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Abstract— A great difference appears between two-dimensional
(2D) and three-dimensional (3D) configurations of wireless sensor
networks (WSNs). All researchers assume actually that the
distribution of the nodes is done in a 2D environment. However, the
WSNss are in the reality, deployed in the 3D environment. Therefore,
many applications require 3D architecture. Unfortunately, the energy
consumption and throughput in the 3D environment decreases
considerably compared to 2D in which we can’t neglect them in some
applications. In this paper, we have applied the 3D architecture in
LEACH protocol and we have proved by computer simulation how
this 2D approximation is not reasonable since the lifetime of 3D
WSN decreases by about 21% over than 2D WSN.

Keywords— Wireless sensor networks, LEACH protocol,
Energy-efficiency, 2D and 3D WSN, Network lifetime.

[. INTRODUCTION

In the reality the physical world we live in, is a 3D
environment. Therefore, many applications, such as
underwater, underground, airborne, space communications,
atmospheric, forest, body or building, of WSN deployed in
three-dimensional space (see Figurel). A wireless sensor
network (WSN) is considered as three-dimensional (3D) when
the height of deployed sensor nodes field is not negligible as
compared to length and breadth of network [1]. However, with
the complexity of the design and analysis of the 3D WSN,
wireless sensor network in 2D plane are more studied than in
3D space.

A 3D wireless sensor network is a set wireless sensor nodes
distributed in a 3D space. Each sensor node has emission to
sense the events detection, such as temperature, pressure or
vibration and send their measurements toward a processing
center called sink [1, 2]. Due to the limitation in their battery
capacity which their replacement is impossible, optimization of
this unique resource has become an important issue. Node
clustering is an effective technique for improving the energy
efficiency and prolonging the network lifetime of a WSN [3]
and has been widely studied in 2D WSNs.

LEACH [3,4] is one of the first protocols which use this
technique and has been applied into the underwater
environment by doing some changes [5,6,7,8]. All of these
literatures considered that the nodes are distributed in tow-
dimensional area.
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Figure 1: Examples of three-dimensional wireless sensor
networks: a) underwater, b) underground, c) airborne, and d)
body
In this paper, we show that approximate the 3D field in the
2D environment deployment is not negligible when a height of
network is greater.

The rest of the paper organization is done as follows: Section
II summarizes the related work. Three-dimensional wireless
sensor network model is provided in section III. The
Simulation results are carried out in section IV. Finally we
conclude our research work and give some perspectives in
section V.

II. RELATED WORK

Some works try to use the existing WSN clustering
protocol for WSN in underwater environment. Reference [6]
assumed UASNs are less dynamic than normal WSNs and
proposed the LEACH-L, which updates its state locally, and
reduced the overhead of LEACH. In [9], a clustering scheme is
proposed in the context of routing scheme to extend the
lifetime of UASN. Reference [10] designed a cluster structure
without considering energy problem. Gu et al [11] have
presented a feasible routing protocol for underground WSN in
coal mine, called LEACH-mine. In the algorithm, all nodes are
located in three sides of the XY projection plane and in the
internal of the rectangular of the XZ projection plane. Zhou et
al [12,13] have deployed a 2D WSN for coal mine, comparing
to the random node deployment strategy, the strategy proposed
in this work can prolong the life by two times. However, they
have not considered the influence of height of the network.

Generally, in the practical applications of WSN, the sensor
nodes need to be deployed and communicate in the three-
dimensional area in the order to monitoring the hostile regions
such as underwater, underground mine, airborne, and body
environments. Therefore, to more approach to the reality
situations, a 3D WSN deployment is studied detailed in this

paper.
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Based on the analysis above, we find that few works on 3D
deployment have been studied for WSNs. Driven by this
observation; we will show by simulation that these assumptions
and approximations are not reasonable in some applications of
WSN.

III. THREE DIMENSIONAL WIRELESS SENSOR NETWORK
MODELS

A) Energy Model

This study assumes a simple model for the radio hardware
where the transmitter dissipates energy for running the radio
electronics to transmit and amplify the signals, and the receiver
runs the radio electronics for reception of signals [7]. Multipath
fading model (d* power loss) for large distance transmissions
and the free space model (d*power loss) for proximal
transmissions are considered. Thus to transmit an [ — bits
message over a distance d, the radio expends:

ETx(l: d) = E7x_ciec 0+ ETx—amp (l: d)

Ery_ciec (l) = lEgiec

legsd?, when d < d,

Erg-amp(l,d) = {lgmpd4, whend = d,

Where d, is the distance threshold for swapping
amplification models, which can be calculated as d,, = :f 2
mp

To receive an [ bits message the receiver expends:

Epy 0= lEeiec

To aggregate n data signals of length 1 — bits, the energy
consumption was calculated as:

EDA—expend (D) = InEpy,
B) Network Model

This section describes the network model and other basic
assumptions:

1. N sensors are uniformly distributed within a square
3D rectangular field of aread =M X M X M. The
Base Station is positioned at the center of the square
region. The number of sensor nodes N to be deployed
depends specifically on the application.

