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Abstract: Recentadvancemestin the Internet of Things (IoT) and the Web of Things
(WoT) accompanya smart life where real world objectscluding sensing devicesire
interconnected with each othefhe Web representation of smart objects empowers
innovative applications and services for various domains. To accelerate this apyfelch
of Objects (WoO) focuseen the implementation aspects of bringing the assorted real
world objects to the Web applications this paper we propose an emergency fire
management system the WoO infrastructure. Consequenthye integratethe formation
and management ofirtual Objects (ViO) which are derived fromreal world physical
objectsandarevirtually connectedvith each other ito thesemantic ontology model. The
charm of using the semantic ontologyhat itallows information reusabilityextensibility
and interoperabilitywhich enableViOs to uphold orchestratiofederation collaboration
and harmonizatio. Our system is context awaes it receives contextual environmental
information from distributed sensors and detemnhergency situatian To handle a fire
emergencywe present a decision supptobl for the emergencyfire management team.
The pevious fire incident log is thiass of the decision support system. A log repository
collects all the emergency fire incident $dgom ViOs and storethemin arepository.

Keywords: Internet of Thigs (IoT); Web of Things (Wo7; emergencyfire management
context awarenessViOs; semanticontology
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1. Introduction

There is a robust trend en routevarda world of sensors with everyday objects equipped with
embedded data and communicatioapabilities in the Internet ofhiings. This will creata range of
potential new services in many different domains such agtshmmes, éhealth, automotive
transporation and logistics, environmental monitoring, emergency management semtcedi 4].
Research in this area has gained momentum and is backed by the collaborativefe#caiiemia,
industry, and standardization bodies in various communitethough current devices and
communication infrastructures characterized by proprietary protbatla lack of common standards
both onthe network and application level prevent the realization of this vision.

Internet of Things (loT) realizes the concept of pervasive and ubiquitous computing with the
inclusion of sensors, actuators, mobile devicaeseren product information tags using RFID. Within
the scope of loJa | | these fismart thingso are adamdreecssab
to any event with other thinfggbjectsto accomplish assignadsks[1i 4]. The basic motto of 10T is
connecting with anything bgnyoneat any time from any placeSensors and actuators are typical
examples of such smart things. 0T itselasonsolidation of various technologies as depictdd]in

Reference[5] proposes newapproach,Web of Objects (WoQ)which providesthe featureof
combiring the characteristgof web applications and the varioustual objectsmappedrom multiple
things Further WoO suppors the features to collaborateot only things but human senices,
resourcs, various types of tangible things wstual objectsthroughthe use of semantic ontology
promote the composition of obje¢].

The goal of the WoO is to deliver a service infrastructure that siegtlie management of the
smart service environments able to provide a service that integrates various technologiesidike
computingandsocialnetworkng. Hence, W® allowsthereuse of existing web technologies to build
new applications and services by attaching smart objects té/éliee In this way smartobjectsare
abstracted as web services aadmlessly integratedtmthe living world of the Web, while services
are discovered, composed and executed as needed.

Subsequently, in Figure Web of Olects (WoO)[6i 8] facilitatesdiversedisseminated applications
to promote smartealms whichare presentlyrequested for more intelligemiperation of distributed
applications The integrated design based @eb service environments of WoO suppateefficient
migration to andentical resourcefficient infrastrcture, uniform data and comprehensiveemantic
descriptionin serviceoperdions,administration and nmagemenprocesses

In Figure1 we present the WoO concegud its context to identify the functionalities in local and
badend level Local level concerns the connections of objects at the LAN level. Challenges at this
level are object connection, capabilities discovery, logic execution, exposure of features in shared
formalisms and technologies.

On the other handbackend level concernthe infrastructure backendhat provide WAN
connectivity. The WoO backend provides teats by allowing the design, execution and support of
loT based applicatia The key aspects are discovery of objecth@WAN level, allowing access to
the functional and notfunctional capabilities of connected objects, logic execution (centralized or
decentralized), and semantic adaptation of objects and exchanged data faloorass interaction,
interaction of WoO with external services.
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Figure 1. Contextof Web of Objects (WoO)hysical djectsin real worldarerepresented
as virtual objects, and virtual objects are utilizedcoilaboraion, harmonizationand
compositionwith each other to form nevapplication featurego satisfy the service
requiremert initiated by users and operators
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In this papgrwe do notconsiderthe WAN as part of WoQ Instead,we consider that objexare
connected at the local level through a smart gateway which is linked to the application server in the
backend to provide the needed servidence,in this paperwe intend to pesent an emergency fire
management system by using Wa@tual Objects(ViOs), as well as the incident log from those
ViOs in orderto accelerate and enrich the scope of WA@O portrag every entity as an object, for
example, temperatur@emperaturesensor, gas(gas sensoy)devices, human/user, time, dagc.

