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Keywords. Real-time, automatic, rule-based, annotatiolespite its importance, annotation is not alwayssent

semantics, context features, middleware due to several factors. First, it is a time-conswgniask
and users do not usually consider it important ghoto
Abstract spend time annotating the already published coniéme

companies on the other hand mostly ‘believe’ that
This paper proposes a middleware architecture fier tannotation is a loss of resources in terms of tand
automated, real-time, unsupervised annotation @f- lomoney. Moreover, the reuse of this information is
level context features and their mapping to higlele troublesome as annotation is usually likely to be
semantics. The distinguishing characteristic ofs thiedundant, partial or stored in different formait8][ If we
architecture is that both low level components sash add to the above that annotation easily become®sfeut
sensors, feature extraction algorithms and datacesy date then we can easily state that the commendiaief of
and high level components such as application-ipecithe Semantic Web is endangered [10].
ontologies are pluggable to the middleware architec The automation of the whole annotation procedutebsi
thus facilitating application development and sgstea step further to its wider deployment. What wesprd in
configuration to different real-world scenarios. Ahis paper is Priamos, a rule-based middlewareesy$or
prototype implementation based on Semantic Welstigol real-time annotation of context features, impleradnt
presented in depth, while the benefits and drawbadk following Semantic Web standards and cutting-edgé w
this approach are underlined. We argue that theofisetechnologies. The distinguishing characteristic this
Semantic Web provides powerful answers to contexfchitecture is that both low level components sash
awareness challenges. Furthermore, it enables #eamsors, feature extraction algorithms and datacesu
composition of simple rules through human-centriend high level components such as application-fipeci
interfaces, which may launch a context-aware systeth ontologies are pluggable to the middleware architec
will annotate content without the need for usehtécal thus facilitating application development and syste
expertise. configuration to different real-world scenarios.
A test case of system operation in a laboratoRurthermore, we demonstrate how we can setup simple
environment is presented. Emphasis is given, aleiiy rules through human-centric interfaces in orddatmch a
the theoretical justification, to practical issukat arise in context-aware system that will annotate contenhavit

real-world scenarios. the need for user technical expertise.
A domain that is not so obviously related to sercantb
1 Introduction is the domain of context-aware systems. We analyze

section 3 the need in these systems for a higH-leve
The basic concept of the Semantic Web contribuison description of the context, of the world accordingheir
annotation of content in order to become easijerception. We will see that the semantic desacriptf
retrievable. This purpose is served by a number ke contextual information is the best choice fawuamber
prevalent Semantic Web technologies like contest reasons. Nevertheless, the approach presentéfisin
description languages, query languages and anmotaghaper is twofold because on the one hand we present
frameworks. solution for automated annotation based on Seméic
Web content of different types is usually annotatéth technologies, but on the other hand we combine the
the use of keywords. Famous corporations follovs thhpproach with context awareness.
approach such as flickr.com for pictures, del.itsofor |n section 2 we present the latest advances irfighi of
user bookmarks and youtube.com for video conteateH context annotation and compare our approach tdimgis
it must be noted that annotation is kept separditety the works in the area of context-aware systems. Sec3ion
data, an approach that is also compliant with t@&htic depicts the thinking motive that led to the desiy
Web model. implementation of the Priamos middleware in itsrent

form. We continue in chapter 4 analyzing the overal



abstract architecture and the software implementatn From the context-aware point of view, related t@ th
section 5 we demonstrate a test case of the syst®mamos concept are systems that use ontological
operating in a laboratory environment. Finally, weescriptions to express contextual information. edld
conclude in section 6 by noticing the future dilmt$ of approaches that investigated various aspects of the

expanding the presented work. context-aware computing, like Ponder, the Context
Toolkit, HP’s CoolTown and the Intelligent Room act
2 Related work and motivation did not use a formal model to represent context

