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Abstract—A wireless Sensor Network (WSN) consists of spa-
tially distributed sensor nodes that cooperate in order to ac-
complish a specific task. What really sets WSNs apart from all
the other kinds of distributed systems is the limited processing
capabilities of the nodes, contingent energy restrictions, and
their strict dependence to physical phenomena like attenuation,
reflection, etc. Under this perspective, the physical environment
in which WSN nodes are deployed strongly affects the overall
quality of the system. Under this perspective, how WSN engineers
currently specify the physical environment and how they would
like to do it? This paper presents a survey we run by interviewing
WSN engineers with a special focus on their practical needs and
activities.

By analyzing the collected data, we can conclude that: a) a
good number of practitioners describing the physical environ-
ment do it by GIS software or informally, b) practitioners not
specifying the physical environment do not see a clear return on
investment on doing it, c) practitioners rate as (definitely) useful
a potential tool for deploying WSN nodes on a virtually specified
physical environment.

I. INTRODUCTION

In a Wireless Sensor Network (WSN), sensor nodes, gate-
ways, and other types of nodes are deployed into a physical
area [1]. The exact position where nodes are placed and
information about the surrounding obstacles (i.e., everything in
the WSN environment that affects the communication between
sensor nodes, such as walls, furniture, windows, or small
objects in general) and their material could help making
an accurate estimate of the physical phenomena that may
happen, like refraction, reflection, and attenuation [2]. Such
data could allow a more precise measurement of the network
performance, in terms of bit error rate, packets loss, and
energy consumption, and would enable the prediction of how
the WSN will globally behave when nodes are deployed in
different ways in the environment.

All this would be possible under the assumption that WSN
engineers specify, in some way, the physical environment
surrounding the nodes. The main questions we had in mind
before starting this study were: do WSN engineers specify
the physical environment in some way? In case of a positive
answer, how do they specify it and how would they like it to
be better specified?

In order to answer those question, we designed a question-
naire structured into six parts and including 28 questions, with

the aim of collecting demographical information about the
participants, data on how the WSN environment is typically
specified, on how the WSN itself is designed, and information
on features a tool for WSN environment specification shall
include. The questionnaire has been completed by 21 engineers
from 18 different organizations in 9 countries, that have been
involved in WSN development. We got a number of interesting
results that are presented in Section III.

The paper is structured as follows: in Section II we describe
the research questions, identify the survey target popula-
tion, and describe how the questionnaire has been designed.
Section III gives an overview of the results we got, while
reflections are presented in Section IV. Threats to validity are
discussed in Section V, and Section VII concludes the paper
and briefly discusses future work.

II. DESIGN OF THE STUDY

In this section we describe the main research questions
we want to investigate in our study (Section II-A), then
we characterize the process we followed for selecting a
representative sample of WSN engineers (Section II-B), and
finally we describe how we designed our survey instrument
(Section II-C).

A. Research Objectives

Our goal is to better understand the current practices fol-
lowed by WSN engineers for modeling the physical envi-
ronment where WSN nodes are deployed. Then, we want
to analyze the perceived strengths, limitations and needs
associated to the state of the art on WSN physical environment
specification. The results of this study will (hopefully) lead
to the development of new approaches and best practices for
specifying the physical environment of a WSN.

We designed our research with this question in mind: How
WSN engineers currently define the physical environment, and
how they would like to do it? Indeed, having a clear definition
of the physical environment of a WSN can be specially
useful for developers and system engineers when they have
to reason about (i) the network topology, (ii) the presence
of possible physical obstacles (e.g., walls, trees) within the
network deployment area, (iii) how much power is consumed
by the application running on the nodes with respect to the



used batteries or harvested energy sources, (iv) how well an
area is monitored or tracked by sensors, and so on.

The above mentioned research question can be elaborated
into the following research sub-questions:

• RQ1: Do engineers explicitly specify the physical en-
vironment where the WSN is going to be deployed? If
so, how do they accomplish this task (e.g., formally,
informally, etc.)?

