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Abstract

The present paper aims to deepen the adaptation com-
ponent functioning in the sensing module of the UrboSenti
architecture. This component uses an agent-based approach
to self-adaptive systems, which allows agents to perform ad-
justments in internal components and it enables to cooper-
ate with other agents to achieve better adjustments and set-
tings flexibly. Earlier works of urban sensing have not used
such approach which gives an opportunity to contribution.
Thus, we present the approach for triggering adaptations,
the methodology to be adopted and the plan of experiments,
as well as some implementation details still in progress.

1. Introduction

Urban sensing is a new research field that seeks to collect
data from the large-scale urban environment through fixed
and mobile devices distributed around the city [1]. This col-
lected information can be used in various types of applica-
tion domains such as healthcare, social networking, secu-
rity, environmental monitoring and transportation [2].

This new scenario has gained attention due to its ap-
plicability and relevance, which is encouraging work such
as [1–6] to propose solutions of the user in loop. These so-
lutions consist in to collect data about users, analyse it and
return this analysis in the form of some user benefits, ei-
ther as a collective improvement of the urban planning of
their city, or an individual benefit from a used service.

In this context, the UrboSenti architecture [7] is pro-
posed. UrboSenti differs from other existent solutions in re-
lation to a service-oriented conceptual model, the integra-
tion of traditional and social sensors, and the service pro-
viding to assist the development of new sensing applica-
tions. It has inside its sensing module a component called
Adaptation, which uses other available components and ser-
vices to provide adaptive behavior to devices and applica-

tions. Such component is necessary due the environment be-
ing volatile, mobile and uncertain, tending to require mech-
anisms to manage themselves and self-configure at runtime
autonomously.

In order to contribute to the architecture UrboSenti, this
paper seeks to give more details about the functioning of the
adaptation component and its interaction with other com-
ponents present in the sensing module. The study is based
on [1–6] to understand the mechanisms and case studies of
urban sensing scenario, which do not exploit the viewpoint
of multi-agent system (MAS) approach to self-adaptive and
autonomous systems.

Recent works of self-adaptive systems such as [8], [9],
[10] and [11] have obtained good results applying multi-
agent to achieve adaptability, also by employing the use
of techniques as context [8, 9] and rules high-level repre-
sented [8]. These studies provide the basis to construct an
appropriate mechanism for the proposed architecture.

The rest of the paper is structured as follows: Section
2 presents an overview of the UrboSenti with focus on the
sensing module; Section 3 presents the adaptation compo-
nent and its interaction with other components and agents;
Section 4 describes the methodology and the plan of exper-
iments; At last, the final consideration and future work.

2. The UrboSenti Architecture

The UrboSenti Architecture [7] considers the use of sev-
eral heterogeneous sensor nodes (both fixed and mobile)
dispersed throughout cities to perform data collection. The
collected data is processed for subsequent provision of in-
formation to citizens and other systems. For that, a Ser-
vice Oriented Architecture approach is used resulting in a
low coupling between UrboSenti components, thus provid-
ing flexibility and easy reuse of components to new ser-
vices composition. In this capacity, three main elements
compose the architecture: Sensing Module, Backend Mod-
ule and Thirty-Party Applications.



Thirty-party Applications are the most abstract module.
This module is composed by applications, other services
and systems, that get benefit over the processed and dis-
tributed information from the backend module.

The Backend Module interacts with the sensing modules
distributed over cities, with the main objective to receive
collected data, process them and provide the obtained infor-
mation for the benefit of citizens and other systems.

The Sensing Module is responsible to opportunistic and
participatory data collection performed in mobile and fixed
sensors dispersed through cities. In addition to the tradi-
tional sensing, that is, using hardware and software sensors,
this module can use social sensors that it performs gather-
ing information from of social networks, since it having per-
mission to access both data and interfaces.

Internally, the sensing module is composed by the com-
ponents shown in Figure 1. Such components give the
flexibility needed to handle the variety of requirements de-
manded by heterogeneous hardware and software platforms
that support the execution of urban sensing applications.
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Figure 1. UrboSenti Sensing Module

The sensing module components are divided in two cate-
gories: basic and "on demand". The basic components com-
posing the Micro-kernel, represented in green in Figure 2.
Its main function is providing all basic services and com-
ponents. In contrast, the "on demand" components, in or-
ange, are dependent of different requirements from what
each type of device needs use or not.