Hence to satisfy the requiremenbf WoO, we present physical object representationa virtual

world namedVviOs. All theViOs are semantically related éach other with the semantic degton.

A semantic ontology model for emergency fire management is presented in this paper as well.
HereaftereachViO is the abstraction of a particular physical objédtewiseg more than on&iO can

form newViOs according to the service requirenteems new ViOs are created from the original
ViOs, theyinherit the resources, features and characteristidgeaiiginal ViOs.

Fire symptom detection is performedthe application server of WoO by measuritige changes
in the atmosphere such dke temperature level, smoke level and gas level. The distributed pool of
sensors senseheenvironmentand transfes collected values immediately to the Application Server
(AS) through the WoO gateway. After analyzing those real world environment dataliagctra
predefined policy AS detect an emergency fire situation. Aftéhe detection of a fire incident
the fire management team talactions based on previously occurred similar syp&fire incidents.
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These previous conditions data are retrievieoin the log repository9]. The emergency situation log
is collected fromViOs and is stored in the log repository. We characterize a shopping mall fire
incident to portrayan emergency fire management systdmt it is not limited to any specific type of
organization or territory.

If simplicity and intuitivenesscan be obtained for the end ugersot only in using various
applications while interacting with their physiclrroundingsbut also in creating neexperiences
via the same tangible realorld interactivityd then indeegda potentially large market exists for actors
in the serviceenabling space, ranging from domaipecific application service providers down to
Internetof-things infrastructure inteomnectivity providers and network operators. We expect that the
dynamics of thdongtail marketplace for applications (and application components) will result in the
mo s t relevant components become part ohs will h e e
evolve into tomorrowbs service infrastructure.

2. Related Work

Several attemptshave been explored for incorporatig applications and servicesto the real
world. Service Oriented Device & Delivery Architectu(6ODA) [10,11] is an adaptation of a
serviceoriented architecture (SOA). The SODA approach for designing and building distributed
software is to adapt a wide range of physical devices into disseminated IT inventiveness systems.

SOA is a well-known IoT middleware solutionapproach However a widely recognized
layered architecture is ignorad SOA and faces problems of abstracting objédtsictionalities
and communications capabilities which are required for service composifi@fh2 OSAMI
comnons[12,13] project have showthe basic design of SO#ériented platforra This knowledge can
be applicable in the context of the global roadmap of the WoO.

DiYSE [14,15] is another approach that easy to usdor normal usersbut rarely suitable
for professions. Moreover its object representation and business process model cannot handle
complexitydue tothe lackof dynamicity in connecting objects as well as creating new serviesse
WoO is intendedto enhance that expertise to thefessional level as well as to handle complex
workflows for creating new service$#t ensures interoperability by providirgsmart gateway in the
WoO architecture and creatitigjs ViOs according to the application requirements.

Internet of Things Architecture (IoT-A), an ongoing project reference [16] proposesan
architectural reference model together with the definition of an initial set of key building blocks.
Advancemergtin miniaturization, energy harvesting, and the integration of computing and communication
components into nestandard substrates enable the implementatidimeshost sciencéiction visions
that we have today, btiie absence of a uniform and comprelt@asarchitecturecould threatenthe
deployment othe Internet of Things (loT)

Therefore, the first step towardsalizing this vision is thelevelopment of an opearchitecture
reference model, providing guidance for the technical decisgarsicemanagement ademantic and
context aware semantic service architeetis considered in SemBySdit/] and SemEUs¢18],
respectively. A dynamic monitoring system, using composite probes, is also connected to the
orchestration processo that QoSaware l&e binding can be implement§td].
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The consequent research challeegplodedwith the evolution of the IoT domain that has grabbed
our attentionin the physical object representatiorthr virtual world. An approach for virtuaensos
has been described|[®0], but without exposingnyimplementation details for the usérvirtualization
has been focusedn in [20] through managing those ViOs to comply with assorted and pervasive
environmerg to ensure context awarengas well as tghly reliable service provision.