information. Interest in a formal common way of
Generally speaking, there are two kinds of appreschrepresenting context information has been shovatylat
regarding content — multimedia or not — annotatibhe The IST project CHIE is based on multimodal perceptual
proposed approaches can be divided in manual uer interfaces and aims at supporting human-toanum
automated according to whether the annotation resuiinteraction. In CHIL the description of the worldbdel is
human intervention, usually aided by semi-automatigaised on the core vocabulary of the CHIL OWL orgglo
information extraction algorithms, or the proceduse for controlling sensors and actuators [24].
fully automated. The KaOS project [30] uses Description Logics amygds
The first approach is manual annotation, usualediby as the basis for representing and reasoning amdictgs.
semiautomatic metadata extraction techniques. Tiigvertheless, application-specific ontologies nngsbuilt
category contains tools like Vannotea [11] thataates on top of the existing ones. The also well-known Re
collections of images, video, audio or 3D objectd M- framework [31] uses RDF(S) or OWL Lite to represent
Ontomat Annotizer [13] that is part of the CREAMontext but the specification is limited to thentsrof the
framework [1] and one of the major outcomes of lB€ Rei Ontology.
project aceMedia. M-Ontomat can link low-level MPEG From the scope of the pervasive and ubiquitousesyst
visual descriptors with RDF(S) ontologies and cfféhie we could compare Priamos with CoBrA [33]. Semantic
possibility of annotating the Deep Web. COHSE [54dn Web technologies specialized for ubiquitous cormmuti
ongoing work that aims at annotating content aieeal have also been applied in several environments ssch
time, as readers browse the documents, or at a@mghomMasuoka (Task Computing) [34], Gaia [35] and thal8o
time, as readers author the documents. Amaya, W3@ighitecture [36].
annotation-friendly editor/browser and SMORE [15} f
Web content, also fall to this category. 3 Using Semantic Web Technologies to
,tAutomanc an.noFat|on systems can be further diviotd §upport Context Awareness
wo categories: user-centered and pattern- or rule-
centered. User-centered can be divided into sug@ivi Context means situational information. According18],
and unsupervised. Users of automatic annotatiotes¥s »Context is any information that can be used to
need to be aware of their limitations, like missingharacterize the situation of an entity. An entisy a
annotations (known technically as low recall) angerson, place, or object that is considered relet@mthe
incorrect annotations (known as low precision), dmel interaction between a user and an applicationudinb
trade off against each other. the user and application themselves.” A systenoigext-
Supervised approaches include MnM [20] that proviale aware if it can extract, interpret and use context
environment to manually annotate data, althoughit®l jnformation and adapt its functionality to the ant
design aimed at marking up training data for Infation context of use.
Extraction tools. Melita [26] is a user-driven awated The challenge for context-aware systems lies in the
semantic annotation tool which is supported by &amé, complexity of capturing, representing and processin
an information extraction engine. The aim of thej@ct is contextual data, such as location, ongoing activittc.
to gradually change the role of the user in theotation captured by sensors and appropriate software. Avgmm
process. representation format should be adopted, in order f
Unsupervised approaches include Armadillo [19] angifferent applications to be able to use the saoreext
KnowltAll [21] that automate information extraction a jnformation. Thus, to ensure syntactic and semantic
similar way. In the SmartWeb project they argteroperability, we adopt a Semantic Web compliant
investigating an unsupervised approach for RDdpproach, that allows us the future aggregatiorh wit
knowledge base population various heterogeneous data sources.
As far as it concerns pattern-based and rule-bas®sl far as context-aware systems are concerned,dworl
approaches, except from Priamos, we can see of#ya concepts can be described in detail using Semaniéb
approaches in the bibliography. These includgchnologies. Most of the potential power in thip@ach
CAFETIERE [25], which is a rule-based system fgg that a world model can be bound to a reasondr an
generating XML annotations and was developed asopardeduce implicit knowledge, adding intelligence tue t
the Parmenides project and does not make use cdr8&®m system. Moreover, we have to notice that contexdraw
Web technologies. systems are often complicated enough to the pobiamt t

tasks like annotation and decision making, become

! Home of the SmartWeb projedtttp://www.smartweb-project.delast 2 Home of the CHIL projecthttp://chil.server.de last accessed on 25-
accessed on 25-03-07 03-07




unmanageable if not supported by automated proesduifhe makers of Pellet proposed a subset of safe SWRL
Finally, it is undisputed that the use of middlegvarrules [9][29] that assure decidability but the soippof
facilitates context representation and processingha SWRL or RuleML in applications is still an ongoing
infrastructure level, better enabling reuse of i procedure.

context by multiple data consumers. Ad hoc fornmadis

with insufficiently established semantics make eanht 3.2 Thetime dimension

aggregation difficult [22]. _ o
Consecutively, one of the most challenging issués bemporal ontologies expand the current ontologézng
context aware applications is the inclusion ofligence the time dimension. The dimension of time exists in
while processing the incoming information and deihgc @lmost every real-world application. Specifically the
meaning. Below, we analyze the most interestingields Web services, a timestamp of every transaction is
among Semantic Web technologies that can potqntiafﬁsse”“al- Having this in mind, the Semantic WelstBe

play a crucial role in context-aware applications. Practices and Deployment Working Group3 developed t
DAML-Time ontology that today evolved to OWL-Time
3.1 Rulelanguages [17].

