
Applying Semantic Web Services and Wireless

Sensor Networks for System Integration

Gian Ricardo Berkenbrock, Celso Massaki Hirata,
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Abstract. In environments like factories, buildings, and homes automa-
tion services tend to often change during their lifetime. Changes are con-
cerned to business rules, process optimization, cost reduction, and so on.
It is important to provide a smooth and straightforward way to deal with
these changes so that could be handled in a faster and low cost manner.
Some prominent solutions use the flexibility of Wireless Sensor Networks
and the meaningful description of Semantic Web Services to provide ser-
vice integration. In this work, we give an overview of current solutions for
machinery integration that combine both technologies as well as a dis-
cussion about some perspectives and open issues when applying Wireless
Sensor Networks and Semantic Web Services for automation services in-
tegration.

Keywords: Wireless Sensor Networks, Integration, Semantic Web-
Services.

1 Introduction

Nowadays changes happen in a faster way. Companies always try to predict when
such changes will happen. Buildings, factories, and homes are built to serve for
different purposes during their lifetime. And for each purpose we have a distinct
requirements set. From this perspective, automation services will change during
their lifetime in such environments. Changes are concerned to business rules,
process optimization, cost reduction, and so on. And some common changes are
re-layout of production line to make a new product or to optimize the process,
factory modernization, production lines adjustment for customized products,
adaptation to a new layout on a building floor, adjustment for new security and
safety rules, owner changes, and so on.

Hence a smooth and straightforward way to deal with machinery automation
integration could be using a combining approach of wireless sensor networks
and semantic web services. Combining both technologies we could reach an inte-
gration among machineries, and between machineries and third-party software
systems. The term third-party software is used for software systems that are not
deployed in sensor nodes.
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Wireless sensor networks (WSN) are composed of variety number of small,
low cost, and dispensable devices called as sensor nodes or just nodes and these
nodes can communicate over-the-air to each other using an embedded radio.
The network size can change from a few nodes to hundreds of thousand nodes.
WSN have some constraints such as low processing capability, limited energy,
low transmission rate, and short transmission range. Due to these constraints
WSN are very application-oriented. WSN communication can be single or multi
hop. Then to increase communication capability and efficiency many protocols
were proposed.

Semantic Web Services (SWS) are services with semantic ontology-based an-
notations. Contrary to syntactic web services, where parameters are basically
described with data types, semantic web services parameters are associated with
concepts described by ontologies allowing discovery, composition, execution and
monitoring automation of services. By composing existing simple services, it is
possible to build dynamic applications in order to perform more complex task
to meet requirements. For instance, a complex query (task) that needs to obtain
information from several sensors (services).

Therefore, applying together WSN and SWS could give us a smooth way to
deliver integration for an automation system placed with different devices and
systems. This approach can facilitate both an integration in an inside context
for WSN and in an integration role between WSN and third-party systems. The
remainder of this paper is organized as follow. Section 2 gives you a background
information for the discussions in Section 4. Section 3 presents how SWS can be
used in WSN. Section 4 also points out some open issues and Section 5 gives the
final remarks.

2 Background

2.1 Wireless Sensor Networks

Wireless sensor networks (WSN) are composed of variety number of small, low
cost, and dispensable devices called as sensor nodes or just nodes and these nodes
can communicate over-the-air to each other using an embedded radio. Nodes
have sensing capability and usually are applied to monitor some phenomenon.
Nodes also can be deployed very close to some phenomenon or inside it. In
order to deliver the collected data to base station, it is common that nodes
communicate in an ad-hoc fashion until the data is delivered to the base station.
WSN components like nodes, field (deployed area), base station (BS), third-party
system, and the relationships among them are shown in Figure 1. In WSN the
network size can change from a few to hundreds of thousand nodes.

WSN have some constraints such as low processing capability, limited energy,
low transmission rate, and short transmission range [1]. Due to these constraints
WSN are application-oriented. WSN can be used for military applications, envi-
ronment monitoring, factory instrumentation, clean-room monitoring, etc. Cur-
rently, the most used operational system in WSN is TinyOS [2]. TinyOS is an
event-based OS developed by Berkeley University for its sensor nodes.
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Fig. 1. Components of Wireless Sensor Network

WSN communication can be single or multi hop. So, in order to increase the
communication capability and efficiency many protocols were proposed. Each
protocol concentrates its effort on a specific service or network layer. Thus dif-
ferent protocols are used for medium access control (B-MAC [3], IEEE 802.15.4
[4]), routing (directed diffusion [5]), data aggregation (Collection Tree Protocol
[6]) and dissemination (Location-Aided Flooding [7]), middleware (MANNA [8],
TinyDB [9]), and so on. Considering protocols effort, a highlight is the recent
approach to adapt TCP/IP stack for WSN. For example, 6loWPAN [10], µIP
[11], and a new alliance called IP for Smart Objects (IPSO)[12]. Besides being
able to communicate through a wireless communication, WSNs operate on a
low-consumption energy [13].