• RQ2: Do engineers specify the sensor nodes and their
exact position within the physical environment of a WSN?
If so, how do they do it (do they consider obstacles,
hardware configuration, etc.)?

• RQ3: What are the most relevant features a potential tool
for specifying the physical environment of a WSN shall
expose? Does the tool have to consider the exact shape of
the obstacles, or an approximation is satisfactory? How
would WSN engineers prefer to interact with such a
potential tool?

To answer these research questions, we designed an on-line
questionnaire. In designing the study, we paid particular atten-
tion to the selection of participants which are a representative
sample of WSN engineers, both in academia and in industry.
In the following section we will describe how we selected a
representative sample.

B. Identification of the Target Population

We began by identifying the target population of our survey.
The profile of the participants of our study is the following:
“Engineer who has been concretely involved in the develop-
ment of at least a wireless sensor network in the last ten
years”.

Once we profiled our target population, we applied a combi-
nation of convenience and snowball sampling for selecting the
participants to our study [3]. Firstly, we directly selected WSN
engineers from our personal contacts and we looked for other
contacts available on reference websites, newsgroups, and
other web resources about WSN operating systems, node ven-
dors, and WSN technologies in general. Secondly, we asked
selected participants to nominate additional experts in their
network (following a snowball sampling approach [3]). Fun-
damentally, we have been forced to use this non-probabilistic
sampling method for two reasons: i) the target population is
actually very specific and of limited availability since WSN
engineering is still not a well settled discipline, and ii) WSN
engineers are also typically involved in other activities like
research, development of other kinds of systems, etc.

As a result, we sent 54 emails in total and eventually 21
WSN engineers from 18 different organizations in 9 countries
participated to the survey. The main affiliation types of respon-
dents range from university (14), to center of excellence (2),
company (2), research institution (3). This type of population
is not surprising since WSN engineering is still not a well
settled discipline and many researchers on WSNs are also
practitioners in the field and involved in professional activities.

C. Design of the Questionnaire
As already anticipated, we designed the questionnaire in

order to find a question to our RQ1, RQ2, and RQ3 research
questions. The questionnaire is composed of 28 questions: 21
are closed-ended questions, whereas the rest are open-ended
questions1. The rationale behind this choice is twofold: (i)
open-ended questions may be subject to misinterpretations
containing potentially irrelevant or confusing answers, and (ii)
closed-ended questions are easier to code and analyze. We
decided to leave open-ended questions only in those cases
when it was strictly needed, allowing respondents to freely
discuss their individual experiences.

Fig. 1. Questionnaire flow

The questionnaire is structured in six sections (a-f) and
follows the flow shown in Figure 1. Boxes are labelled with
the research questions they address. The six sections are:

a) Introduction. This section provides general information
about the study and terminology that we use throughout
the questionnaire (such as, WSN, WSN environment,
deploy, obstacle, etc.). We also explain the purpose of
our study (see Section II-A) and other administrative
information.

b) Personal information. These questions allow us to
understand the working environment and professional
background of the participant. The data collected in
this section is used to gather demographical information
about the participants.

c) WSN environment specification. In this section the
focus is on how the physical environment is specified
during the various development activities of a WSN.
Firstly, we ask participants whether they explicitly spec-
ify the environment in their design and development

1A transcript of the questionnare is available here: http://www.di.univaq.it/
malavolta/wsn/WSNenv.pdf



workflow. If the answer is negative, then we ask why it is
not considered and how they proceed to the deployment
of a WSN without defining the physical environment of
the WSN. If the answer is positive, then we ask further
details.

d) WSN design. In this section we focus on the specifica-
tion of the sensor nodes and their positioning within
the physical environment of the WSN. Thus, firstly
we ask whether the participant is directly involved in
WSN design activities. If so, we ask additional questions
about its activities. We also ask participants if and
how they consider physical obstacles that may exist in
the deployment area of the WSN (e.g., walls, floors,
windows, large- and small- sized objects, etc.) during
the design of the WSN. Then, we ask participants to rate
the usefulness of having a hardware specification of the
WSN nodes (by hardware specification here we mean
information about battery voltage, radio communication
devices, etc.). Finally, we ask how they evaluate if the
sensor nodes positioning in the environment is adequate.

