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Abstract —The aim of this paper is to present a simulation
study of the three most common approaches for routing of
information in the wireless sensor networks (WSNs). In the
introduction of the paper we shortly describe some of the
characteristics of the WSNs, and then we present some of their
main implementation areas. In the second section we present the
theoretical aspects of the approaches for flat, directed and
hierarchical routing. Later we present a compar ative analysis of
the three approaches and we highlight their main advantages
and disadvantages. I n the fourth section we present the results of
the conducted simulation experiments with the three approaches
and we discuss and analyse them. The paper is then completed
by the conclusion section, followed by the acknowledgment and
r efer ences sections.
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|.INTRODUCTION

The wireless sensor networks are combining the benefits of”'
the moderntechnologies for detection and sensing with the

are dependent on the architecture of the network and its
purpose. The first type of architecture, which we will
investigate, is characterized by the fact that all of the devices
in the network (except for the base station) are performing the
same tasks and functions. This means that all of the devices
are able to perform sensing tasks, to receive information from
other devices and to send data to the other sensor motes or to
the base station. These are the necessary prerequisites to
implement the direct and flat routing approaches [6]. The
second type of architecture is characterized by the fact that the
devices, which are forming it, are not performing the same
tasks and functions. The networks, which implement this type
of architecture, are formed by two types of sensors. The first
class of sensor devices is capable of performing the basic
sensing and communication tasks while the second class of
devices is performing specialized actions and functions, like
cluster formation, data aggregation and other [7].

DIRECT, FLAT AND HIERARCHICAL ROUTING IN
THE WIRELESSSENSORNETWORKS

possibility to transmit the data using the wireless medium.

These networks are found suitable and are being used forhe direct routing approach (Fig. 1) is one of the oldest
numerous of different purposes including animal and inseapproachesfor data transmission in the wireless sensor
monitoring, intelligent and autonomous housing, vehicle artetworks. This approach defines, that the sensor devices are to
people tracking, intrusion detection and prevention, militarye accessed using data about their coordinates or their location
purposes and other [1]. There are many different issul. By using this approach the Base Station can request
currently open with these networks, and they all are iaformation about the occurrence of an event from a given
consequence of the limited resources and the small size of @iea on the sensor field instead to request the data from all of
sensor devices [2]. One of the biggest challenges is to presig sensor devices in the network.

a routing approach, which is corresponding to the needs of the

sensor networks and is suitable to the hardware and software o o)
capabilities of the devices [3, 4]. There are several major @)
approaches for routing of data in wireless sensor networks — @) @) o
direct routing, flat routing and hierarchical routing [5]. These (@] (@] 0]
three approaches are used separately and interchangeably and @) @)
o) o0 O
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Fig.1. Example of the direct routing approach in the wireless sensor
networks
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The most common approach to determine the location dévices in the cluster. The network can be formed into several
the sensormotes is to use the received signal strengtlevels where the lowest level is consisting of sensor motes,
indication (RSSI). Alternative approach for localization of thevhich communicate with a cluster head, and the higher levels
devices is the direct communication with a satellite, troughae formed by cluster heads, which are communicating either
GPS interface (if the mote has one). with other cluster heads or with the base station [13].

The direct routing approach defines that the sensor devices
should communicate direct with the data sink (either the Base (@) o
Station or a neighbor sensor mote). Unlike this approach the @)
flat routing defines that the sensor devices can communicate [®) (@]
with the nearest device towards the sink thus reducing the Oo e) o
communication distances and by that also decreasing the o) @)
amount of energy required for the communication processes o [®)

(Fig. 2). Additionally, when this approach is implemented, the

intermediate devices can use the data from the transmitting o (o) o

device and if possible can aggregate it with the data, which it o O o0 o @]
has personally collected from the sensed area. The flat routing o o 0O 0
approach, similar to the direct routing approach is ideal for o s?:“s:n
implementation in information-orientated wireless sensor

networks [8]. Additionally this approach is much more

suitable for implementation in large scale WSNs, since due to o

the retransmission of the data, the sink will receive @) o

information from a smaller number of devices compared to o)

the direct routing approach. This will provide also better o

quality of service and smaller delays.
Fig.3. Example of the hierarchical routing approach in the wireless
sensor netarks

