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ABSTRACT

Pervasive environments are characterized by rich and dy-
namic context, where users need to be continuously informed
about services relevant to their current context. Proactive
service Discovery is one of the most important fields of re-
search in pervasive computing. In This paper we will present
an enhancement of ubiquitous computing discovery mecha-
nisms adding context handling capabilities to Web Services
for Devices in Pervasive Computing using UPnP as an in-
frastructure to address these implicit requests. User prefer-
ences, network and location are described by a formal con-
text model ontology. As compared with previous research,
our method uses location aware, UPnP infrastructure, web
service for devices and the notion of proactivity in pervasive
computing to continuously present the most relevant ser-
vices to the user or device in response to changes of context,
services or user preferences.
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1. INTRODUCTION

Ubiquitous computing, as described by Mark Weiser [1],
relies on computers present everywhere, at any times and
in any things. Indeed with recent years advance in mobile
communication technologies and the miniaturization of com-
puter hardware, processing units are becoming invisible and
a part of the environment.

In pervasive environments, however, user context and user
preferences are rich and become essential aspects when de-
ciding, which of the available services are of most interest
to the user in a given situation. The system should discover
and select services in response to changes in the user con-
text, even if the user did not issue an explicit service discov-
ery request to the system. We will show that the capability
of capturing these implicit requests can improve user expe-
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rience significantly.

eb Services for Devices [22] specially aim at permitting in-
teroperability, since they do not rely on any specific pro-
gramming language or hardware architecture. Service for
Devices also suffers constraints related to devices’ resource
dependencies: frequent disconnections, memory limitation,
narrow network bandwidth, limited power, processing ca-
pacities, etc. Therefore, the description of Service for De-
vice must include these limitations to inform of specific con-
straints associated to the provided service. To go further,
more specific works on the description of ontological devices
and services such as are thus necessary to give a complete
Service for Device description.

Devices being most often connected to the real environment
of applications, associated services need to offer mechanisms
which take into account applications’ proactivity to envi-
ronmental variations. Web services for devices thus define
communication protocols using events (subscription, notifi-
cation) in an asynchronous execution context and include
concepts of services and event frameworks, as well as decen-
tralized and dynamic discovery.

Besides, the location concept is largely used to determine
the availability of services for devices. In software usage,
location is implicitly linked to user’s proximity inside his
environment. Centralized service directories are difficult to
keep up to date, because applications undergo frequent dis-
connections of devices, which leads to communication over-
heads while keeping coherence between pieces of information
stored in a directory. Adopted solutions in WSFD hold on
local and distributed discovery mechanisms between service
producers and service consumers. It is the case for UPnP
[23] and DPWS [24], with respectively SSDP protocol and
WS-Discovery protocol.

In order to explore such a complementary views, we propose
a platform that implements the feature of proactive service
discovery using Web Service for Devices in Pervasive Com-
puting and utilize UPnP as an infrastructure. The consumer
does not need to specify a desired kind of service to be dis-
covered, but it is the service that is offer to users or devices
in the background.

The rest of this paper is organized as follows. Section 2,
evolved standard SOA to SOA for device (SOAD). Section
3 introduces the notion of proactivity in pervasive environ-
ment. Section 4 reviews existing research on proactive ser-
vices, ubiquitous computing, and context-aware computing.
Section 5, introduce our vision: Proactive Approach for Ser-
vice Discovery Using Web Service for Devices on Pervasive
Computing. Section 6 presents a case study of our Proto-
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Figure 1: : From Services to Web-Services for De-

vice.

type. Section 7 Conclusion and future work are presented
in the last section.

2. FROM SERVICES TO WEB-SERVICES
FOR DEVICE

2.1 Service

A service is a software entity which can be invoked, which
has a specific functionality, and a well-defined interface [21].
The encapsulation principle gives some freedom in imple-
mentations: a given service can actually be provided by dif-
ferent implementations as far as the interface is respected;
this gives some freedom in the selection of service provider.
Every service is described in a description language fixed
by a service framework. For better reutilisability, extensi-
bility and dynamicity, services are not linked together to
create applications. Interactions between services are speci-
fied independently of the functional code and handled by the
service infrastructure. This is what is called loose coupling.

2.1.1 Service for Hardware

Services are limited to the computing virtual world. To di-
versify their functionalities, the service architecture can also
be applied on devices. This induces some difficulties. Events
are needed to increase proctivity. Discovery protocols also
need to be adapted to find a potentially mobile device in the
wideness of the world Figure.1.

