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Abstract—Wireless sensor network (WSN) is a technology used
to collect data from different sources. The development of WSNs
offer complex challenges. Developers of WSN systems should be
aware of issues such as energy-efficient network management and
cooperation among nodes. The advancement in sensor nodes have
created new opportunities for cooperation. This paper addresses
the lack of software development process for WSN systems. In
addition to that, we consider that cooperation among nodes could
be successfully applied in wireless sensor networks. Nodes can
cooperate to perform tasks such as verification of operation
condition, improve the management of energy consumption and
efficiency of data capture. However, we argue and propose
cooperative considerations that should be investigated during the
software development process.

I. INTRODUCTION

Nowadays the goal of collecting data from different objects
(for example, animals, people, cars and roads) is calling more
attention. An example of project in this direction is uIPv6
[1]. This project is implemented as part of ContikiOS [2].
It enables embedded devices running ContikiOS to support
IPv6. The usage of IPv6 facilitates the integration and in-
teroperability with networks, information systems, and other
embedded devices by considering the use of the same phy
and mac layer protocol. Thus it addresses one requirement
that is to support a larger address space in order to provide
more flexibility in allocating addresses and routing traffic. In
addition to that, IPv6 therefore is able to make the Internet
of Things possible [3]. The Internet of Things is considered a
complex system because it has to deal with features such as no
predefined communication infrastructure, interactions between
large variety of objects, changes over time, and capacity to
identify instantaneously any kind of object.

Wireless Sensor Network (WSN) has been under research
over at least two decades. The research interest has particu-
larly increased in the last decade because of micro-electro-
mechanical systems improvements that made feasible power
tiny nodes to both sense and perform wireless communication.

WSN is composed of nodes that have capability to sense
and to communicate over-the-air to each other. In addition, the
nodes can perform local processing and have a local storage.
In order to deliver the collected data to a base station in a
multi-hop scenario, the nodes transmit the data using ad-hoc
communication. Although with all these nodes characteristics,
each one aggregate at least one constraint to the system
such as short communication range, low bandwidth, small

memory and limited energy. Then, typical scenarios for WSN
application are environmental monitoring, surveillance (for
example, border, home, building), object tracking, agriculture
precision, bridge monitoring, hospital monitoring, herd (such
as cattle, swine, horse) monitoring and so on.

In this paper we address the lack of software development
process for WSN. We also explore some benefits and chal-
lenges of using cooperation for wireless sensor networks. The
remainder of this paper is organized as follows. Section II
describes issues related to software development process for
dealing with WSNs requirements. Section III presents some
ways to use cooperation in order to improve performance
in WSN scenarios. Section IV describes requerimets to be
considered during the software development process in order to
aid project team increasing cooperation among nodes. Section
V presents a sensor selection process to compose a task within
the WSN. At last, in Section VI we present some final remarks
and we discuss future work.

II. SOFTWARE DEVELOPMENT PROCESS

Software development process [4] is a set of activities
whose goal is software development or evolution. Thus, the
usage of process to develop software assists the developer from
software specification until deployment. As a generic view,
there are three activities in such development process that is
specification, development, evolution [4]. There are different
lifecycles based on available process models, for example,
waterfall process, incremental development, evolutionary de-
velopment, iterative development, spiral model, prototyping,
agile methods, and cots-based development. One can use any
of them to develop ordinary software, i.e., software commonly
used in desktops or servers. Even with some process adap-
tation or extension available, for instance, RUP extension for
distributed systems [5], using MDA for embedded systems [6],
and hybrid approach with waterfall and iterative development
[7], there is a lack of process to address a development process
for wireless sensor networks.

Besides the development of an application for running on
nodes, the development process must also concern on a data
model that describes all dataflow for in and out directions
of WSN. This dataflow is one interest of process. The other
interest is the simulation used by developers to evaluate their
solutions and, in this case, simulation can play an important
role through the design and implementation activities. One



can use simulation in order to minimize type 3 [8] or type
0 error [9], then an ideal development process should help the
developers to build systems as illustrated in Fig. 1.

Figure 1. Software development process from problem to solution developed

When developing applications for WSN developers must
also beware with characteristics such as application-oriented
nature for software and hardware, limited battery, limited mem-
ory, coverage area, and time synchronization. The developers
also need to take into account characteristics such as are
hybrid, heterogeneous, base station quantity, energy efficient
network management, and cooperation among the nodes to
perform their tasks.

Cooperation provides a more convenient interaction among
members of a group [10]. It is possible to use cooperative
systems to help developers to work together during the soft-
ware development process. In this way, cooperative systems
can be designed to accommodate practices related to the
software development process. We believe that productivity
can be improved through collaboration among developers and
we intend to analyze this issue in further work. However,
cooperation can take many forms. Another alternative is to
think of development of WSN systems with the cooperation of
nodes. In this alternative, for instance, it is possible to explore
different cooperation strategies among nodes in order to obtain
capacity improvement in WSNs.