e) Potential tool for WSN environment. In this section
we ask participants to provide guidelines on how to
build a potential tool for virtually deploying a WSN in
the physical environment; such a potential tool could
simulate an environment where to virtually deploy a set
of defined sensor nodes. More specifically, we ask them
to rate the usefulness of such a potential tool. Then,
we ask how they would prefer to interact with such
a potential tool.Moreover, we ask participants whether
they are interested in defining the exact shape of the
obstacles or to approximate the shape of the obstacles
(e.g., a table may be rendered as a cube). Finally, we
ask participants to rate the importance of considering
the following physical effects when defining a WSN: at-
tenuation, refraction, diffraction, reflection, polarization,
scattering.

f) Conclusion. In this section we seek any additional in-
formation that participants would like to add. According
to our snowball sampling method, we also ask the
participant to list the names of colleagues who can be
interested to participate in our study.

III. RESULTS

This section reports on the main results we extracted from
the collected data. Following the questionnaire structure de-
scribed in Section II-C, this section describes the outcomes
related to the four main sections, from b to e.

A. Population

The participants of this survey are 21 engineers from 18
different organizations in 9 countries. Among those partic-
ipants, 14 have an experience of more than five years in
WSN development, whereas the experience of the remaining
participants is under five years. If we consider that the WSN
application domain is relatively young, our population sample

is good enough to be confident about the answers provided in
the remaining of the questionnaire.

When asked about how many projects involving WSN
development they have worked on, the majority of participants
(about 53%) declare to have worked on less then three projects.
Other participants declare that they have worked on more than
six (about 23%) and between three and six (about 19%) WSN
projects in their career; the remaining 5% of participants do
not give any relevant information on this aspect of their career.
This is still a good result, since we can be reasonably confident
that the provided answers come from people actively working
in the field.

Fig. 2. Number of nodes in past WSN projects

In the remaining of this section of the questionnaire, we
ask participants three questions about the kind of WSN ap-
plications they have been working on. The first two questions
are about (i) the number of nodes that have been included in
average in the WSNs they have worked on, and (ii) the number
of nodes that have been included in the largest WSN (in terms
of number of nodes) they have worked on. Figure 2 shows a
graph summarizing the answers provided by participants.

Fundamentally, the main message of the chart in Figure 2
is that the majority of the participants has worked in small-
medium WSN projects (i.e., those involving networks with
ten to forty-nine nodes). Even if their number is very much
smaller, the other kinds of network sizes are homogeneously
distributed across the remaining participants.

The final question of this section is about the kind of
wireless sensor network the participant has worked on in
his career. More specifically, in this question we are focussing
on the distinction between indoor and outdoor WSNs. When
looking at the answers of this specific question, we find out
that there is a certain balance among the answers. Indeed,
about 43% of participants declare that they equally worked
on indoor and outdoor WSNs, and about 24% and 28%
declare that they mostly worked on indoor and outdoor WSNs,
respectively. Nonetheless, only one respondent out of twenty-
one declare to work on indoor WSNs only, and nobody
declares to work on outdoor WSNs only.



B. WSN environment specification

When asking if the WSN environment is explicitly spec-
ified during the design and development of the WSN ap-
plication, responses of the participants are almost equally
distributed (see Figure 3). Ten respondents out of twentyone
answered positively, and the other eleven respondents an-
swered negatively. If on one side this result is encouraging for
our study since we can investigate on both type of development
processes, on the other side we can only report this data,
without drawing any strong conclusion on this aspect.

Fig. 3. Explicit specification of the WSN environment

The main reasons brought by respondents for not
explicitly considering the WSN environment are: (i) no
perceived usefulness in having an explicit representation of
the WSN environment (about 54%), and (ii) the lack of
satisfactory tools, algorithms or models for specifying the
WSN environment at the right level of detail (about 46%).