OWL-Time is an ontology that provides a vocabultmy
Rules are essential in depicting the desired bebawf expressing facts about topological relations among
context-aware systems. It is really convenient tthet instants and intervals, together with informatiolboat
model-theoretic background of the OWL language turations, and about date-time information. Thecepis
based on Description Logics systems that are aesulfs described in this ontology can describe time in web
the First Order Predicate Logic. What is gainechwifte services, hypertext documents or even custom
contextualization of a world model according tapplications. In general, the Time ontology corgain
Description Logics is that first, the designed modas concepts likenstant  for time instances aniterval
fully defined semantics and second, Horn-like ofsusan for time intervals. These concepts have propefliles

be formed upon it. These clauses can be seenessthat starts , ends, intOverlaps , TimeZone, unitType
predefjne the desired intelligence in the systeméhd it is an approach that should satisfy most of
behaviour. applications’ needs.

RuleML is an implementation of rules used for deut; T-Owl® is a starting project promising to analyze the
rewriting, and further inferential-transformationatks. In stock market in real-time with the use of temporal
general, it is a specification for immediate rulentologies. A time ontology is presented in [2]. it
interchange and can be gradually extended, possipbssible to use such an ontology for applicatiosesjr
together with related initiatives, towards a pragdahat purposes just by embedding it to the applicatiology.
could be submitted to the W3CRules in RuleML are The OpenCyc ontology [32] also makes special refeze
stated in a combination of natural language anehddr to time, by including concepts likeemporalThing  and
notation. Further purposes of rule markup inclutle tgyent . Similarly, time concepts are also supported & th
providing of a rule interchange format for exchamgi soQUPA ontology [37].

rules between different tools/systems, the markipgof \we underline that the form of the time dimension in
rule content in business documents and the prayidfra Description Logics, i.e. OWL ontologies, can be edido
high-level specification language for active comtenthe the ontology with a simple import of the time owigy.
Web. Though, very few implementations, like Mandararhys, such an addition that is a critical issuecamtext

and OO jDrew are available. awareness can be achieved with no extra effort thith
SWRL [6], the Semantic Web Rule Language is based gse of Semantic Web technologies.

a combination of the OWL DL and OWL Lite

sublanguages of OWL with the Unary/Binary Datalo ; ; ;

RuleML sublanguages of the Rule Markup Language. T% The Priamos middleware ar chitecture
proposal extends the set of OWL axioms to includenH The Priamos middleware architecture comprises afset
like rules. SWRL has been implemented as a Protégite reusable distributed components for the auteina
plugin and is shipped with the full version undeg hame real-time annotation of low-level context featurasd
SWRLTab [27], it has been investigated by projéik&s their mapping to high-level semantics. The mairaiieto
SweetRule$and it is supported by KAON2 [4], Pellet [S]launch a procedure that annotates contextual irgtiom
and RacerPro reasoners. It has been submitted @ /3 upon its appearance. The resulting Knowledge Baie w
standardization, no standard has been adoptethgegh, reflect a spherical perception of the world model.

and the support by reasoners is very limited atithe. First of all, the Priamos architecture abstraces dhtputs
The most significant problem is the freedom indlffered from heterogeneous, low-level data sources (emsass,
expressivity by rules that frequently makes it undable. feature extraction algorithms, content repositQri¢sus
In other words, the subset of a rule language ¢hatbe enabling context capturing in varying conditionsin@xt
used to reassure finite reasoning procedures fgatesl. annotation is configured through application-sgecif
ontologies and is automatically initiated withoutya

3 The Rule Markup Initiativeattp:/www.ruleml.org/ further human intervention.
4 The SweetRules project along with an extent warigtopen source
projects for the Semantic Web is hosted at

http://projects.semwebcentral.org/ ® Home of the TOWL Projechittp://www.towl.org



Application desirab_le behaviour. In their current form, mappiiu_gas
state simple rules of the form: “if an xml elemenists

JL then insert an individual in one of the ontologgsdes”.
Semantic Rules In this way we can declare a mapping rule thatriasan
T individual in a class e.dPersons every time we receive

an xml containing the element message léugnan

M essage Templates. The received messages can conform
@ to any chosen specifications. As previously memihrihe
only necessity is that the messages are well foridd
documents. Message information concerns environment
elements such as person locations or sound volume.
Ontology models. The database model is stored using

