology The
useof ontology and the abilityto reason over the concepts and
relations stored in it are the kegomponentsof the next
generation of semantic knowledge technologies.
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The visualization of3D geometies on desktop devices is a system, which refines the searahdrespondswith a new list that
well invedigated tak and it can be accoplished in different contains objects which are more similar to the user query

ways OpenGL/DirectX basd applications are able to take In this context new RF nleods developed iVICTORY
advantage from the hardware suppomofvadayg graphicsards. able to corbine both low-level and semtic features, inone
Onthe otherhand, the visualization on poor resource devices suchsingle fornula, in order to inprove the retrieval results.
as mobile terminals is still a challenging task. Althoughost Furthermore, the problem of pusenantic retrieval is a current

recent devices provide hardware implemented rendering research topic that has, still, beemnmally explored andvas
pipelines, corplex scenes arib out of the power capabilities of addressed with annnovatie RF method which provides
handheld and mobileterminals. The remote visualization  promising results [11]

paradigmcan be sccesfully enployed in thee cags [9]. In
Victory, rendering servers will be able tcanage 3Dgeorretries
(the most conmon fornat files will be supported: DXFYRML,
3DS, and so on) and can accept connections fesmte clients.
A rendering server computes theere simultaneousigt different
image resolutions (in order tsupport different categories of
client devices a connected client receivesnly a data
representation (e.g. a flow dfilsimages or a video stredrand
sent back to the renderingerser a &t of conmands neededto
investigatethe scene.The application running at the rendering ¥
server side will be based on OHNOpenSG libraries iorderto
support high performance collaborative visualization session.

VICTORY will be also able to support collaborative
visualization sessions; users candoacurrentlydisplaya shared
Multipedia object both using desktop andbile devices.

Moreover, a novel methodologfpr the remotecontrol of
applicationwill be introduced byWICTORY [10]. The proposed
solutionis articulatedin five steps: I) the reote application GUI
is automaticallyanalyzedand classified through image processing Figure 2. Visualization of 3D objectsin mobile devices
techniques, 1) adescription isgenerated using an extensible
language derived fronXML, lIlI) the interface description is
reloadedon the client side by a secific application and all the
graphicselenents previougy clasified (buttons menus check i ;
boxes, text fields, etc.) can be placedtiy user ira personalized 3.3.3 Digtal Rights Management
way, IV) any interaction with tle client interface wilbroduce an
interaction on the corresponding ghécs element irthe remote
application interface, V) finallythe work area (or one a@nore
portion(s) of it, depending on user needghanagedsa flow of
still pictures delivered btheserver to the wbile client.

As mentioned earlier, a vast anant of miultimediaobjectsis
nowaday publicly available. The need for proper protectioi
their digital content andthe asociated rightsis consdered of
great importance. A DigitaRights Management Stem (DRM)
provides to the creator and the reers of digital content to lifn
the usage of digital media. Within VICTORYQRM provides
3.3.2 Relevance feedback protection and control over thights of the MultiPedia objects. It

supplies the necessafynctionality for theend usersto digitally

In modern 3Ddatabasesthere is an inperative need for ~ Manage the rights of content as well as a secure and resitnt
accurate retrieval of objectbat aresemantically similar to user to distribute content and rights to the end users.
queries,in order to reuse 3D objects and to exploit knowledge The DRM module that is impmented within the VICTORY
relative to them. Most current methods are making advances in Context consists of differentibsystems: the content producer, the
geonetric feature extraction irder to inprove the retrieval ~ contentissuer, the rightsissuer, the content conser, the
accuracy Clearly, if the disriminative power of sich features ~ renderingengine the identitymanagenent and waterrarking (the
was omnipotent, there would @ need of other techniques for last two are external to DRM). DRM stgm pernits to theend
improving retrieval or classification of 3Dbjects as a pre- users consimers of Victory infradructure, to acces content
processingstep. It is also clear though, that no feature extraction through the Content providers, obtain the relevant Righjscts
scheme is perfect and thulditional techniques are necessary from an Issuer and consequently consume the cointersa DRM
The most powerful technique in improving retrieval adequacy €nabledplayer. The Rendering Engine module is not oriy
apart from devising better low-leveescriptors, is the use of charge to support the user fomete visualization sessions but