Moreover, after an industry decision on standards about IP adaptation, a large
amount of services might emerge and then integration services can be dealt in a
easy way. These communication standards could give a step forward in a WSN
distinct vendors environment working together properly. For example, electronics
from different vendors that are use in ordinary homes could exchange data and
then the owner could have a detailed information about energy consumption of
those electronics. In addition, semantic web services can have an important role
in this new environment.

2.2 Semantic Web Service

A web service can be defined as a piece of software that conforms to a set of
open interoperability standards [14] such as Web Service Description Language
(WSDL), Simple Object Access Protocol (SOAP), and Universal Description,
Discover and Integration (UDDI), for description, messaging protocol and dis-
covering, respectively.

In service-oriented architecture, applications can be accomplished by compos-
ing simple services in order to perform a given task. There are several approaches
for automating services composition such as Business Process Execution Lan-
guage (BPEL) [15]. However, most of those approaches give just a syntactic
description of the offered service allowing only a predefined service composition.
In summary, syntactic services requires human involvement.
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On the other hand, Semantic Web Services aim at automating the discov-
ery, composition, invoking and monitoring of Web Services [16] by providing
an ontology-based description. The main advantage of semantic web services
against syntactic ones is the possibility to associate a parameter to a concept
rather than just to a data type. While a syntactic service can only define a
parameter isbn of the type String for instance, a semantic service allows the as-
sociation of this parameter with a International Standard Book Numbers (ISBN)
semantic model (e. g. ontology or taxonomy) so that this parameter is able to
expect values related to other concepts which has some semantic relationship
with ISBN concepts.

In this context, automatic composition consists of dynamic discovery and
combine existing services in a registry, given a set of input and output concepts.
The matching process should take into account some criteria to determine if two
concepts can be considered as the same.

Regarding to dynamic discovery and composition, Paolucci [17] has developed
a Matchmaking algorithm that compares advertised services’ parameters with
request’s ones. Kaufer et al. [18] proposed an hybrid service matchmaking based
on both logic-based reasoning and matching based on syntactic information re-
trieval based similarity computation. Sirin et al. [19] proposed a semi-automatic
approach for composing semantic web services which means that it is given to
the user a set of services whose inputs matches to the output of the previously
selected by him. Weise et al. [20] proposed a genetic approach based on evolu-
tionary algorithms.

There are many ways to describe a service in a semantical manner. Some
languages like Semantic Annotations for WSDL and XML Schema (SAWSDL)
allow description of additional semantics of WSDL components [21]. In sum-
mary, they specify how to associate semantic models to a service’s description.
Another way to describe a service is by modeling the whole service as an on-
tology. In this sense, OWL-S (Semantic Markup for Web Services) [22] provide
a top level ontology of services as shown in Figure 2. This ontology is written
in the ontology language OWL (Web Ontology Language) and it is divided into
three parts:

– Service Profile: tells “what the service does”. It describes the type of in-
formation, i. e., concepts involved in a service-seeking process in order to
determine whether the service meets its needs.

– Service Model: tells “how the service works”. It describes what happen when
a service is executing, that is, specifies the details regarding to the order in
which and the constraints under which steps that compose the process must
be executed.

– Service Grounding: it specifies the details of how an user/agent can access
a service, that is, it specifies a communication protocol, message formats,
and other service-specific details such as port numbers used in contacting
the service.
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Fig. 2. Top level of the service ontology [22]

3 Applying Semantic Web Services to Wireless Sensor
Networks

Sensor Networks is applied in order to provide data from a monitored area using
different sources. Those data can be aggregated in order to characterize contexts
of different goals. To explore the contexts it could be necessary a system that
makes use of data from one or more contexts as well as data processed by other
systems. One type of system that can support such processing are Web Services,
since they can provide means to facilitate the interoperability with other services.
More complex processing can require several service composition schemas, that
can include nesting and coordination among services.

As mentioned before in Section 2.1, there are already technologies (e. g.
[10,11,12]) that allow to run a minimal webserver over a node, supported by
current version of ContikiOS [25]. Then using SWS and WSN together brings
us advantages and disadvantages. On the one hand, we can get a flexible system
with automatic service composition that could automatic integrate to others
system that use same protocol to exchange information. On the other hand, use
these technologies together implies an overhead over the traditional WSN. This
overhead could be minimized by management an application-dependent trade-
off between integration level and what WSN need to perform its goal. Some
WSN performance parameter can be network lifetime, throughput, storage size,
extra-local processing, and etc.

Thus, in this combined environment, each node can be seen as a service provider
and consumer. It can provide a set of services for delivering data and for node’s pa-
rameters management (network management, operating system, sensing devices,
and other application specific values). And it can use some service provided by
some node in neighborhood range. Moreover, this service set is dynamic. Nodes
can provide or not some service using local or non-local information like remain
battery, local data collected, neighborhood data, and so on.