© o
o o © Typical representative of the hierarchical cluster based
Oo o) routing appoaches is the LEACH protocol [5, 10]. The
o o o approach for hierarchical organization of the network, which
is defined by this protocol, states that the first layer of the
@] OO o network will consist of devices, which are in communication
@) range with the base station. The devices of every layer will be
o @] ith the b ion. The devi f I illb
@) o 0 able to communicate with the sensors from the previous one,
o % o © but not with the devices from the layers before that.
@] o " Base After the conclusion of this process the total number of
station the clusterdNc, in the system can be divided by the number of
o the layersN_, and thus obtaining the average number of
o clusters pe layer N¢ ®"% Assumimg that the devices are
o distributed equally on the sensor field, then the average
o o number of devices per laya?'d can be calculated by dividing
o the total mmber of sensor nodesby the number of the layers
N, :
Fig.2. Example of the flat routing approach in the wireless sensor av
networks. n?9 =n/N_ 1)

After the average number of devices is determined, they

The hierarchical (also known as cluster based) routlnégre distributed equally in the corresponding clusters for every

approach (Fg.3) is initially proposed for implementation in laver
the traditional Ethernet networks and is widely used becausd B using these rules, the possibility for a certain module
of its unmatched communication efficiency and because of | S frgm a given layer ’to become a cluster head for the
high level of tolerance'towards network scalablllty. [9, 10]. ﬁommunicabn roundt can be given by:

These are the main reasons for the exceptional results,
which this approach shows in terms of effective and balanced N~ 20
consumption of the energy of the sensor motes. With the cL whenGy () =1
hierarchical architecture, the motes, which are having more p (t Ava_ N av RMo n2va
energy, are used for data processing, aggregation and i L N 2Y9
communication, while the sensor devices with less energy are 0 L whenG, (=0
used for low energy processes, like sensing and environmental
monitoring [11, 12]. This idea is accomplished by organizing
the network into clusters and by defining roles to the specific

)
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In the equation aboveR. is the number of elapsed
communicatn cycles from the start of the communication
round andC,y is a variable, which has value of 0 when the
device has already been a cluster head during this In order perform a comparative analysis between the direct,
communication round and 1 otherwise. After the completiothe flat aml the hierarchical routing approaches, we have
of the process for organization of the hierarchical wirelestecided to collect the main advantages and disadvantages of
sensor network, the system is divided into clusters of equlkse approaches and present them using a table.
number of sensor modules.

I1l. COMPARATIVE ANALYSIS OF THE ROUTING
APPROACHESFORWSN

Table 1. Comparative analysis of the advantages and disadvantages of the three routing approaches for WSNs