III. COOPERATIVE ISSUES

The advancement of sensor nodes have created new op-
portunities for cooperation. However, due to the restriction of
both sensor nodes and wireless network enabling cooperation
among the devices, in an extremely dynamic context, poses
real challenges. In particular, we have to deal with resource
constraints such as energy, processing power, memory, high
failure rate and node mobility. Furthermore, in [11] it is
mentioned that the signal-to-noise ratio (SNR) also has a
significant impact on the cooperation.

Moreover, sensor nodes may have either single or multi-
hop communication, may be awake or sleep, and may use
mobile or fixed devices. This wide variance makes difficult
to define which features should be considered in order to
provide cooperation among nodes. The set of features should
be analyzed and implemented during the software development
process.

Cooperation requires communication and coordination. Ef-
fective communication is vital to successful WSN, however,
the finite energy source in WSNs makes hard to provide it.
Due to the fact that WSNs are composed of a large number

of energy constrained sensor nodes, and the nodes can enter
in sleep state in order to save energy, the communication
can be disruption. The effectiveness of communication and
cooperation can be enhanced if nodes tasks are coordinated.
The coordination is the integration of nodes efforts towards the
accomplishment of a goal. Without coordination sensor nodes
can engage in conflicting or repetitive actions.

Although all the challenges in supporting cooperation
among nodes, cooperation would be successfully applied in
wireless sensor networks. Cooperation can help to determine
whether a deployed network is functioning correctly. For in-
stance, Tole and Culler [12] present a cooperative management
system for WSNs that provides a query system to enable
rapid acquisition of network health and performance data,
and a logging system to enable recording and retrieval of
events generated by system. Maric and Yates [13] propose a
cooperative strategy in order to increase the energy-efficiency
and to facilitate load balancing.

Couderc [14] investigates the collaborative capture. Ac-
cording to Couderc, collaborative capture reveals new per-
spectives in ambient computing. Sensor can capture sound,
picture, video, can cooperate with other sensors such as GPS
positioning receivers and it can communicate with global as
well as local networks. Collaborative capture can also be used
to increase the quality and the accuracy of a given data, by
combining the data of several nodes.

In [15] it is presented a model of cooperative work designed
for WSNs. In this model, collaboration among nodes can be
based on a set of properties such as proximity, common cluster,
phenomenon to monitor and hardware characteristics of the
sensor node. Regarding collaboration, the model includes some
Computer Supported Cooperative Work (CSCW) concepts and
presents an awareness tool in order to allow an interactive
navigation in a network map.

Banitalebi et al. [16] propose an algorithm to optimize
the collaborative data communication algorithms in terms of
energy efficiency, reliability and life time of sensor nodes. This
algorithm focus on minimizing the energy consumption by
decreasing the number of collaborative nodes and at the same
time guarantees the demanded quality by selecting the higher
quality nodes to participate in the collaboration.

In [17] it is presented a Cooperative Network Coding
(CNC) proposed to optimize and balance the use of forward
error control, error detection, and retransmissions at the packet
level for these networks. CNC combines cluster-based coop-
erative communication and network coding with the aim of
improving the communication reliability.

WSN may consist of hundreds or thousands of nodes.
Cooperative groups for WSN can vary significantly in terms of
number of nodes. Interaction between many nodes engaged in
tasks tends to cause bandwidth congestion as well as inefficient
use of node resources such as energy. Then, an efficient data
dissemination technique should work well not only in small-
scale sensor networks but also in large-scale ones. In order to
avoid unsuccessful cooperation among nodes, it is important to
specify a data dissemination scheme that can provide a good
balance among reliability, scalability and energy efficiency.

WSNs are, by nature, collaborative networks. However, as



we have seen, cooperation in WSN pose many technical issues.
As we have also discussed the software development process
are not enough to design and implement successful WSNs.

IV. COOPERATIVE REQUIREMENTS FOR SOFTWARE
DEVELOPMENT PROCESS

Software development process can be seen as a set of
guidelines that assist a team to perform the work in a dis-
ciplined way from the concept to the development of a give
solution. In what follows we suggest a set of requerimets to be
considered during the software development process in order
to aid project team to increase the cooperation among nodes.

The success of collaboration depends on aspects like com-
munication, coordination and context. Based on these three
aspects, we formulated categories of cooperative requirements
for software development process.

Communication has an important role in collaborative
activities. For exemple, if a sensor loses track of its possible
partner, collaborating with them becomes much more difficult.
Communication is also a way in which context information
and other messages can be exchanged among nodes.