Device We call input /output devices, or simply devices, equip-
ment’s interacting with their physical environment. Devices
are basically similar to services: they provide functionality,
a way to access it, and are loosely coupled between each
other’s. A device can appear or vanish at any time. This
can be due to real mobile devices or to specific constraints
inherited from the real world such as an energy saving policy
for example. To increase proactivity, device can use asyn-
chronous communication to notify applications of changes
in their state.

Figure 2: SOA to SOA for device.

2.1.2  Web Service-Oriented Architecture for Device
(WSOAD)

For many years, service oriented architectures (SOA) have
been used in home automation, mobile and ubiquitous com-
puting to represent as services the sets of functionalities
offered by devices. They offer lots of features such as en-
capsulation, dynamicity, discoverability and interoperabil-
ity. They evolved from standard SOA to SOA for device
(SOAD) by adding two main features: decentralized, proac-
tive discovery and asynchronous communications, Figure.2.

2.1.3 Discovery and Publication

Devices and services must be statically known for any ap-
plication to be able to run. Publication is done by ser-
vice producer; they inform others of their available services.
They can either register to a central server (yellow pages
approach) or advertise themselves by broadcasting periodi-
cally on the network. On the other hand, discovery is done
by service consumer which proactively searches for available
services. Contrarily to SOA for which service discovery was
most of the time assumed by a central service directory,
SOAD prefers decentralized discovery mechanisms not to be
dependent on any infrastructure.

2.1.4 Evening Mechanism

Synchronous communication mechanism is well fitted for
services-based applications. Devices do not only provide
functions, they may also need to advertise from a modifica-
tion of their state. Consequently, communications need to
occur in both ways, and may happen when the device needs
it, without an external request. This is a crucial point for
the reactivity of the system. The asynchronous messaging
mechanism used by services for devices is event notification.
Consumers interested in receiving events from a device have
to subscribe to them. Services for devices thus have to han-
dle subscriptions along with event sending. Events generally
notify changes from the physical constraints of a device (for
example a battery level, a sensor information change).

2.2 Interoperability of Devices in a Service Ori-

ented Architecture

Web Service suffers from the same problem than SOA when
trying to interact with devices. Web Services provide mecha-
nism essentially for synchronous communications that is why
Web Service for Devices (WSD) was introduced. The WSD
model has two major implementations: Universal Plug and
Play8 (UPnP) and Device Profile for Web Services (DPWS)
that we will describe in more details in following sections.

2.2.1 Universal Plug and Play (UPnP)



upnp-org:service: 1
J-_J State variables
' LoadLevelStatus
5 LoadLevelT arget
5 MinLevel
@ GetloadLevelStatus(uil RetloadLevelStatus)
@ GetMinLevel(uil MinLevel)
@ SetloadlevelT arget{uil NewlLoadLevelT arget)
= [ un:schemas-upnp-org:service:SwitchPower: 1
B+ State variables
& Status
& Target
@ GetStatus(boolean ResultStatus)
@ SetT arget(boolean newT argetValue)

Service Discovery ||Web Service

SSDP. GENA |
HTTPMU

Figure 3: UPnP Architecture.

UPnP was firstly created to extend the Plug and Play con-
cept to peripherals on a network Figure.3. It defines device
profiles, in a specific language (though XML), for example
for printers, or gateways, which are fixed by the UPnP Con-

sortium, and implemented by UPnP servers in such lightweight

devices [23]. The Simple Service Discovery Protocol10 (SSDP)
used by UPnP permits to discover and search devices on a
local IP network, using multicast UDP messages. It can
moreover specify a type filter for searches, and then find
only devices or services matching this type. UPnP uses Sim-
ple Object Access Protocol SOAP for classical Web Services
requests. The eventing layer is managed by the General
Event Notification Architecturell (GENA). Subscription to
events is required, and leased. However, this protocol has
some drawbacks: events are related to state variables, and
must be defined before use. When a service contains several
evented variables, all their values are sent at once even if
only one value has changed.

2.2.2  Device Profile for Web Service (DPWS)

Due to the limitations previously exposed for UPnP, and
to the non-standard descriptions and protocols used, the
DPWS technology has emerged with an aim of replacing
UPnP. DPWS was created more as a Web Service than as
a plug and play protocol [24]. It is based on Web Services
standards, such as SOAP for data transfers and WSDL for
descriptions. This Web Services kernel is extended by some
WS-* specifications: WS-Discovery12 and SOAP-over-UDP
for peer-to-peer service discovery at a local network scale,
WS-Eventingl3 for managing subscriptions for event chan-
nels, WSSecurityl4 for security, which was cruelly missing
with UPnP, WS-Addressingl5 for advanced endpoint and
message addressing, WS-Policyl16 for policy rules and ex-
changes, WS-Transferl7 and WS-Metadataexchangel8 for
device and Service description.

