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4.1 Final publishable summary report

4.1.1 Executive summary

WeKnowlt is a 3 year IP develogmovel techniques for exploiting multiple layers of intelligence
from usergenerated content, which transform the lssgale and poorly structured Social Media to
meaningful topics, entities, points of interest, social connections and events.

In this domment the work performed during the WeKnowilt project is repoifed. project overall
research and development approach was iterative and organised in two distinct cycles, each one
including research, integration, prototype building and evaluation phiaséss context research

was centred around five main pillars, namely Personal, Media, Mass, Social and Organisational
Intelligence.

Research results in each one of these Intelligence layers have been combined in order to produce
results with higher impacthan these produced by the mere accumulation of the individual
intelligence layers results, thus leveraging thealted Collective Intelligence.

Much effort has been spent in developing innovative Collective Intelligence technologies as well as
in integrating them into the WeKnowlt System. Such approaches involved the cooperation of
different Intelligence Layers. The produced scientific results were put into ua® case studies

one related to Emergency Response and another supporting a ConsurmleG&ap scenario?
prototypes have been developed in terms of the two case stwHiksanother 13 prototypes and
demos were independently produced. All prototypes have been thoraegkly and evaluad

during the tvo implementation cycles of theqgect.

Disseminatiorhasprogressed successfully, withe organisation of several workshops, conferences
and events. The consortium has managed to publish 12 articles in scientific journals, 65 papers in
conferences and workshops, as well as two boaktelns.In the exploitation level, WeKnowhas
demonstrated its achievements by participatmgcientific and industrial exhibitions and events.

Also 9 patents have been filed, one spihcompany was established, a follay grant by the UK



governmentwas achieved, and marjlateral agreements on future synergies between partners of
the consortium and external companies vegranged

Overall the projechasbuilt on its strong scientificesults and withenhanced communication and
interaction betwen partnersjt has resulted to a strong Collective Intelligence platform able to
support the two use cases, but most importantly capable of easily extending the application of the
developed technologies to various othmarket, societal and scientiflomains

4.1.2 Project context and objectives

Exploitation of the knowledge hidden in the user contributed content needs scalable and distributed
approaches able to handle the mass amount of available data and generate an optimized 'Intelligence
layer, al® called Collective Intelligence. The key purpose of WeKnowlt is to develop novel
techniques for exploiting multiple layers of intelligence from wgmwerated content, which
transform the largscale and poorly structured Social Media to meaningful topittities, points of
interest, social connections and events. To this end, input from various sources is analysed and
combined: from digital content items and contextual information (Media Intelligence), massive user
feedback (Mass Intelligence), and wsssocial interaction (Social Intelligence) so as to benefit end
users (Personal Intelligence) and organisations (Organisational Intelligence).

Thus, the major strategic objective of WeKnowlt may be summarized in extracting and leveraging
Collective Intellgence by understanding mass ugenerated content with emphasis on integration
and bridging (e.g. social and content dimensions) and the mobile and organizatinrshess
aspects.

WeKnowlt demonstrated the applicability of its achievements throughcase studies: (i) an
Emergency Response case study where users can provide intelligence about large emergencies o
different scale, empowering a more effective and informed emergency. (i) A Consumers Social
Group case study providing enhanced publishimgs to support group activities (e.g. one day
cultural trips), and the ability to extract metd&ormation from content sources and groups
discussions to leverage Collective Intelligence for private, commercial and public purposes.

In this context v mayidentify the projecimajor objectives with respect to the individual WeKnowlt
Intelligence layers and components, as follows:

e The goal of the Personal Intelligence layer is to model user preferences in order to enable
personalised effective and efficiemteraction with the WeKnowlt applications using
computers (e.g. via Internet), but also devices with limited capabilities in terms of user
interaction (e.g. mobile phones, PDAs, etc.). This happens both during the phase of
information uploading and gattieg and for the information retrieval phase, where
information is passed to the single user. In this context it is first needsdalalish the state



of the art in Personal Intelligence, in order to design, develop and test methodologies and
technologiesor managing Personal Intelligence in a multimodal and multimedial context.
Interaction models and scenarios needed to be defined to exemplify a personalised and
contextbased interaction between the users and the applicationghe following
technologes for users provision of information enabling upload of content and dwagte

be developedThese technologies are necessary in order to allow user interaction with the
system either as Collective Intelligence consumer (e.g. for ER personnel) dowtontfe.g.

user reporting about an event). Modeling and representation of such activities is an important
aspect, requiring models for User Interaction, Events, Context and Trust. Among the
objectives ofPersonal Intelligenceras also the development sgmantieaware visualization
techniques for the prototypes user interfaces and services for user authentication and
personalized recommendatio3ne further objective in thBersonal Intelligenctayer was

the developnent of technologies order to prouwie focused interaction with the user, by
focusing on user and context modelling, as well as on dialogue management during the
interaction. Moreover, relevant tools that utilise these models had to be developed in order to
be usable in the use cases. Anothee of research in Personal Intelligence was profile
mining in order to build user profiles and a profilased recommendation engine. In order to

be useful for the CSG use case, techniques that fuse available city information with user
profiles were rquired in order to provide personalised pafiinterest recommendations.

Media intelligence is the intelligence originated from digital content items (images, video,
audio, text) and contextual information analysis, either provided by the user-exigieg,

and their merging. For this purpose, intelligent, automated content analysis techniques are
used for different media to extract knowledge from the content itself. Since the amount of
data is large and noisy, machine learning, data mining and iniomratrieval methods are

be used. Also the methods are able to fuse information from different sources/modalities,
contextual information (e.g. time, location, and EXIF metadata), personal context (profile,
preferences, etc.) and social context (taggirajings, group profiles, relevant content
collections etc.). In general, the Media Intelligence objectives include spending of research
and development efforts on algorithms and techniques for automatic analysis of
heterogeneous useubmitted multimedi@ontent, exploiting three available sources, namely
still images, speech and text fragments. The development of media analysis tools resulted in a
visual retrieval and localisation tool for uagrloaded still images, efficient speech OOV
words detection rad extraction and categorization of important textual events. Specifically,
objectives of Media Intelligence included research and development on algorithms and
techniques for automatic analysis of heterogeneous-sufmnitted multimedia content,
exploiting three available sources, namely still images, speech and text fragmernke and
development of fusion services that are able to exploit content from different modaAlities
important objective was also the integration with other WPs including integratisocial



intelligence into media analysis tools and vice versa and new clustering models, which take
into account social, media (i.e. contématsed) and tag information for mass intelligence
generation. A final objective of Media Intelligence was thaleation of the developed
techniques outcome, including comparison against the currenbs$tidieart.

Mass intelligence analyzes user feedback. Mass analysis enables input information clustering
and ranking as well as information and event categaoizaf\lso, bursts of information can

be detected that may indicate potential events (emergency) and trend analysis and prediction.
Facts and trends are recognized and modelled by interpreting user feedback on a large scale.
For instance, a single road beiblpcked in a storm may not be very critical, but all access
roads being blocked towards a hospital centre may be very critical in the case of an
emergency. Objectives of Mass Intelligence included research and development of
categorization algorithms thatan be applied for massive datasets to extract additional,
hidden information that is present or can be inferred from the massiveargebutions

More specifically, the focus was on creating the prototype of mass question answering and
included analyis of questioranswers dataset with all its features. As a result, there were
developed methods for creating networks of related tags, discovery of hidden topical groups
based on latent topics, assigning topical experts or measuring quality of providezsans
Such work was motivated by scenarios from the WeKnowlt project and developed methods
are implemented into services that can be integrated into the final systéme. following

Mass Intelligence aimed at developsgutions including faceted navian that uses facets
ranking mechanism, text categorization, tag recommendation, points of interest (POI)
recommendation, lowevel spam detection, tag community detection and new -meta
clustering techniquesAs a final step, the Mass Intelligence layeragevas to develop
techniques omamed entity discovery and ontoleggsed categorization, event detection in
folksonomies and evolution of topics over time in social media, characterization of social
media by combining text features with spatial knowledgent and landmark detection in
social media content, user and tag activity analysis over time in social media environments,
faceted exploration of image search results, automatic localization of Wikipedia articles, and
dynamic analysis of cluster evoloii for burst detection.

Social Intelligence is the exploitation of information about the social relations between
members of a community. Nearly everything humans do, they do in a social context because
they communicate, collaborate or in some other wegract with other people. Information

about the various types of social relations may be represented in communication networks,
friendship networks or organization charts. Firgt Social Intelligence work package for the

first period of the projedbhadto investigate the needs of users in general and with respect to
the use cases with a focus on social networks and the information that could be generated out
of this network structure. The one objective was to create a social network analysis toolbox to



provide the service to other work packages thus contributing to collective intelligence. This
was achieved by first implementing an initial analysis tool that provides basic indices like
degree centrality and betweenness centrality as welh an@oved clstering algorithm to

detect cohesive subgroups based on the linkages in the network. The other objective was to
start research into and implementation of a community administration platform that allows
users in both use cases to create communities asngedr may be.A further goal was to
conduct research orthe topics of authentication, user interface, user modelling (
collaboration withPersonal Intelligengeand withMedia Intelligencéor including results of

social analysis into media analysis. fArther objective ofSocial Intelligencewas the
development of services, which can be used in the project scenarios and prototypes and
exploit the results of Social Intelligena& final goal in Social Intelligence was &xplore the
possibilities of thecrossusage of intelligence for the improvement of social and community
services. In this context, collaboration with other WPs on the topics of user rRé@rspal
Intelligencd, social media analysis Media Intelligenc® massive clustering and
recommadation techniquedMass Intelligenceand user group manageme@rganisational
Intelligencg were required in order to develop crastelligence techniques able to
recommend content items and users, or assign reputation scores to them. A furtheeobjecti
of Social Intelligencavas the development of a social networks visualization and navigation
community browser.

Organisational Intelligence allows support of decision making through workflows exploiting
the generated knowledge and taking into accoxisting procedures within an organisation.