A number of communication properties can be used during
the software development process: interaction pattern (one-to-
many, many-to-many, many to one, clustering), state (active,
inactive, stand-by), coverage (area, barriers crossing path),
transmission cost (i.e., power consumption, latency), delay,
reliability (i.e., accuracy, predictable levels of performance),
integrating with wake/sleep schedules, scope (unicast, multi-
cast and anycast semantics), mobility (static, mobile nodes,
mobile sinks), addressing (physical, logical) and congestion.

Coordinating actions in a collaborative activity means
making actions happen in the right order, at the right time,
and generally, making them meet the constraints of the task.
Depending upon the cooperative goal, coordination can be nec-
essary at several levels of granularity, from small movements
to large-scale divisions. We list some important coordination
properties to allow for more effectiveness and usability for:
QoS requeriments (requirements specified by the application
such as optimal formation of clusters, total energy consump-
tion, energy load balance in the system and time/energy cost
model), resource allocation (manages network resources such
as remaining energy of sensors, network connectivity, node
capability, and cluster formation from distributed sensors),
time synchronization (periodic, event-triggered), number of
collaborative nodes, human interface (for instance, what should
be shown in the control station screen), goal (sense-only, sense-
and-react) and application requeriments (for instance, collab-
oration between sensor nodes and other devices or features to
represent a certain scenario).

Finally, context is important to help sensors to recognize
opportunities for cooperation. It can be used in order to reduce
the effort needed for communication, as well as to simplify
the coordination, by allowing sensor to act in anticipation of
others, and by providing information about important events
for appropriate help and assistance. Context is also useful
in the coordination and division of activities. As the task
progresses, sensor can regularly reorganize what each sensor
will do next. Then, the activity can be planned and replanned in

a better way. We suggest a set context properties for improving
cooperation in the development of WSN systems: resource
context (memory, processing capabilities, sensing capabilities,
hardware), energy context (battery), localization, space (the
processing involves the whole network or it occurs only within
some limited area) and awareness (explicit, implicit).

The cooperative requirements presented in this section can
be used to define a Collaboration Opportunity (CO). This CO is
used to help the selection of appropriate sensors to compose a
task within the WSN. Further details about the proposed sensor
selection process are shown in the next section.

V. REQUIREMENTS FOR SENSORS SELECTION

The process of analysing and selecting the most appropriate
sensors to compose the WSNs is a critical phase in the WSNs
life cycle, because the success of the operation depends on
how the sensors are selected [12].

In this section we propose a method for selecting the
most appropriate sensors to compose a WSN. This method is
supported by a pre-qualified sensor database and the Analytic
Hierarchy Process (AHP) [18]. The method itself starts after
the Collaboration Opportunity (CO) arrival. A CO, besides
other information, is composed of one or more tasks and each
task is supported by a group of sensors.

The Fig. 2 depicts an example for selecting the sensors. In
this example the CO is composed of 3 tasks and each task can
be deployed by different groups of sensors, and one group per
task will be chosen to deploy the WSN. The sensor selection
process is shown in phases.

Figure 2. Sensors selection process

Phase 01: In this phase the number of tasks per CO area
are identified and for each task the method selects one or more
sensors. The sensors are autonomous members of this database.
Since they share principles and working methods, the creation
of WSNs from a pre-qualified sensor database becomes faster,
more effective and less complex to manage. A task to be
performed by sensor is composed as a list of competencies,
the sensors are identified based on these competencies and
allocated in a queue as depicted in Fig. 3. This process is
repeated for each task.

Phase 02: For each sensor pre-selected and allocated in the
queue the proposed method calculates the number of presence



Figure 3. Sensors database and selection queue

Key Performance Indicator (KPI). The number of presence is a
strategic metric that indicates the sensor level of commitment.
At each pre-defined period of time the method checks if the
sensor is operational (1) or not (0) and update the table as
shown in Fig. 4. So, the samples are summarized (for example
S1, S2 and S3) as vectors of samples.

Figure 4. Number and vector of samples matrix

Phase 03: The AHP method [18] is applied in the vector
of sample matrix as depicted in Fig. 5. Each sensor has a
level of importance in the WSN and the main purpose of the
AHP method is to allow assigning different weights to sensors
according to their characteristics and level of importance.

Figure 5. AHP method applied to sensors

Phase 04: The sensors are measured based on the sum
of each columns AHP matrix, as depicted in Fig. 6, and the
highest values are selected to compose each task of the WSN
(Fig. 2). For example in Fig. 6, for sensors 1, 2, 3, 4 and 5,
was assigned the weights 0.4, 0.3, 0.1, 0.1, 0.1 respectively.

VI. CONCLUSIONS AND FUTURE WORK

This paper presents a discussion about the lack of suitable
process to address a development process for wireless sensor
networks. Furthermore, we argue that it is possible to explore
cooperation among nodes in order to obtain capacity improve-
ment in WSNs. In this way, cooperation could be considered
during the software development process.

Figure 6. AHP matrix
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