Reasoning
services

‘ Ontology models

Middleware
Core Functions

=F

Administration

‘ Knowledge

Console Mapplzimeﬁs Base Jena[3] internal graph engine. The Jena framewak h
A 1 : developed its own methodology for storing and esfirig
Weglgir;"ce Weé’lesft“z"ce Weé’,gﬁ“é'ce ontology information. In fact, the ontological made
stored in triples that, in semantic web terms, caked
| Tracker1 | [ Tracker2 | | Tracker3 | statements and form the underlying graph of theehod
E— m— E— The annotation is kept in a Knowledge Base, seplgrat

| || C‘ from the incoming data that could be of any forng(e

[ = N N R [

Context Sensors ‘

Fig. 2: The Priamos middleware architecture

simple text or multimedia). Links to them are stbre
making possible a future retrieval.

XML Mapping Rules. The XML Mapping rules fetch
data from the XML message and store it into th@logly
model in the form of class individuals. The ruletyron

the fact that for every XML element there is a wmq
XPath expression that retrieves its value. Thesraee
t1‘ormed according to the following pattern:

The basic components of the system are the dataesou
(e.g. sensors) combined with low-level feature amtion
coplcations, the administiaion consale, and 1B if_condiion then__acton

PP ' ' That is very similar to a Horn clause but, in tbése, the

(Fig. 2). The Priamos middleware components are .. :
distributed to all these components, as illustratefig. 2. predicates in the head are represented by classt o

The trackers are the first ones to process raw. @atae ontology and predicates in the body by nodes ofdkit

L - ..~ tree. The approach is similar to the one preseint¢23].
g't;ﬁtee?é;&igspégd?jz dmf?cs);a%r?(i gg:;z'gn%h? dh ;; In Description Logic terms we could state that the
P : ) Hhgse mapping rules define how the ABox of the Knowledge
messages, knowledge is transferred to the mairmBsa .
) ase is populated.
server and a Knowledge Base is created where all

features of interest captured by the sensors dnegal. mantic R_ules The rule-based approach is_adopted
: . because of its extendable and adaptive natureciitient
The architecture does not constrain the systenetased

only for multimedia content. It can as well be u$edall implementation consists of custom rules for thesoea

cases where context awareness is crucial, for ebeatap discussed in §3.1. The rules here also abide byltiose

monitor user clicks in a web environment mentioned condition/action pattern but p_red_iqatm are
During the design of Priamos we faced' the dilemrha %apresenteq by_ cIassesz properties and individigfised
whether to implement a multi-agent system or N th_e apphcatlon_—speuﬁc ontolo_g|es. we are e[.my
distributed architecture based on web servicesioiigh a yvork_lng in extending thg current Implementation ;Ne_g

. ; in,mind that the expressivity supported by rules easily
multi-agent system would be as much as flexible apd

) . X €ad to non terminable loops.
scalable as the current web services-based implatieam . . . .
[28], we chose not to restrict further develop the The Reasoning Server.. There is a variety of available

limitations of a specific agent framework reasoners, commercial like RacerPro or OntoBrokeg

) of charge like KAON2 [4] and open-source like Pejt
and FaCT++. All of them support DIG [12]
interoperability which is not a standard yet butsitused
The Priamos modular software architecture ensutes QY reasoners to exchange HTTP messages with pregram
extendibility and adaptation to newer technologitis. that call them. Jena also supports the binding of a
mainly comprises: an exported web service, the msexternal reasoner, and provides a less adequamnaht

templates, the ontology models, a set of mappitesya reasoner as well. The previously mentioned reasorem

finally, the trackers. with Priamos, leaving the reasoner choice up tages.

Web Service. The Web service module is responsible fd§PPen source reasoners provide the ability of iretégn in
message manipulation. The only requirement is ttfPlication code so that developers can embed &t th
messages are expressed in any arbitrary well-foxnd  @pplications Pellet or FaCT++ gaining a lot in spee
document. When a message arrives, it is processgiieb When the reasoner is integrated to the applicatiere is
mapping rules that the user has entered to desthnibe N0 overhead caused by the necessary communication

