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Abstract. Many infrastructural elements required to make pervasive computing a 
reality are now in place: some have been tested in the labs, while others are 
already commercially available. However, the integration of these elements to 
create ubiquitous applications is still a daunting task, as the developers have to 
delve into the low-level details of each of them. With this in mind, we present 
UbiSOA, a service-oriented architecture and middleware that allows developers to 
integrate RFID tags, wireless sensor networks, and other elements, into ubiquitous 
applications through the well-known service-oriented paradigm, using the 
language of their choice. 
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1   Introduction 

Everyday, the vision of ubiquitous computing is getting closer to being realized. 
Remember the marketing mantra of “anytime, anywhere computing” of some ten 
years ago? It is closer than ever to being realized as wireless networks 
complement wired infrastructure to extend the reach of communications. Many 
commercially available products can make intelligent spaces out of our homes and 
offices, as envisioned in the past by domotics and by several sci-fi films. RFID 
infrastructures are being used for several applications, from tracking goods along 
the supply chain, to keeping children secure in playgrounds, to enabling better 



healthcare provision in medical institutions. Sensor networks have also found a 
wide variety of applications, from intelligent transportation systems, to precision 
agriculture, to habitat monitoring, etc. The vision statement of Sun Microsystems 
in the 1980s was “the network is the computer”, and today we can assess that this 
vision has been realized; the desktop (or laptop, for that matter) is no longer the 
center of computing and communications, as distributed infrastructures, handheld 
devices, and embedded networks are omnipresent and keep gaining momentum. 

As new infrastructures are being constructed, the vision of having computing 
services readily available as they “weave themselves into the fabrics of everyday 
life until they are indistinguishable from it” [1] is becoming more real. However, 
even when the different infrastructural elements are already available and we can 
use them to create new applications, integrating all the needed elements is no easy 
task. Even a simple task such as reading a set of RFID tags would imply learning 
the API of the tag reader (if there is any), and probably programming in a specific 
language to comply with the API or binary library; changing to a different 
hardware would probably imply porting the application to the new platform. If 
you want to add sensing capabilities to your application, you will have to learn 
how to program the sensing nodes, which typically implies: learning the details of 
the embedded operating system (e.g., TinyOS), learning the programming model 
(e.g., component-based), and the programming language (e.g., NesC) [2], and then 
learning how to network these sensor nodes with a multihop routing protocol and 
interfacing everything to a gateway to communicate all sensor data to an external 
network such as the Internet. Of course, dealing with some other hardware 
platform would imply repeating the process of learning low-level details about the 
hardware and developing specialized software to access it and making its services 
available for the application. 

We believe that the current state of development process for ubiquitous 
applications is unnecessarily primitive, as there are already many abstractions and 
facilities that can make the process much easier, allowing application developers 
to concentrate only on applications, not on low-level tasks. One of such facilities 
is the service-oriented model, which we believe is very suitable for ubiquitous 
applications development. In the following section we give a brief discussion on 
the advantages of service orientation and its applicability to ubiquitous computing 
applications development, overviewing some related work. Then, on section 3, we 
present UbiSOA, a service-oriented architecture and middleware for providing 
better abstractions to developers. Section 4 introduces some applications that have 
been developed using UbiSOA, showing how easy it is to integrate diverse 
platforms into a single application. We then conclude in section 5 with some final 
remarks and outlining future work. 



2   Related Work 

If the infrastructural elements to make ubiquitous computing a reality are already 
present, why hasn’t it been fully realized? Some authors argue that the main 
barrier is the integration between all these technologies [3]. Many software 
infrastructures and frameworks have been proposed to diminish these barriers [4].  

GSN [5] is one of the projects that exemplify the integration of different 
technologies, such as WSN, RFID and wireless cameras. However, it doesn't 
provide an external API to allow the development of new applications. Another 
integration effort between WSN and RFID is the EPC sensor network [6] where 
they propose an integration model based on a standardized framework to share 
information between the two technologies.  