A few more research works are concentrated on several technical features as well as on applicatior
domains. For example, the SOFIA proj§ti] tries to produce a semantic interoperability platform to
make physical world data available for smart services by establishirsgibkeen the physical world
and the virtual world. The authors [#2] inspected the process to include ontologies, runtask
models and Belief Desire Intention (BDI) to enable semantic interaction for pervasive computing. On
the other handheresearchers [23] have considered overt semantics to design illustrated models of
association amonthe devices in a smart honenvironmentThree diverse levels of abstraction such
as resources, entities and resource users with an architectural maglbeba presented as the main
concept of the SENSEI projef@4]. Resources are the virtual form of devices, entities are thebirt
representation of peoplplaces and things and resource users are the end user who comrawnibate
theresources and entiti¢25].

The aforementionedexamplesillustrate that current devices and communication infrastructures
characterized by proprietary protocols and a lack of common standenttisat the network and
application levelprevent the visiof sharing data among intelligent objects or cooperating in groups
to adiieve complex goalsWe are targeting a Web of Objects (WoO) facilitating smart distributed
applications that combine information from different domains currently isolated from each other. In
order to facilitate simple developmedgployment and operatiaf smart distributed applicationan
integrated design based on a uniform resoeftieient infrastructure, uniform data and service models
is stresse@nd a comprehensive semantic descripthémO facilitates easy creation of credsmain
applicationsable to target goals that have not been envisaged at system deployment time.

In summary, with several projects, standards, prototypes, praahatépproaches frortheindustry
and academia, itasbemme possible t@ublishthe real world to the digital wrld as well as to the
Web.We intendto propose a smart environment using the existing approaches and show a scenario to
handlean emergency fire management situatiéwwcording to our knowledgegven thoughseveral
systems have been proposed in this wagnother, therarestill noViOé s -based)fire emergency
management systesim the IoT domain.

The st of this paper is structured as follow&ection 3 introduceshe readerto the WoO
architecture for emergency fire management. Section 4 preseatbject virtualization and
management model in WoO. Section 5 describes the context aware emergency management systel
operation and its related components. A prototype implementation isish@ection6, and finally,
we conclude this paper Bection?.

3. WoO Architecture for Emergency Fire Management

This paper presentsur proposedVoO architecture for fire emergency management syssterd
subsequentlyntegrateshe object virtualization and management approatdtive WoO. To ensure
therelationshig among objectshe semantic ontology model is also presented in the context of WoO.



Sensor014 14 2949

Consequentlythe fire-incident log collection procedure is exhibited to tadkie new fire incident.
Finally, the emergency fire management system is desgrincluding a prototype implementation.
We consider thaVelbss easy application capability and
proposed/NoO architecture in this paper ushs web-based service platform structurespired by the
current existing approaches lisemBySenmand SemEUSHor the semantic description of objects and
services On the othehand the overall systemarchitecture is inspired by OSAMInd DiYSEand
heterogeneous device management is inspiyebB-A. This section presents the WoO architecture
and semantic ontology modey reusing existing web architectar@s platform, smarbjectsservices
on the web. Two important issues to achibyehis are how to integrate physical thingsto the web
and how to make these physical things offeb servicesFigure 2depictsall the components dhe
WoO architecture. Sensor devices ar@oesiblefor collectingdata from theeal world and sendg it

to the WoO gatewaytlfe communication medium can be Zigbee,-Wior Bluetooth).The cateway

on the other handnaintairs a device profile for each and every sensor node and receve data
from the sensorsAny faulty deviceprofile can be disgaedby theWoO gateway and newlevice
profiles can also be added according to the requireméritere is a persowith proper authority
responsible for configuringhe gateway. This part Mery sensitive as any misg configuration or
failure to address the faulty sensoould result ina failure to understand an emergency situation

properly.

Figure 2. Web of Objects (WoO) architecture for an emergency fire management system.
Usess can only connect tthe Application Server througthe App to getarequired service.
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The WoO gateway is capabtd communicatingvith sensor nodes through various comrioation
mechanisra and protocols. It also has the capability to relay environaheiata tothe WoO proxyin
active and passive modie active modesensors shall push datattee gatewayand in passive mode

t
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the WoO gteway pukh data from sensor device$he WoO proxy then aggregatehis data and
transfes it to the AS. Hence in this thesisthe WoO proxy communicatedirectly with the /5. There
are several parts inthe AS such asthe Application Service function (ASF)the Emeagency
Management System Function (EMSF) and the ontology mB&#EF is the main function to handle
theemergency situatiainstantly aftera fire incident is detected by the ASF.