Moreover, when asked about how they proceed to the
deployment of a WSN without defining an environment,
participants indicated that they typically work on WSN that
can adapt to the environment they are deployed in, so that
they do not need to know a priori their environment (about
37%), only perform measurements of the WSN on the field
after deployment (about 27%), only perform preliminary mea-
surements of the area and network simulation before actually
deploying the WSN (about 27%), make estimation based on
their professional experience (about 9%). These results show
that researchers (i) could work on this issue providing a more
concrete evidence about the usefulness of explicitly represent-
ing the WSN environment (e.g., by providing experimental
results), (ii) have to further work on methods, algorithms, and
tools for better supporting the definition of the environment of
the WSN. The authors of this paper are currently investigating
and working on this issue.

Among those participants explicitly considering the WSN
environment, 60% of the respondents declare that they are in
charge of specifying the environment (either alone or within
a group), and 40% of the respondents declare that someone
else specifies the environment. Among those participants
explicitly considering the WSN environment (see Figure 5),
we see that a good portion of respondents (summing up to
40%) precisely specify the WSN environment, others equally
specify the environment either precisely or as a draft (about
30%), a smaller portion of respondents always define the
environment as a draft (about 20%), the remaining 10% of

Fig. 4. How some engineers deploy a WSN without defining the environment

respondents do not provide any information about this aspect2.
By looking at the number, we see a major trend in specifying
the environment in a precise way, rather than relying on draft
specifications.

Fig. 5. Specification of the WSN environment in the last project

When dealing with the distinction between digital and
paper-based representations, there is a clear trend in favour
of the digital representation (about 90%). By investigating
further on the digital representation (see Figure 6), respondents
mostly rely on maps and geographic information systems
(about 40%), followed by those who use office software, such
as Powerpoint, Omnigraffle, Word (about 30%), finally other
respondents declare to always use dedicated software, such
as some ad-hoc software provided by the manifacturer of the
nodes (about 20%), the remaining 10% declare not to have a
direct knowledge about the used software.

For what concerns the used file formats, they fall into
two main categories: text-based representations (about 40%)
and images (30%). Basically, those results uncover the great
variance when considering which software is used to represent
the WSN environment.

When considering the 2D-vs-3D issue, the majority of
respondents (about 80%) declare to specify the environment
in 2D, followed by the 10% of respondents declaring to use
a 3D one, and those declaring to use a combination of the
two (about 10%). 2D representation is the clear winner here.
This may be due to the complexity of producing 3D models,
or to the fact that 2D models are perceived to be sufficient for

2It is important to note that in this question we explicitly ask respondents
to focus on their last project.



Fig. 6. Used digital representation of the environment

representing the environment of a WSN; unfortunately, we do
not have enough information to sharply distinguish between
these two reasons. However, when asked about what is the
best option among the 2D and the 3D ones, about 50% of
respondents declare that the best option would be to use a
combination of 2D and 3D representation, followed by the
30% of respondents exclusively preferring the 3D one. In this
case, 3D representation is the main trend.

C. WSN design

In our questionnaire, WSN design has been defined as the
definition of the sensor nodes and how they are positioned
in the physical environment. The majority of the respondents
declare to be directly involved in the WSN design phase
(about 71% of participants). This is an important result since
it validates all the answers provided in this section.

Fig. 7. Types of considered physical obstacles

The first question of this section is about the types of phys-
ical obstacles considered during the WSN design phase (see
Figure 7). About 33% of assume not to have any obstacle in
the environment while designing the WSN; about another 33%
of respondents declare to consider the presence of walls, floor
and roof while designing the WSN. Moreover, about 13% of
respondents declare to consider also the presence of windows
and large-sized objects (e.g., furniture, sofa, wardrobes), and
other 6% of respondents declare to consider both large-sized
objects and small-sized objects (e.g., laptop, TVs, lamps). The

remaining 15% of respondents were unable to pick a decision
among the provided answers.

