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Abstract

One of the central aspects of Ubicomp is the tight inte-
gration between computer systems and environment. In this
sense, one of the main research challenges in this area is
to provide mechanisms for context awareness that enable
the development of applications that respond according to
the dynamics of the physical environment of user’s inter-
est. This paper presents the EXEHDA-SN (Execution Envi-
ronment for Highly Distributed Applications - Sensor Net-
works), a software architecture managed by rules that pro-
vides the interaction of Ubicomp systems with the physical
environment through sensor and actuator networks. To as-
sess the functionality of the EXEHDA-SN, we present a case
study in agricultural area, highlighting the prototypes and
tests performed.

1. Introduction

The context-aware computing has been considered a cor-
nerstone of Ubicomp. It has the premise that applications
should maintain a constant exchange of information with
each other and with the environment in order to maintain
knowledge about the environment [7].

The literature review points out that the construction
of the support to context awareness presents many chal-
lenges, among them: (i) the acquisition of contextual infor-
mation from heterogeneous and distributed sources; (ii) the
processing of the acquired context information and the
corresponding actuation on the physical environment; and
(iii) the dissemination of information to interested con-
sumers in a distributed and timely way [3][7].

Considering these challenges, the EXEHDA middle-
ware [9] has been developed to support the implementation

of ubiquitous applications. Its focus is to allow dis-
tributed applications to obtain information from its context
of interest, enabling a reactive behavior when changes oc-
cur.

This paper presents the EXEHDA-SN, which was de-
signed with the following objectives: (i) to promote the dis-
tribution of EXEHDA’s context management mechanisms;
and (ii) to provide the integration of sensor and actuator net-
works. The proposal consists of an approach in which the
responsibilities for acquisition and processing of contextual
information occurs in a distributed way in architecture, be-
ing managed via rules. It is expected that this architecture
will be able to actuate proactively, both in capturing con-
textual information, such as in the remote actuation on the
environment.

The organization of the text covers the proposed archi-
tecture in the second section, highlighting the modules that
constitute it. Prototyping and testing are presented in the
third section. In the fourth section we discuss related work,
and in the fifth section we present the concluding remarks.

2. EXEHDA-SN: Design and Modeling

In the design of the EXEHDA-SN, the context manage-
ment is organized into two types of servers: Context Server
and Border Server. The Border Server is a central element
of the EXEHDA-SN. It aims to manage the interaction with
the physical environment through sensors and actuators. In
turn, the Context Server provides the storage and process-
ing of the contextual information [8].

The architecture of the Border Server is shown in Fig-
ure 1. In this figure, in addition to the various modules of the
Border Server, is identified the relationship with the Context
Server and devices that interact with the physical environ-
ment. The proposed architecture allows to manage different



Figure 1. EXEHDA-SN Architecture

types of devices such as programmable sensor nodes [11],
non-programmable sensors, and actuators [2].

The Publisher component is the element that holds the
output to the other layers of the middleware, interoperating
with the acquisition interface of the Context Server. Con-
sidering possible failures of communication in this process,
the Local Persistence component enables a temporary stor-
age of information until its publishing. The Commands Re-
ceiver component is responsible for receiving commands
and rules from the Context Server as well as its forward-
ing to the other components of the architecture. All set-
tings for the Border Server operation are operationalized
through the Configurator component. This component al-
lows to manage: (i) removal and inclusion of sensors and
actuators, configuring device drivers; (ii) manage control
rules; and (iii) configure the address of the Context Server
to publish the sensed data.

The Rule Engine is the component responsible for pro-
cessing the rules submitted by the Context Server, which are
stored in the Rule Base. To support processing of rules, the
Fact Base component registers some necessary aspects to
its execution, such as the state of the sensors and the events
that have already occurred.

To adjust to the dynamism of the environment, which is

reflected in the behavior of the Ubicomp applications, in the
design of the Border Server dynamic reprogramming mech-
anisms were used to adapt the behavior of processes running
on sensors nodes according to the demands of applications.
In the proposed architecture, this process is carried out in
coordination with the following components: Rule Loader,
Profiles Manager, and Profiles Base. Every rule submitted
to the Border Server is evaluated by Rule Loader compo-
nent, which has the function of activating elements neces-
sary for their processing in the architecture. If the rule in-
volve only non-programmable sensors, which are accessed
through specific drivers, it is immediately forwarded to the
Rules Engine for processing. In the case where a rule in-
volves sensor nodes, the Rule Loader guides the Profiles
Manager component for codes available in Profiles Base
that must be distributed to the sensor nodes to support such
a rule. Once all codes are running in the sensor nodes, the
Rule Loder submits the new rule to the Rule Engine so that
it can process it.

The Communication Coordinator component serves to
simplify the programming of applications involving com-
munication between the sensors nodes and those with the
Border Server, hiding from the developer of low-level as-
pects involved in this process. In order to maintain the con-



sistency of the network infrastructure, the Resources Man-
ager component is designed to manage the events associ-
ated with the input and output sensors nodes, either due to
energy depletion, loss of radio signal, or by intentional in-
sertion/removal of devices.

