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Abstract: Like with Wireless Sensor Networks (WSN) there
are two main goals of Sensor Web: the optimal deployment
of sensor nodes, and the maximization of sensor network
lifetime. They are particularly important considering
critical event applications, like residential fire detection,
because of the fact that the topology of sensor nodes and the
network lifetime have a dramatic impact on the overall
network effectiveness and the efficiency of its operation.
One of the possible solutions may be the development of an
appropriate algorithm for minimizing the expected energy
consumption as a function of specific sensor nodes topology.
In this paper we have analyzed a hexagonal sensor
deployment scheme and proposed specific algorithm for
energy saving by scheduling specific active-passive pattern
of sensor nodes.

l. INTRODUCTION

A sensor node in WSN is a small

It has Ilimited battery resources,

area, indoor or outdoor. Recent advances

technology and the use of the Internet Protocol (IP) i
resource constrained devices has radically changed t

Internet landscape creating a new form called Internet
connect physical more overall power usage, even though the number of

ttransmissions decreases. Thus, there is a fundamental

Things (loT) [1]. The
(analogic) environments to

loT will
the (digital)

embedde
computing device that interfaces with sensors/actuato
and communicates using short-range wireless transmitte
processing an
communication capabilities. Sensors nodes form a logic
network in which data packets are routed hop-by-ho
towards management nodes, typically called sinks or ba
stations. Thus, a WSN comprises a potentially large set

nodes that may be distributed over a wide geographic
y J |§r]1 \F;\/S attery life of individual sensors so that the network can

Interne
unleashing exciting possibilities and challenges for

The design of a wireless Sensor Web platform must
deal with challenges in energy efficiency, cost, and
application requirements. Choice of deployment strategy,
which is a first step in forming any WSN, depends on
applications, requirements and design goals [4]. Sensors
can generally be deployed in an area of interest either
deterministically or randomly. The choice of the
deployment scheme highly depends on the type of
sensors, application and the environment that the sensors
will operate in. In other words, the node’s position
determines the functionality, life span and the efficiency
of the network. Using deterministic deployment strategy,
the access to the monitored field must be granted and the
number of required nodes for full converge could be
determined. Therefore, it is suitable for optimal
deployment where the coverage and/or the sensor
c{1etworks lifetime are maximized. In addition, the number

the required sensors to monitor a given area in a
eterministic deployment, in most cases, is more efficient

, 5]. There are many deterministic deployment strategies
resented in literature: square [6], triangular [7, 8], strip
ﬂ?, 9], hexagonal [10, 11, 12]. As the WSNs are made up
Qé tiny energy hungry sensor nodes, it is a challenging

ocess to retain the energy level of those nodes for a
ng period Therefore it is necessary to extend the

jemain functional as long as possible. In the above

ntioned topologies, the number of neighboring nodes
d:i:etermines the number of receivers and hence results in

Jrade-off between decreasing the number of transmissions

variety of application domains, such as smart metering, &d increasing the number of receptions [13]. In [14]

health logistics, building and home automation [2]. Oné?

uthors consider the topology that best supports

of the most important building elements of 10T are sensgfommunication among sensor nodes. They consider

nodes, precisely, a Sensor Web. Traditionally, Sens
Web is defined as a web of interconnected heterogene
dynamic

sensors that are interoperable, intelligent,

flexible and scalable. This definition implies that a Senso

routes and topologies, demonstrating the

ifferent
oflifference in performance and explaining the underlying

auses. Proposing a power-aware routing protocol and
ﬁimulating the performance, authors show that their

Web is a hardware network of sensors. Alternatively, th&oUting protocol adapts routes to the available power

Sensor Web can be defined as a universe of networ

Kwhat leads to a reduction in the total power used as well

accessible sensors, sensory data and information [3]. fiy More €ven power usage acrgsg noggs. Energy
other words, the concept of the Sensor Web reflects su@{/ar€ness, power management and data dissemination

a kind of infrastructure for automatically discovering an
accessing appropriate information from heterogeneousSY¢-

sensor devices over the Internet.

