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Abstract—Wireless Sensor Network (WSN) is being utilised
for several purposes in military and civil domains, including
surveillance, monitoring, and management, where networked
sensors monitor and detect an event of interest and report to the
concerned party through the WSN or the Internet infrastructure.
Due to the characteristics of WSN, there are many fundamental
technical challenges including the node deployment, event
localization, and event tracking, among which, the probability of
the event observability has a crucial role. The observability is
defined as the capability of observing an evolving event in the
monitoring area. The probability of detection ability in observing
an event depends on the parameters of the detection function,
which in turn rely on the sensor technology and the nature of the
surrounding environment. This paper addresses the observation
of an event using WSN and how accurately the event is observed
in the monitoring area. It presents a practical solution for event
observability after formulizing and establishing the complexity of
observability issue and tackling its relation and impact on node
deployment and event localization. Hence, a feasible event
observation model has been proposed and validated in this paper.
The numerical results of the experimental evaluation have
confirmed that an accurate detection of an occurring event can
be achieved by the proposed model.

Keywords—Wireless Sensor Network (WSN); Environmental
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. INTRODUCTION

The rapid development in Micro-Electro-Mechanical
Systems (MEMs) and the computation and communication
technologies paved the way for the advances in Wireless
Sensor Networks (WSNs). Sensors have the ability to operate
independently, perform intended sensing tasks, process the
sensed data, and report to a particular interested remote station
[3, 14, 15]. Besides these advantages, the low cost and
reliability of sensors have facilitated the establishment of
numerous applications for various monitoring and management
purposes including environment, transportation, human
activity, detection and target tracking, underground mining and
pipeline (such as water, oil, gas), healthcare , precision
agriculture, industrial and supply chain [9].
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Hence, WSN is being deployed for various monitoring and
management operations in military and civil domains, where a
specific event is observed and reported to the interested entity
via the WSN or the Internet infrastructure [19, 18].
Accordingly, there have been a lot of research works on the
development and practice of WSNs including architectures,
operating systems, and applications. Nonetheless, the features
of WSNs impose some fundamental technical challenges
including the deployment of the sensor nodes, localization of
the occurring event, and tracking of the event evolution, among
which the probability of the event observability is an essential
factor.

The observability of the event is defined as the capability of
detecting an event (such as an environmental phenomenon)
occurred in the monitoring area. The observability is related to
the probability of sensing an event by sensors, where high
observability indicates that there is a higher possibility that an
event can be detected by the nearby sensors. It can be
theoretically computed as the integral of the detection function
considering the distance between the detecting sensors and the
trajectory of the event e that is progressing from point p; to
another point pi+;. The probability of detection ability in
observing an event depends on the detection function
parameters, which in turn rely on the technology of the sensor
and the nature of the surrounding environment. The well-
known detection model used in seismic sensors, which are used
to measure seismic vibrations by converting ground motion
into a measurable electronic signal, takes the form of
A+d(s;,p;)"F, where 1 and B are sensor technologies and
environment parameters respectively, and d(s;,p;) is the
distance from sensor i to an event at point i [8, 4, 6, 13].

This paper focuses on how accurately an occurring event
can be observed in the monitoring area. The objectives of the
research work presented in this paper are to come up with a
practical solution for event observability once formulizing and
establishing the complexity of observability problem, and to
tackle its relation and impact on sensors deployment and event
localization. The rest of the paper is outlined as: Section 2
presents some of the related research works. The common
feasible sensing models and the proposed event
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observation model that is based on probabilistic concept along
with several effective observability measures presented in
Section 3. Section 4 presents the experimental evaluation for
validating the proposed event observation model. Finally,
Section 5 presents the conclusion of the research work
presented here and suggests some potential future works.