This is quite a departure from traditional methods where knowledge is produced by the
individual knowledge worker and collected and integrated manually in knowledge based
systems or organisational repositori@gjectives of Organisational Intelligeneeere firstto

enable efficient access to the extracted knowledge for the support of decisions and services
within organisations. In order to explicitly represent the extracted knowledge, i.e., the
Collective Intelligence in terms of events and objects in the WeKnowilt project and to support
the complexity of the two use cases on emergency response and consumer social group a
common event model Hato be created. The model provides support for explicitly
representing pécipation of persons and objects in events, composition of events, causal and
correlation relationships, documentation of events, and most notably different interpretations
of events. By this explicit representation, we allow for an efficient acces$ tGdllective
Intelligence extractedin the following a knowledge management methodology for the
WeKnowlt projecthad to be definedas well as the development of a knowledge sharing
interaction methodologylo develop policies for a networked definitiohorganisations and
communities, the formal model of events (EvBtddelF) based on the foundational
ontology DOLCE and also a Core Ontology for Multimedia Metadeda developedTo

develop the modelling of core ontologies and aligning core ontologieshe use in



organizational intelligence, a method for the integration of existing metadata formats and
metadata standards into the Multimedia Metadata Ontology (M30) had to be implemented. A
relevant demonstrator, namely the STEVIE mobile tool, was dpgdl Another objective in

the organisational intelligence layer was the development of the user interaction ontology
towards the final system prototype, aimed at preserving organisational intelligence about
incidents by allowing users to post informatiahout incidents from mobile and desktop
devices. A final objective was the evaluation of knowledge sharing methodology through the
evaluation of a relevant collaborative post incident management tool that has also been
developed.

e In order to leverage Coltéive Intelligence a new methodological approach able to combine
the different intelligent layers, and exploit their interactions and synergies in order to
effectively harness Collective Intelligence in the integration level had to be developed,
integratirg the results of work from the different services into a cohesive sy3tbm.
objectives of the project for Architecture & Integration includedt a preparation of a
system platform for integration of all the tools and components developed in project
(preparation of guidelines, technical infrastructure and integration plan of future development
activities is also a part of this taskd. second goal was to develop the WeKnowlt Data
Storage for storing of all data of the systéoth the semantic data antiltimedia files.A
third task involved gathering of data required for the projddten the architecture
infrastructurehad to be finalisednd the integration of atesearch workpackagssrvices for
the implementation of the two prototypes in collatimm withthe use cases workpackage
This task involved continuous and support to the developessldition, the evaluation of the
WKI Data Storage, a component able of storing of all data of the sysbatin the semantic
data and multimedia files, waanother objective. A finalntegration objective was the
publication of guidelines for developing services according to the WKI architecture.

Regarding the two Use Caselle tmain objectivewerethe implementatiorfin two cycles)of the

two use case protypes based on the available services integrated in the WeKnowlt architecture
together with the necessary GUI, hardware (e.g. mobile phones), content and rest of infrastructure.
Another very important objective was the technical and user evaluationmbtiogypes

With respect to dissemination and exploitation activities the project aimplhraing a summer
school, publications and organisation of evefsecific objectives towards exploitations included
activities such as participation in industriedvents and contacts in order to establish synergies.
Another objective wasislsemination activities through publications in waliown conferences and
journals, participation and organisation of scientific events, and through participation in industrial
events and exhibitions. Also objectives towards exploitation included further activities such as
contacts in order to establish synergies, patent applicaodgstablishing of spioff companies,
among others.



4.1.3 Main S&T results

The implementationf the project first involvedhe collection of the initial requirements. This phase

led to the architecture specification and the application scenarios definition. The latter guided the
subsequent development phase in all Intelligence Lajprethis maner, a basic set of architecture
services and technologiegere definedin order to start producing thgototypes In the following,
research activitieswere carried outwithin the various Intelligence Layers towards the
implementation of the various aspeof Collective Intelligence. Based on this research, started the
development of the services necessary for the implementation of the Wekmotoltypesfor the

two use cases: the Emergency Response apnplica
This was possible, after the finalization of the seradented architecture and integration
infrastructure. An important milestone was the implementation of the first prototypes with the
necessary User Interfaces and content and their technicabandualuationThen the second cycle

of research, integration, and evaluation was initiaRekearch was directed towards implementing
more Collective Intelligence techniques, while a continuous integration plan was carried out for the
development of theéwo use cases prototypes. Existing Collective Intelligence technologes
integrated into the WeKnowlt system and in the two prototypes, where new functionality features
were enabled. The initialersions of the two prototypes wesaccessfully fieldegsted during the first
evaluation cycle, a procedure that has generated more user requirements for the prototypes final
versions. The integration of new Collective Intelligence services and the new user requirements have
eventuallyresulted to the finaligeon of the two uses cases prototypes. The Emergency Response
enables individuals to upload information to the WeKnowlt system about an emergency incident
using mobile or desktop devices, allowing intelligent enrichment of the information. This
informationis then presented to citizens and ER personnel allowing them to understand the incident
and make improved reéime decisions and pesicident analysis on the basis of this information.

The Consumer Social Group prototype supports travellers irdapeultural trips by providing
desktop and mobile applications in four stages, i.e. an online application during the travel preparation
phase, a mobile guidance application during the trip, a landmark recognizer mobile tool used when
the traveller is on theay and finally an online pogtavel photo management application. All
procedures for testing and final evaluations were efficiently scheduled and the final evaluation phase
of the two prototypes was organized and performed. The Emergency Response @rotasyp
evaluated in three rounds: an emergency simulation workshop, a longitudinal user study and citizens
evaluation. The evaluations took place in Sheffield and Krakow. The prototype was evaluated by 37
users in total. Concerning the Consumer Social Gaage study, the Travel preparation tool has
been evaluated in Athens and Krakow from 13 evaluators testing the prototype and answering
relevant questionnaires. The Mobile guidance application has been evaluated in Madrid, Krakow and
Athens from 13 evaluats, who have participated in 4 hour field tests in the streets of these cities.
The WKI image recognizer tool has been evaluated in Krakow, where evaluators tested the
efficiency of the tool in recognizing landmarks of Krakow. In general, the feedbdektedl about



the concepts implemented for both case studies in research prototypes is positive, though areas of
improvement have been identified.

The WeKnowlt approach towards Collective Intelligence builds on two aspects: mass content
availability providel by a lot of users and availability of analysis techniques and results from
different layers. These are combined at different levels (content, results) and with various techniques
(sequential, late fusion) in order to produce additional, hitgheal information, more reliable by
eliminating false alarms.

An overview of the results according to various aspects and dimensions of WeKnowlt and Collective
Intelligence can be seen in Figure The various services developed by edutelligence Layer
which arepresented in detail in Section 3 are shown categorized as:

e Processing being research and services applied for content analysis and structuring
generating information useful for the WeKnowlt use cases:

0]
0]
0]
0]
0]

Locations

Topics

Entities

Social connections
Events

¢ Persistenceincluding knowledge infrastructure and services, which supports

0]
0]
0]

Representation
Storage
Access

e Application including the architecture, services and development necessary for the
implementation of the ER and CSG WeKnowlt prototypes
¢ Inputs and content plays an important role in WeKnowlt:

o

o

Massive Web 2.0 referes to publicly available content in social media applications
(e.g. flickr), which is used by the services in order to generate useful information
through analysis and structuring (e.g. automagtinstruction of POI list for a region,
presentation of images related to an ER event). This is the main source for generating
Collective Intelligence within WeKnowlt. Please note that this content must not be
necessarily generated by WeKnowlt and WeKnouders. WeKnowlt provides the
technigues to analyse, present it and make it appropriate for usage in services and
applications by the users.

WeKnowlt user contributed refers to content uploaded by the WeKnowlt system user
and is used for content enrichmi¢e.g. user uploads a photo of an ER event) but also

to invoke relevant services (e.g. automatic visgded localisation). As mentioned

the services might also depend on content of the first category to provide the result.
Non Web 2.0 training data. Senalgorithms require manually annotated content to



work in a supervised learning manner. These data cannot be directly generated by
social media sites (e.g. for speech processing).

The developed Collective Intelligence techniques in most cases explsjtriafi&rences and relations
among different content items contributed by the users, thus differentiating from the legacy large
scale data analysis techniques. Typical examples of such techniques arbddakvisual analysis,

tag clusters extraction fno massive user tagging and social mdzhgaed community detection
methods. The integration of such different techniques originating from different intelligence layers
could potentially leverage Collective Intelligence within diverse usage scenarios.

Howeve, the Collective Intelligence approach proposed in WeKnowlt moves a step further; instead
of a mere concatenation of the different layers intelligent methods, it imposes a combination of
different intelligence layers within the architecture of some ofdeeeloped techniques. Multi

modal analysis is often exploited to enhance the results in each intelligence layer. For example, Mass
Intelligence tag clustering results are improved by using Media Intelligence visual analysis features
when building graph aisters. As a result the produced clusters are evaluated as more coherent, since
they incorporate crosdomain knowledge.

Furthermore, the added value of Collective Intelligence is also evident in the integration level, where
the different techniques arerabined to produce better results in each case. For instance, evaluation
results inMedia Intelligenceshow that gedagging through visual and tag analysis yields better
localisation results, while Flickr annotations can be improved through automatisdtioa and tag
recommendati ons emerging from massive user ge.

By this Collective Intelligence approach, user generated content items can be analysed by Media
Intelligence techniques, resulting in knowledgéamcements about them, as is the case for deriving
routes from spatibemporal analysis using the VIRaL tool. At a higher level, Mass Intelligence
techniques are able of analysing massive Web 2.0 users feedback, aiming at extracting implicit
knowledge abdumore generic situations, as is the case with ClustTour and its ability to identify
interesting time periods or areas in cities. In overall, the WeKnowlt Collective Intelligence
methodology is able to produce enhanced results by:

e exploiting largescale usr contributed content
e combining different layers in building Collective Intelligence techniques
¢ fusing results from different intelligent layers

In the above context, a series7oprototypes have been developed in terms of the two case studies,
while arother 13 prototypes and demos were independently prodiicedollowing prototypes and
demonstrators are available for use and can be accessed through the Results page of the WeKnowl
websité:

2 http://www.weknowit.eu/tr
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e Personal Intelligence

o

Sparks. Browse visually the hidden kmdedge of RDFa documents through XHTML
overlays.

Attention-Streams Visualise and understand your interests while peiifagranline
activities

¢ Media Intelligence

o

Visual Retrieval and Localization Tool A contentbased image search engine

e Mass Intelligene

o

City Exploration by Use of Hybrid Clustering (ClustTour). Explore new places
and eventdy use of an interactive map and photo clusters centered on Points of
Interest

e Social Intelligence

o

dgFOAF - Representing Distributed Groups in FOAF Profiles.

e Organsational Intelligence

o

o O O O

o

SemaPlorer-Making Sense of Collective Data

ER Log Merging and ManagemeWERL )

CURIO: Collaborative User Resource Interaction Ontology

Veracity: Modeling and Proving Trustworthiness of Web Resources

STEVIE - Collaborative CreationfoSemantic Points of Interest as Linked Data on
the Mobile Phone

Multimedia Metadata OntologyM30)

Mobile Facets A mobile application to access a large, distributed data set of different
social media sources

A Model of Events based on a Foundationaldogy (Event Model F)

e ER use case

o

Emergency Response application

e (CSG use case

0]
0]
0]

o

Travel Planner.

Mobile Guidanceduring trip.

WeKnowlt Image Recognizer Mobile app that recognizes landmarks from taken
photos.

Fannr. Geclocate and tag your Flickr images.

A web page where available APIs from all partners are listed has been developed
(http://mklab.iti.gr/wktapps/). This page (Figure 2) describes in detail how the developed WeKnowlt
services can be accessed and tested and provides links to responsible panpees@n for further
information and communication. The objective is to publicly provide to interested users the
WeKnowlt services, Butopadl so tteo whemwe WeKna wil dn
presented and can be accessed.
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Figure 10verview of WeKnowlt services and various aspects.

This webpage currently includes the following publicly available APIs:

e Attention Streams A semantic redime attention tracker

e Speech Service WAV files processing speech recognition and indexing, sdarfor
keywords in speech

e Social Network Partitioner: Fast partitioning of social networks into cohesive subgroups

e Text Classification: Mocate topics to text based on the text's similarity to a predefined
model.

o dgFOAF: Manageuser memberships for anywgn dgFOAFsocialgroup

e VIRaL : Issue queeswith images and gelist of similar imagesthe estimated location of the
guery image, frequent user tags and a list of possible landmarks depicted within the query
image.

e POIl-photo: Returns a set of photos defmg aPOl|, given its ID.

e ClustTour: Access the results of the hybrid image clustering method and the results of the
clusterbased event detection method
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Technical list of WeKnowlt APIs

This is an up-to-date technical list of all available WeKnowl
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h 4P| inside each entry.