gconsiderations have made routing in WSN a challenging

Low latency data delivery is an important
requirement for achieving effective monitoring through
WSNs. The paper [15] propose a forwarding protocol
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based on biased random walks where nodes use only locatworks. In monitoring applications, like fire detection,
information about neighbors and their next active periodensors must be positioned so that every point in the
to make the forwarding decisions. This is referred asegion of interest is monitored by at least one sensor. A
lukewarm forwarding. Analytical and simulation sensor is able to monitor all points within a certain
experiments make it possible to reduce the latency withoulistance of its location, i.e., a disk of radius “r". This
increasing the number of transmissions needed to delivpaper is focussed on finding the deployment with
the message to destination. minimal number of sensor nodes whose centralized disk
In this paper the performance issues associated witompletely covers given area. The underlining Hexagonal
hexagonal Sensor Web network topology applied in fireleployment of smoke sensors used is presented in Fig. 2.
detection are analyzed. Application in fire detection
requ"-es accurate deployment Of the Sensors In addltlo LU LU ULV LRI T
many parameters need to be considered during tr= e :
deployment process for efficient network operation.
Since the topology in this case is fixed and known, it i¢
assumed that the base station position can be optimal
determined. Thus, the power requirements fol =
Communicating with the base station should be essential '=i T 0
independent of the topology. The ultimate objective oi
the practical design in this paper can be defined as Figyre 2. Hexagonal deployment strategy of smoke sensors
follow: For a specific sensing task — early and accurate .
smoke detection, determine how the number, deploymefit9: 3 shows that, with sensor nodes placement for r=5,
and scheduling of smoke detectors into hexagona{’}bove mentioned reqw_rement_s are fuIﬁII_ed and 100%
structure influence on the network energy consumptioffverage of the room is achieved meeting the crucial
and lifetime. For the purpose of the paper the variant dgduirements in the case of fire presence.
active-passive scheduling is considered with the aim t
reduce energy consumption and thus increase netwo
lifetime.

II.  HEXAGONAL DEPLOYMENT OF SENSOR NODES

A grid-based deployment is considered as a goo
deployment in WSNSs, especially for the coverage
performance. There are several grid based designs like
unit square, equilateral triangle, regular hexagon etc [16,
In this paper the hexagon grid deployment pattern with
“r' communication range is chosen for the evaluation
purposes (Fig. 1).

Figure 3. Coverage obtained by hexagonal deployment of smoke
Sensors

#‘éﬁ i lll.  OPTIMIZATION OF ACTIVE SENSOR NODES NUMBER
&% = @ - - Acquisition of precise data and immediate transfer of
) % . . . . .
the data to sink node is very important, especially in fire
] . . Q detection. Data processing and data transfer require more
@f = power. When, the data has to be transferred and when, it

PP

needs to be stored, depends on the state of the radio in the
node. To conserve energy, the radio can be switched to
g sleep state when there is no data to send or receive. This
method of switching the radio to a sleep state and making
it active if any event is detected is well known as on-
demand scheme or event-based scheme. There is an
— Z @ i another metho_d c_)f scheduling based. on _regular time
i ot i 44 interval for switching all the nodes either in sleep or
active mode known as synchronous scheme. There is no
Figure 1. Hexagonal deployment strategy [11] need to keep all the nodes active at the same time. WSN
The easiest way to detect a fire at residential places is lgﬁ?srga::."%vxlyaasg:ﬁgéhr;l%rﬁgétre ronf, n%%C:Srdég%beea;C%r\]/ﬁ
using the smoke sensors that are usually sensitive E%] '
ionization or obscuration. The room with dimensions T
50x19x4m, with a flat ceiling and with the average fire
risk and medium fire load is observed for simulation
purpose. It is assumed that there are no physical partitio
and barriers in the monitored room that may affect thg
deployment process as well as the operation of senso