2. All nodes are deployed randomly.

3. Each sensor can sense the environment in the 3D
sphere of radius r.

4. All sensors are homogeneous, i.e., they have the same
capacities.

5. All the sensor nodes have a particular identifier (ID)
allocated to them. Each cluster head coordinates the
MAC and routing of packets within their clusters. (see
Figure 2)
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3D Wireless Sensor Network model

-~

\
/

-7 AN
= N
_ - o [ N T\\
- | -7 e RS
100- I [ ° NG AN [
[ T T\\\ r
ol - -7 | - | T, T~ ‘
I [ I IR T Ne
«_ -7 Sink B AN Ty
o0l - -1 e STl e TN L : e~ :
| == | I R S S~
B Lo R A R
Nl - - b e - X DRSS S, ‘
! e ) PG N RN
e ! e e T~ : R 7
20y -~ "1 R G [N
N R A
B R S N
07 - - N < = I
100 - _ - < -
4 = - ~ 100

QY

0 o
Figure 2:Three-dimensional =~ Wireless ~ Sensor
Network model

C) Optimal number of cluster

We assume there are N nodes distributed uniformly in
M x M x M 3D region. If there are c clusters, there are on
average N/c nodes per cluster. Each cluster-head dissipates
energy receiving signals from the nodes and transmitting the
aggregate signal to the base station. Therefore, the energy
dissipated in the cluster-head node during a single frame is:

N N 4
ECH = l?Eelec + l?EDA + lempdtoBS

Where [ is the number of bits in each data message, d;,ps is
the distance from the cluster head node to the BS, and we have
assumed perfect data aggregation Ej 4.

The expression for the energy spends by a non-cluster head
is given by:

Enoncu = lEeiec + lefsd?oCH

Where d;,cy is the distance from the node to the cluster
head.

Let E[d;ops] be the Expected distance of cluster head from
the base station. Assuming that the nodes are uniformly
distributed, so it is calculated as follows:

Xmax (Ymax (Zmax
E[d?,5s] = f f f (x? +y? + 22) f(x,y, z)dxdydz
0 0 0

Where f(x,y,z) is the probability density function of three
dimensions random variable X(x,y,z) which is uniform and
given by:

1 1
Ve M3

If we assume that base station is the center of the network

we can passing in the spherical coordinates:

f:

Tmax (T 2T
El[d%ps] = f f f r2f(r,0,p)r?sin6 drdfde
0 0 0

The area of network is aspheric with radius 7,,, = M X
3[3/4m .

If the density of sensor nodes is uniform throughout the
area then becomes independent of r, 6 and ¢ then:
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3 /3\3
E[d2,ps] = E(E) M2 = 0.5312M2

The expected squared distance from the nodes to the cluster
head (assumed to be at the center of mass of the cluster) is
given by:

Tmax (T 27
E[dZ,cy] = f f f r2f(r,0,9)r?sin6 drdfde
0 o Jo

If we assume this area is a sphere with radius 7,4, = M X

33/4mcand f(r,0,¢)is constant for r, 8 and , (10)
simplifies to:

M><3{/3/47 T 2T
Eldfocn] = ff f f r3sin @ drdfde
0 0 Yo

If the density of nodes is uniform throughout the cluster

area, then f = ¢/M? and
3 3\
3
= (2
[dZocH] 10 -
Therefore, the total energy dissipated in the network per

round, Ero¢q: » 1S expressed by:

Erotar = CEcruster

Where E . ser 1S the energy dissipated in cluster which
giving by:

N N
Ecruster = Ecy + (? - 1) Enoncn = Ecu + ?EnonCH
This can be calculated by:
N N 4
Eciuster =1 (; Eotec + ;EDA + empdtoBS)

N N o
+1 (? Eelec + ?efsdtoCH)

Therefore, the total energy dissipated in the network is
simplified by:

Erotar =1 <2NEelec + NEp, + CEmpd?aBS

ERAERY
510" \ame
We can find the optimum number of clusters by setting the

derivative of Ep,.q; With respect to ¢ to zero

aEToL‘al
" — 0
dc

3
Efs M2 5
Cope = 02147 x (N

7
€mp AeoBs

The optimal probability for becoming a cluster-head can
also be computed as:

Cop t
N

Popt=
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Figure 3:Variation of energy consumption for different
values of clusters number c.