The Micro-kernel is internally organized into: (i) De-
vice: provides all basic information about the device such
as name, network information, internal sensors and ac-
tive components; (ii) Communications: provides methods
to send and receive data using the available network struc-
ture, which if unavailable, supports data exchange using the
paradigm of the Delay Tolerant Networking and disconnect
via Bluetooth interface; (iii) Date: handles the operations
of storing and retrieving data; (iv) Events: capture exter-
nal events of interest (such as change of position due to user
movements, change in status of a device interface, etc.). The

detected events are available for use by other components
through this module.

The "‘on Demand"’ internal components are: (i) Local-
ization: controls issues related to geolocation information,
Points of Interest and Location Based Services; (ii) Re-
sources: set of components and services used to monitor lo-
cal resources and discover existing resources on other de-
vices; (iii) Concern: handles security, encryption and pri-
vacy of those involved in sensing; (iv) Context: provides
a set of components and methods to support context aware-
ness (context reasoning, context knowledge, context discov-
ery); (v) User: handles basic user’s personal data, such as
preferences and social networking profiles; (vi) Adaptation:
has the components and services are available to provide
adaptive behavior to the device and applications.

3. The adaptation component

Adaptation is an "‘on Demand"’ component from the
sensing module. This component can make adaptations and
perform configuration adjustments over the internal compo-
nents aiming keep the functionality integrity and find bet-
ter options or configurations to the monitored components.
Furthermore, for helping to achieve that Adaptation, it can
interact socially with other agents.

In the proposed scenario, each node that uses the sensing
module with the adaptation component is considered one
agent that has different requirements, goal and needs to ful-
fill. These nodes can interact with any another node to ob-
tain better results. However it never can interfere in user re-
lated data, which are made only to the backend module, be-
cause of security and privacy issues from the user data.

The current implementation is in project phase. The
adaptation mechanism are been built in the Java language
and will be add, at first, in smartphones with the Android
platform. This implementation is based on the cycle pro-
posed by IBM in 2001, which according to Nallur and Bah-
soon [11] is the most used model by self-adaptive works,
which consists of a loop monitor-analyze-plan-execute with
feedback. Still in progress, the algorithms for diagnosis and
action planning are being defined based on [8]. The descrip-
tion of how the adaptive component affects the system are
in the following subsections.

3.1. Adaptation among Internal Components

The adaptive component needs to know the profile of the
device, that is, it needs to know what components are ac-
tive in the device, which of them should be monitored and
in what points, and the device goals. For that is used the in-
terface DeviceDiscovery (brown) shown in Figure 2 (a). If
the "‘on Demand"’ components User and Context are ac-
tive, some aspects need be considered using respectively



both interfaces UserDiscovery (brown) and ContextDiscov-
ery (black). With these interfaces it is possible to know user
preferences and constraints, in addition to finding which
contexts and states can be useful to support dynamic adap-
tation. This is possible by use of a procedure prior to the
start of operation of the adaptation mechanism that per-
forms the discovery and generation of the diagnostic and
planning models, which will be used for decision-making.

Also, the use of event and context techniques combined
with components modeling allows low coupling between
modules and components. This fact contributes to the flex-
ibility of the architecture what enables be easily adapted
from cases that use at least the microkernel, even cases
that can use all the components. However, for treatment of
system events with the adaptation component, at least, the
micro-kernel must be used, although ideally in conjunction
with the context component, it is not necessarily required.

Figure 2. Component Interaction

After the mechanism has received an event, it needs to
make a decision about which action is sent to the compo-
nent. The figure 2 (b) shows how the action is sent from the
Adaptation to the components. For asynchronous actions,
the adjustment is made directly in the selected components,
not blocking the normal function of the component, e.g.,
the events triggered because of the identifying a new user
or of the disconnection from the current method of commu-
nication. In contrast, the synchronous actions are returned
to the event component and then returned to the compo-
nent that initiated the event, performing the action before
continue the normal function. The use of synchronous and
asynchronous events is justified because each component

can have different requirements of events.