4.1 Softwar e modules



through HTTP messages between the reasoner and SBmantic rule composition. The application developer
application. This approach, though, would restidamos can define rules that are processed on the mode. T
to a specific reasoner and would diminish our ce®idn developer does not have to be a domain expert ve ha
our implementation, we used Pellet, a sound andpoteim specific knowledge of the underlying infrastructudn
OWL DL reasoner, implemented in Java and based example of a rule that can be declared i§

optimized tableaux procedures. hasIndividuals(DangerousEvent) then
set_alarm ”". In this case, the system will call a
4.2 Application description predefined action named alarm (i.e. an externalnsand)

) if the check for individuals in the claBangerousEvent
The tools that are used to handle the various COBYIS |eturns true. A graphical authoring tool can beilgas

are developed in Web environment and they condist grqyided based on this rational for the compositin
the ontology manager, the message template martagery|es by non-expert users.

action manager, the message to ontology mapper gidckers. The trackers are the first ones to process raw
finally, the semantic rule composition mechanism. data. They apply special algorithms and technidaghe
Ontology manager. The user can upload models to thgignal captured by the sensors (e.g. object/human
system and store them in two forms: in plain texttie jetection, face recognition, audio localizationpier to
database and using Jena’s persistent storage efgiee jqentify features of interest. Once initiated, thackers
user decides which description language he shoséd u)roduce XML messages that describe their awareofess
RDF(S) [16] or OWL [7]. Priamos ontologies have Nghe world. Through these messages, knowledge is

limitation in description and evolution. The onlgofound  ransferred to the main Priamos server.
limitation is that using the OWL Full variant of¢fOWL

language will not be supported by a reasoner. inadiner
case, consistency will be guaranteed by the reastvie
also note that ontologies, today, are easy to findhe Priamos reusable core functions facilitate appbcat
Web® and it is usually more convenient to customize atevelopment, in different scenarios and context
ontology to an application’s needs than to stath@ing configurations. The mapping of low-level featuresigh-
from scratch. level semantics enables the definition of differaiser

M essage template manager. The messages that can beoles, according to their experience and technical
received are stored locally because they are neduiéty background. Since the users are not always domain o
the mapping process. The user can add and delssage technical experts, it is important to be able taofigure
templates. Validation is carried out during theeii®n to the system through human-centric interfaces. Kndgée
ensure future unimpeded function. overhead has been an important problem in Semdrele
Action manager. We offer control of the actions that mayapplications in the past, making them unsuitabtenfmn-

be triggered while the semantic rules are procesbee expert users i.e. ordinary end users who are not
human-centric approach that we have followed ledousnecessarily familiar with domain-specific semartita or

an implementation adopting the AJAkethodology. ontologies.

Message to ontology mapper. We have developed aUsers that benefit from Priamos technology aresias
mapping language to allow the composition of rutest into four categories: system administrators, middie

will bind each message to the classes of an ongolblge maintainers, application developers and end users.
administrator can assign mapping rules to spenifidels. System administrators. They have the overall
These rules will be processed one by one uponrtib supervision of the system’s functions and can cumé it

of message and they are responsible for addingxtra for different operation scenarios. A system adntiater
information in the ontology. The mapping interfacean define features of interest to be captured (ehgn a
displays the ontology hierarchy on the left, the Xiee security alert should be triggered) through a Haglel

on the right and the defining rules underneath. interface.

An example of a mapping rule can order the system Middleware maintainers. A maintainer of the system is
check whether a specific element exists in an inngm the domain expert, burdened with the task of defjrthe
message. If the check is successful, then the rubapping rules from the incoming messages to the
commands the system to insert an individual toréate ontology concepts.

class in the ontology. For example, the rulég “ Application developers. They are the mostly benefited

4.3 Usersand rolesin Priamos

exists(Message/Tracker/Event/Person)  then users by the use of the Priamos functions. Insiafad
insertindividualln(foaf:Person) ", will insert an developing application specific code each time, the
individual in the classfoaf:Person if the path application developers can exploit the core middiew
Message/Event/Person exists in the message. functionality. They can “plug” an ontology, formmantic

rules on the ontology, and define the actions taat be
taken. They have the freedom and the responsitiiity
° Among the most reliable sources is the prominevddgle tune the system’s behaviour as wished, throughnterisa

(swoogle.umbc.edu). Noticeable results are alsduymed with the provided event handlers and callback functions.
filetype:owl or filetype:rdf google operators

" AJAX, a shorthand for Asynchronous Javascript atdL, is a End users. They can be users who are not familiar with
development technique for the creation of web apfibns of increased technology at all. They can be simply monitoringyatem

interactivity, speed and usability. AJAX can berséeaction in almost operation session (e_g_ a guardian in a security-
every Google application, such as Gmail, Maps, etc.