In Figure 3, we show the average energy consumption per
round by each sensor node as a function of the number of
clusters for two types of model, 3D and 2D WSN. Firstly,
graph of the LEACH 3D model follow the same of LEACH
2D. Secondly, the graph of LEACH 3D model shows that the
simulation agrees well with the analysis results. In the other
hand, the 3D model consumes more energy than the 2D model
which depends essentially to the no negligible value of the
network height. However, this model has an optimal number of
clusters less than the other model which can exploit
advantageous to minimize the lifetime of the network.

IV. SIMULATION RESULTS

A) Parameter settings

216

TABLE I
ENERGY MODEL PARAMETERS
Parameter Value
Initial Node Energy | 0.5J
N 100
P 0.05
Eelec 50 nJ/bit
Epa 5 p]/bit
€fs 10 pJ/bit/m?
€mp 0.0013 pJ/bit/m*
dtoBs 100 m
l 500 Bytes
Rounds 2000

In this section, we study the performance of LEACH 3D
protocol under different scenarios using MATLAB. We
consider a model illustrate in the figure 2 with N = 100 nodes
randomly and uniformly distributed in a 100m X 100m X
100m field. To compare the performance of LEACH 3D with
LEACH 2D protocol, we ignore the effect caused by signal
collision and interference in the wireless channel. The radio
parameters used in our simulations are shown in Tablel.

B) Simulation metrics

We define two performance metrics to evaluate both
protocols as: First Node Dies (FND), or stability period and
Last Node Dies (LND), or instability period. Moreover, the
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performance metrics used in the simulation study can be as
follow:

Energy consumption analysis
Lifetime

Throughput

Decrease:

, _ FND of LEACH 3D — FND of LEACH2D
nerease = FND of LEACH 2D 2

C) Simulation results

a.Energy consumption analysis

The performance of LEACH 3D is compared with that of

the original LEACH in terms of energy and is shown in Figure
4. With the use of 3D deployment of nodes, the energy
consumption of the network is decreased. This is due to the
gain of the energy dissipated by height of network. From the
graph it is clear that LEACH 3D decrease twice the energy
savings than LEACH protocol.
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Figure 1: Energy analysis comparison of LEACH 3D and
LEACH 2D.
b.Network lifetime

The number of nodes alive for each round of data
transmission is observed for the LEACH 2D and 3D protocols
to evaluate the lifetime of the network. Figure 5 and Figure 6
show the performance of LEACH 3D compared to LEACH
2D. It is observed that the LEACH 3D is less perform than
LEACH 2D due to energy dissipation of individual node
throughout the network which depend essentially on the
distance between nodes and sink.
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Figure 2: Number of dead nodes per round comparison of
LEACH 3D and LEACH 2D.
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Figure 4: Performance of the protocols.

Referred to figure 7, it show clearly that LEACH 3D
provide a poor throughput compared to LEACH 2D protocol,
this decrease is justified by the low lifetime which give the
three dimensional deployment of the nodes in the network.

d.Decrease

Generally, we can illustrate the decrease of the LEACH 3D
in the Figure 8. It’s noted that the throughput decreases 21% as
much than LEACH 2D due to its less energy. Whereas,
LEACH 2D outperforms the FND of LEACH 2D by 21% and
by 28% for LND. In the other hand, LEACH 3D consumes
32% more energy than LEACH 2D.

LEACH 3D and LEACH 2D increase

LND Throughput

-28% /— -21%

Energy

FND -32%

-21%

Figure 5: Decrease of LEACH 3D compared to
LEACH 2D.
D) Result analysis

From our simulations, we observed that LEACH 3D
consumes more energy and delivers less packets to the base
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station. These results can be interpreted by the difference of
distance between nodes in both situations which naturally
causes by the random deployment of nodes.

V. CONCLUSION AND FUTURE WORK

In recently, 3D wireless sensor networks have known a
great prevalent due to their large applications such as
underwater, space communications, atmospheric, forest or
building.

The analytic of 3D WSN is more complexity than the
analytic in 2D WSN. Therefore, many researches project the
3D WSN in 2D WSN. In this paper, we demonstrate by
simulation, that this approximation is not reasonable if the
height of network is greater than length and breadth of this
network.

We strongly believe that projection of WSN in 2D
environment is unjustifiable in reason that the 3D WSN is
much closer to our physical word.

As future work, we will work to optimize the energy
consumption of this network, since the number of cluster head
in 3D WSN gives more result than 2D WSN.
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