1. RELATED WORK

There are several research works, such as the ones
presented in [1, 2, 5, 7, 10, 11, 12, 13, 16, 17, 20, 21, 22, 23,
24, 25], which have been focusing on the detection coverage
and the observability path of a targeted event. Among the main
objectives of these research works, a quantitative measure that
reflects how accurate an event can be detected by the sensors in
the monitoring area was of concern, while considering the
location of the event development paths (that are highly likely
can be detected by the nearby sensors), in addition to the effect
of the sensor deployment on the detection of a target, while
increasing the observability of the least observed path in the
monitoring area. These research works presented the advantage
of the probabilistic detection over the deterministic one. With a
probabilistic detection model, the sensor s; is capable of
detecting an event located at point p; with probability
P(D(d(s;, py))) which is defined as a decreasing function; that
is0O < P(D(d(s;,p)) < 1. Moreover, with this model, the
joint detection probability of a location point p (which is
covered by some sensors) can be used to quantify the coverage
of p. When the joint detection probability is greater than a
predefined threshold, then p is definitely covered.

Some of the research works available in the literature had
focused on a deterministic coverage of a location point, while
other works had aimed at a probabilistic coverage. However,
the coverage of whole monitoring area was not addressed
properly and no solutions were introduced to ensure the
coverage of the entire area. Moreover, most of the researches
on detection coverage supposed a perfect disc detection model
(also known as the binary detection model) where the sensing
range is fixed. With such model, an event would definitely be
detected in the monitoring area if it occurs within the sensing
range sen, of a sensor i; that is, the event is detected if its
distance d to the closest sensor i is less than i's sensing range
sen,. Nevertheless, this is considered as a rough approximation
since the event detection characteristically relies on various
variables and techniques used to confirm the detection
accuracy. Thus, for a superior approximation, in every sensor,
a probabilistic detection model with respect to the Euclidean
distance between a sensing node and the event located at point
p should be taken into account.

While these works were directed to coverage-related
algorithm design, and that their network coverage formulations
consider the distance between the nearest sensors to the event,
for the concept presented in this paper, the probability of the
observability in the monitoring area is characterised and
calculated as an integral of several sensing measures and
asymptotic behaviours.
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11. DETECTION MODELS AND EFFECTIVE OBSERVABILITY
MEASURES

With consideration of the closest distance between the
sensor and the event, most of the current proposed works use a
fixed detection radius, within which a sensing node i would
certainly detects the event once triggered in the monitoring
area. The majority of event detection applications in WSNs
require that nodes should be activated probabilistically to sense
the surrounding area. A linear function that is inversely
proportional to the detection accuracy can help in
demonstrating the distance from the node to a particular point
where the event has happened. Hence, the detection probability
P(D;) of node i can be computed as follows:

P(D) =1/(1+Axd(s,p))’ )
P(D) =1+ Axd(s;,p)F ()

where, d(s;, p;) is the measurable distance from a sensing
node i to an event at a point p. A and S are sensor technologies
and environment parameters respectively, where 1 is a tuning
parameter and that 8 ranges between 1 and 4 according to the
surrounding environment.

Also, an exponential function of the distance can define the
detection probability inversely as follows:

P(D;) = e~(A+aGsipn) (3)

Furthermore, the detection probability model can be
presented as combination of linear and exponential functions
constrained by two limiting thresholds (min, max), such that:

L d(s;,py) < min
P(D;)) =40, d(s;, p;) > max 4)
Ae=(Bxdlsipd)  min < d(s;,p;) < max

While the detection probability model introduced in
Equation (4) is reasonable in comparison to the previous ones,
though it has suitability constraint. To provide more practical
detection model, the probability to detect an occurring event
can be presented as follows:

P(D,) = Aa~(B+alsipp)’ (5)
where,

A presents the accuracy of the observability; it defines the
maximum probability of that an event is definitely detected by
the sensing node i, such that 0 <A1 <1; i.e. A =1 in case
d(s;,p) = 0.