Registered users are welcome to submit their new Wkl-based API

Attention Streams Speech Service API Social Network Partitioner

The Attention Streams AP| vice that provides fast partitioning of social

ks into cohesive s

groups.

Read more... = Add new comment
Read more... = Add new comment
Read more... © Add new comment
Text Classification API
VIRaL API
dgFOAF API
The classification service allocates topics to text
based on the text's similarity to a predefined The VIRaL APl documentation and some examples
model The dgFOAF APl documentation and examples
Read more... = Add new comment
Read more... = Add new comment Read more... = Add new comment

Figure2 WeKnowlt APIs web page

Due to the heterogeneous nature of the tasks addressed withinoWkKthe partners collected
custom fit data that helped them solve the task at hand. The different used datasets do, however,
come together through the integration of the corresponding services in the prototypes for the two
different use cases. The tagkcollection, exchange and repackaging of multimedia content (text,
images, video, and speech), user and user interaction data that was used within both use case
scenarios as well as for the evaluation of research performed within the scope of thel@sjeeen
summarised in a single Content web pagée content sources described therein enable semantic
content analysis and metadata extraction, while user data enables social network analysis and trenc
detection facilitating the extraction and genierabf Collective Intelligence. The interested reader in
acquiring any of these datasets can come to contact with the responsible person indicated in each
case.

In promoting user awareness the consortium was engaged in prodwaileg &howcaseontainirg

a presentation of the WeKnowlt project, including the final results, integration efforts, prototypes for
the Emergency response use case and the Consumer Social Group case study, together with the
independent tools developed within WeKnowlb this enda series of videos have been produced
which can be publicly accessed and viewsttpf//vimeo.com/weknowjt Also, abrowseable DVD

has been produced, containing the different versions of the video, as well as chapters containing the
independent WeKnowHpplications demonstrations.

3 http://mklab.iti.gr/wkiapps/content



During the project lifetime the consortium has produb&ddeliverables, 42 of which have been
publically releasedand can be downloaded frorhttp://www.weknowit.eu/deliverablesThe
deliverables describe all the new devebbpechniques within each one of the Intelligence layers, as
well the architecture and integration of the WeKnowlt system components. Also the implementation
of the two use cases and the evaluations that took place are also therein presented.

Finally, parhers were engaged in 46 dissemination activities and have produced 79 publications,
which are analytically described in section 4.2 of this report.

Personal Intelligence

Personal Intelligence dealt with the organization and presentation of informatiteblevan the

form of videos, images or existing documents (e.g. Web pages, blogs, etc.), as well as semantic
knowledge, which is derived from the processing of the former, adjusted to the preferences and
current circumstances ofndividuals who have difient informational needs and access
requirements. fie current statef-the-art of Personal Intelligence upload and access was researched,
understanding the tasks that Personal Intelligence should support and the interaction modalities
involved, so to deri@ User Interaction Models to support the design and development of WeKnowilt
applications. The statef-the-art analysis focused mainly on personal intelligence methodologies and
functionalities like, multimodal interaction interfaces, tagging and annotai@l searching and
browsing.

Moreover, work on interaction design has been conducted: taking into account the requirements
derived from the WeKnowlt application scenarios and the related-cdtte-art, for each
requirement one or more detailed intéi@e models were devised, with particular attention for the
interface designin particular research has been conducted on the-cdt#te-art of personal
intelligent methodologies and functionalities, such as Mobile Positioning, Push and Pull Information
Research has been carried out on high level requirements for Multimodal interaction, Personal
information upload and access, Context modeling, Emergency response, Travel planning

The identification of possible tasks to be supported was undertaken bgroognhe stateof-the-art
with the gathered requirements and for each task the variables that may influence the interaction
were outlined.

The Personal Intelligence layaso contributed to the building of Collective Intelligence by
designing, developm and testing the methodologies and technologies for Personal Intelligence
management. Since Collective Intelligence emergem content available in different formats:
videos, images, text messages or existing documents (e.g. Web pages, blogs, etajertihé¢hat is
submitted by the user can either be already enriched with metadata (either implicitly or explicitly) or
can be simple data. This content and relevant content submitted by other users together with



available metadatas then processed by FPsonal Intelligence technologies to extract hidden
knowledge and enrich it with new semantic metadata contributing to the creation of Collective
Intelligence. More specifically, research was conducted on the evasgd representation. In
cooperation wittOrganisational Intelligence and the Use Cases we have developed how to represent
events and link them to the envisaged interaction models. We have also developed domain ontologies
in cooperation with the Use Cases and have developed the Interaction EdehtAs a result of the
Personal Intelligence management, a graphical login mechanism has been developed (namely
AsterID) which allows mobile users of WeKnowlt technologies a simple means of accessing
protected services. WeKnowlt has also built a weblaysframework, Sparks, which supports the
flexible display of information by determining how to display it on the basis of the information
properties. Personal Intelligence also developed the Ozone Browser within this framework. The
Ozone browser is a chiéside application that allows the user to visualise semantically aware objects

in a web interface. It has a plugin architecture which means that it can be linked to other web
services (e.g. Twitter) easily and also allows the user to summarise evertsarfple by viewing

the location of the event on a map. This information can be also linked to the ontologies and web
services present in the WeKnowIt system.

A further result was the creation of an Interaction Model for use within the Common Model
framewvork designed for WeKnowlt. The Interaction Model describes the connection between the
events occurring within WeKnowlt applications, the users of these applications and the resources
that they provide to the system. The model was developed as an extdrstanmdard ontologies.

The Personal Intelligence layer has implemented the following services to support information
upload and access

AccountManager
ltemManager
LoginService
e TagManager
The followingreferenceserviceshave been also implemented
CommentService
UserMessage
RateService

SearchService

In the following he Personal Intelligence strand of work has focused on three principal areas. Firstly
we have explored how to model users in a real time dynamic environienhave investigated

how to build a multiscale model of user interests, which can represent both statitelongnterests
alongside shofterm dynamic interests. This allows us to account for both levels when modeling
users. We have also investigated how to model the coofetkte user. Again, context is multi
faceted property of the user and accounts for the users environment, technology and location. We



have built a flexible model, which allows WeKnowlt users to specify the context manually (e.qg. if
the user is in locatioX they are at the scene of an emergency) or to learn context through the sensor
inputs (e.g. given the output of the accelerometer, is the user travelling or staying still). This allows
the WeKnowlt system to account for the context of the user and delivaore tailored user
interface. Context is currently demonstrated within the system at the upload process. The users
context is accounted for during the upload process and the user is presented with a smaller set of
steps when uploading images if theatwork connection is limited or their battery is low.

Personal Intelligence has also examined how veracity (trust) should be handled within WeKnowlt.
We have been exploring the notion of trust and how information is deemed to be trustworthy. We
have alscstarted looking at representations of how to model trust and to compute the trustworthiness
of individuals within the system and external to the system. We have designed Veracity, an ontology
for representing trust within the context of WeKnowlt. The argglaims to represent the different
facets of trust in contents rather than trust in entities. Particularly, it differentiates rational trust from
social trust as a mean to represent the veracity of an information based on facts rather than social
information. The model is more efficient than the existing models in the case of an unknown user
adding information within the system. In this context, there is no information for asserting the trust in
the asserted information based on social information. How#évertrustworthiness can be derived
from background knowledge that can be attached to the uploaded information thus providing an
initial estimation of the veracity of the information. Our ontology is particularly relevant to the
Emergency scenario sinceé is mandatory for the emergency personnel to identify relevant
information in the context of trustworthiness.

Personal Intelligence also explored the notion of context within the boundaries of external user
context. We have developed Attention Streams wst em whi ch buil ds a i
attention through analysing their web browsing activities. The system then uses the information it has
gathered to present the user with suggestions as to relevant material they wish tQFRiguieA3)

Ann
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Figure 3 Attention Streams

Finally we have also been exploring how to recommend locations, or Points of Interest, to the user on



the basis of their interests. Currently we are using Wikipedia to build models of each location and
match these models with usenterests in order to drive a flexible and relevant set of
recommendationsAfter reviewing the relative literature aumber of research directions were
proposed as a result: adaptive itineraries, stability of user ratings, implicit vs. explicit interest
inferences, short vs. long term interests, diversity and coverage. A survey of recommender systems
approaches has also been made availélfiler examiring the consistency of ratings and the process

of re-rating in the context of user profiling and persosetion the format of personalizatiowas
definedand implemented in the form of a POl recommendat@mice The output is a ranked list of

points of interest, locations, or events to visit based on a user's browsing behaviour. Relevance of a
POI was basd on cosine similarity between a user defined keyword vector, and the keywords for the
Wikipedia entry for this item. Iltems were also slightly weighted with the ranking given yabe
Intelligencefaceted searckechnique in ordeto resolve ties betvem POI with similar keywords.

The system for making the recommendations has been packaged up and is available as a web servic
of the WeKnowlt system.

Media Intelligence

Media Intelligence dealt with (semantic) analysis of multimedia content items, stekt,amages,

video or speech fragments and its efficient access by WeKnowlt users or in other words, Media
Intelligence advanced current statethe-art multimedia content management and manipulation
functionalities with respect to the potential WeKnbusers.

Media analysis tools for all three modalities haeen developednplementing ovel research
methodologies, particularly in the fields of visual content retrieval and localization, speech
processing and Out of Vocabulary words detection, as alltextual events extraction and
categorization.

Focus has been given on the i mpact of Coll ect
group to exhibit greater intelligence on media analysis tasks than its individual members, in terms of
improving analysis and retrieval of related multimedia content. Information from external sources
(e.g. Wikipedia links of suggested tags) is also exploited in the process. Especially the visual
retrieval and localization tool (VIRaL) developed emphasizeshe importance of the WeKnowlt
collective intelligence, in order to achieve optimized retrieval results.

Significant efforts have also been spent on visual image retrieval and localization of digital still
images through the production of VIRaL applioat{Figure 4) which facilitates efficient features

and keypoints extraction and matching algorithms for classification to potentially identifiable
objects, such as wetinown landmarks. VIRaL is a photo search engine that can locate your photos
on the mapit identifies landmarks and suggests tags to be added to a user photo.
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Figure4 VIRaL application: Retrieval of similar images and localization of query image on Google
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VIRaL finds visually similar photos within seconds, without having the ws@rdvide any textual

input about the photo. Its main innovation is that it locates any photo on the world map, it
automatically identifies any depicted landmark, suggests tags and associates the content to Wikipedia
articl es. -oMheBravisdlsimikrityaalgaithms ensure highly accurate results within a
very short time sparin implementing VIRaL a Visual Descriptor Extraction tool to be used in the
pre-processing of training datasets had to be developed. In the same sense, researbhacetiedn

spent on visual thesaurus production, as well aspkéyts extraction and matching algorithms.
Research included clustering of still images to groups based on specific visual features and
classification of these clusters to potentially identigatbjects, e.g. weknown landmarks. Then, a
custom FlickE dat aset collection and filtering was
devel opment of the visual analysis tool . The
contains now ~2.2 million getagged images from 39 cities.