There are at least four different approaches that one can use to deploy SWS
in WSN. First approach is when each node has its own service description and
implementation, and it does not depend on other non-local services to perform its
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Fig. 3. An example of communication between two WSN with SWS enabled

Fig. 4. An SWS option use for Wireless Sensor Network

tasks. The second one is when all related web services tasks are deployed in the
base-station and the WSN only provides the data requested. The third approach
has its web services deployment in a third-party system. The third-party system
receives all the requested data from the base-station. And the last approach is the
hybrid one, when all related parts of web services is spread over at least two of these
components - nodes, base-station, and third-party system (see Figure 1). In Figure
3 it is shown a communication example between two WSN with SWS enabled in
their respective base-station. And in Figure 4 it is shown a more complex scenario
where it has WSN exchange information with others one and also it has users using
public information through a third-party system.

Therefore, to reach such potential in technology integration a development of
ontologies for WSN and SWS is need. These ontologies should meet data and
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service description. There are few ontologies available, e. g., [23] and [24]. Nev-
ertheless, it is vital a more detailed ontology to help services and applications to
create their derived ontology, if necessary, that can preserve the communication
capability to each other.

In addition, currently there are different middleware for WSN approaches
such as event-based, database-inspired, and others [26]. The middleware aim is
to provide network management services, data collection, support for application
development, sensing task management, etc. Moreover, they are device, operat-
ing system, communication data specific. Then for these middlewares to play an
integration and interoperability roles might be difficult and might be need extra
effort to achieve them. But to achieve these roles in a given SWS system can
play a decisive part. Currently approaches using WSN and SWS are available,
e. g., [27,28,29,30,31,32,33].

4 Discussion

Currently, some automation systems make use of wired sensors to perform fac-
tory monitoring. Nevertheless, environments that use wired sensors are less flexi-
ble for changes than ones that use Wireless Sensors. The main advantage of WSN
is the capability to perform wireless communication. For this reason, WSN are
more flexible and adjustable. But integration and interoperability in WSN are
not consolidated yet.

Many approaches that apply Semantic Web Services to WSN have already
been proposed as mentioned in Section 3. However, these approaches are intended
to solve problems related only to information gathering and knowledge inference
about data collected from a certain environment.

From the point of view of system integration, those approaches are not suit-
able, since they does not deal with important aspects such as interoperability
and description of sensor devices. These are key aspects facilitate the way devices
are accessed and managed. Moreover, once devices are described in a semantic
manner, it is easy to adapt them according to environment changes. Typical
environments are factories, buildings, and homes.

In such environment types, changes can occur on demand or by special needs.
Furthermore, these environments are built to serve for different purposes during
their lifetime. And for each purpose there is a distinct requirements set. Example
of environment changes are re-layout of production line to make a new product or
to optimize the process, factory modernization, production lines adjustment for
customized products, adaptation to a new layout on a building floor, adjustment
for new security and safety rules, owner changes, and so on.

As mentioned before, by using ontology-based service description it is possi-
ble to perform dynamic composition of services in way the system is adjusted
within a given situation without human-involvement rather than using static
and syntactic composition that are widely used in Business Process Manage-
ment. Furthermore, by interfacing a sensor device, i. e,. by enabling it via (web)
services, devices can communicate to each other in a interoperable manner.
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Another advantage of applying SWS to WSN is the possibility to hierarchi-
cally organize service providers so that fine-grained services (sensor devices) are
combined to provide more complex services, in turn are combined with other
complex services in order to provide even more complex services.

On the other hand, further studies are needed to evaluate the impact of the
overhead brought by high-level protocol message headers in the network perfor-
mance and lifetime.

4.1 Open Issues

Using SWS with WSN still have issues to be researched, such as:

Standards: This issue plays an essential role to interoperability. It is need stan-
dards for communication (MAC, routing, topology control, etc), data rep-
resentation, service description, service discovery, etc for WSN constraints.
Today, we already have some efforts to address this issue, e. g., IEEE 802.15.4
[4], 6loWPAN [10], and ROLL [34].

SWS management inside WSN: SWS deal with service publishing, discov-
ery, composition services, invoking, and monitoring. All these services must
have quality of service, fault tolerance, security, dependability, etc then how
to fit all of those in such constraint environment like WSN.

Software development process: Currently we have a lack of availability of
software development process for WSN applications. Yet, it is need that
such process must deal with WSN application development and integration
to the whole third-party system.

5 Final Remarks

This paper presents a discussion about applying together wireless sensor net-
works (WSN) and semantic web services for integration to third-party systems
and to others WSNs. This combination might give us a smooth way to deliver
integration for an automation system placed with different devices and systems.
This approach can facilitate an integration in an inside context for WSN and in
an integration role between WSN and third-party systems.

The next step of this research will address the lack of software development
process for WSN and the issues related to quality of service for automatic com-
position of semantic web services. This research will also deal with distinct al-
ternatives to implement the SWS in real WSN with different constraints.
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