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Abstract

Energy consumption is often regarded as a fundamental parameter in the
context of availability in the wireless sensor networks (WSNs). This parameter
poses energy problems particularly if the application must function for a
long time. For the WSNS, it is impossible to reload or replace the batteries
of nodes after their exhaustion. Several factors can be a source of energy
over-consumption: mobility, retransmissions, the node position (relay or
gateway), ... The network topology can also damage the nodes batteries.
Generally, the transmission in 1-hop increases the energy consumption if the
distance is rather high. The transmission in K-hops solves the problem but
weakened the energy of the intermediate nodes. In this paper, we will focus
on the impact of topology on energy consumption and determine optimal
topology maximizing lifetime of WSNss.

Keywords: wireless sensor networks (WSNSs), clustering, clusterhead,
energy, topology.

1 Introduction

A WSN represents a set of small devices called sensors deployed in a
geographical zone. The sensor is able to supervise a phenomenon and to
send information to one or more point of collection inter-connected via a
wireless connectivity ([1], [2]). Figure 1 represents the general diagram of
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WSNs: each sensor takes a physical greatness related to a noticed event,
treat and transfer this data to a base station which transmits it towards the
administrator.

Energy consumption (network lifetime) presents the most important
metric in the performance evaluation of a WSNs ([3], [4]). Indeed, the
lifetime is regarded as a fundamental parameter in the context of availability
in the WSNs [5]. Energy consumption depends on several factors: state
of the radio operator module (emission, reception or snooze for 802.15.4),
retransmissions, idle listening, control packets, overhearing, collisions, . . . [6].
The network topology represents also a major factor on energy consumption,
indeed, a transmission in 1-hop requires a higher power if the distance between
the nodes is high. A transmission in K-hops consumes less energy (for the
initial node), but, can damage the batteries of the intermediate nodes.

Several researchers choose the transmission K-hops ([1, 7-11]) in order to
minimize the transmission range. Others choose the transmission with 1-hop
([12-14]) without taking into account the distance between a source and a
destination.

In this paper, we proposed an energy efficient clustering algorithm. A
node with lower mobility, higher residual energy, higher degree (the number
of nodes in its neighborhood of 1-hop) and closer to the base station is more
likely elected as a clusterhead. Then, we want to determine optimal topology
based on the clustering and minimizing energy consumption for the networks.
Simulation results are described in the last section.

Figure1 WSNs
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2 Model and Notation

For better understanding the operation of a true WSN and thereafter facilitating
its design, its deployment and its analysis, we will propose a model as simple
as possible.

We model the WSN by a graph G = (V, E) where V is the whole of sensors
and E = {(u, v) C V2D (u, v) < R} is the wireless connections between
nodes. R is the communication range, and D (u, v) defines the Euclidean
distance (the distance is calculated by the power of transmission) between the
nodes u and v.

The properties are indicated in the Table 1.

3 MEDD-BS Clustering Algorithms

In this section, we propose a new clustering algorithm called MEDD-BS
(Mobility Energy Degree Distance to Base Station) Clustering Algorithm for
the wireless sensors networks of which the goal is the minimization of the
energy consumption of WSNs.

3.1 Mobility Model

Mobility is the leading cause of topology changes in the sensors networks. It
should be essential to integrate mobility metric for the clusterheads election
and the clusters’ formation.

There exist several applications where the nodes mobility is low like the
mobility of a node deployed in the patient body to measure his physiological
data. Other applications are characterized by a high nodes mobility, like the

Table 1 Parameters definition

N Number of nodes.

ID (u) Identifier of node u

D (u) Connectivity degree of u.

M (u) Mobility of u.

Ec/com (u) Energy consumption by communication unit of u.

DisBS (u) Distance between the node u and the base station.

Neigh (u) Whole of nodes in the neighborhood of 1-hop of u.

D (u) Degree of u.

Weight (u) Weight of u.

State (u) State of u. : “CH” (clusterhead) and “Nm” (nodesmember)

T Period of standby mode (deactivation period).
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mobility of a node deployed in the player body who runs in order to measure
his speed.
So, we will define three mobility levels for sensors:

e Level 1: nodes speed is very weak in this case, speed varies between
0 and Skm/h.

e Level 2: nodes speed is average, in this case, speed varies between Skm/h
and 20km/h.

e Level 3: nodes speed is high, in this case, speed varies between 20km/h
and 44km/h.

We suppose that the sensors speed is constant. The sensor mobility is
characterized by the mobility level and can have the following values:

e M (U) =1, if the node speed U belongs to first level.
e M (U) =2, if the node speed U belongs to second level.
e M (U) = 3, if the node speed U belongs to third level.

We also suppose that sensors nodes know in advance their mobility levels
and that the nodes having meant and high mobility will not take part in the
clusterheads election phase. The purpose of this assumption is to maintain the
stability of the structure. We are interested in this paper by the nodes deployed
in the human bodies, for that, the consumed power by the mobility of nodes
is not considered into account.