WSN engineers must address challenging extra-functional
requirements such as performance, security, energy consump-
tion; in order to achieve the demanded high level of effi-
ciency, the software of a WSN application is closely tied to
specific hardware platform of its nodes. When asked about
the usefulness of having a hardware specification of the
sensor nodes of the WSN, about 94% of respondents declare
that it is definitely useful. We were expecting this, since
WSN engineers must have at least some knowledge about the
hardware features of the nodes used in the WSN. For example,
information about the transmission power of the antenna,
available sensing and actuating devices, batteries voltage, are
necessary to effectively design and develop a wireless sensor
network.

In most cases, each node of a WSN communicates via
a radio channel and it is powered by a battery. The most
important resource of a WSN node is energy, and it determines
the lifetime of a WSN. The positioning of the nodes of a
WSN is crucial for its life time, and it depends on factors
like the distance between the nodes, the presence of physical
obstacles, the used routing protocol (single-hop, multi-hop,
with clustering, etc.),the presence of physical effects such as
refraction, diffraction, reflection, absorption, etc. Because of
the presence of such a high number of interrelated factors,
estimating the best positioning of the nodes of a WSN
that maximizes network life time is a hard problem. The
concluding question of this section is about the instrument
engineers use for evaluating if the sensor nodes positioning
in the environment is optimal/adequate for the system. In
this case, the majority of respondents (about 87%) declare
that they evaluate it by experimentation. That is, they place
some test node in the physical environment, they measure their
performance in terms of some parameters (such as, bit error
rate, packets loss, etc., energy consumption, etc.), and then
they try to predict how the WSN will globally behave with
respect to those parameters. This result is quite interesting.
We will discuss it in Section IV.

D. Potential tool for WSN environment

In this section we ask participants to reason, based on
their experience, on a potential tool that allows engineers to
virtually deploy a WSN in the environment. Such a potential
tool could simulate an environment where to virtually deploy a
set of defined sensor nodes into a digital version of its physical
environment.

Firstly, we ask participants to rate the usefulness of such a
potential tool. Figure 8 graphically shows the distribution of
the provided answers. Here the results are clear, the majority of
participants perceive the tool as useful (summing up to about
85% of participants), and only three respondents basically
declare to do not see its usefulness.

Moreover, we go further with the questionnaire by asking
participants, assuming that such a tool exist, how they would
prefer to interact with such a potential tool (see Figure 9).



Fig. 8. Usefulness of a tool for virtual deployment

In this case provided answers are almost equally distributed.
About 23% of participants answer that they would prefer to
create a file with a dedicated tool (we assume they referring
to either CAD or GIS software in this case) and then to
import it into the virtual deployment tool; instead about 33% of
participants answer that they would prefer to directly specify
the environment within the virtual deployment tool (e.g., by
means of a suitable drawing interface). Finally, about 42% of
participants declare that they would prefer a combination of
the two previous options, that is by firstly importing an image
file to be used as a guide to the drawing phase within the
virtual deployment tool.

Fig. 9. WSN environment tool interaction

For what concerns the definition of obstacles in the
environment, we do not see any strong trend towards some
commonly accepted preference. Indeed, when asked about
whether they would be interested in defining the exact shape
of the obstacles when defining the WSN environment, the
majority of participants (about 48%) do not have a clear
opinion on this aspect; moreover, the remaining answers
are fundamentally equally distributed: 24% declare that this
feature is interesting, whereas 28% declare it is not.

Finally, we ask participants to rate which physical effects
are most important to consider when defining the physical
environment of a WSN. For each physical effect, participants
slightly differ in their average opinions about its importance
when considering the environment of a WSN. Table I shows
the results provided by participants. The table shows the
participants’ answers, in Likert scale, from -2 (least important)
to 2 (most important). In order to better understand the
obtained values, we ranked them based on a weighted sum
over each row of the table (see the ws column).