Since it allows high-level abstractions, the service-oriented paradigm has 
received attention and has also been proposed for these purposes, especially via 
Web services due to the near-ubiquity of the Internet. Just recently the World 
Wide Web Consortium created a group dedicated to Ubiquitous Web Applications 
(UWA) that “focuses on extending the Web to enable distributed applications of 
many kinds of devices including sensors and effectors. Application areas include 
home monitoring and control, home entertainment, office equipment, mobile and 
automotive” [7]. 

3   The UbiSOA Platform 

UbiSOA is a software architecture and middleware [8] based on a service-oriented 
model to make easier the use of WSN, RFID, embedded systems and other 
elements typically found in ubiquitous computing applications. Its implementation 
provides a set of Web services and tools that make possible to send and receive 
information from several data sources. UbiSOA (formerly known as TinySOA) 
has been released as an open-source project and its current version, and some 
documentation, can be found at http://www.tinysoa.net. We will overview its 
architecture and how developers can use it. 

3.1   UbiSOA Architecture 

The architecture consists of 5 main components (see Fig. 1): 
Sensor Node. This is the lowest-level component of the architecture. It 

represents software running on each of the wireless sensor nodes in a network. 
The functionality relies of the hardware abstraction layer provided by a special 
embedded operating system (e.g. TinyOS). 



RFID Reader. This component represents the RFID hardware reader. UbiSOA 
uses the API provided by the manufacturer to interact with it. 

Gateway. It receives and processes all the incoming data from the end devices. 
It also sends configuration parameters to the devices on request. 

Registry. It stores all the data for the infrastructure. It keeps track of all the 
services and specific information (readings, capabilities, events, and management 
parameters) for each of the wireless sensor networks or RFID readers available. 

Server. Its main purpose is to serve as the external interface to developers. It 
provides SOAP Web services, which can be used to request data or to control the 
end devices. 

A typical working scenario is as follows: for a sensor network everything starts 
when one of its nodes (Sensor Node component) turns on. After hardware 
initialization, the Discovery subcomponent identifies the capabilities of the 
hardware, specifically the services it can provide (sensing of humidity, light, 
temperature, actuators, etc.), and sends a registry message to the Gateway 
component containing this information. The Gateway component using these 
messages knows what services are available though the whole network which is 
seen as a single provider, and it proceeds to update the information of the 
corresponding network in the Registry (Providers Registry subcomponent). Once 
registered, it subscribes itself to the network acknowledged services. When the 
subscription message arrives to the nodes, they proceed to activate their Reading 
subcomponent to start periodically communicating collected data to the Gateway. 
In a similar way, the Gateway looks for any RFID reader and then updates its 
status in the Registry. There is one instance of Gateway in charge of gathering, 
processing and broadcasting messages for each type of end device. When the end 
devices and their corresponding Gateway instances are initialized and ready, the 
Server component can be executed. At start up, it looks at the Registry 
(specifically at the Providers Registry) and sets up a Web service for each end 
device. There are two kinds of Web services, Network Service and RFID Service, 
each with its own specialized API. In addition to these services, the Server sets up 
an Information Service, which can be used to query the Registry (e.g., get a list of 
the available sensor networks and their sensing capabilities). When messages 
arrive at the Gateway, it converts them into higher-level representations (e.g. raw 
temperature readings to Celsius degrees) before storing them into the Registry 
component (Historical Registry subcomponent). Once the infrastructure is set up, 
developers can use the Web services provided to query the Historical Registry, 
register events (e.g., “when the temperature rises above 30º degrees Celsius”) to 
be detected (based on the incoming data), write information in RFID tags, and 
send management parameters such as changing the data rate, putting some nodes 
into sleep mode, and so on. The available methods are discussed in the next 
section and shown in Figure 2. 

Summarizing, UbiSOA’s infrastructure is conformed by multiple sensor 
networks with nodes running Sensor Node, multiple RFID readers, multiple 
instances of Gateway attached to an end device of which it is responsible, one 



instance of Registry where all data is stored, and one or more instances of Server. 
It is worth noting that this is a semi-distributed architecture that overcomes the 
single point of failure and central overload problems of centralized architectures. 