3.2 Energy Consumption Model

The energy consumption rate in the sensors networks represents the most
important metric in the performances “evaluation phase. This parameter
depends on the used nodes” characteristics (standby mode, nature of data
processing, transmitted power, ... ), and nodes behavior during the commu-
nication (retransmission, congestion, diffusion of the messages, ...) [15].

The consumed power by sensor is that the consumed powers by these
capture units, treatment units and communication units. So the energy
consumption formula is defined as follows [16]:

Ec = Ec/capture + Ec/treatement + Ec/communication (1)
Where:

e Ec/capture: is the energy consumed by a sensor during the capture unit
activation. This energy depends primarily on the type of detected event
(image, its, temperature. .. ) and of the tasks to be realized by this unit
(sampling, conversion.. . ).
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e Ec/treatment: is the energy consumed by the sensor during the activation
of its treatment unit.

e Ec/communication: is the energy consumed by the sensor during the
activation of its communication unit.

Generally, the consumed energy by sensors during communication is
larger than those consumed by the treatment unit and the capture unit. Indeed,
the transmission of a bit of information can consume as much as the execution
of a few thousands instructions [17]. For that, we can neglect the energy of
the capture unit, and the treatment unit compared to the energy consumed by
the communication unit. In this case, the Equation (1) will be:

Ec = Ec/communication 2)

The communication energy breaks up into emission energy and reception
energy:

Ec=FErx + Frx 3)

Referring to [18], the transmission energy and reception energy are defined
as follows:

Erx = Eetee X K + gamp x K x d* 4)

ERX = Eelec x K (5)
Where:

e K: message length (bits).

e D: distance between transmitting node and receiving node (m).

e \: of way loss exhibitor, A\=2.

e Eelec: emission / reception energy, Eelec = 50 nJ/bit.

e camp: transmission amplification coefficient, eamp = 100 pJ/bit/m?

In [13], the authors compared the consumed power by a clusterhead
by carrying out the aggregation of received messages with that consumed
without aggregation. They showed that when the energy considered for
aggregation is lower than a limit value (1pJ/bit/signal), then, the transmission
with aggregation requires a weaker energy than that without aggregation.

We suppose that the aggregation energy cost respects the limit value
introduced into [13]. The power consumed by a clusterhead during the
transmission towards the base station will be:
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Erx (ch) = Epa x K + Erx (K, d) (6)

Where Epa: power consumed during aggregation.
3.3 Clusterheads Election Procedure

Step 1: Each node sends a message “hello” for the discovery of 1-hop
neighborhood.

Step 2: Nodes having a low level of mobility (M (u) = 1) calculate their
weights, the weight is calculated as follows:

1 DisBS(u)
+
D(u) 200

Weight(u) = Ec(u) + (7)

We devide DisBS by 200 in order to take into account three
parameters (three parameters will be between 0 and 1).

Step 3: The nodes diffuse their weights towards their neighbors (1-hop).

Step 4: The node which has the weakest weight is declared like clus-
terhead by putting its state = “CH” and sends a message
“clusterhead_elected” (containing its identity) to its neighbors.

Step 5: The neighbors receiving this message, declare themselves
like “Nm”, send to the clusterhead a message “cluster-
head_accepted”, and record the identity of their clusterheads
in their databases.

3.4 Clusterheads Change Procedure

This procedure is started if the waste energy of each CH will be lower than
40% of its initial energy.

Step 1: The clusterhead sends to its neighbors (1-hop) a message
“clusterhead-changes”, and is declared like “Nm”.

Step 2: The nodes having a low mobility calculate and send their weights.

Step 3: The node having the weakest weight is declared like “CH”, and
diffuses a message “clusterhead_elected”.
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Step 4: The neighbors send to the clusterhead a message
“clusterhead_accepted”, and record the identity of their clusterhead
in their databases.

3.5 Organigram
The organigram of MEDD-BS algorithm is the following:

Neighborhood
discovery

No

I Mm declaration I
[

Calcul and diffusion of
weight

CH declaration

Energy <=40%

Figure 2 Organigram
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4 Clusters Topology 1-HOP and K-HOPS

In the intra-cluster transmission, any member can be either 1-hop or k-hops of
its cluster-head (Figure 3). In the cluster with 1-hop, the cluster-head is directly
connected to any node member. In a cluster with K-hops, itis essential to define
a procedure which calculates the way between node and its cluster-head.

The information routing towards the base station can be done into 1-hop
(Figure 4) or in K-hops (Figure 5).