a and B presents the vertical and the horizontal locales
respectively, where o > [ and g > 0. A formulation of
probability distribution can be made with respect to a reference
point g which can be characterised by (dq(Si, @), Pq(Dj)). This
implies that when an event occurs at dq (S; , g) distance away
from the sensing node i, the probability of detecting the event
is Py (Di). Thus, when fdy(si , q) = 1, Po(D;) = Ao, which
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allows determining a reference point (dy(si , ), Pq(Di)) by
defining the parameters a and /3 as follows:

a=2A* (Pq(Dl-))_1 (6)

B =dg(s )7 ()

7, (t > 0), represents decreasing tendency of the detection
probability A to 0, as for d(s; ,p;). When there is a need to
specify that at a particular distance d'(s; ,p;), the detection
probability is P’ ( D; ), then r must be as follows:

A
T = lOg dﬁ*d'(si,Pi) logﬁ (P'(Di)) (8)

provided that the conditions d'(s;, p;) > dq(si,qr), and
P'(D;) < P;(D;), or vice versa, should be maintained.

As highlighted previously, with a fixed radius-based
detection model, a node would surely detect any event
occurring within its sensing range (sen,); thus, in such scenario,
the detection probability would be as follows:

N (L d(sipi) <sen,
P(D;) = {0, otherwise ©)

Sensing Area (SA) is the network coverage at any given
point i (p;), which is interpreted as the probability with which a
sensing node can detect an event at p;. Hence, it can be
computed as follows:

SA(p) = 1 =111 = P(Dy)) (10)

where, SA(p;) is the coverage at (p;), and P(D;) is the
detection probability of the sensing node i at p; of the
monitoring area.

The coverage of the sensing area C(SA, P;) indicates that
the sensing area SA is the overall achieved detections from
nodes in the monitoring area at p;.

Therefore, when there are n sensor nodes in the network,
the coverage of the sensing area at p; can be as follows:

CsAp) = ) (s0m) (11

The proposed model can be useful for detecting events that
occur in indoor and outdoor environments such as intruders,
fire outbreaks, gas leak, and so on. Such events are considered
dynamic and in order to be accurately detected the observation
and localization must be performed properly.

V. EXPERIMENTAL EVALUATION

In order to validate the proposed probabilistic detection
model and its ability to observe and localise a dynamic
environmental phenomena a comprehensive experimental
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evaluation has been conducted using simulation. This section
presents the scenario and settings used in the experimental
evaluation followed by the discussion on the results gained
from the simulation experiments.

A. Experiments Settings

A network of 1000 of wireless sensor nodes has been
simulated using Network Simulator 2 (ns-2) running on a
computing station with a CentOS version of Linux. The sensor
nodes were deployed randomly over an area of 250 X
250 m? to monitor the surrounding environment. Hence, the
density of sensor nodes is 0.016 per m2. Each sensor node has
a sensing range (sen,.) of 30m and a transmission range (T,) of
120m which enables a direct transmission of the detection data
to a base station located at the centre of the sensing area. The
settings of associated parameters of the sensing model were as
follows: A =1 (100% observation), a =2, f=0.1 (50%
observation of event occurred at 30m), and r =4 . The
evaluation investigates the effect of every parameter on the
subject of density that varies between 0.01 and 0.05, and
compared to the fixed detection radius sensing model where
sen, = 30m.

B. Evaluation Results

The results presented in this section are regarding the effect
of the observability accuracy parameter A, the vertical locale «,
the horizontal locale S, and the decreasing tendency of the
probability of the observability accuracy r parameters.

1) Impact of the Observability Accuracy A

The observation accuracy of an event can be well
demonstrated by this parameter. As there is no guarantee that a
sensor node can always observe an event once it happens. This
is because of some limitations associated with the sensor
measurement and the nature of the event. The observability
accuracy parameter is examined with different values where
A=06,1=0.7,1=0.8,1=0.9, and A = 1.0, respectively;
and in comparison with the fixed detection radius sen,. of 30m.
Thus, whend(s;,p;) =0, the probability of the detection
accuracy P(D;) to observe the event is 0.6, 0.7, 0.8, 0.9, and
1.0, respectively. Figure 1 illustrates the effect of the
observability accuracy considering the node density and the
average detection observations of the event at a given point i in
the monitoring area. The results imply that in case
A =1, the average number of detections is closely equivalent
to the fixed radius case at certain values of node density of
0.02 and 0.03; while it is higher as the node density increases.
The results confirm that better event detection accuracy is
provided by the proposed detection model; hence, reducing the
possibilities of having false alarms of the event. In addition, for
various settings of 1, the number of event detections increases
as the node density increases, confirming the occurrence of the
event that is observed by several sensor nodes.
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Fig. 1. Impact of the observability accuracy A, where A = 0.6, A = 0.7,
1=08,1=09,1=1.0