 

 
Fig. 1. Architecture components of UbiSOA 

3.2   Facilities for Developers 

Once installed, the UbiSOA middleware will allow developers to have easy access 
to the services offered by different hardware elements. Since these elements are 
abstracted as web services, all the developer has to do is to connect to the Web 
server that manages these services and use them. Since Web services are used, the 
developer can use any programming language of its choice, as long as it has 
libraries or some means to access SOAP Web services. There are 5 sets of 
methods (shown in Fig 2). Since a Web service is directly associated to a specific 
type of end-device, all methods end on its corresponding device (e.g., sensor 
network node or RFID device). The Network Information set features methods to 
retrieve information concerning the capabilities of a sensor network such as the 
list of nodes (and their last known state), sensing capabilities of the full network, 
actuators available through the network, and the time window of the available 
historical sensing data. RFID Web service methods allow retrieving the reader 
information, getting tag information and also writing a serialized object into them. 
The Readings Management set allows querying the historical sensing registry. The 
Events Management set allows the developer to set criteria to be matched based 
on the incoming readings (e.g., “when temperature rises above 30º C”). Finally, 
the Tasks Management set, allows to broadcast a control parameter such as 



turning on or off a particular actuator, changing sensing rates, entering or leaving 
sleep mode on particular nodes, and other actions that could be later implemented 
on the Sensor Node component. Network service features all method groups but 
the RFID one, and RFID service features the Events, Tasks and the RFID 
methods. 

 
Fig. 2. Methods available through Web Services 

In order to provide a set of basic tools that are commonly used in many ubiquitous 
applications, a data gathering and visualization tool was developed using all the 
functions mentioned above. This allows connecting to a data-collecting platform 
(e.g., a WSN) and getting the description of its elements and the services offered, 
generating historical records of the data read, visualizing this data as charts, and 
showing the topology of the interconnected nodes in the platform, along with 
visual representations of data (e.g., a heat-flow map indicating temperature). 
Samples of screenshots are shown in Figure 3. The idea is then that developers can 
reuse these commonly needed tools and customize them for their specific 
applications. All components are implemented as independent pieces and are 
ready to work with the data format of the Web services outputs. 

 
Fig. 3. Visualization tool showing numeric and chart views for data collected with a WSN 



4   Developments with UbiSOA 

Since its inception, several applications have been developed using UbiSOA. This 
has allowed us to assess its capabilities and usefulness, and has also shed light on 
possible enhancements. In order to give a hint of the type of ubicom applications 
that can be developed with UbiSOA, we will show a couple of them next. 

4.1   Environmental Monitoring 

Monitoring environmental conditions is essential for many context-driven 
applications. For instance, intelligent buildings would need to monitor ambient 
temperature, humidity, CO2 concentration, along with other parameters, to 
automatically turn on or off the air conditioning system, open window blinds, play 
background music, diminish luminosity in certain areas, sound safety alarms, and 
so on. But these types of applications cannot only be implemented in urban areas, 
as also rural zones can benefit from them. For instance, for almost a year now, we 
have been monitoring greenhouses used to grow vegetables in a ranch. Some 
important variables that affect growth and quality of the plants are solar radiation, 
ambient humidity, and temperature; they are also important to determine the 
likelihood of appearance of plant diseases. These variables are being monitored 
with wireless sensor networks installed in the greenhouses, which connect through 
a gateway to a monitoring station (a desktop computer) in the farmer’s house. An 
aerial view of the installation (as provided by the Google Earth service) is shown 
in Figure 4, where we depict the position of the sensing nodes and the monitoring 
station. 

 
Fig. 4. Aerial view of the agricultural monitoring network 

Using the monitoring station, the farm owner can monitor the status of its 
greenhouses at anytime from the comfort of its own house, through a screen 
similar to that shown in Figure 3. Moreover, even if the farmer goes to get some 
groceries to the city, he can still monitor the greenhouses using any computer 



connected to the Internet (as UbiSOA is web-based) or even through a cellular 
phone or other mobile device with Internet access. Also, since environmental data 
in the greenhouses may change frequently, we thought it would be natural to 
create RSS feeds corresponding to each greenhouse, in a similar fashion as 
electronic newspapers inform of breaking news. This way, the farmer would just 
subscribe to a feed and automatically be informed each time new data is available 
or if any alarm or warning has been issued. Figure 5 shows the RSS client 
developed for the iPhone, where different feeds can be selected. 