Physical effect -2 -1 0 +1 +2 ws

Attenuation 0 0 0 7 14 7
Reflection 0 0 2 11 8 5.4
Scattering 0 1 6 7 7 4
Diffraction 0 2 6 11 2 2.6
Refraction 0 4 5 9 3 2.2
Polarization 0 4 8 7 2 1.4

TABLE I
IMPORTANCE OF PHYSICAL EFFECTS FOR THE WSN ENVIRONMENT

Basically, all the physical effects are generally perceived as
important, with some more visible preference for attenuation
(summing up to 100% rated as important or definitely impor-
tant) and reflection (about 90% rated as important or definitely
important).

IV. REFLECTION

The survey presented in this paper has been centred around
three main research questions. The findings are summarized
in the following.

RQ1 asks “Do engineers explicitly specify the physical
environment of a WSN? If so, how do they do it (e.g., formally,
informally, etc.)?”. The results of our study reveal that, so
far, WSN engineers are quite divided with respect to whether
they create an explicit definition of the physical environment.
Indeed, if on one side there is a good number of engineers
describing the physical environment, there is still an (almost
equal) number of engineers who do not, mainly because they
do not see a clear return on investment on doing it, or because
they do not find any satisfactory tool or method to do it.
This result shows that researchers (i) could work on this issue
providing a more concrete evidence about the usefulness of ex-
plicitly representing the WSN environment (e.g., by providing
experimental results), (ii) have to further work on methods,
algorithms, and tools for better supporting the definition of
the environment of the WSN. The authors of this paper are
currently investigating and working on this issue [4]. Also,
when considering the formal-vs-informal issue, we notice that
the majority of participants prefer to (i) define the physical
environment via mapping and geographic information systems,
and (ii) to provide the description of the environment as a
combination of text and images. This is a good indication



for future research and development direction towards a map-
based instrument for defining the physical environment of a
WSN; also, participants declare that they would prefer to see a
combination of 2D and 3D representation of the environment.

RQ2 asks “Do engineers specify the sensor nodes and their
exact position within the physical environment of a WSN?”.
The results of our study uncover that WSN engineers typically
either (i) assume to do not have any obstacle in the environ-
ment while designing the WSN (i.e., free-space environment),
or (ii) consider only very large obstacles, such as walls, the
floor and the roof. Also, when asked about how they evaluate
if the sensor nodes positioning is adequate for the system, the
majority of respondents declare to rely on physical testbeds
where sensor nodes are placed in a controlled real-world
environment and measured. All the above mentioned results
may indicate that current simulation and analysis techniques
demand too much effort to WSN engineers, both in terms of
learning time, specification complexity. In light of this, we
report also two quotations of the respondents that summarizes
this explanation:

“Simulation is performed only if simple, feasible and mean-
ingful, otherwise deployment”.

“Usually the available simulation tools do not provide a
functionality to define and describe the environment. However,
I feel that it is equally important to describe the environment
and its behaviour in addition to the models that define how
the networking part will function. I believe this is due to the
difficulties in defining accurate models for the environment.”

RQ3 asks “What are the features of a potential tool that
allows engineers to specify the physical environment of a
WSN?”. The results of our study reveal that a WSN engineers
strongly need a tool for (i) specifying the physical environment
of a WSN, and (ii) virtually deploying WSN nodes into it.
That tool could allow engineers to specify the environment
in different ways, e.g.: by importing a map developed with
a CAD tool, by drawing it directly within the tool itself, by
importing an image that will serve as the basis for a subsequent
drawing phase. Under this perspective, we do believe that the
latter option provides a good trade-off in terms of level of
usability, simplicity and preciseness in the definition of the
obstacles. For what concerns the physical effects that should
be considered in such a potential tool, attenuation is the clear
winner, followed by reflection. So, we can conclude that they
constitute the minimal set of physical phenomena that should
be considered when using the potential tool for defining a
physical environment for WSN.