Relevance Eedback (RF also capable of enforcing the DRM constrainiscagswherethe
In RF schenes, the user becores an active part of the  MultiPedia object is DRM protected. Finally the identity
retrieval system Firstly, s/he supplies the siemwith a query management subsigm providesthe requisite mechanisms for the

The systemresponses with a list aimilar objects. The user gives Proper identification of the users and the entitramlved in the
relevancescoresto a nurrber of objectsof the lig according to DRM system.
his/her own judgement. Then, these scores are fed back to the
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3.3.4 Quality of Experience (QoE) manager

An integrated and distributed QoEanager will be abldo
dynamically acconplish user needsduring renotely rendering
supportedvisualization sessions. In particular, a part of the QoE
manager will run on rendering servers and a second part of
(mobile) client devices. The QoEamager will be abld¢o "tune":
frame resolution, inage quality, and fragrate accordingto the
available throughput (the throughput is basicalyatedto the
bandwidth and to the decoding capabildf the client device);
moreover, in order tdulfil userrequirements, the QoE manager
will allow the user to specifg priority order for these parasters
(Figure 2 shows an example of remote rendesegsionon an
Ultra PC Samsung Q1; on the background the remote rendering
console is visible).

The QOE involved in aremote visualization sessionis
basically related to: frare rate, image resolution, qualityand
available bandwidth. The fram rate affectsthe degree of
interactivity and it is stronglydependenton the application
(highly interactive applicationsuch as video games nebidh
frame rates), while image resolution canderiticalissueif small
detailsof georretry haveto be appreciated. The qualigy often a
subjective perception, but it can be quantitativedntrolledin
lossycompression shemes sut as Jpgy. At the application level,
the bandwidth can be periodicaligeasured but, in general, it is
not realistic to make angssumpon about the available Qo¥he
QoOE manager of Victory aims at concurrenttpnsidering the
above parameters togetheith user preferences in order to
maximize the his/her satisfactiofor this, a so called QoE graph
providing a formalrepresentationof the renote visualization
parameters is designed, an@eE manager capable of exploiting
graph based information to tailorstgm behavior to user needs is
developed.
configuration for the charactetiss of the image flow ent to the
client device by the remote rendering servéach particular
configuration is expressed laypair of values, nagly resolution
R and qualityQ (where the ternguality is referred to the Jpeg
encoding).The edgesof the graph represent possible transitions
between nodes, and are detiered according to a dric that is
capableof takinginto account the current available bandwidth as
well as with user requirementk particular, user requirements
are characterizedn terms of desired fram rate and priorities
asigned to each controllable pareter that is frame rate,
resolution, and qualityThe proposedmethodology dyarically
builds and reconfiguresthe graph byperiodically measuring the
available bandwidth. Then, the graigtiravelled in order toeach
the node (that is, the configuration) that both provides the best
bandwidth occupation and satisfieser requirements. A sef
transition rules guarantees a smooth passageng adjacent
nodes that is therefore carried out without noticeable changes
the visualization. After a rapid transitorthe QoE manageris
able to identify the optimal coiguration that iscontinuously
adjusted during the whole visualization session.

4. CONCLUSIONS

The VICTORY project provides new insight intioe nature
of next generation audiovisualomtent search enginest is
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In this graph, each node represents a possible

eveloping novel architectures for access and delivefy
multimedia content over an interoperat#@vironment,which
conprises standard andnobile P2P networks. It will foster
innovative research on collabtixe systems and develop new
mechanisms for interaction and shariofy audiovisual content
among users. ACKNOWLEDGMENTS
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