2) Impact of the Vertical Locale a

This parameter defines the probability P, (D;) of observing
an event occurring at a specific reference point q; that is,
d,(si,q ). It has been examined with different values:
a=1/0.6,a=1/0.7,a = 1/0.8, and 1/0.9 respectively; as
presented in Figure 2. This implies that, with respect to the
point located at d,(s;, q), the resulted probability values are
0.6, 0.7, 0.8, and 0.9, respectively. The detection probability
for the reference point is increasing when decreasing the value
of a. This implies that the detection probability is higher when
the event happens at d,(s;, q) away from the sensor node(s).
This is confirmed by the results behaviour presented in Figure
2. As it can be seen in the figure, when a = 1/0.7, the results
are close to that of the fixed detection radius when the node
densities are 0.03 and 0.04, implying that such settings are
identical to the fixed detection radius of 30m.
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Fig. 2. Impact of the vertical locale a, where « = 1/0.6, @ = 1/0.7,
a=1/08a=1/0.9

Vol. 8, No. 5, 2017

3) Impact of the Horizontal Locale 8

This parameter specifies the distance between the reference
point g and the sensor node i detecting the event (i.e.
dq(si,q)). The parameter has been examined with various
settings where f = 1/35, 8 = 1/30, 8 = 1/25, which means
that the reference point g is located at 35m, 30m, and 25m
away from the sensor node i, respectively. Figure 3 shows that
the distance d,(s;, q) becomes higher as $ value decreases,
which implies that a sensor placed at a greater distance would
have a higher probability to detect the occurring event.
Compared to the rest of the settings, the results in the figure
demonstrate that the closest statistical results to the fixed
detection radius appear when = 1/30 (i.e d4(s;, q) = 30m).
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Fig. 3. Impact of the horizontal locale f, where d,(s;, q) = 35m,30m, 25m

4) Impact of the probability decreasing tendency t

This parameter defines how steep the slop of the probability
of the observation decreases. It has been examined with
different values where, T = 8, T = 6, and T = 4, respectively.
Increasing ¢ causes a sharp decrease in the probability of the
observation accuracy. This implies that, with higher settings of
7, the proposed detection model is driven to follow the course
of the fixed detection radius model. This is verified by the
results presented in Figure 4 where the results are almost
comparable when 7 =8 and d,(s;, q) = sen, = 30m for
various node densities. Thus, the lower value of 7 is the lesser
the steep of the observation probability.
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V. CONCLUSION AND FUTURE WORK

In this paper, an event observation model that is based on
probabilistic concept has been presented. Also, some effective
observability measures with the use of Wireless Sensor
Network (WSN) for sensing and locating of an abnormal event
have been introduced. Four parameters have adapted to reflect
various environment scenarios, which are: observability
accuracy 4, the vertical locale «, the horizontal locale 4, and the
decreasing tendency z of the detection probability. The ability
of the proposed model in observing a dynamic environmental
phenomenon is well investigated with various settings for the
above-mentioned parameters, in terms of the average number
of event detections with respect to different node densities, and
in comparison with the fixed detection radius model. The
experimental evaluation results confirmed that the proposed
event observation model provides a proper analytical
description of the detectability of an event and it can be utilised
for various monitoring applications where sensing coverage is
of concern. In the future work, the direction of the research is
going towards exploring the potential course of the event
evolution to provide an accurate estimation and tracking of the
development of the event.
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