Thus, it is possible for a clustering strategy to define four topologies
(Table 2).
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Figure 5 Connectivity inter-cluster k-hop
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Table 2 Topologies

1-hop K-hop

Inter-cluster Inter-cluster
1- hop Intra-cluster : 1-hop Intra-cluster : 1-hop
Intra-cluster Inter-cluster : 1-hop Inter-cluster : k-hops
K-hops Intra-cluster : k-hops Intra-cluster : k-hops
Intra-cluster Inter-cluster : 1-hop Inter-cluster : k-hops

5 Determination of the Optimal Topology

We wish thereafter to determine the topology optimizing energy consumption.
For that, we will compare the power consumption in only one hop (E1) between
a source S and a destination D and that consumed in two hops (E2).

Power consumption to directly transmit a message from S to D is equal to
a transmission energy consumed by S and a reception energy consumed by D:

El= Euee X K + camp X K x d3" + Egee X K (8)

The Equation (8) becomes after simplification:

El1=2X Egee X K + €qmp x K x d3* )

Power consumption to transmit a message from S to D by G is equal to
an energy of transmission consumed by S, an energy of reception consumed
by G, an energy of transmission consumed by G and an energy of reception
consumed by D:

E2 = Eejee X K +€amp X K X d1* 4+ Egje X K +€amp X K X d2) + Egjee x K
(10)
The Equation (10) becomes after simplification:

E2 =4 X Egjoe X K + €amp x K x (d1* + d2*) (11)

We want now to compare two energies E1 and E2, then, we will calculate

E2-El:
eCan
S G

d3

Figure 6 Transmission 1-hop and 2-hops
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E2 - FEl =2X FEejee X K — €qmp X K X2 xdl x d2 (12)
If E2-El is positive, then, the transmission in 1-hop is more profitable:
If:

E2—-FE>0 (13)
Then:
2X Eejee X K —€qmp X K Xx2xdl xd2>0 (14)
After simplification, we will have:
E
dl x d2 < =4 (15)
€amp
Then:
dl x d2 < 500 m? (16)

So, the transmission in 1-hop is profitable when d1*d2 < 500 and the
transmission in 2-hops is profitable when d1*#d2 > 500 m?.

Within a cluster (transmission intra-cluster), the distances between the
nodes are generally weak (about 10m and 20m), then, the multiplication
between two distances is lower than 500, which favour the transmission in
1-hop.

For the inter-cluster transmission, the distances between nodes are gen-
erally larger (about 70 m and 100 m), then, the multiplication between two
distances is higher than 500, which favour the transmission into 2-hop.

So, we can conclude that the optimal topology is topology 1_k (1-hop
intra-cluster and K-hops inter-cluster).

6 Simulation Results

The simulation results were implemented using Matlab 7.0.1 tool. The network
of first level is composed of set of sensors. The number of nodes in the
sensor network varies between 10 and 200 nodes. The mobility of each sensor
is supposed constant, and a speed is dedicated for each level of mobility:
level 1: 1km/h, level 2: Skm/h and level 3: 20km/h. The initial energy for
each sensor is equal to 0.5 J.
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The simulation of the proposed algorithm was carried out during 10
intervals T (standby mode) in a space of 150 m x 150 m and the range of
the nodes (Tx-Arranges) is 40 m. The size of a measured data package for
sensors and envoy towards their clusterheads is 4000 bits. Figure 7 shows
the communication structure of network with 30 nodes. In this figure, red o
represent the cluster-head, yellow triangle represent the ordinary sensor node,
blue lines represent the communication between cluster-head and ordinary
sensor nodes, and black * represent the base station.

In this section, we will represent the results of our algorithm by varying the
transmission topology. Figure 8 improves the results shows in the preceding
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K Base Station
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Figure 7 Communication structure
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part. Topology 1-k is topology which minimizes energy consumption for
WSN.

Figure 9 represents the medium number of constructed CHs VS number of
nodes. We can notice that four topology give comparable values of CHs. The
transmissions 1-hop between members and its CHs increases the number of
the built clusters. The transmissions k-hops increases the number of nodes in
the cluster and, by consequence, the number of constructed cluster decrease.

Figure 10 represents the average number of transmitted packets to CHs.
“Topology 1 k” and “Topology k_k gives the highest values. For “Topology

7,005
6,005
5,005 it <
T
= 1
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= / Topology k_1
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Figure 9 Number of CHs
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Figure 10 Transmitted packets to CHs
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Figure 11 Transmitted packets to BS

1.k, a large number of CHs is remarked what makes the packages value
higher. For “Topology k_k”, a way multi-hops is carried out at the time of
transmissions towards the BS, thus more number of packages are sent between
CHs.

Figure 11 represents average number of transmitted packets to the BS. The
lowest values are those of “Topology 1_k” and “Topology k_k”, only one CH
carries out the procedure of transmission towards the base station.

7 Conclusion

In this paper, we focussed on the impact of the topology on the energy
consumption in the WSNs. Theoretical and simulation results have shown
that the topology 1_k (1-hop intra-cluster and k-hop inter-cluster) optimize
energy consumption and increases by consequence the network lifetime. The
next step should be the construction of a topology 1_K which minimize the
energy consumption of each node in the WSN.
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