Drivers are responsible for encapsulating and controlling
non-programmable sensors and/or actuators in an individu-
alized manner, which prevents that operational differences
can be projected in the other components of the architec-
ture. The Instantaneous Reading and Instantaneous Actua-
tion components respectively allow the reading of a partic-
ular sensor or the triggering of an actuator, according to de-
mands of applications, at any time. These components re-
ceive asynchronously the requests and, based on the device
ID, they trigger the corresponding driver. Supervisor com-
ponent binds the commands of actuation. Once parameters
are received to control the actuation, the Supervisor com-
ponent, after evaluating possible conflicts between rules de-
rived from different sources, activates the driver of the in-
volved actuator.

3. Prototyping and Tests

The case study was developed in order to meet the
demands of the AMPLUS Project (Automatic Monitor-
ing and Programable Logging Ubiquitous System). This
project aims to promote Ubiquitous Computing solutions
for the LDAS (Didactic Laboratory of Seed Analysis) at
FAEM/UFPEL (Faculty of Agronomy/Federal University
of Pelotas).

Appropriate equipment and the application of standard-
ized methods and procedures are necessary to achieve the
objectives of the analyses performed in LDAS. This re-
quires, among other things, monitoring and control of tem-
perature and moisture seed, throughout the entire period
of analysis and quick action in case any of the values ex-
ceed the specified ranges. In this perspective, the AMPLUS
Project proved appropriate to assess important features of
the Border Server. The aspects evaluated in this scenario
were: (i) data collection; (ii) proactive action on the envi-
ronment; and (iii) publication of the sensed data in the Con-
text Server.

The prototype of the Border Server was written in
Python on Raspbian Operating System, using the hard-
ware Raspberry PI1. The core technology used in the im-
plementation of Commands Receiver and Publisher com-
ponents was XML-RPC. The Rule Engine component
runs on loop the existing rules in the Rule Base compo-
nent.

In order to assess the functionality of the proposed ar-
chitecture we choose to use a set of devices, consisting of

1 http://www.raspberrypi.org

3 nodes sensors Telos B2, 15 non-programmable sensors
based on the 1-Wire technology3, and 1 bright warning also
based on 1-Wire.

In this scenario rules were used that treat two distinct cri-
teria: (i) time criterion, in which the action is triggered due
to the passage of a specified time, which is used to publish
contextual data periodically to historical record; (ii) value
criterion, where an action is triggered when a context of in-
terest is outside a certain range of values, in this case the
action is the activation of a warning light, followed by the
publication of the value of context, and sending e-mail or
SMS.

To monitor the behavior of the architecture, we devel-
oped a tool to visualize the values of the physical variables
collected by sensors managed by the Border Server. The in-
terface of the tool allows the selection of the context of in-
terest to be displayed and the display mode being available
in textual or graphical report (see Figure 2).

Figure 2. Graphical View of Data

The comparison of contexts of interest, viewed through
the tool developed, with other events produced by the pro-
totype of the Border Server (trigger warning light, sending
email and SMS received) allowed us to evaluate the behav-
ior of the architecture. During the period analyzed, consid-
ering the definitions used in the rules, it was observed that
all monitored events in the environment have been identi-
fied by the architecture.

2 http://www.memsic.com
3 http://www.maximintegrated.com



4. Related Work

Based on the assumptions used in developing the archi-
tecture proposed in this paper, the study of literature in this
area has identified some related work, among them were se-
lected the following: CARE [1], CoCA [6], HiCon [5], So-
lar [4], WComp [10].

The aspects considered in the selection of these works
were: (i) support for sensor and actuator networks; (ii) au-
tonomous acquisition of context data; (iii) support for rules
processing; and (iv) support for distributed actuation.

The proposed architecture for EXEHDA-SN was de-
signed to manage sensor and actuator networks. Thus, it
can be optimized the management of both the acquisition
of context data from various types of sensors, as the dis-
tributed actuation on the physical environment. This feature
is found in part in the Coca and Hicon projects that support
sensor networks. The WComp project, in turn, allows actu-
ation on the environment, however, it does not support the
management of actuators networks.

With the exception of CARE and Solar, the other projects
allow the use of specific mechanisms to acquire context that
separate the acquisition of the use of context. This strategy
is also adopted in EXEHDA-SN, but the proposed archi-
tecture operates autonomously in the acquisition of context
data, independently of applications, which includes other
differential in relation to related work.

5. Concluding Remarks

The main contribution of this work concerns the level
of detail of the architecture for acquisition and actuation,
which enables to manage autonomously different devices,
such as non-programmable sensors, sensors nodes and ac-
tuators.

The evaluation of the proposed architecture was carried
out with a prototype designed to meet the demands of AM-
PLUS project. The case study has shown promising results
regarding the design of the architectural model and the tech-
nologies used.

As future work is being assessed a second case study in-
volving precision viticulture. In this sense, a literature study
was conducted to identify the main current demands of this
area. Based on this study a scenario has been designed.
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télécommunications, 64(3-4):197–214, Jan. 2009.

[11] J. Yick, B. Mukherjee, and D. Ghosal. Wireless sensor net-
work survey. Computer Networks, 52(12):2292–2330, Aug.
2008.