V. THREATS TO VALIDITY

We took great care in all the phases of the study in order
to avoid biases as much as possible. More specifically, we
have been very careful in selecting the sampling method, in
designing the flow of the questionnaire, in wording the ques-
tions so that they are understandable to the target audience,
and especially in analysing and reporting the obtained results.

Also, we carried on two pilot tests in order to simulate the
survey instrument in a controlled environment [5]. We revised

the questionnaire to reflect the received inputs.
In the following we discuss the threats to validity that our

study may have suffered, and how we tried to mitigate them.

A. Internal Validity

The only instrument we used for conducting our study
is the on-line questionnaire. That is, we firstly contacted
potential participants by email asking them if they were
able to participate to our study, then we sent them the link
to the on-line questionnaire; this allowed participants to fill
in the questionnaire as soon as they have time to do it,
and to reason about their answers as long as they wished.
However, we could not directly interact with participants, i.e.,
we could not ask follow-up questions to the participants who
fill the questionnaire. We tried to mitigate this possible bias
by (i) providing a set of definitions at the beginning of the
questionnaire that are used consistently in the survey to help
them to answer the questions, and (ii) asking an open-ended
question at the end of questionnaire in which participants may
freely give their comments on the questionnaire and on WSN
engineering activities in general.

B. External Validity

We administered our survey to 21 participants across the
world, we acknowledge that the sample size of our study
is quite limited and that this prevents us to perform a deep
statistical analysis of the obtained data [6]. As already de-
scribed in Section II-B, this limitation is mainly due to the
specificity ot the target population and to its limited availability
(mainly because WSN engineering is still not a well settled
discipline). In light of this, we are planning to work on a future
research involving larger data samples that will be able to
assess its statistical significance and validity. We are planning
to work on larger data samples by employing other means of
communication for contacting potential participants (e.g., via
phone calls, mailing lists, etc.), by collecting direct contacts
via a dedicated mini-website presenting the results of this work
(in this case, visitors could be asked to sign up to our mailing
list), by actively intercepting participants to conferences and
events related to the WSN field, etc. The results of the survey
with a larger sample size will be interesting to look at from the
perspective of deploying wireless sensor networks. Finally, we
will assess whether the statistical analyses of our future survey
will change our findings as well.

Moreover, a possible threat to validity regards the instrument
we chose for our study. Indeed, performing in-depth interviews
could have resulted in a deeper investigation on the topic.
We decided to perform a questionnaire-based survey mainly
because of (i) budget constraints related to both time and
available resources, and (ii) the availability of participants:
some participants overseas are not contactable during the
normal working hours and we had to interact with them only
via email. We are aware that in our survey we could not
ask follow-up questions to the participants who filled in the
questionnaire to clarify unclear answers. In order to mitigate
this possible bias, we took care of the following aspects:



• when reasonable, we asked participants to provide a
detailed explanation of the given answers by means of
follow up open-ended questions;

• we applied a coding procedure on the detailed explanation
of the given answers, in order to gain deeper insights into
the issue being investigated.

As described in Section II-B, in this survey we applied
a combination of convenience and snowball sampling. If on
one side these two methods help us in selecting participants
in a very precise and accurate manner, on the other side
they may risk to be biased (i.e., not being representative of
the target population) [3]. However, participants come from
different professional background, they are from 9 countries
and 18 different organizations. This indicates a good spread of
participants’ profiles to increase the confidence that our results
do not suffer from relevant biases with respect to the sampling
method we use. Also, this mitigates the possible bias of having
a small sample, counting only 21 participants.

VI. RELATED WORK

This section, while not having the pretension to be complete
and to cover the full multi-disciplinary components of this
topic, reports on some relevant research work related to
the physical environment modeling of a WSN. It has been
elaborated by taking into account the most relevant papers and
significant inputs provided by colleagues actively working in
the WSN and modelling topics.

In [7], Maissa et al. present a domain specific modeling
language (DSML) for the design and analysis of WSN. The
DSML defines four different models. Among them, one is the
physical environment model that defines physical quantities
as a function of space and time. The deployment model
specifies how instances of nodes are spread into the physical
environment.