UPnP is an open architecture for pervasive network connec-
tivity of intelligent appliances, wireless devices, and PCs of
all form factors. UPnP standard is chosen for its flexibility,
standards-based connectivity, web services-like architecture
and available support from the industry. There are many

UPnP enabled devices available in the market today and
UPnP SDKs already available for different programming en-
vironments and platforms, to ease the development process.

3. PROACTIVITY

Proactivity is a key concern of ubiquitous computing, both
for adaptation triggering and for adaptation time. In a per-
vasive environment, the user invokes services. The system
combines these services and deliveries. Reactive systems ex-
pect an explicit order of the user to initiate an action. A
proactive system provides action based on contextual infor-
mation (location user preferenceEetc.), Figure 4.
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Figure 4: Proactivity Mechanism.

4. RELATED WORK

Several prototypical systems for ubiquitous computing envi-
ronments have been intensively investigated in recent years
[2, 3]. Early discovery approaches were based on the func-
tional description of services, for instance service category,
semantic description and key words. For enhancing service
discovery, many research efforts involved context in different
phases. However, as far as we know, few works has acknowl-
edged context as a first-class criterion and motivating factor
in service discovery. In other words, explicit, request-driven
service discovery approaches are predominant in pervasive
environments. GAIA [4] is middleware support for active
space environments such as smart rooms and living environ-
ments. GAIA uses a component repository and centralized
approaches to events, and services discovery. The context
is described using data collection called predicates. Some
example context predicates are: Context (location, Amine,
entering, room 3231). First order logic formula may be ap-
plied on these predicates in order to deduce the action to
be taken function on the context. CORTEX [5] proposes a
novel sentient object model to address the emergence of a
new class of application that operates independently of hu-
man control. Infrastructure based and ad-hoc based wire-
less environments are considered to address mobility. The
middleware reacts on events by changing the behavior of ob-
jects. In order to select the relevant context, CORTEX uses
filters that provide a basic mechanism to allow objects to
express interest, or lack thereof, in events of a certain type
and zones that introduce a means of scoping or limiting the
propagation of event notifications in the system. Aura [6]
is a context-aware middleware which can be used to create
mobile applications. It represents the user by its aura, like a
Personal Area Network (PAN), and brings the appropriate
resources from the services of the environment to support
the user’s task. Context changes are notified by events, and
tasks can change while context is evolving. A key context el-
ement is considered to be the user location information and
various methods may be used in order to locate the user.



Another key aspect of the context is considered to be the
time (ex. scheduled tasks). Other context aspects are re-
lated to the user profile, personal data (that should be also
secured).

The following two examples address service discovery with
QoS and context information, but they don’t consider the
impact of continuous context changes on service discovery.
Mokhtar et al. [7] proposed the EASY (Efficient seman-
tic Service discoverY) framework which takes QoS and con-
text into account. EASY relies on semantic modeling using
OWL-S to describe context, QoS and functionalities of ser-
vices. User preference is not considered in EASY.

Park et al. [8] presented the concept of Virtual Personal
Space (VPS) to extend the scope of service discovery. VPS
conceptually extended the concept of space beyond the loca-
tion domain by including QoS, user rating and service load
in service discovery. Hyun-Yong Noh et al. [17] proposes a
new indoor localization technique specific to context aware-
ness.

The Context attributes proposed by Lee and Helal [9] are an
early effort of service discovery in smart home environments.
Context attributes extend the Jini [10] service discovery pro-
tocol to include domain specific context information in the
service description. Chung-Pyo Hong et al. [18] purpose of
this research is to propose an efficient management scheme
for Virtual Personal. World (VPW) which is a model fo-
cused on service continuity of personal world.

Broens et al. [11] enhanced the idea of context attributes
with an ontology-based context model. The model is able
to describe the relationships between different context at-
tributes, and in turn support the semantic matching of ser-
vice and context description. All of these works focus more
on an extension of existing service discovery protocols. Kim-
berly Garcia et al. [16] proposed a semantic approach con-
sisting of a customizable model expressed as a set of ontolo-
gies that suits many different type of organizations, from
small ones to large and complex organizational structures.