Advantages Disadvantages
Effective dissipation of the energy needed for communication, Requires accurate localization of the sensor devices.
when the network is formed by small number (less than |100 Large delays during data transmission in networks, which
nodes) of sensor devices. consists of thousands of sensor devices.
Direct routing Accurate estimation of the length of the communication round. Large possibilities for collisions accuracies in systems with
approach The amount of the traffic in the network is proportional to the  shared transmission mediums (especially in large networks
number of the devices. with thousands sensor motes).
It is possible to use addressing schemes to distinguish the Unequal energy dissipation (due to the unequal distances to
devices the sink).
. e R Use of only information-oriented architecture.
Effective dissipation of the energy needed for communication, . .
. . Impossible to determine accurate the length of |[the
when the network is formed by large number (>100 nodes) of o
) communication round.
. sensor devices. . Del ) tworks with | ber of devi q
bl FEILEIT Possible data aggregation, when the data is send to the base €lays In NEtworks wi . arge m.Jm or of sensor devices wdue
approach station to the larger number of intermediate hops).
Smaller amounts of network traffic (due to the dhth Unequal energy dissipation and prqcessmg loads (due to the
. unequal number of hops for the devices further away from the
aggregation). Base Station)
Effective dissipation of the energy needed for communication,
when the network is formed by large number (>100 nodes) of
sensor devices.
Data aggregann_ in_the glus_tgr and between the clustgrs Impossible to determine accurate the length of |[the
Hierarchical (higher data integrity and reliability). -
; . communication round.
routing The amount of the data traffic in the network depends or the o )
. . Somewhat unequal energy dissipation and processing loads
approach amount of the cluster head devices. . .
) } . . . (due to the different roles of the devices).
Possible implementation of mechanisms for more effective
and balanced energy dissipation.
Possible use of both information-oriented and addressable
architectures.
IV. SIMULATION EXPERIMENTS AND EVALUATION
Number of active sensor nodes per communication round for the three routing approaches
OF THE ROUTNG APPROACHES FORVSNS ; LT ;
R R R EEEEE
In order to prove the statements from Table 1 and also to ! IR ! !
. . . 800 — — — — e .
further investigate the routing approaches, we have conducted | ry | |
a series of simulation experiments with them. For this purpose < wf - - - - e
we have developed several MatLab models for all of the = | | | | U U T B
approaches. We have then implemented and tested the model | | v !
for a sensor network, which is deployed on a sensor field with ¢ = -~~~ et i ik bl Sty
dimensions of 100100 meters. The network consists of 1000 & | ____ R D A | A
random distibuted nodes and a base statiorxab0 m and H ! E ; Y i
y=50m (center of the field). In order to evaluate the =]~~~ I T U
approachesve use the values for the dependence between the - - - - - e T E
. . . \
communication rounds and the total amount of the energy in | —swarmmgarea |\ 1 N i |
the networks. Additionally we evaluate the number of active T e aprosch | N
sensor devices per communication round for the three 5 W = 0 I e %o
approaches. The initial amount of energy for all sensor Communication Round. R
devices is the same and is equal to 0.1 J.
Fig.4. Number of active sensor devices per communication round
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As seen on Fig. 4, in the network where the direct routirgfficient compared to results from the simulations with the
approach isised, the number of active sensor motes is startiagproach for direct routing. When comparing the flat routing
to decrease around the 180-th communication round. This agproach with the hierarchical routing approach, we can
be explained by the fact that the distance between the nodesdtice a 25% better efficiency in terms of average lifetime of
the sensor field and the base station is not the same, whikh sensor nodes and in terms of balanced energy
will lead to the faster dissipation of the energy in the sensconsumption. Based on the conducted analysis, we can state,
devices farther away from the base station. The simulatiotigt the hierarchical routing approach is definitely the best
with the network, where the flat routing approach ispproach among the three investigated, but it also suffers from
implemented, provide significantly better results, butew, but serious disadvantages. An eventual improvement of
nevertheless they show that the sensor devices start to deplleéemechanisms for effective and balanced dissipation of the
their energy around the 250-th communication round. Th&nergy by the sensor motes can increase significantly the
can be explained by the multiple retransmissions of the daHectiveness of this approach and the lifetime of the
towards the base station by the devices. Despite the fact thi&rarchical sensor networks.
the hierarchical routing approach provides the best results, it
also shows one of the largest disadvantages. This is the early
dissipation of the energy by some of the devices in the
network, and can be observed by the slight slope of the line ) ) ) .
towards the horizontal line. Actually during this simulation "€ Work presented in this paper is completed as a partial
experiment the first module consumes its energy around thifilment —of project  DMU-02/13-2009  “Design  and
104-th round. This can be explained entirely with the unequifformance study of an energy-aware multipath routing
data and processing load of the devices, which is .or|thm for ereless. sensor networks of the; Bulgarian
consequence of the different roles they have in the network, S¢ience Fund at the Ministry of Education and Science.
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