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ABSTRACT
Ambient Intelligence systems (AmI) are normally composed
of networked heterogeneous devices with critical resource
limitations. One of the biggest requirements of AmI systems
is that they should be capable of self-management in order
to adapt their behavior and resources to environmental con-
ditions and variable device resources. Autonomous agents
are a good option to endow AmI systems with self-managing
capabilities, but current agent platform implementations do
not adequately address the heterogeneity requirements of
AmI systems, given the impossibility until now of producing
pure agent-based solutions. In this paper we present a pure
agent-based solution for self-managing AmI systems, with
particular emphasis on defining a working solution consid-
ering the diversity of devices and communication protocols
through which AmI devices must interoperate.

Categories and Subject Descriptors
I.2.11 [Computing Methodologies]: Distributed Artifi-
cial Intelligence—Multiagent systems

General Terms
Design, Experimentation, Management
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1. INTRODUCTION
Ambient Intelligence (AmI) environments represent a new

generation of computing systems equipped with devices with
special capabilities that make people aware of the environ-
ment and react to it, in a more natural way [4]. These
systems are composed of a large variety of networked hetero-
geneous devices, such as mobile phones or Wireless Sensors
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Networks (WSNs). Normally, the majority of AmI devices
show symptoms of degradation, such as energy loss or failure
of some network nodes, which requires explicit management
action, for example saving energy to guarantee the system’s
survival. Consequently AmI systems demand the reconfig-
uration of their internal functioning in response to changes
in their environment. This means that AmI systems must
behave as autonomic systems with a self-managing capacity.

The self-management properties are inspired by the prop-
erties of agents [5], such as autonomy, distribution and proac-
tiveness. This leads us to consider agents and Multi-Agent
Systems (MASs) as effective metaphors for system design
and implementation of AmI scenarios. In this paper we
will focus on how an agent-based solution can help to im-
plement the self-management requirement of AmI systems.
Several approaches already exploit MAS in the context of
self-managing AmI systems [2][3], but the solution proposed
by most of them cannot be considered a pure agent-based
solution since agents are just used to apply Artificial Intel-
ligence techniques (e.g. learning or planning algorithms), or
as autonomic managers of an add-on autonomic system.These
solutions are not energy efficient, as the self-management
tasks imply an extra traffic between the autonomic agent
manager(s) and the managed devices. So, pure agent-based
solutions are more energy efficient, since they minimize the
self-management traffic, which can be considerable in AmI
systems with for example thousands of sensors.

In this paper we introduce self-StarMAS, a set of coop-
erating agents, running in each device of an AmI system,
able to communicate and interoperate through heteroge-
nous communication protocols, and with the capacity of self-
management adapted to each kind of agent/device.

2. THE SELF-STARMAS SYSTEM
In this section we will present the self-StarMAS system

(see fig. 1) focusing on the challenges that pose the use
of agent technology to self-manage AmI systems and how
they are addressed by our approach. The use of agents to
support self-management is not a new research area, but
we consider that current solutions do not address all these
challenges well.

C1 - Self-management: Much research on self-mana-
gement is progressing and several self-* properties intro-
duced by IBM can be considered a good starting point (self-
configuring, self-optimizing,...). Achieving: We propose
a MAS composed by a set of cooperating agents with the
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Figure 1: The self-StarMAS global architecture

capacity to provide self-management. Each individual AmI
device is endowed with an agent with self-management ca-
pacities, so we propose a pure agent-based solution.
C2 - Decentralized adaptation: The highly decen-

tralized and embedded nature of the devices involved makes
it hard to enforce some forms of direct control over each
of the networked devices [6]. This makes traditional cen-
tralized approaches that use one agent, or a fixed set of
agents to perform a kind of self-management task, inade-
quate and economically inviable, leading to a demand for
novel decentralized solutions. Achieving: Agents in self-
StarMAS are structured following a hierarchical organiza-
tion with different types of agents (see fig. 1), adapted to
the resources of each device and its physical organization in
the WSN. Firstly, agents running in mote-like sensors in-
clude a lightweight implementation of self-managing prop-
erties, with only a limited set of previously known recon-
figuration actions. They specialize in applying policies to
save energy levels but the adaptation is performed locally
(Local self-*loop). Secondly, sink nodes of the WSN have
agents with higher level organization capacities. The poli-
cies applied by them have the goal of self-managing a group
of agents, representing a group of sensors. Finally, agents
running in hand-held devices have the capacity to both self-
manage their internal functioning, and act as managers of
the self-StarMAS system (Global self-*loop).
C3 - Devices heterogeneity: AmI systems are com-

posed of set of heterogeneous lightweight devices, which are
continuously being updated. This means that any pure
agent-based solution for self-managing AmI systems must
consider that agents will be running in different devices,
but even so, they must interoperate using the services of
a common agent platform (AP). Achieving: Self-StarMAS
includes different agent designs for different kind of AmI
devices, but they are completely interoperable using FIPA-
compliant negotiation protocols adapted for self-management
in AmI systems. Until now, only a few APs can be executed
in mobile phones and only a couple of approaches [1] can be
executed in sensors such as Sun SPOT, but in this last case
agents in different types of devices are not interoperable.
C4 - Communication heterogeneity: In a ubiquitous

environment, agents running in different devices must be
able to communicate with each other. The challenge is to

support the communication of agents running in devices,
using the lightweight devices’s own proprietary communi-
cation technology. Achieving: Self-StarMAS agents are
platform-neutral which means that agents are able to sup-
port the discovery and interaction between agents running in
devices using different communication technologies or APs.
As part of our solution, we provide different possibilities in
order to support agent interoperation: (i) use an existing AP
(e.g. JADE-Leap); (ii) use our infrastructure to support the
communication between hand-held devices using WiFi and
WSNs using Zigbee; and (iii) use the native communication
protocol of the AmI device (e.g. for hand-held devices we
implemented an AP using Bluetooth).

To the best of our knowledge, only our work properly ad-
dresses all the challenges presented above. We present a
workable solution instead of a theoretical one, the results
of which sometimes cannot be applied to real AmI systems.
The approach proposed here pursues a general goal of mak-
ing the agent technology a genuine alternative to develop
complete AmI applications.

3. CONCLUSIONS
In this paper we present, self-StarMAS, a pure agent-

based solution for the self-management of AmI systems. The
main characteristic of the self-StarMAS is that it provides
an homogenous management of AmI systems, although it is
composed of heterogeneous agents running on heterogenous
devices, communicating through heterogeneous AP and pro-
tocols. The architecture of each type of agent is customized
to the resources of each device type, allowing the definition
of reconfiguration policies adapted to the role and resources
of each agent. Up to now we have defined some control poli-
cies focused on energy saving, but the self-StarMAS system
is extensible, so new policies can be defined easily.
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