There are few works that have addressed proactive discov-
ery as a complement to explicit request-driven service dis-
covery; however our work distinguishes itself substantially.
Bellavista et al. [12] proposed a user-centric service view for
explicit discovery. Discovery scope and service view are the
keys to indicate the changes of context information and its
impact on available services. Hesselman et al. [13] presented
the idea of a persistent discovery request but did not provide
further details. Chii Chang et al. [14] propose a proactive
mobile Web service-based approach for mobile social net-
work in proximity (MSNP). Evangelos Niforatos et al. [15]
introduce a platform for the rapid prototyping of proactive
location based service discovery. Sebastian VanSyckel et al.
[19] presented a comprehensive approach to configuration
management for proactive adaptation in pervasive environ-
ments. Joonhee Kwon [20] proposes a method for effective
proactive service in pervasive computing environment. this
method uses social network and context in pervasive com-
puting.

Conclusions about the existent solutions: However our work

is based on a comprehensive formal model of context (Meta
Model) and an efficient infrastructure able to reflect the
changes in context, user preference, services in real time
and integrates intelligent devices that may appear and dis-
appear dynamically (UPnP). Our prototype is implemented
with a strong focus on maintaining context information, de-
tecting changes and more frequent proactive discovery can
be performed to improve user experience.

S. PROPOSED ARCHITECTURE:

Figure.5 how the overall architecture of our Proactive Ser-
vice Discovery Using Web Service for Devices system that
supports pervasive applications from different domains and
propose to the user or device select efficiently the most rele-
vant services that may be found around the user at a given
moment. It consists of the following components.

After analyzing our problem, we have decided that the fol-
lowing issues need to be solved: o Our architecture adopts
decentralized approach based on the UPnP devices/services
discovery mechanisms. o Propose a context model to add the
necessary meta-data entities (devices, services, users, etc.).
o Integrate the proactive mechanism the user is not obliged
to given his request, but this is the system that offers the
most relevant services.

@ Context Manager
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[%, Location Manager @ ﬂ]

UPnP Infrastructure  yppp

-

Ontology:

Context
Reasoning

Context
Perception

N Environnement

Figure 5: Owur conceptual framework for context
aware proactive service for WSFD.

The proposed architecture includes the following parts, Fig-
ure.6:

5.1 Location Manager:

A range of context provider gives atomic information about
the user’s or devices location. Context providers cover from
low level data obtained from sensors, GPS, RFID, WiFi,
etc. The system provides two levels of inferences. At the
first level, atomic context information infers new information
while in the second the inferred context information is used
to infer higher-level information.

5.2 Context Manager:
the context manager collects information from different en-
tities that affects context (e.g., sensors, users, devices, etc.).



Then, it uses context ontology to provide contextual infor-
mation formatted in this ontology, it includes the Context
Interpreter, Context Reasoner, and Model Context Ontol-
ogy. Each component are described in details in the follow-
ing subsections:

5.2.1 Context Interpreter:

Context information from different data sources has diverse
chronological features and data formats. The system needs
a type conversion to map the value of one input type to an-
other value of another input type to allow new and innova-
tive information sources to be used. The context interpreter
is responsible for converting raw data to meaningful context
information that can be put into ontology for use by other
components of the system. This can be done by using Web
Ontology Language (OWL) which has capability to spec-
ify characteristics and functionalities of all the information
sources.

5.2.2 Ontologies:

OWL ontologies define the context. They represent both
data directly sensed from context providers and information
inferred from this data using inference rules. The context
ontology describes generic concepts and consists of atomic
information from the information sources, inferred informa-
tion from the atomic information using the inference rules
and the inference rules. Figure 6.

—
—

Figure 6: Partial Ontology for Context Manager.

5.2.3 Context Reasoner:

This module is responsible for inferring new higher level
context from given atomic context information. The con-
text reasoning is based on inference rules. This module may
trigger the execution of rules based on the current context
information which in turn infers new contexts. It enables the
context-aware system to be tailored for specific application
scenarios. The context reasoner can also infer context prop-
erties using ontology reasoning by specifying inter-ontology
relationships.

5.3 Service Manager:
includes Service Discovery and Service Prediction Figure.7.

5.3.1 Service Discovery:

Our framework provides lookup functionality to locate ap-
propriate services and devices that are relevant to client
needs and in accordance with user context. Using UPnP
service discovery mechanism, Services are discovered.
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Figure 7: : Illustration of Service prediction.

5.3.2  Service prediction:
This approach recommends proactively a service that can
satisfy user’s future needs. It is based on the assumption
that common situations can be detected, even in a dynamic
infrastructure based on UPnP.

We propose also in this approach recommends proactively a
service that can fulfill user’s or devices invoqued. We define
the notion of contextEntity (Ce), satisfied by a specific ser-
vice (SPS) resulting from a previous discovery process based
an infrastructure UPnP <Ce, Sd>.