Another line of resarch concerning Visual Analysis was on photo clustering, based on associated
tags of the photos, in order to get homogeneous groups of photos that relate to a particular topic.
Some of the known drawbacks of tagging, such as ambiguity and lack of hieshretations were
tackled, by integrating visual features into the clustering process and identifying visual centres.

Twovi sual anal ysis services (e.g. AWP2 Visual .
implemented and integrated to the WeKnowlt @lepment system.Tag processing, tag
normalization and management techniques and methodologem® also developedand
corresponding servicegere integratedb the WeKnowlt system.

The Media Intelligence layer of WeKnowlt offers a variety of innovativatuiees and tools,



including also advanced textual and speech content procesSiegtual achievements focus on
extraction of important events from textual documents, by either automatically tagging texts or by
indicting texts which can go on to further teal analysis (such as annotatiolm)the Text Analysis
subtask,we have conducted research geccoding of social data (i.e. public forum websites),
including examining the getemporal and gesocial nature of the datA. temporal aspect to events

is consideredin analysing the datand event Ai mpor t aWealsoocondusteda | s o
advanced testing of Text Classification for Tagging of Emergency Types and developed Generic
Annotations (based on Wikipedia/DBPedia Concem& examined also howext analysis tools are
applied to data specifically relating to the Use Cases, and how issues arising, such as semantic under
specification in social data, can be address€odllowing this research, we hawmplemented a

service to return proximate placéstreet names) to a locatidrurtherwork was carried oubn
combining usedriven semantic annotation and tag suggestions. Where the tags suggestions are
influenced by the uploaded content and the user's associated semantic annotations (derived from th
domain ontology)We have alsomplemented a geographic resource based on OpenStreetMap to
ensure the techniques are generally applicable, rather than location specific, as well as implemented
the contextual analysis and fusion work into the general anadalysis techniques (and services).
Theabovetechnologies and modehave been also portéd Polish.

Speech analysi®n WeKnowlt focuses on quick and efficient interpretation of raw audio and speech
content by offering advanced techniques of-OtdVocabulary words identification. Both tasks are
proven to be very effective in tackling wdihown limitations of traditional tagging and speech
recognition systemsSpecifically, we haveperformed research on advanced speech analysis
techniques as well assearch on the combinations of the standard recognizers with the search on the
subword level.As a result we havdeveloped OOV detection techniquEsally, we havecollected
resources for training telephospeech recognition and explored phondatigce indexing
techniquesMore specifically, research efforts focused on the improvements of language modelling
for LVCSR (large vocabulary continuous speech recognition) mo@dmdsn the combinations of
stateof-the-art recognition techniques for telephoc@nversation with the search on the -suird

level. The technique applied takes benefit of thewatd term candidate rescoring in word lattices.
Advanced methods of the search in word lattices containing all possible alternatives of the
pronounced wordgas opposed to the oeest transcription) have been incorporated into the speech
processing behind the WKI speech indexing and search semiw@ding better accuracin speech
tagging.Furtherresearch and development of advanced speech processimgpsve¢re conducted,

by combining vocabularpased recognition with phonetic search. A new coding was explored which
is based on temporal contexts in neural networks distinguishing thecabulary words that are
mis-recognized from owbf-vocabulary (OOY words. Two relevant web services -
WP2_Speechindexing and WP2_SearchinSpaesk built andntegrated in the WeKnowlt system

In the following, these speech analysis servicesre improvedoy integrating novel techniques of
feature extraction that areaked on neural networksbottleneck (BN) featuresThese features



significantly improve the recognition accuracyhe speech recognition language modeksre
subsequently updated easily integrate lists of local names provided by the text analysias&ubt

The new search in word lattices containing all probable alternatives of the recognized words
provided a statef-the-art performance and enabled betfficient tagging of recordings based on a
predefined set of keywords as well as the general séaattactually matched the input query and

the indexed speech.

The Media Intelligence layer also involved work on contextual media analysis and fusion. Regarding
contextual media analysis the wdidcused initially on implementing a tag normalization pssge

l.e. matching the user assigned tags to domain ontology concepts. For the appropriate mapping
between tags and formal descriptions, external sources of knowledge (such as WordNet, Wikipedia,
etc) were exploited. Furthermore, string processing, matdmagcomparison functionalities were

also employed in the procedan.the followingwork was refocusedon implementing and utilizing

tag processing information within the VIRaL tool. In this manner, its servie® improved
providing enhanced taggingfarmation to the VIRaL tool and on integrating contextual knowledge

in the actual process of the-salled "suggested tags" extractidie also investigated clustering
techniques with respect to the visual retrieval implementation of VIRaL tool, in aydetilize
additional visual contextual information, available within the dataset of images, during the content
retrieval phaseFinally, we implemented a service that gathers Flickr photos that are related to a
specific ER instance. The photos are geotddggea specific region, have been uploaded in specific
time intervals and have tags that are semantically related to ttumfBRIn ontology concepts (the
ER-domain ontology was developed within the WKI project). The interesting research aspect in the
devebped approach is the matching process between a tag and a domain concept. This is realized by
mapping to each concept a weighted vector of terms (concept vector) that are derived-from co
occurrence frequencies, use of WordNet and Wikipedia.

An equally immrtant result in the Media Intelligence layer concerning contextual media analysis was
the work on facet detection. The research builds upon an already established general framework for
detecting facets for a given query. In the context of WeKnowlt, we arked on the problem of

facet aggregation from multiple trusted sources. In particular we worked on the fusion of facet
concepts and relationships from Yahoo!'s GeoPlanet, Yahoo! Travel, and Wikipedia corpora. The
developed methodology is integratedtire CSG case study, and also available as a-slané

service through WeKnowlt service architecture. In addition, we have extended research in this area
to the entertainment domain, which is of particular interest for image search. The research efforts
have focussed on large scale, unsupervisedugiication of concepts and facets from heterogeneous
trusted (structured) sources, as well as concept variant detection. A typical example of the latter is a
celebrity that goes by thsonamegiéedhehnbf giWekbp
also worked on expanding the coverage of Yahoo! faceted image search result exploration using
fresh celebrity data. There was also work done on improving the Wikipedia based travel facets used



in the WeKnavlt travel services.This work has been extend&d Yahoo! Image Search. Sports and
event data waalsoadded. Extraction of travel related data was implemented as a grid service for
increased scalability.

In addition the fusion of informatiowas also &amined, discussing how to identify where facts
concerning a given object (document) are related, i.e. (semantically) siffilafusion processes
which address the combination of reinforcing facts and resolofi@onflicting inconsistencieare
consideed The fusion of information is examined within the separate neethdysis techniques and
also the fusion of related facts derived from both textual and visedia.In order to improve
results of these fusion techniques machine learning was usedian tor determine a functional
mapping between the input text and most likely toponyRinally, all developed techniques are
evaluatedIn order to evaluate the work conducted within the Media Intelligence workpackage, we
followeda thorough evaluation ptess, dealing with all aspects and media involved during the entire
projectds duration

A final line of research in the Media Intelligence layer was social media intelligenttes context,

we haveproduced a Hybrid image clustering servigéis servie utilizes two different kinsl of
similarity, complementary to each other, in the sense that sometimes multimedia content such as a
still image, may have missing user tags or it might be extremely hard to interpret it in a traditional
visual way.Furthermoe, differentclustering algorithms and servichave been integratet the

final version ofthe publicly available VIRaL tool.

All the above mentioned techniques and services from the three different modalities have been
finally evaluated All visual aralysis methodologies and algorithms developeste evaluateénd

the results documented are very promisihg.this endan integrated evaluation set of experiments

has been conducted for both WeKnowlt scenarios using the VIRaL tool. Evaluation focuset on b
geclocation estimation and visual retrieval efficiency on collected WeKnowlt Flickr images datasets
(both ER and CSG)he Text Analysis techniques were evaluated on the Ushahdidi Haitian data set
which provided a realorld, directly relevant goldtandard. Finally, the SearchinSpeech and
SpeechTagging methods were evaluated on the multimedia data set which is relevant for the
scenarios dealt with in WeKnowlt. The additional value of the speech processing was quantified.

Mass Intelligence

The main an of Mass Intelligence was to recognize and to understand facts and trends by
exploitation of massive user contributions. In principle, it can be expected that the aggregation of
data, metadata and user behaviour from and of a large mass of folksonorbersgines new
insight that would not be possible by investigating the contributions at the individual Tevel.
appropriately address the problems of M&asestion Answeringa number of challenging and
fundamental problems wdsst considered, includingelf-organisation of data and knowledge in



largescale social environments, principles of folksonomy growth and evolution and understanding
of global user interaction pattermsdvancements in Mass Intelligence also included tackling of the
problems of msas interaction feedback, mass classification and clustering, and mass evolution
analysis. Specifically, techniques were developed for the extraction of hidden features from massive
data, utilization of information stored in tags and social networks, nioglelynamics of items
associations' using user feedback, and practical faceted navigation in the large scale knowledge base
Significant effort has been spent on discovery and analysis of latent topics in document corpora, and
on identifying communities ofelated tags in large folksonomies. Another approach to improve
search experience in largeale dataset is discovering facets and ranking them based on relevance to
the user. Furthermore, hybrid clustering mechanisms have been developed, that takeoumo a
input from different modalities, such as visual and tag features. characterization of social media by
combining text features with spatial knowledge, event and landmark detection in social media
content, user and tag activity analysis over timeotiad media environments, faceted exploration of
image search results, automatic localization of Wikipedia articles, and dynamic analysis of cluster
evolution for burst detection.

In the Mass Question Answering line of reseasfter thorough analysis dhe requirements stated

by the WeKnowlt system, research focused on analysis of tags, questions and answers together with
users and connections between th&pecifically, a first goal was the refinement of community
detection techniques on tag networkben another line of researawas the implementation of an
automatic Spam Detection scheme suitable for Questimwers systems. This work resulted in
proposing and implementing the following two servjcascommunity detection in tag networks,

and b)spam detection in QA.

For the community detection, a new method was developed that extracts ltikety groups of

nodes from large networks in a progressive manner. That was possible through processing the local
graph topology (local edge clustering caaéints, etc.). The combination of community seed set
detection methods (e.g. the SCAN algorithm) with legbansion methods was investigated and
improved. Comparisons between the new method and theo$tdteart have yielded promising
results. Additonally within the scope of this researete haveimplemented a tag network graph
analysis and visualization using Java JUNG framework.

The automatic Spam Detectiservice isbased ora scheme suitable for QuestiBmswers systems

in alow-level. It is based on a series of consecutive filtering mechanisms, ranging from simple list
based dictionary matching tegrams language models, was successfully implemented and tested.
Obtained results prove the efficiency of the offered implementation.