surveillance scenario, or waiting to receive autmma Priamos middleware and the Surveillance applicition
notifications in form of a sound, an email, a calh alert The application developer can configure the system
in general (e.g. a mobile user who receives alartsis according to his consideration.

device). Phase 1. System Bootstrap. The system is activated and
detects automatically the type of devices that are
4.4 M essage processing cycle connected to it (cameras and microphones) as weleir

topology. At the same time this environment is @mied
When a message is received, it is first checkeditfor to the appropriate trackers. This process can keeuted
XML validity. The middleware poses no extra constis  periodically or according to the requested needswvehen
First, the message will be processed by the mappileg. a new sensor is activated.
All of the mapping rules will be applied to the @ming Phase 2: The middleware maintainer connects online to
message. We note that this procedure can possitdjfyn the control panel of the middleware which returhs t
more than one of the models that lie in the datbAs a trackers that it recognizes, e.g. a tracker for enoent
result of the application of the mapping rules, thecognition and a tracker for speech-recognitiole T
Knowledge Base is updated with the new facts. middleware will return the following possible degtion
Consecutively, the semantic rules are applied. §éteof for the end-user, in XML format, where the tag pdiges
the semantic rules that correspond to the modifiage prefixed with the @ character:
ontologies is now applied to them. As we noted kfo Body tracker that recognizes a human body in hésiali
this set of rules checks the conditions and performange and returns his coordinates:
actions related to the database models, no matbat w
were the contents of the XML message. This level dEssage
abstraction was chosen for two reasons, first beau 1racker @type
separates _XML mapping from semantic rules, _fad:ii_iga S;Tt]:gctﬂ:::% %\i/glu@e; name @url
the authoring process and second, becaus_e thlespmqg person @certainty @id
phase can take advantage of the evolution of SBman ' |gcation @datasourceld @x @y
Web rule languages. As depicted in Fig. 3, the dafiast

aggregated and adapted and then it is consumed. In addition, the maintainer has control over theotogies
of the system. He may have ontologies describing
Mapping divergent domains such as activities, security,efim

rules

persons etc. He could as well have one, describing
variety of concepts like the infamous OpenCyc [32],
although this would slow things enough.

The maintainer will configure the incoming messates
correspond to ontology concepts. He will assign piragp
rules in the condition/action pattern that we amed in

<XML Message /> Ontology model

Semantic
rules

Reasoning Server

Ontolomy Persistent model 84.2. Let the example rule:  if
niotogy Fersistent mode Message/Tracker/TimeStamp/@value > “21.00”
then insertindividualln(UnusualEvent) , where

Fig. 3: The set of the mapping rules is first apglio each ynysyalevent is a hypothetic class in the ontology
incoming message. Then, the set of the semants Al 1 \qqe| As a result, after the definition of the setules,
applied. As a result, the ontology model is expanded e system’s interoperability with the outer enviment is
the new facts are added to it. set. It is now the turn of the application developo

_ _ further configure the system.
After the message process has terminated, thesfnsi pnae 3: The application developer confronts an

model has been updated. All added information ® nQy,omatically updating ontology. What he has toiset
stored in the ontology and what follows is the BSEING gt of rules to manage this growth. The constrecte
of the ontology itself. The rules are applied onedne 5es to state the rules in the ontology containy onl

keeping the model up-to-date with its contexfhgividuals, classes and properties. He can dealawt of
environment. New knowledge will potentially be stdrat

rules, for example in the form: if
the database after each message. hasIndividuals(UnusualEvent) then
] contact_ me , where contact_ me is an action that
5 Test-case scenario executes a shell command, e.g.sendSMS

content="Something strange is happening” .

Based on the proposed architecture, we descritmwiel After the system has been configured, it is asstivadthe

use-case scenario of the Priamos middleware whed u . : e S

0 monitor a room and request an alert in case Ehie &nd user will receive a notification in case thestegn

. . 9 . . nge ?enses an event of interest. This approach has the

unusual” happens. The environment in our example

consists of a series of cameras and microphones, th
8 Not to be confused with external software appiire, here by the
term “application”, we note an application built mp of the Priamos

middleware, i.e. the middleware configured for sfiesensors,
ontology models and messages syntax




advantage that all users had to spend the mininftort e authors of this paper would like to thank theirleagues

to configure the middleware to their needs. Theoast in A.l.T. (http://www.ait.edu.gi/for their collaboration.

that were taken were: to turn on the system, to thap

incoming messages and to declare the required mehiavRefer ences
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