The proactive service candidate algorithm that we propose
performs a semantic matching process in order to offer the
most appropriate service. The goal is to rank the available
service discovered an infrastructure UPnp based on their
contextual information ans select the most one for consumer.
This algorithm compares service context and content entity
that contain location, user preference, (Ontology). The fig-
ure present the proposed algorithm for all the services avail-
able at the UPNP Space, we calculate the matching score
of best service. First we detect change of context than we
calculate the matching score between context service and

context entity, Figure.8
\ Algorithm: Detecting Context Changes

Algorithm: Proactive Candidate Service 1: procedure ContextChangeDetection (Sdi)
2: For each Ce(i) € Ce do

3: Update (Ce)

4: Return Ce

5: end procedure

/ Algorithm: Contextual Matching \

1: procedure ContextChangeDetection (Ce, Sd)

2: Cscore = 0 Detect Context
3: Foreach $d(i) e 5d do
4: C (Sdi) = GetContextChangeDetection (Sdi)

5: Cscore = Matching (Ce, CSdi)

6: end for 1: Procedure Contextual Matching (Ce, CSdi)
7: CPS = GetBestService(Cscore)
8: return CPS 2: Cscore :70

3: For each Ce(i) € Ce do

11: end procedure
4: Cscore =0

5: ECei = CetEntity.Value (Ce)

6:  For each CSdi(i) € CSdi do Recy ontext
7 ECSdi = GetEntity.Value (CSdi)

8: Escore= ContextMatch(Ecei, ECSdi) Matching
9:

9: Cscore = (Escore + Cscore)/2
10: Cscore = : Cscore + Cscore

11: end for
{:end procedure /

Figure 8: Proactive service discovery algorithm.

Ce: Context Entity, Sd: Service Discovery, CPS: Service
Candidate, Cscore : ContextScore, Ecei:
EntiyContext, ECSdi : EntityContextServiceDiscovery




6. APPLICATION USE CASES: INTERAC-
TIVE MUSEUMS

We present in this section the scenario of our context-aware
proactive service discovery using web Service for Devices.
Then, we discuss our experimental results. We consider, for
example, an application for visiting a museum.

Service Name ContextService ContextEntity Score

-Location.Museurns=Zoological
-Profile.Age = 21

S] -Location.City = SBA 2
-Location.Country = AIGERIA
‘Resource.Screen = 16 o »
-Device = Intel Core 2 duo <
Resource.Memory = 2048 ] [>]
-Resource.Network = Ethernet K = -

- . |

-Location.Museums=Archaeology
-Profile.Age = 24 (L o —~

s2 -Profile. Langage = Arabic
-Profile.Role = Citizen
-Location.City = TLEMCEN 4
-Location.Country = ALGERIA,
-Resource.Network = 3G -Location.Museurns=Archaeology
-Device = Ipad 2 -Profile.Age = 25
Resource.Memory = 32 -Profile.Langage = Arabic
-Resource.Screen = 5 . X
“Location.Museums=Archaeology -Profile.Role = Tourist
Profile.Age = 25 -Location.City = SBA

53 -Profile. Langage = Arabic -Location.Country = AIGERIA
-Profile.Role = tourist -Resource.Network = 3G
-Location.City = ORAN L
-Location.Country = ALGERIA -Device = Iphone 5 8
-Resource.Network = Wifi -Resource.Memory = 16
-Device = Iphone 5 -Resource.Screen = 5
-Resource.Memory = 16
-Resource.Screen = 5

Figure 9: analyses after executing algorithm of our
approach Proactive Candidate Service.

We present 3 service in an infrastructure UPnP, the anal-
yses after executing algorithm of our approach Proactive
Candidate Service illustrated in figure.9 demonstrate that
our proposition present a more interesting result; we believe
that our proactive service discovery mechanism allow select-
ing appropriate service provided by web service for devices
which is more transparent for users and devices.

7. CONCLUSION

Pervasive computing refers to the seamless integration of de-
vices into the user everyday life. One field in the wide range
of pervasive computing is the context-aware system. In re-
cent context aware computing, researchers have proposed
vision, such as proactive computing. This paper presents a
novel proactive approach service discovery for pervasive en-
vironments using Web Service for Devices via UPnP as an
infrastructure. The goal is to proactively and continuously
discover and offer services that fit the ever-changing context
and preferences of users.

Future works will be concentrated on the improvement of
our experiment results, we expect to evaluate our proactive
service discovery in more interesting real world scenarios,
and these results will be tested on a more important of ser-
vices.
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