In the samediscipline of Mass Quesstion Answering, we have also developed solutions in the
following two areas: a) use of latent topics and b) measuring answer quality. Research on topical
analysis of QA dataset was aiming to discover latent topics to group botmelmsuand users



around them. Measuring of the answer quality based on the provided question was further extended
from the previously created method of the ontolbgged text categorization. As a result of the
performed research in these two areas, folgwgervices have been implemented: a) latent thematic
group detection, b) discovery of expert users for given topic, and ¢) measuring answer quality. The
framework for latent topic detection and discovery of expert is based on the LDA model (Latent
Dirichlett Allocation). Using this generative model, latent topics are discovered based on the whole
content of English version of LycoslQ dataset. In the latent topic detection service, newly incoming
document is classified against previously discovered latguits. In the expert finder service,
system determines expert users based on quality of their contribution to topics discovered in the input
document. This research in latent topics will be continued to include time dimension and to examine
how communitiesand topics evolve over time. The second area focused on measuring answer
quality. For this purpose we have extended previous research in the o+iiak®yy text
categorization to discover which topics are both relevant for question and answer. Defifition
topics and their hierarchy was taken from the English version of Wikipedia. Sparsity of information
included in the question part was a hard problem for applying pure statistical similarity methods.
This method was aiming to overcome this problem withuse of general ontology.

Another line of research related to Mass Intelligence was Mass Interaction Feedback Analysis. In this
context we havdeenextending the textual contebfised ads recommendation (current research)
with massive user feedback. Meds utilized here include using lexical graphs;ocourrence

graphs to perform vocabulary expansion, maximization of word relevance and focusing voeabulary
related graphs for ad expansi onAfasoupdate agotienc i f i c
for stream of tags that uses random walk model was also implemented, which resulted in creating a
prototype. Finally we have investigated several approaches to analysis input streams of feedback data
for incremental update algorithms for graph clusigiio detect structures in mass user feedback. A
reference implementation of an analysis module for fast update algorithm uses restricted random
walk clustering model.

The Mass Intelligence layer also included research on Mass classification and gu3teisntask
involved creating concrete services and solutions for the WeKnowlt prototype that were based on
performed research and requirements from the use cases scenarios. Developed solutions include
faceted navigation that uses facets ranking mechafukrstering of results; delivered first publicly
available prototype), text categorization with use of ontology, tag recommendation, points of interest
(POI) recommendation and new metastering techniques.

Regarding the problem Poiif-Interest (POl)clustering and recommendation, we had created a
POI cooccurrence graph based on -accurrence statistics of POIs in the same
page/section/subsection of Wikipedia and then several strategies for finding related POIs were tried
out. Second research arealirted work on the topic of hybrid clustering of Flickr images based on
both visual and tag similarities among images (in cooperation with Media Intelligence). Another



research focused on tag community detection based on-atéywrocess: (a) local tageseset
selection and (b) seed expansion. This work was extended by use of the SCAN community detection
clustering to operate without parameters. Finally, we have worked on the creation ofbas#idk

graph storage and accessing framework.

In the same cdext we have created services for facet detection using Wikipedia artdgggog
locationrelated Wikipedia articles. Work on automatic geo tagging of Wikipedia pages was carried
out in order to improve the WeKnowlt travel services used in the CSG petofynother task
included extraction of knowledge from Wikipedia. It was used for detection of facets for a given
topic of interest. This provided input to the user consumer group case study. In addition, research
was carried out on placing images on a maging collective intelligence derived from (geo)tagged
flickr images.

As part of our research on faceted search and the "Web of Objects”, we have worked on the ranking
of facets, based on collective intelligence that can be derived from multiple s@uckss a large
corpus of tagged flickr photos, and image search logs. Based on a probabilistic framework build on
top of cooccurrence analysis, that tagging and search behavior of users is analyses and deployed to
rank a set of candidate facets, givgetopic of interest. Though the general framework for detecting
facets is limited to a number ofpaiori defined domains, the ranking of facets for a given topic is in
principle unrestricted to a certain domain. The research outcome is integrated imgengral
framework, and made available to the consortium through the API services, and is also used at the
server side of the CSG prototyp@&he work on the faceted exploration of image search results was
subsequently improved with respect to the gridedasanking pipeline. The new grithsed facet

system was evaluated with the Yahoo! Image Search production team and launched into production
after passing the quality evaluation.
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Under thescope of mass classification and clustering we have also worked on the automatic
localization of Wikipedia articles, as well as on the identification of trending tagsets in Flickr data
and on improving the Wikipedibased travel services. Finallly, we hamalyzed a large query log

of 2.3 million anonymous registered users from a-aedle U.S. search engine in order to jointly
analyze their o#ine behavior in terms of who they might be (demographics), what they search for
(query topics), and how they seh (session analysis). We examine basic demographics from
registration information provided by the users, augmented with U.S. census data, analyze basic
session statistics, classify queries into types (navigational, informational, transactional) based on
click entropy, classify queries into topic categories, and cluster users based on the queries they
iIssued. We then examine the resulting clusters in terms of demographics and search behavior.

In the same scope of mass classification and clustering weataked on named entities discovery

using ontology, document categorization scheme based on domain ontology ardustetang
approaches for flat and hierarchical clusteringt leads towards topical navigation in a document

set. Research on event deiac in folksonomies and evolution of topics over time in social media
was also carried out. Event detection has been evaluated for different created models on larger data
sets to find optimal spatial and temporal parameters as well as granularity eédieteents. It has

been evaluated and a service was created for the WKI system. Evolution of latent topics and authors
was tested on DBLP dataset that includes paper titles, authors and time information. Different
distributions were evaluated to properlgptopic activity over time.

A key research activity within Mass Intelligence layer concerned the application of community
detection methods that were developed during the first two years of the project on the problem of
photo clustering and clustbasedlandmark and event recognition. The developed framework has
been implemented in ClustTour, an online application demonstrating the results of the framework on
a large photo collection of 25 citi€bigure 5) ClustTour has been extended in order to progide
spatietemporal content organization layer on top of the photo clusters, and at the same time refine
the detected clusters by taking into account the spetiporal distribution of photos in the dataset.

In that way, ClustTour endows users with enhdncentent exploration and browsing capabilities,

and at the same time, it improves upon the quality of the presented clusters. The application is online
at: www.clusttour.gr We havealso prepared a REST service ftegration with WKI prototypes.
Furthermore, work has been conducted on associating photos from Flickr with Points of Interest from
Wikipedia, Wikimapia and OpenStreetMap. In this work, emphasis was placed on the retrieval of

~

Al otnagi | 0 P O1lhatare not well coverédlinsuset contributed photo collections.

Mass evolution analysis was the final research task in the Mass Intelligence [fayefuded
extension of latent topics analysis with added time dimension, event detection in socigksatvebr
combination of latent semantics with geo location in social m&dak hasfocusel on three areas:
evolution of authorsoé interest and | atent top
event detection, and combining tags and -lgeation using LDA models for better content


http://www.clusttour.gr/

organization. Modelling evolution of latent topics is an extension of previous work in latent topics
analysis. It is extended with time dimension, to analyse evolution of (latent) topics over time and
change of auhor sd i nt e rbassd @atent Dirichlgt Alloéaon) models. Work on
detecting events combines analysis of tag distribution over time in social networks within
geographically bounded location. It focuses on discovery "unusual” topics (hypesspurtl time

that may indicate redife events, like conferences, sports games, etc. Finally, research in GeoFolk
exploits taglocation correlation in social media for better content classification, clustering and tag
recommendationln the same contexive have been alstvestigaing the dynamics of mass
intelligence such as the change of tagging behavior over time. In the context of mass evolution
analysis, we also introduced an approach for improved characterization of social media by
combining text éatures (e.g. tags as a prominent example of short, unstructured text labels) with
spatial knowledge (e.g. geotags, coordinates of social conkemther researcivas conductean

the problem of event and landmark detection in social media contentcdlfisated in the demo
presentation of the ClustTour application in the ACM MultiMedia Technical Demonstration track.
This demo was extended with the integration of sp@tmoporal analysis of user contributed photo
metadata in order to improve the photollection exploration experience. Furthermore, a
corresponding service has been developed and made avéolathie use case#n addition,we have
developeda framework for analyzing user and tag activity over time in a social media environment.
The resilts of this analysis can be exploited also for event detection in social media, as well as for
capturing trends and changing user interests over fimally, we haveworked on the dynamic
analysis of cluster evolution for burst detection. System is lig@rgloped to detect clusters related

to predefined tag seeds. The focus was on the analysis of the evolution of the fuzzy cluster
assignments.

Social Intelligence

The WeKnowlt Social Intelligence layer covers the processing of the social relationsirad onl
communities as well as providing a flexible authorization service for social applicaBoonml
Intelligence used the relationships between members of WeKnowlt groups or communities as a
source to enhance available information by the underlyingae$itips between people. It aligned
itself to the WeKnowlt Emergency Response and Consumer Social Group case studies.

A main focus of this intelligence layer was the development of the community administration
platform (CAP). Its objective is to provideflexible tool to users and administrators to create and
manage communities within the WeKnowlt systelm. difference to existing approaches, the
community administration platform can be plugged into almost any environment as it is realized as
external serice, allowing defining not only the usual policies and access rights but also the
underlying model.The community administration platform is able to support in an emergency
notification service within the ER use case. This service provides registersdagersh and pull



information about personal status during an emergency. This should help the community to cope
better and faster with information crisis during emergency. In the following we have developed an
additional CAP2Sparqgl service for queryingettCAP. An interface between CAP and the
Organisational Intelligence distributed group management has been implemented that allows for
integrating distributed defined groups with WeKnowlt access control. This service has become
available in the final protgpe and a RAM caching mechanism was developed to improve the
performance of CAP access requests. Test runs showed that the performance for access checks migt
have improved by at least one order of magnitude.

Almost any application, online or offline usagthorization. Who is allowed to perform which tasks?
Who can access which file? The Authorization Design Language (ADL) developed as a WeKnowlt
Social Intelligence component is a formal language created to face this issue. Its flexible design
allows repesenting various conditions under which access shall be granted. May a user access a
resource only from the intranet? Can a file
capable of defining such conditions. It can be used as a general autbordatabase for defining,
maintaining and querying authorizations. By this, we expect the ADL to operate as a middleware
between applications' business logic and their authorization policy.

The Authorization Design Language is a formal language to buidnamunity administration
platform. An example realization of a structure buildable by the Authorization Design Language is
depicted below.

User EC

leader

Permission

W write

perm_super

M read

" member

relation member illustrates EC1...3 only.

Figure6 Authorization Design Language Use Case lllustration

This figure shows an CAP example realization fa&r &mergency use case scenario. Access rights
can be modelled for the 5 members of the user base and 6 emergency cases in the system. A multi
relational modelling allows fingrained control while enabling easy administration. Although not
being able to desibe all features of the Authorization Design Language for the sake of shortness,



one can see in the figure, that users (M1..5) can be assigned to be leaders of an emergency cas
(EC1..6) as well we ordinary members. The rights bound to these roles oaodbked very easy.
Even proxies can be modelled by the green relation.

Apart from general characteristics of such an administration platform a new service has been
defined: Emergency Notification Service (ENS). This service to the end user makeshtepthei

groups, subgroups or communities of predefined members can use this service to organize
notification about the personal status during an emergency. The benefit of such a service is that no
unnecessary phone calls or email services have to belused such times. These services tend to

be overloaded in times of stress. Thus the ENS provides a useful service not only to users by
providing information within a group, but also helps to relieve standard communication lines.