¢
'
e

he work presented in this paper considers two cases
based on the same principle and presented scheduling
rotocol will keep only a subset of nodes to be in active
tate and keeping others inactive or in passive state. A
cr:heduling protocol will be the best if it keeps only a
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minimum number of nodes active at any instant. In thisuch increase is usually based on the selection of the
paper is proposed that for critical application monitoringappropriate routing algorithm [14, 15], in the case of
only half of sensors should be active, according to Fig. $ensor Web network there is a need for a different
and Fig. 6. solution. As it already stated, Sensor Web is traditionally
defined as a web of interconnected heterogeneous sensors
that are interoperable, intelligent, dynamic, scalable and
flexible, but can often be presented as a group of
interoperable web services which all comply with a

B o i

;ﬁ ﬁm specific set of behaviors and sensor interfaces
o 5 . specifications [2], where the difference between ordinary
B I sensor and Sensor Web to the end user shouldn't be

visible [17].

In the case considered in this work, a sensor node that
can have two states is created, unlike traditional sensor
nodes that were mentioned earlier, which usually have
four states (Transmit, Receive, Idle and Sleep). Thus, two
states that a sensor node can have are:

active — all units are active (Fig. 8),

passive — only transceiver unit is active (a
condition in which a sensor node maintains
the minimum activities necessary to wake up

a sensor).
In both conditions, the sensor node can communicate
Figure 5. Coverage obtained by active sensors*birlodified with the central unit, which is responsible for monitoring
hexagonal deployment of smoke sensors and controlling sensor networks.
Sensing Unit Processing Unit
Sensar ADC > Frocessor > Transceiver
@m ﬁ W | Stor?ge
'm% Ea@ 2]
‘ Power Unit |
o 8 i

Figure 8. Typical sensor node architecture

The main principle of saving energy and increasing
Figure 6. 2 modified hexagonal deployment strategy (hex-2)  S€nsor Web network lifetime can be based on scheduling
[13] or on the Smart Sleep [18] approach. In both cases,
the solution is primarily based on the planning and setting
up of a number of sensor nodes in an active and passive
state. What is most important when applying this method
is to determine the proper network settings, i.e., define
the following goals:
- The minimum number of active sensors (but
the sensor network performance shouldn't be

significantly disrupted);
Distance between the sensor vs. sensors’
Figure 7. Coverage obtained by active sensors"8fitodified power,
hexagonal deployment of smoke sensors . Time changes between active/passive states

From Fig. 5 and 7 is obvious that in those two cases full of nodes;
coverage of room is not achieved what can lead to late - Algorithm for controlling the active/passive
detection of fire, especially if it is located out of detection sensor nodes;
Zones. o _ ] - The actions taken at the time when the sensor
To avoid the situation of the late detection in areas detects a critical event (assuming that the
outside of detection zones, it is necessary to use special existence of critical points is adopted).
algorithms to change the active and passive states of The first two items are directly related to the topology
sensors. of the sensor network and the area where the sensor

network is deployed. Identification of these elements is
IV." ASIMPLE DYNAMIC SCHEDULE ACTIVEPASSIVE  ysually done using a complex mathematical simulation or
NODESALGORITHM empirical methods.

One of the main objectives in WSNs is to increase the As the proposed Sensor Web network can be managed
lifetime of the network. Unlike traditional WSNs, where centrally and dynamically, switching between the
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active/passive nodes states can be determined dependiagbvious that, upon the detection of critical event in the
on the situation. It is important to note that as thenetwork, it is necessary to activate all the neighbouring
frequency of switching increases, the accuracy of theodes immediately (adjacent nodes that are not active —
sensor network grows up, and approaches the situatidtig. 9). Fig. 11 depicts the state of adjacent sensor
shown in Fig. 2. Consequently the energy saving in thisetwork nodes upon activation.
case decreases.