 
Fig. 5. RSS client for the iPhone 

The agricultural network was implemented using Crossbow’s nodes and gateway; 
two AA batteries power each one of the nodes, and the gateway uses the power 
coming from the monitoring station through a USB cable. The monitoring station 
is an off-the-shelf desktop computer installed at the farmer’s house. All the Web 
services method sets, except the RFID one, were used on the implementation. 

4.2   Tracking of Assets 

Location-based services, context-aware virtual museum guides, and many other 
applications have been created using RFID technologies. Food traceability is also 
an important issue that has received a lot of attention due to E. Coli outbreaks in 
spinach, mad-cow disease in meats, etc. Thus, food suppliers are increasingly 
receiving pressure to reliably determine trace the path that their products have 
followed, from the growing fields to the supermarket. An important technology 
being used for these purposes is RFID, as electronic tags can store important 
information along the supply chain. Along this line, we developed a sample 
application was developed using all the Web services sets to show what can be 
achieved using WSN and RFID technologies, but most important, how an 



application developer can easily develop these types of applications using 
UbiSOA. The application scenario consists of a packing facility in which a 
conveyor belt carries product boxes that have an RFID tag specifying its content 
and the optimal temperature range for the product, as well as some other 
information such as the ID of the farm where the product was collected, etc. 
Figure 6 shows a typical box with an attached RFID tag and also with a tracking 
pattern that will be explained later. Wireless sensor networks complement RFID 
perfectly in this application, as they would provide environmental data to 
determine if the temperature has gone beyond the upper level or below the lower 
level of the optimal temperature range for the product. So, ideally there would be a 
WSN in the growing field, another at the packing facilities, etc. and the local max-
min temperature values will be recorded. Along the conveyor belt there will be 
several RFID readers. 

 
Fig. 6. A typical product box with an RFID tag and a tracking pattern 

While the product boxes are passing through the conveyor belt, an operator using 
video lenses will look at the boxes and trough augmented reality will see the 
content of the box, which will be stored in the RFID tags. On top of each box a bar 
will display the current temperature. Around the temperature bar, there will be two 
rings indicating the upper and lower level for the optimum range. If the 
temperature lies outside this range, or if recorded information in the tags indicates 
that at some time it has been outside the range, an alert will be produced to 
communicate the problem (for instance, the box will start blinking in a glowing 
red). Figure 7 shows a product box as will be seen through the augmented-reality 
glasses used by the operators. The tracking pattern attached to each box 
(mentioned earlier) will indicate the place where the temperature bar will be 
displayed, along with the upper and lower levels for the optimal range. Also, the 
product inside the box will be depicted through pictures and with a name label. 
We used the ARToolKit [9] for the augmented reality 3D representation of the 
box. 



 
Fig. 7. Close-up of the augmented reality view of a product box in our asset tracking 
application 

5   Concluding Remarks and Future Work 

Although there are many infrastructural elements that can allow the creation of 
ubiquitous computing applications, integrating these elements is still a very 
difficult task. This is due not only to the heterogeneity present with elements of 
different nature, but also because application developers have to delve into the 
low-level details of each of them. In order to cope with this heterogeneity and to 
provide high levels abstractions for developers, we propose the UbiSOA service-
oriented platform. Using UbiSOA developers are not tied to specific programming 
languages and can reason in terms of application-level details, concentrating on 
what they want to achieve with their application and not on infrastructural details. 
Currently, application scenarios for UbiSOA are those that do not rely on real-
time functionality, such as visualization tools or long term monitoring. We are 
currently working on extending these capabilities to allow access to a greater array 
of devices, in order provide the basis for the design and implementation of a 
broader set of ubiquitous computing applications. One important feature in this 
sense is the inclusion of a data stream management system, which will allow us to 
support real time capabilities and more reliable and extensible management for the 
huge amount of incoming data. We are also evaluating the incorporation of 
standards such as OSGi. 
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