A Community Member Life §cle Model has been developed in order to describe user roles during
community memberships. This structured life cycle model allows describing necessary roles,
preliminarities and properties of roles and users. With these roles, a service can be defimegl al
automatic role assignmentfdssignment to/from users, in order to allow users certain tasks. E.g. if

an abuse of the system gets detected automatically, the user can be unassigned his roles. If a user, c
the other hand, is very active and foundsommunity, he might automatically be assigned new
roles, allowing him moderation of forum topics.

Efforts havealso been spent on the design and implementation of community analysis tools. The
community analysis tool (CAT) is a software library for thealgsis of social networks. The
objective of the tool is to provide social network analysis both for the other work packages and for
end users in both use cases. The community analysis tool consists of two parts. The first is a
framework for the implementanh of analysis functionality consisting of the necessary data
structures to represent social networks and the second part consists of algorithms to analyse these
networks. The set of algorithms implemented in the ICAT are centrality measures, clustering
algorithms and network statistics. A prototype of the initial community analysis tool hasalseen
delivered.Exemplary questions that can be tackled with the help of this software are: What is the
structure of this network? Which people form a close dgroWhich people provide, moderate or
consume information? The application focus is on large, evolving networks like we deal with in
emergency situations or active -bme communities.In order to develop this tool we have
investigated state of the art incs&al network analysis for social network sites. From leading and
innovative social network sites the analytic capabilities provided had been collected. Furthermore,
new analytic concepts were gathered from a literature review. The primary problem askhigas

to handle very large evolving networks efficiently. Providing fast access and update mechanisms to
graphs requires a lot of memory. To handle huge graphs a datswkssl graph implementation has

been developed. For complex analyses where ins&nulation is not possible databdsscked

caches have been implemented. The final community analysis tool contains additional functionality
for the spectral analysis of directed networks. Also we have implemented a module for the hermitean



eigensystem dmmposition of directed, weighted networks. Further modifications of the Community
Analysis Tool (CAT) lead to a new methodology in clustering methods. The main finding of the
research is that the communication behaviour difference significantly betwpms @nd that
common expert identification algorithms are not suitable for all topics. Furthermore,-based
demo application has been developed to show the capabilities of the community analysis tool.

Another task in the Social Intelligence layer wde®e tvisualization of community relevant
information, aimed aproviding a community browser that visualizes mu#tyer networks and
allows browsing theminitially we hadimplemented a generic network browsing platfphased on

which the WeKnowlt communyt browsermwas finallyimplemented.

A key line of research within Social Intelligence wdme tlevelopment of community services
exploiting the crossisage of intelligence. ralysis focuseé on scalable algorithms for community
detection in networks. This pability of inferring social groups from huge communication networks

is important for the Emergency Alert Service (EASh prototype application for WeKnowait
emergency response scenario. The EAS is a loehtisad service that activates nearby membiers

the social group of a victim in the case of an emergency. It is a mobile service that works as an
emergency call agent, informing social contacts (friends, family, and colleagues) and public
authorities about the emergency situatidnperson in need &wates a virtual button on his smart
phone. The EAS checks the social network of the person in order to find persons which are spatially
close enough to provide help and socially close enough to be expected to offer such help. We expect
this approach toicumvent the saalled bystander effect. The service layout was modified twice to
offer a more privacaware approacltCurrent geeposition data and routing information is provided.

The service has been designed privaasare and dynamic: Friend lists axa@culated automatically

with behavioral methods. Friends are only alerted when physically close enough to provide help.

The Service of "Automated authorative role assignment” (AAR) was anotherimi@igence
service. This service can be used to desecial roles in a community (e.g. the community leader).
Social roles are associated with authoritative roles and automatically assigned or retrieved from the
user. A user, who has been assigned such a role, can be rewarded with further respotikmbilities
assessment of validity of other users content.

Further work in crossisage of intelligence has resulted to the development of two more Collective
Intelligence Services, i.e. the WKI reputation system and a -maitial recommendation engine.

Both theg approaches take into account results from other Intelligence Layers services in order to
rate or recommend content items or users accordingly.

The Reputation Service describes a way to formalize the assessment of user generated conten
through explicit eputation. We consider reputation as a quantitative value that explicitly represents a
property of an entity of interest, like users and content. It is used especially in the ER use case
scenario for collecting and analysing the reliability of epemeragd content. Since this content can



be the basis for important decisions made by ER personnel quality considerations apply especially in
this case. The reputation system therefore provides its reliability scores for users and content items
based on intellignce provided by the Personal, Mass, Social and Organisational Intelligence layers.
Namely, it incorporates the Social Intelligence Community Analysis Tool, the Personal Intelligence
Data Models and User Interfaces and the Mass Intelligence Spam Desectitme.
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Figure7 Emergency Alert Service: Homescreen alert widget on an Android smartphone (left) and
emergency notification (right)

The User Recommendation service based on &jdgage of Intelligence exploits the natural multi
modality of socil media and considers jointly intelligence from different modalities to output
recommended groups of users. The users in each group are related with each other with at least one
of the following ways: i) via their social networks, ii) by using related,taig®y uploading visually

similar photos, iv) by any combination of the above. Such user groups can be exploited both in the
ER and CSG scenario for identifying users that exhibit similar activity in a specific context. The
recommendation service assigrelations between users based on intelligence results provided by
Media, Mass and Social Intelligence.



Organisational Intelligence

In contrast to Personal Intelligence, the Organizational Intelligence dealt with the sharing of
knowledge between the imidual members of an organization. As a consequence, the role of
Organizational Intelligence was to bring the right piece of knowledge at the right time to the right
person of the organization in order to support decision making. This knowledge is essardy

only produced by individuals, but rather by the interaction with Personal, Media, Mass, and Social
Intelligence.

In the Knowledge Sharing line of work we have conducted analysis of traditional knowledge
management systems and Web 2.0 knowledgeagement and investigated the information package
(documents and media) provided by Sheffield City Council. In addition, we investigated in the
modelling of relevant organizations in the WeKnowlt scenarios and usage of social network analysis
for knowledgemanagement. Then we initiatad d i s ¢ u sc®mnuon onwlagy set" © identify
dependencies between the different layers of intelligence and to find data models to communicate
information among the different layers of intelligendhis process resulieto a "Survey of
Knowledge Management Systems" in the Emergency Response domain

Organizational Intelligence taskdso analyzed knowledge management processes in professional
organizations and Web 2.0 communities & resulta knowledge management mettology was
developed. More specifically, an initial survey of traditional knowledge management and Web 2.0
knowledge management has been creatd@. first investigated in modelling policies for a
networked definition of organisations and communities. flinher, we started to develop a meta

model for such policies based on an analysis of different existing systems. The principal nature of
professional organizations that have to make critical decisions such as an emergency response tean
have been also ing@gated. In the following we have developed a common model of events to allow
for the exchange of event descriptions in the project. In a complex scenario where different,
heterogeneous systems are involved such as the emergency response use casevat Aégicted

in Figure 8event descriptions need to be shared among the distributed systems of the emergency
response entities. Examples of emergency response entities are the emergency hotline, police
department, fire department, emergency control ceatict floating liaison officers. For example, the
emergency hotline receives calls from citizens and sends descriptions of events reported by the
citizens to the control centre. The emergency control centre is in charge of coordinating the
emergency respoasentities. It receives event descriptions from the emergency hotline, processes
them, and communicates event descriptions with the police department and fire department. In
addition, the emergency control centre forwards event descriptions togetheaskittescriptions to

their floating liaison officers. Floating liaison officers are out in the field to report about a situation,
verifying it, and documenting it, e.g., by taking photos and notes. In the case of a concrete incident
this societechnical syem for emergency response becomes very active and many different pieces
of structured knowledge such as events, tasks, and multimedia data with metadata are created,



combined, and communicated between the different entities involvethahk think in termef

events and entities, thus events are a natural approach to represent human experience. The ever
model provided comprehensive support for all aspects of events such as time and space, objects ant
persons involved (constitutional aspect), as well assthectural aspect, namely mereological,
causal, and correlation relationships.

The event model is based on the foundational ontology DOLCE. Existing solutions typically focus
on the technical level of event management and processing -téVehsignalsand actions. With the

event model F, we pursue an approach for describing events on densgliand as happenings in

the real world, respectively. These events are subject to discussion and interpretation by humans and
by this very much differentiate frothe lowlevel events. Domaitevel events may be very complex

and linked to a variety of modelling aspects and requirements. We have derived the requirements
from existing models in various domains such as music, journalism, multimedia, news, cultural
heiitage, and knowledge representation. Identified requirements are representing participation of
living and nonliving objects in events, temporal duration of events, and spatial extension of objects.

In addition, three kinds of event relationships are stpdo namely the mereological relation
(composition of events), causal relation, and correlative relation. The common model F also supports
the experiential aspect, i.e., the annotation of events and objects with sensor data such as media datz
and allow or different interpretations of events. Existing models almost fully support participation,
time and space, and the experiential aspect. However, they substantially lack in the mereological,
causal, and correlation relationships and event interpretations.

( . Callstoreport /8By

aboutan incident
—

Citizen

Fire Department

e Report

andupdate
aboutincident

Coordinate and Emergency
keepupto Hotline

date
l Createsincident

Event description
with photo attached

eventwith audio

Emergency

Reports about Control Cent Report anc?update

incidentby taking ontrof enter aboutincident q

photos etc. ) _

Coordinate
andkeep
E <€ upto date .
Floatin Requeststo Police Department
. 9 reportabouta

Liaison situation Emergency Response
Officer Coordination

Figure8 Sharing of event descriptions in the set@ohnical system of the WeKnowlt emergency
response use case

For designing F, we base on the foundational ontology DOLCE+ Ultra Light and follow its pattern
oriented ontology design approach. More mely, we use specializations of the descriptions and



situations (DnS) ontology pattern to provide formally precise representations of different
contextualized views on events. This is required for modelling and describing dievelirvents,

i.e., the diferent aspects of happenings in the +eatld. For designing F with respect to the
requirements, specialized instantiations of the DnS ontology pattern have been defined for the
participation of objects in events, mereological, causal, and correlateré eslationships, event
documentation, and event interpretation. Time and space are realized by the participation pattern and
mereology pattern, respectively. Here, DOL@&ligned ontology modules for temporal and spatial
relations can be used. F distingjués from existing models by its support for causal and correlation
relationships and event interpretations.

With F, we can create and exchange sophisticated descriptions of real world events. For example, in
the domain of emergency response one can mih@eparticipation of citizens in an emergency
incident using an instance of the participation pattern showigure 9 If the incident is a flood,

one may speculate about the cause for the flood applying an instance of the causality pattern and
possiblyalso using the correlation pattern. A flood may typically be composed of multiple events,
which is modelled using instances of the composition pattern. Thus, for describing an event, different
instances of the F patterns are combined, each providingclispart of the event description. As

there might be different opinions about the cause of the flood, there can be multiple instances of the
causality pattern. To manage these multiple instances of the causality pattern (or other patterns), the
event inerpretation pattern is used to form different nexuses of the pattern instances and providing
different views onto the same event. Thus, the interpretation pattern supports reusing parts of event
descriptions on the level of pattern instances.
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Figure9: Participation pattern of the event model describing the participation of persons and objects
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In the WeKnowilt project, several evdmised components provided fraime other Intelligence



layersare dealing with event information. They need techange event descriptions like the one
above. To integrate them and to effectively communicate event descriptions, they may leverage the
formal model of events F.