In [8] Samper et al. propose the GLONEMO formal model
for the analysis of ad-hoc sensor networks. In this work,
a constraint-based language named Lucky is used to model
the environment. Samper et al. in [9], instead, analyze the
influence of an environment (and its model) into the analysis
of a WSN. However, their focus is not on the physical environ-
ment, but on a more general conception of the environment,
including the set of stimuli that may appear around a WSN.

An explicit definition of the physical environment is pre-
sented in [4], where the proposed tool allows engineers to
model through an ENVML model, real-world dimensions in a
2D space, and obstacles with attenuation coefficients that may
represent a specific material.

In [10] the authors make use of an informal, graphical,
description of a 3D physical environment, where multiple type
of sensors are deployed. While the paper does not focus on the
physical environment modeling, still, it shows the researchers
need to model a 3D view of the environment.

In the survey in [12] the authors have proposed an enhanced
propagation model which takes into account single- and multi-
wall and floor attenuation factors for indoor environments. The
survey also refers to [13], where the environment is divided

into triangular regions. Still, there is no reference to modeling
languages specific for the physical environment.

By comparing the practitioners’ needs reported in Section
III with the solutions discussed in this section, we can come
up with the reasoning that academic research does not seem to
be in line with practitioner needs. Practitioners, in fact, report
that they do not explicitly model the physical environment
of a WSN (52% of the respondents), since they still miss
satisfactory tools, algorithms or models for specifying the
WSN environment at the right level of detail. A discrepancy
between the state-of-the-art and practitioner needs can be also
elicited in other places: practitioners use maps, geographic
information systems, powerpoint and other means to specify
the environment, and would like to represent it through CAD
or GIS software, or by using a suitable drawing interface.
Current scientific work are more keen to provide mathematical
models to describe the environment, instead. Where the dis-
tance between state-of-the-art research and practitioners’ needs
is closer is on the evaluation of the sensor nodes positioning
in the environment. The majority of respondents (about 87%)
declare that they evaluate it by experimentation, by placing
some test node in the physical environment and then trying
to predict how the WSN will globally behave with respect to
those parameters. Our understanding is that there exists state-
of-the-art methods and tools that could support practitioners
in this task. However, a stronger link between researchers and
practitioners shall be built.

VII. CONCLUSIONS AND FUTURE WORK

This paper presents the first investigation on how the physi-
cal environment of WSNs is currently specified in practice.
We hope our colleagues will find these results useful for
building new solutions and methods for specifying the physical
environment of a WSN.

During the analysis of the collected data we noted that (i)
a potential instrument that allows WSN engineers to specify
the physical environment of a WSN is actually needed (see
Figure 8). Also, it emerged that practitioners could prefer
to specify the environment by firstly importing an image
representing the environment visually, and then to use it as
the basis for a subsequent drawing phase (see Figure 9). We
are currently in the process of building such an instrument
as a dedicated component of the WSN modeling framework
presented in [4].

Moreover, our modelling environment proposes a dedicated
domain-specific modeling language (DSML) in which the
environment is represented as an area in the 2D space; this
choice is motivated by the observation that currently the
majority of respondents declare to specify the environment
in 2D, so we decided to follow this trend in order to present
a modelling environment which is, at the same time, familiar
to practitioners and simple to be used.

Also, in our DSML any kind of relevant obstacle can be
placed in the environment. Each obstacle is characterized by
its material (e.g., concrete wall, wooden door, glass, etc.) and
its attenuation coefficient; this solution is rooted in the clear



interest of practitioners to the attenuation physical effect when
defining the physical environment of a WSN (see Table I).
The shape of an obstacle is given by a sequence of coordinates
representing its perimeter in the 2D space. In our DSML, areas
identify portions of environment in which nodes of the same
type can be distributed accordingly to a distribution policy, this
provides a good solution for virtually deploy a large number
of nodes in a straightforward manner.
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