3.2. Adaptation by Social Interaction

Each sensing module that has an active component of
adaptation becomes able to perform social interaction with
other agents. This interaction can assist the adaptation pro-
cess to achieve optimal settings.

Figure 3 illustrates the most common case of interac-
tion found in urban sensing systems. B is a server that has
one a backend module for collecting the reports of sens-
ing modules. Sa and Sb are different devices that each one
has a sensing module with the adaptation component, mak-
ing itself agents. However, they cannot communicate among
themselves, such restriction assigned because of the charac-
teristics of public sensing systems as [3], [4] and [6], where
the sensor nodes should not meet other sensor nodes for se-
curity and privacy.

Each sensing node can make adaptations in their inter-
nal components (a) and make queries or responding inter-
actions (b) to the server B and it can interact with agents in
reverse to give suggestions for improvement or answer re-
quests (c). Interactions (b) and (c) are configured in social
interactions among agents that according to Jennings [12] it
consists in the ability to cooperate, coordinate and negoti-
ate on a course of action.

a a

b

bc

c

Figure 3. Social Interaction

Internally the sensing module interaction occurs in the
same way of the internal components where all interactions
are contextual events that can be either synchronous (main-
taining a session) or asynchronous. To illustrate, first a de-
tector in communication component identifies messages of
interaction from another agent (c). This interaction is sent
to the event component that forward to the adaptation com-
ponent that, if necessary, will answer through the commu-
nication component (b).

A feasible example of interaction is the optimization up-
date function used in [3], which originally does not use
agents; however, it can be easily adapted to the proposed
approach. This function is designed to optimize the time to
upload reports gathered by the sensors to the server, thus
improving the scalability with a large number of nodes on
large-scale dynamically. In summary, the server identifies if



the number of nodes that are uploading reports is increas-
ing or decreasing. Then, to avoid bottlenecks or unneces-
sary long waiting times the server calculates a new proba-
bility of upload based on the numbers of nodes and sends to
them the new value. In a MAS the social interaction is per-
formed by exchanging messages, then in the previous case,
the social interaction is suggesting a new value to the agent.

4. Methodology and Plan of Experiments

The adopted methodology to evaluate the adaptive com-
ponent consists of a design and development phase and
two-phase evaluation. The project is currently in the design
phase. The first phase of evaluation will be done in labora-
tory through simulations and tests of scalability of the adap-
tation mechanism, assessing their response time in relation
to the number of agents, goals and rules for diagnosis and
planning. Such an assessment is also done in [8] and [9]
which will be used to compare results.

The second phase of evaluation will be done in a real en-
vironment using a case study consisting of an urban sens-
ing application with some adaptation needs. This applica-
tion will use the Micro-Kernel and the "on Demand" com-
ponents: User, Context and Adaptation. The chosen appli-
cation is used by other works of urban sensing as [4], [5]
and [6], which can scan Wi-fi and Bluetooth access points,
inside the city. Initially the mechanism will only be used on
mobile devices in order to simplify the approach. Further-
more, this case studies the agents sensing module only in-
teract with an agent in the module backend.

The first case of adaptation will occur in internal com-
munication component, which will identify communication
failures and disconnection, and the adaptation component
will handle using different criteria (latency, location of ac-
cess points in relation to the time, battery level and mobile
data usage) that will influence the strategies for reconnect-
ing and temporary persistence of reports to be sent. The sec-
ond adaptation case uses an adaptive function of update op-
timization for social interation, inspired by [3]. This func-
tion is described in section 3.2.

5. Conclusions and Future Works

This paper presents a proposal for an adaptation mech-
anism to the UrboSenti architecture. The mechanism will
treat adjustment problems in urban sensing systems using a
multi-agent and self-adaptive approach.

We expect to contribute with a generic, flexible and scal-
able modeling that can be easily migrated to other devices
and scenarios. Currently, we are still modeling cases using
mobile devices. As future work we intend to perform exper-
iments on the scalability of the component using more types
of devices as well as mobile devices.
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