The event model provided a flexible means for event composition, modelling of event gaarsalit
correlation, and allowed for representing different interpretations of the same event. By this, the
event model can be used to represent the Collective Knowledge of the WeKnowlt users and the
different interpretations the users may have about therewes in the world. The developed event
model is based on an upgderel ontology and was developed in a pattenented approach,
modularized in different ontologies. It can be easily extended by domain specific ontologies. As
such, it furthers servess model for integrating the different WeKnowlt web services from Personal
Intelligence, Media Intelligence, Mass Intelligence and Social Intelligence capturing the Collective
Intelligence that is represented by the event model. Finally, as the comnminmeael is designed
independent of any concrete application domain it is capable to capture the Collective Knowledge of
both WeKnowit case studies, i.e. Emergency Response and Consumer Social Group use cases.

This core ontologywas namedeventModelF. The EventModelF provides a formal representation

of the different aspects of events in which humans participate such as time and space, composition,
correlation, and documentation. Compared to existing models, the -Hoelet-F differs in
providing sophiscated support for modelling causality, correlation, and interpretation of events. It is
employed in the SemaPlorer application for the faceted navigation in a very large, distributed and
heterogeneous semantic data set. People participating in eventbemanganised in different
companies or communities. Here, a distributed group management has been developed that bases o
the welkknown Friendof-a-Friend vocabularyWe have also implementation an API for the Event
ModelF. Finally we analyzed W3C staamdlisation efforts for emergency response and compared it

to the EverModelF. This W3C standardisation effort is the Emergency Information
Interoperability Frameworkh{tp://mwww.w3.0rg/2005/Incubator/eiif/ XGFramework20090428).

Continuing the investigation on the modeling of core ontologies and aligning core ontologies for the
use in organizational intelligence have developed a Core Ontology for Multimedia Metadata (M30O)
andalso implemented an API for it. In particular, the fstep method for the integration of existing
metadata formats and metadata standards into the Multimedia Metadata Ontology (M30) has been
further developed and documented. The M3O provides a geneydelimy framework for
multimedia metadata and provides among others support for the annotation, decomposition, and
provenance of multimedia metadata. Subsequently, the alignment method has been extended for
further metadata models such as ID3, Dublin Cot&P, and Yahoo! SearchMonkey. We also
developed a method for designing core ontologies such as the Multimedia Metadata Ontology (M30O)
and the EvenModelF. Finally we developed a method and tool support for automatically
generating APIs out of ontologefinitions.


http://www.w3.org/2005/Incubator/eiif/XGR-Framework-20090428/
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Figure 10: Snapshot of the WERL freeid main screen

In emergency response, the different professional entities such as emergency hotline, police
department, fire department, and emergency control center use different systems with their own
proprietary data models for events. Events and the activities of professional emergency response
entities during an emergency incident are documented ifilésy A log-merger application
processes these ites with NLP-techniques to provide the usescess to the emergency response
related information like location, role, and action.Using the formal EMewelF instead, these
systems can commonly represent and effectively communicate event descriptions. The
Organisational Intelligence EveModelF bases on the foundational ontology DOLCE+DnS
UltraLight (DUL) and provides a set of ontology design patterns to represent the different relations
of events such as participation of objects in events, mereology, causality, and correlation. It is used in
the ER Log merging and management application WERiQure 10) This service supports the
merging of log files created by different people and it provides search facilities over the merged log.
It automatically merges different ER logfiles and representsn thising the EverAWiodelF.
Furthermore, semantic information is extracted from their text and a-bbded time filter enables

the examination of a particular time interval of the incid&garch options include free text,
locationbased, roldased ad actiorbased searchiVERL finally produces a unified view of an
emergency event based on the partial log files produced by different members of the ER personnel.
In addition to the service development, a prototype web-godtwas developed for demoradion
purposes. Online filtering capabilities based on lists of semantic entities were integrated. Namely,
location and person names, £8Recific acronyms and important keywords extracted from the log
text were presented to the user as handy filteringgats. In addition, locations were automatically



highlighted in the text and linked to an online mapping service. Finally, it was possible to view
filtered views of the logs based on provenance (who wrote the log) and time (when the log entry was
recordeq.

The EvertModelF is also used in the SemaPlorer++ application, an extension of the SemaPlorer
application, for creating and sharing event descriptions. The application allows its users to create
event descriptions by clicking on a concept in the agplon the left hand side, and drag and
dropping it on the map. These events can be documented with textual annotations and pictures taken
from Flickr.

In the same context we have alsuestigagédthe modeling of policies for a networked definition of
organisations and communities (dgFOAF approad¥g have created the joint dgFoaf authorization
service. The Social and Organisational Intelligence authorization service is now able to use groups
and links modelled externally by dgFoaf as authenticatiorsb@bie integration of dgFOAF group
management into the WeKnowlt system and Social Intelligence rights management has been further
pursued by aligning interfaces and functionality of the involved services. Moreover we have
investigated means of quality ingsement of usegenerated content of the nonprofessional part of

the organization.

Finally, we have developed and evaluated STEVIE, a mobile application for faceted search and
exploration of social media (http://tinyurl.com/mobilefacets).

A third line of research in Organisational Intelligence was the developmenKnbwaledgesharing
interaction methodology. Wkave developed a common ontology, considering the implications of
Personal Intelligencandthe use casesequirements. This process has led te tevelopment of
domain specific data models for ER (i.e. models for emergency type, participants etc.) and an
Interaction Data Model (i.e. for modelling the interaction between the user and the WKI syg&Em).
havealso gathered requirements for Knowle®jering and Reuse, investigating where knowledge
sharing and reuse can be used to improve or satisfy the user requirements and development the WKI
Knowledge Sharing Methodology. This work has involved much interaction with other work
packages, in particaf involving the Ul Personal Intelligenge the creation and augmentation of
metadataNledia, Mass and Social Intelliger)cand the pragmatic implementation of the interaction
ontology (ntegratior). We have also developalle CURIO ontologycommon datanodel)and its
implementation in the prototype. The ontology has been generalised, divided into its core and
extension parts, and the ontology specification has been publtty@d§url.org/net/curio/ng#

We also investigated how to preserve organisational intelligence about incidents by allowing users to
post information about incidents from mobile and desktop devices. The background system uses
semantic technologies to store the information submittecahons for further sharing and reuse of

the acquired knowledge. Preliminary analysis has been made on how to reuse the acquired
intelligence in the pognhcident analysis phase. We also developed a collaborative post incident


http://purl.org/net/curio/ns

management tool and an expeemal protocol for the evaluation of knowledge sharing. Primarily
examining the degree to which the transfer and comprehension of information provided by the
citizens, both individually and as a collective, is facilitated by the WKI system. The design of
experiments in terms of Organisational Intelligence has focused in evaluating the benefit of using the
CURIO ontology.Finally weexamined theepresentation of trust in UGC with the publication of the
Veracity ontology (http://purl.org/net/veracity/ns#).

The WeKnowlt System

The software framework created for the WeKnowlt System integrates loosely coupled modules
produced by each intelligence layetO services are currently deployed and integrated using
Enterprise Integration Patterns. Among them, a d&deage module is provided, that effectively
stores and serves data of various kindaultimediafiles, relational data, Java objects and RDF
triples. Within the WeKnowlt System data is exchanged using a Common Data Model, (based on the
developedCURIO ontology). A custom Javéo-triples mapping mechanism is utilized.

Software solutions implemented within the WeKnowlt System are based orsope® software.

Use case applications communicate with the WeKnowlt System via web services REST APIs, that
expose functionality of services integrated within the WeKnowlt System. Additional layers of
abstraction of the WeKnowlt System, prepared pefcase, result in easy to use API tailored to the
requirements of each applicatidreatures of the publicly availabREST API (i.e. its asynchronous
nature) facilitate the creation of new end applications. This enabled the rapid creation of additional
not initially foreseen applications, which exploit the WeKnowlt technologies, like the WeKnowilt
Image Recognizer for nimle phonesThe WeKnowlt Image RecogniZds a mobile application that
provides the user with detailed information on the location and name of a POI that she photographed.
The application uses services developed in WeKnowlt in order to recdgmizs-Of-Interest on the
picture, determine its geolocation, and determine tags associated with this POI.

In order to build the WeKnowilt infrastructure we had first to gather the reley@rements. All

WPs were asked for their expectations regarding thatectlre. Also, the requirements resulting

from services defined by WPs were taken into account. Special interest was put into discovering of
the requirements of declared services in terms of hardware and perforidased.on the collected
requirementsye performed various investigations and tests with a large number of mainly open
source solutions suitable to fulfil the stated requirements. The resulting architecture is based on
Service Oriented Architecture (SOA) approach, managed by an EnterpriseeSBus (ESB).
Specifically, Fuse ESB (enterpriseady ESB solution based on Apache ServiceMix) version 4 was
selected as the final solution for service infrastructure. A group of accompanying standards,

* http://www.weknowit.eu/wkiimagerecognizer/



technologies and frameworks was also selected: @8Gdular component model for Java), Apache
Camel (messagmuting and integration framework), Apache CXF (web services integration
framework), JMS (messaging system), Spring (Dependency Injection framework) and other. All
these technologies were testedtfair compatibility.

Several architecture layers where identified:

Business Process Layer, groups services from Services Layer into processes and exposes
some of them via Web service endpoints.

Services Layer offers functionalities used by higher layemuses DAO layer to access
WeKnowlt Data Storage. Some services are exposed via Web service endpoints.

DAO Layer provides access to the storages hiding the complexity and multitude of used
storages behind an API.

Storage Layer is responsible for storingaerces (files, semantic and relational data).

This list was further extended with layers of applications that make use of the functionalities
provided by the WeKnowlt System.

The hardware architecture has been selected based on the estimation of pegoagairements of
theusecase applications both Emergency Response and Consumer Group Study.

In parallel we have defined the infrastructure required for development of the WeKnowilt project.
This infrastructure consists of:

Hudsor, Continuous Integtin server,
Sonaf, codechecking tool,

Nexus, Maven repository manager,
Mantis®, bug tracker,

WebDav$, document repository,
SVN', source code repository,
Integration environment.

10

https://hudson.dev.java.net/
http://www.sonarsource.org/
http://nexus.sonatype.org/
http://www.mantisbt.org/
http://en.wikipedia.org/wiki/WebDAV

http://subversion.apache.org/
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We have also beamnaintainng a set of guidelines to help with &nowit services development and
use of development infrastructur@uidelines wereconsistently updated so asr&flect the current
status of WKI System and changes in the Common Madébtal 10 guidelines are available:

e Development Conventions (ver 0.1),

¢ How to install Java & Maven (ver 0.6),

¢ How to install the WKI System (ver 0.15),

e How to create Maven project (ver 0.9),

e How to upload missing JAR to Maven repository (ver 0.2),

e How tocreate OSGi service using Spring Dynamic Modules (ver 0.9),
e How to deploy OSGi bundles to the WKI System (ver 0.3),

e How to use Hudson CI (ver 0.5),

e SVN project layout (ver 0.2),

e How to run Berlin SPARQL Benchmark (BSBM) to test the WKI Data Storage (2gr O.
e How to map DTO to Curio graph (ver 0.1).