The algorithm for controlling the active/passive sensor ] ® L] L]
nodes performs on complete set of sensor network nodes e ] . ° .
divided into two groups: active sensor nodes and passive
sensor nodes and all their adjacent nodes (in the hexagonal

network for every node there are maximal three adjacent ¢ ¢ ¢ *
nodes) - Fig. 9. 4 4 * »
) o ® ® ¢ ¢ o o
. . . . . b L o
® 'S ® ® ® Figure 11.Hexagonal Sensor Web deployment: Alert state
i o ¢ i In the case that one of sensors has been activated by
smoke presence, the adjacent sensors should be awaked
] ] L] L] immediately to avoid possibility of false alarm existence.
° ] ] If at least one of those sensors also detects a presence of

smoke whole sensor network should become active. In
this way, the entire sensor network is active only during a
detection of critical event, while in other cases the
maximum number of active nodes is (n/2) +3 (n is total

In Fig. 9 red nodes are active nodes while the blackumber of sensors in network) which represents a saving
ones are passive. Connections between the nodes & e25-50%, depending on the size of the sensor network.
shown only for a better understanding of adjacent nodes
(red marked connections are connections between V. SMULATION RESULTS
adjacent nodes), although they do not exist in the real The aim of simulations performed using Pyrosim
system. software tool [19] is to make a comparative analysis
between proposed deployment schemes and to realize
influence of number of active sensors and each of
proposed schemes to detection of fire and network
lifetime in a presence of fire. As long as one sensor is
alive there is a possibility that information about the
location and spread of the fire will be provided to higher
level.

For the simulation purposes five different positions of
fire ignition are considered (Fig. 12).

Figure 9. Hexagonal Sensor Web deployment: Non alert state
Red dot — active sensoBlack dot — passive sensared line — adjacent
sensors

L]
= B
ﬁ wn
I T
Figure 10.The activity diagram of hexagonal Sensor Web network Figure 12.Fire source positions (size 2 x 2 m)

. N . During the simulation process it is assumed that in first
The algorithm works by a combination of schedulingc,qe 51118 sensors are active while in other two cases only

and smart sleep algorithm. In a given time interval, onlyy sensors are active in presence of fire, according to Fig. 4

one group of sensors is active, while the second group jnd 6. Simulation results are given in Fig. 13.

in the passive state. After the time interval elapses, states

of active and passive sensors are changed. The activity
diagram of proposed algorithm is presented in Fig. 10. It
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Figure 13.Response sensor times for five proposed fire source positions and average activation time in a case of three proposed
deployment strategies

Fig. 13 (a)-(e) show that for fire source positions “1"-“5” rotating of hex-1 and hex-2 schemes in certain time
there is no significant difference between initialintervals. Thus, instead of all 18 active sensors,
deployment of 18 sensors and hex-1 and hex-Periodically it will be active one of schemes: hex-1 or
deployments where are only 9 sensors active. The fasthex-2, what means that during the whole monitoring time
reaction time can be measured in tens of seconds, but amly 9 sensors will be active always. That should lead to
the event of a fast moving fire, these are preciousignificant reduce of energy consumption and overall
seconds. According to results presented in Fig. 13 (a)-(é)ngest network lifetime. Simulation results have shown
and average values of activation times for all observethat, by only 9 active sensors, fire will be detected
cases shown in Fig. 13 (f), it can be noted that thaccurately and on time. In the case that one of sensors has
maximum delay in activation times of hex-1 and hex-Zbeen activated by smoke presence, the adjacent sensors
model compared to initial deployment scheme is 0.5 s. should be awakening immediately to solve problem of
false alarms existence. If any of those sensors also detect
VI~ CONCLUSION a presence of smoke whole network consisted of 18
Choice of deployment strategy, being the first step irsensors should become active in order to obtain as much
forming any WSN, depends on applications, requirementsformation about fire as possible. Advantage of the
and design goals. WSN application in fire detectionSensor Web is that it provides a mechanism for
requires accurate deployment of the sensors and loraythorized professionals to access sensed data remotely
network lifetime. A hexagonal grid-based deployment orusing Internet connection. In the case of fire is detection,
which bases all known optimal patterns can be generatethe fire department will be provided with a constant
is considered in this paper. The network lifetime isstream of information about the location and spread of
increased by the proposed solution which is consisted ithe fire while the deployed firefighters will have

Page 135 of 478



ICIST 2014 - Vol. 1 Regular papers

information about building plan, an initial location of the []
fire, its spread, development of smoke, presence of toxic
gases and other factors which may affect them.

Improvement of proposed scheduling algorithm andigj
optimization of transceiver unit energy consumption will
be the main aim of our future research.
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