We describethe EMSF architecture irSection5. It explains that ASF anEMSF hae been
designed within the Application Server (AS) and are connected to each other for the interaction of data
and instructionsWe consider emergency situations for a shopping mall tastaase in this paper
however it is not limited only tathe shopping mall scenari@ssimple or no modificatiomarerequired
to comply withthe needs oflifferent organizationsT'he erminalor client module is the smart phone
app or a browsebased clientThrough this moduleuses can access the WoO servicérastructure
andreceivenotificatiors and alert messageDetaiked emergency management procedurave been
described irSectionb.

In order b handle an emergency situatioinis very important to respahas quickly as possible
however this response is dependent on the available informatimutthe fire incident. Herewe
consider information about the fire locatidhe source othefire, thenumber of persongnd thearea
on fire. After getting thisinformation the next step fothe emergency management team is to take
actions liketriggeling the fire alarm, initiating hotline calling, monitoiing the fire affected area
openng exit doors, provithg an escape route tdhe users, provithg special assistance fdhe
handicapedand trapped perseretc

Each type of information is treated asingle object in WoO and all théiOs are semantically
relatedto each other. Virtual representation of all the olgeein be combined witeach other to form
a new objecbased on the application requirement. Object virtualization is descrilsstion4.

The emergency fire ontology is based on the concepts of systems, processes, and observation:
It supports the description of the physical and processing structuobjefts. Objects are not
constrained to physical sensing devices prather an object is anything that can provide the value of
anoccurrenceso a device or computational process or combination could play the role of an object.
The representation of aibject in the ontology links together what it measures, the physical sensor and
its functions and processing. WoO semantic ontology majgure 3 shows the relationship of each
objectto gather data and information accordingtsospecification.

Physical objects are represented as ViOs in WId@s virtualization concept is based on the WoO
semantic ontology model. Ontologyiodelling [26] hasthe advantages of information reusability,
extensibility, and interoperability which is the key point to maintarihe federation, orchestration,
collaboration and harmonization among all the ViOs. These ViOs are cagatxaborating with
each otheand forning new ViOs according to the service requirement

In Figure 3, we consideonly those objectsvhich are directly related to the emergency fire incident.
Sensor devices collect raw data to deteefiire symptomwhile the user object habke user type and
userid; furthermore the user typencludesa shopperanemployee ana security guard. Whea fire
incident happensll these objects collaborateth each other according to the requirement.
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Figure 3. All the required objestto handle a fire emergency situation is consideredign th
figure. Virtual representation @il objects maintaisithe semantic relation with each other.
For better visualizatigrall the objects are shown with arc but any kind of combination is
possible based on the application requirement.
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4. Object Virtualization in WoO

This section presents the object virtualization and the manageonsuapportthe virtual matching
part intheWoO for emergency fire management. The process consists of three layers of functionalities
and each layetomprises different entities that prdeithe harmonization, federation and orchestration
among objects for flexible service to user applications. ditject virtualizationprocessensure the
object abstractionand heterogeneity that derives from the vast amount of divehssical objects,
while enhancing lexibility to facilitate the consideration of the views of various users for ensuring
proper application provision, business integrity, therefore, maximization of exglofportunities.

4.1. Layered Approach

Figure4 shows thathe objectvirtualization concept conssof three layers of functionality. ViOs
are reusable for diverse applications and is basealsemantic ontology modelhe threeproposed
defined layersre described in more detail in the followipgragraphs

Device layer is the lowermost layaronsistingof all the sensors, actuators and communication
mechanisra Sensors are connectedth® gateway and collect real world raw data like temperature,
smokeand gas Managing these sensor noderucial to the success dhe overall system. Wrong
reading or failure to sense any environmental values can be vergrtaas for the overall system.
To address thisssue we considerthat an authorized person should be responditdecreatingand
maintainng adevice profile in the WoO gateway.
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Figure 4. The object virtualization process happens in three layers. After getiieg
applicat i on 6 s theappication |layentbavirtualizatian tayer creates Vi©
against physical objects. This layer provides the bridging betwegphysical world and
virtual world. On the other handhe application layer interfacewith the userand the
device layer consisof all the physical objects and gatewsay those objects.