In the following we have defined a common data mo#ldist of objects was identified (it includes

for example tag, document, user, tag, etc.). A set of ontologies describing these entities was
established, andava implementation of the ontologies was provided. The common model was used
in all system prototype#\n integration environmemnwas developednd updated regularly with new
versions of service™Numerous issues related to technical side of integrdtainly OSGi, SVN



and Maven issued)ad to be solvedAd-hoc code reviews were performed during integration of
services and found issues were discussed with responsible developers (i.e. problems with logging and
exception handling). Code review activitie®re performed in order to discover the problems as
soon as possible and avoid the spreading of bad code into next services deyelapedtic code

checks (with use of Findbugs & PMD) were performed on Continuous Integration server on daily
basis. All deelopers had access to code quality reports.

Another achievement during the Integration of WeKnowlt visgsimplementation of the WeKnowlt

Data Storage (DS)A design of hybrid solution (triplstore and object database) was finalized and
implemented. Thémplementation was preceded by extensive research and new requirements of the
WPs were analyzed and discussed.

The fnal DS solution consists of File Storage (for storing multimedia files) and Knowledge Base (for
storing metadata).

() il Knowledge Base\\

LB A Object
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Figure12: Elements othe WeKnowlt DS

File Storage has a pluggable architecture and can be realized with different technologies. Three
solutions are provided for storing files: filesystem, Distributed File System (DFS) or Java Content
Repository (JCR). Implementations for th&S and JCR were selected (HadddpFS and Apache
JackRabbif respectively) and integrated with theskthowit DS.

The Knowledge Base is a hybrid solution which uses triple store and object database (a RDBMS is
also used to store some WKI DS specific dafE)is approach allows to achieve a unique
combination of flexibility offered by triple store and speed offered by object datalzasaluable
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features for applications that demand both fast objects access (e.qg. retrieval of user/image/event data’
and compex search capabilities (i.e. SparQL entry point).

Solutions for each component of the Knowledge Base were chosen and integrated:
e triple-store- Jend®
e object databaseNeoDatis ODB*
e RDBMS- MySQL™.

Substantial effort waslso put into development of thedditional layer that facilitates the use of
common model with the WeKnowlt DS. The API of the WeKnowlt DS evolved because of the new
requirements of created services and common model initiative. The goal of the API has not changed.
Its role is to shield tb developers of services from the internal complexity of the WeKnowlt DS,
provide all required entry points (e.g. SparQL entry point) and make use of the WeKnowlt DS
simple and intuitiveThe WeKnowlt DS was used in the prototypes of the WeKnowlt Systenmsan

used as a part of integration environment proving the compatibility of the WeKnowlt DS with the
whole system architectur&ome effort was spent on benchmarking of the implemented solution
usingthe BSBM benchmark suite. Some performance fixes wedrednced based on the results and
experiences gathered during benchmarking.

Finally, a web page where available APIs from all partners are listed has been developed. The WKI
APIs pagé® describes in detail how the developed WeKnowlt services can be acessséested

and provides links to responsible partner and person for further information and communication. The
objective is twefold: on one hand to publicly provide to interested users the WeKnowilt services, but
al so t o s esrtvoep Oa ss i aKedwddpeecificetechiologies are presented and can be
accessed. If you are interested in exploiting WeKnowlt technologies in collaboration with the project
partners, instead of visiting several sites or downloading documents and software in different
formats, you can find there a lot of the WeKnowilt services in a uniform format. For more detailed
information regarding each service, the responsible partner and person can be contacted.

The WeKnowlt Use Cases

WeKnowlt established two use cases to demonstnatevide applicability of its technologies and
research activities. The Consumer Social Group case study provides the ability to extract meta
information from various content sources and user generated content within the system, as well as

13 http://jena.sourceforge.net/

14 http://www.neodatis.org/

15 http://www.mysgl.com/

16 http:/mklab.iti.gr/wki-apps/



enhanced publigng tools to support travel activities for single persons and groups. Based on the
travel behaviour off all users and an analysis of their profiles, WeKnowlt information is extracted
about the most preferred travel destinations and the trends and climanges behaviour. This
information is then used to make recommendations to the users and support the decision making
process before (e.g. destination) and during the trip (e.g. restaurant).

On the other hand, the Emergency Response case study aimesigio, daplement and deliver
technologies and methodologies that enable citizens distributed across the region to participate in the
monitoring of an incident or event. This methodology will benefit Emergency Response planners that
will have realtime information available on which they can base their decisions and strategies,
enabling them to better react to an Emergency. Thus, an emergency planner is able to find exactly the
needed knowledge amongst all the available information and to selectively makendledge
available to the citizens (e.g. information about open roads, information about relatives involved,
etc.) in a largely automated way. The technologies in use also encourage and enable meaningful
dialogue between the Emergency Responders andduodls, groups and communities.

Emergency Response case study

The purpose of this case study is to show how WeKnowlt technologies can support individuals and
organizations in times of emergency. The case study examines how citizens can provideiamformat

to the Emergency Services using an intelligent upload process. The intelligent upload process
ensures that the information the citizens upload (for example uploading an image of a flooding
incident) is enriched through the intelligence layers preserthe WKI system. The cumulative
information uploaded by citizens is then used by the Emergency Services in making planning
decisions for dealing with the emergency. In addition to this decision making, the prototype allows
the Emergency Services to makelested information available to the general public thereby
allowing the intelligence exchange of information between the citizens involved in an emergency
incident and the organizations that are dealing with the emergency. The intelligent upload process i
supported via a Web application that features a mobile interface. This allows users to provide
information, tag that information using suggestions generated by automatic normalization to domain
ontologies and to get updates on the incidents to which #éineyproviding information. The
emergency personnel are then able to view the uploaded information in a geographical display. The
geographical display allows them to filter the information by location and by time ensuring that they
have access to tp-dake and relevant information when making decisions.

The work on the ER demonstratbhas mainly focused on creating the prototype by taking into
accountas manyesearch functionalitieas possiblend additional requirements and feedback from
the users. Taespect the multimodal requirement and the need for cedtexn interaction two

7 http://nebula.dcs.shef.ac.uk/weknowit/



versions of the prototype have been creadedesktop interface and a mobile interface. The mobile
interface has been implemented as a customised application for AndrartbBomesThe desktop
interface (Figure 13)has been enriched with new functionalities, such as a messaging service to
instantly reach users on their smartphones, the possibility to submit incident reports both from
desktop interface and mobile applicatiqwith automatic geolocation) and the capability of
performing posincident management searches and analysis. Newly developed intelligent services
were integrated such as a tag analyser and a reversmdi@g web service, services for managing
users ad groups, as well as services for the background architecture. A new functionality for
uploading audio files was added to the mobile application, allowing users to upload messages that
can then be listened to from the desktop interface (this functiomaidgal for emergency situations,

to allows emergency responders to upload descriptions of the event or comment and to keep the
recording of this intelligence for future analysis).
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Figurel3: The ER desktop interface

The evaluation of the emergency pesse application was undertaken in different sessions,
following different methodologies and with different participants for each ses§iomparing the

results of the three evaluation rounds, the final scores are positive especially considering the
prototype status of the application. No major usability problems were iden{figadire 15)but
feedback was given on some aspects off the system that could be improved, and some improvements
have already been incorporated in the systeim.very importanto notice how the users appreciated

the quality of the intelligent suggestions provided by the system, especially for the geolocation and
reverse geaoding system and the tag suggestions. Duailugngitudinal study evaluation was clear

how at the beginnig most users did not fully understand the reason for tagging or using automatic
suggestions, but by the end of the study it had become evident that tagging the information using the
automatic tag suggestions was a very quick means to easily retrievdaimeaition at a later stage

and communicate valuable information to the persons accessing the fyispera 16)
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Figure 16: ERSystem efficacy and efficiency over time

Consumer Social Group case study

This case study covers a scenario where the focus is on travel-daymeltural trip events. The
scenario is composed of two parts: the first is about preparing the trip with a personal computer at
home, and the second p& about supporting the group by means of guidance application running
on a mobile phone while having the trip.

The prototype features a rich internet applicdfien display information related to the travel, search
results based on Mass and Media lidehce components, localization of points over maps to enrich
the userds context, di spl ay of i, evantserpoint | at e
interest, and offers three types of searches: in the entire collection, by location and tbgf poin
interest. The application also offers a favorites storage functiongliijous WeKnowlt services

were also integrated, such as, pafiinterest recommendation and hybrid image clustefgying

of bookmarks wasmplemented using the del.icio.uUsPl, allowing for easier exchange of data
between prototypes.

The second part of the scenario involves getting mobile guitfadaeng the trip. In this phase, the
user gets useful and helpful information-lore on the mobile phone; besides he can takeupgs

'8 http://weknowit.research.yahoo.com/csg/

19 http://weknowit.tid.es/jsp/login.jsp



recording pieces of his experience. The prototype allows for a mobile version of searching for places,
events and points of interest, providing detailed information of the places, events and points of
interest found, making use of social and perbamizlligence, as well as mass content analysis
techniques in Wikipedia articles and other public sourdése mobile guidancelso features
enhanced map controls, display of events around the user, access to bookmarks taken during the pre
travel phaseand photo cluster visualization.
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Figurel7: Travel planner interface snapshot.

Delft

In addition,a posttravel prototypenamely Fanrif, aidsusers when annotating their photos after the
travel. Fannr Flickr Annotato) is a prototype application for assigjiusers in annotating their

Flickr photos. It integrates several services from WeKnowlt project partners. Two types of
annotation support is provided when annotating a single photo. 1) Tag recommendation, where the
user is presented with a list of tagsttiiaey could consider adding to their photo. 2) Location
recommendation, where the user is presented with several potential locations as to help them
remember where the photo was taken. Both the tag recommendation and the location
recommendation is based alata from different social levels: the user's own photos (personal
intelligence); the photos of the user's contacts (social intelligence); everybody's photos (mass
intelligence); and visually similar photos (media intelligence). Furthermore, for phwoshave

been localized the taggcommendation is also based on geographically -ddggghotos. When the

user has identified tags that they want to add to their photos or identified the location where the
photo was taken, the Fannr prototype updates thetation on the Flickr website using the Flickr

API.

The CSG prototypes have been evaluated in two cycles: Their first version was evaluated during

0 http://weknowit.research.yahoo.com/fannr/



December 2009 and January 2010 in Madrid (Spain) and Barcelona (Spaénfinal version of the

CSG prottypes was evaluated by independent users in three different places: Athens, Krakow and
Barcelona. The CSG evaluation process regarding the prototypes indicated that there were no major
usability problems identifiedFigures 20, 21put the evaluation hgsointed out some aspects that

can be improved in further development of the prototypes. One of the main conclusions was that the
evaluation results depend on the location where the evaluation takes place. In hindsight this is
obvious since the prototype éependent on collective knowledge from social media sites and the
support of big cities is much better than for smaller cities. &tperience in three cities hasen
different but helpful to providing a more complete view on how the prototypes canrtherfu
improved.
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Figure19 Fannr interface snapshot.