Application Layer Application Service
Virtualization Layer Virtual Object creation
Device Layer Sensors & Actuators

The vrtualization layer defines the creation \6iOs against all the physical objects gmvides
links between the physical and the virtual world. It comprises virtual representations of sensors and the
values that are collected as observaioneachViO. This layer also includebie dynamic creation of
ViOs according taghea p p | i cregtirencentS well agsheu s er 6 s r. @hgsusiactualiy the t
combination of two or mor&/iOs which is formed by following the semantic ontologglation
All the ViOs are harmonized with each other to maintain orchestration. This dynamic federation
enalesthe systento provideon-demand services to users.

The agplicationlayer interfaces witlthe users and also requeshe down layer to prepare objects.
It comprises functionalities and interfaces for acquiring user requests, preferences and constraints tha
are taken into account for the automated creation and dynamic configuration of objects, the provision
of smart, customizedndpersonalized serviceShe wser can provide a set of requirements for cngati
a service that may requirecombiring a few virtual objecs to satisfythe us er 6 s requi
Furthermore, intelligent mechanisms are subjugated in order to dwichamic service for users
accordingo ther requiremergs.

4.2. Virtual Object Formation and Management

Virtual objects are created and related to each othex dgmantic ontology modeThis section
presents the ViO formation and managenmeathodin Figure5. ViO is the virtual representation of a
physical object that containthe information for the description of the physical object, while it
is implemented as program code that is used to link the real world object with the virtual world.
Any object, whether it represerttse sensors or other physical objects is considered to be a real world
physical object and can be described in such a matterit facilitatesin its exploitation and
accessibility in the virtual worldfor example,a temperature sensor associatgth a room and
measures the room temperatu@n the other handshoppes and guard are different types of user
objecs and can also be represented/&3s.
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Figure 5. User requirements are analyzed and caedphith the system policyThe next
step is performedo find and select the required objects to form new 34@ satisfy the
user application requiremen®he atology model definsthe relationshipamong ViOs.
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A sensor objectan also beassociated witta user object implicitly and described in the virtual
world. For exampleif a user neeslspecial assistance duriag emergency situatigthenthe system
can associata guardobject (a member ofthe rescue team during an emergency situation) with the
location object to create the assistance service for the user. Essentially, a ViO praovidéstract
representationf the features and capabilities of all the objects in the virtual world.

Formation of ViO in our implementation is definedRessource Description FramewdfRDF) [27i 29]
into a XML file. Prototype mplementationis described inSection6. The ViO matching module
matclresrequired objedin the ontology model accordirtg the applicatiod sequiremerg. The ViO
creator creates neWiOs with anidentity which are actually the combination of existiWgOs for a
specifc service Each newiO will get a unique identityi.e., ViO-ID.

Dynamically created new objects are semantically interoperable ViOs that are combined in order to
offer services that will fulfil an application request frothe user.Figure 6 shows that dynamically
created newiOs inherit the functions and features of the source ViOs. Moredveombines them
for the provision otomposite services by maintainiogchestration with other related objects. These
new objects are capable of being reyuss@nout of thecontext for which it was initially created. One
or many new objects may be used in order to compose an application providing a set of services in
accordance wittheuser requirements.
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Figure 6. Two ViOs are combined to createnaw ViO. Virtual objects hava profile and
value container to keep the recent value. But the New ViO doesave any value
container as it inhegtall the properties ats source ViOs.

However the new ViO does not have any individual value contajrrather it share the source
ViOsbvalue containeras well as other featureghis inheritance allog/ithe ViO to be very flexible
and scalable compadeto the original ViOs from which the new ViOare created For better
understandingwe show the steps of neiO formation inthe next paragraphlThe gepsof newViO
creationare as follows

Step 1. Receive service requirement fritvauser application

Step 2 Analyze the requirement and chegih the policy

Step 3. Find the required objects and mabemwith the available objects e ontology model
Step 4. Create a neviO by combining existing objects

Step 5. Send the neviOGs data taheapplication

Step 6. Save the neviO or destroy it according tihe requirement

Lifetime of newViO depends on the requiremaitthe application andnewViOs will be storedr
destroyedaccordingthe applicatiorrequiremerd. As we already have mentioned that all the ViOs are
described through semantically enrich@tformation dynamically creatednew ViOs are not
directly-matched physicadbjecs, rather they arethe combination o few existingViOs; hencethey
are represented as the combination of ViOs in the program code.

5. Context Aware Emergency Management System

Whenever there is a fire emergency, there is neither much time nor much data to sit, analyze anc
decide on the course of action by the emergency management team. Hence, instead of a comple
model, simple contek aware methods are considered to determine the course of action during a
fire emergency.



