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ABSTRACT. The hierarchical routing of data in WSNs is a specific class of routing protocols it
encompasses solutions that take a restructuring of the physical network in a logical hierarchy system
for the optimization of the consumption of energy. Several hierarchical routing solutions proposed,
namely: the protocol LEACH (Low Energy Adaptive Clustering Hierarchy) consist of dividing the
network in distributed clusters at one pop in order of faster data delivery and PEGASIS protocol
(Power-Efficient Gathering in Sensor Information Systems) which uses the principle of constructing a
chain’s sensor node. Our contribution consists of a hierarchical routing protocol, which is the
minimization of the energy consumption by reducing the transmission distance of data and reducing
the data delivery time. Our solution combines the two hierarchical routing approaches: chain based
approach and the cluster based approach. Our approach allows for multi-hop communications, intra-
and inter- cluster, and a collaborative aggregation of data in each Cluster, and a collaborative
aggregation of data at each sensor node.
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1. Introduction

Wireless sensor networks (WSN) consist of a large number of devices known as
sensors. These are equipped with the ability to collect physical quantities such as
temperature, pressure, pH, etc. in a study area. Then, they perform a processing on the
collected data before they cooperate among them to route it to a control center called base
station. Due to the small size of the sensors and their low cost of production, WSN offer
numerous practical applications; these applications may be sensitive especially in the
military, medical, environmental, etc. [1].

Due to the miniaturization constraints [2], the nodes typically have very limited
resources in terms of computing capacity, data storage space, transmission and energy
flow. These limits are part of the research questions in the field of wireless sensor
networks. In particular, the constraint linked to energy is a fundamental problem. Indeed,
all elements need energy to operate; the control of energy consumption of a node remains
a major problem for maximizing its lifetime [3, 4, 5].Hierarchical routing is considered
as a powerful tool as regards to the minimization of the energy consumption compared to
other types of routing. Our contribution is to propose a new hybrid approach based on
hierarchical protocols [6, 7, 8, 9]. Hierarchical routing is considered a powerful tool for
minimizing power consumption compared to other types of routing. Our contribution
consists to propose a new hybrid approach based on hierarchical protocols. The rest of
this article is structured as follows:

In the next section, we presented the energy consumption model. Then we present our
hybrid approach in section 3. Finally we evaluate the performance of our approach in
section 4, before concluding and presenting the perspectives of this work.

2. Model of Energy Consumption

The sensor node consumes energy to perform three main tasks: detecting,
communication and data processing. The energy used for the detection of physical
phenomena is not very important. As well as the one used for the treatment is lower than
the energy of communication. For example, the necessary energy to transmit 1KB over a
distance of 100m is approximately equivalent to the energy needed to run 3 million
instructions with a speed of 100 million instructions per second. While the necessary
energy for processing the data is calculated by applying the following formula :

Epa = 5nanojoule/ 1 bit (1)
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Since communications dissipate much more energy than other tasks, a power radio’s
consumption model is proposed by Heinzelman et al. [10] Thus, the necessary energies
to emit E, and receive E., messages are given by:

To send a message of k bits over a distance of d meters, the transmitter consumes:
En(kd) = Egeleck) + Etx—amp (kd)
= Kk.Egec +k Ep.d? sid<d,
= k.Eelec + k Egmp-d*si d = d
To receive a message of k bits, the receiver consumes:
Erx(k) = k. Eelec (©))

@

Where Eqyx_elec(K) It is the energy transmission, E¢,_amp (k, d) it is the amplification
energy Eqec 18 the amount of energy consumed by a bit and E¢ is the signal amplification
in a lower distance to the threshold distanced,. If the distance transmission is superior to
do the amplification E,pyp, is used Such as:
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Figure 1. A model of energy consumption

3. Hybrid approach proposed

After analyzing the two algorithms (LEACH and PEGASIS) [3,6], we noticed that we
can improve the first protocol (LEACH) by applying the concept of the second protocol
(PEGASIS) within groups (cluster) and at the level of cluster heads, this leads us to
propose a new hybrid protocol which combines the advantages of two broad approaches
which are (clustered approach) and (chained approach).
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3.1. Basic Concepts of our protocol

The proposed algorithm consists of combining the two protocols PEGASIS and
LEACH according to two major steps:

Step 1: Application of PEGASIS within the cluster

The organization of the nodes those belong to the same group (cluster) in a chain can
improve and regulate the energy dissipation, which reduces the load into cluster-head.
Actually, the nodes communicate only with their close neighbors and not directly with
their cluster-head, which saves the energetic consumption and offers better use of the
bandwidth. The aggregation of data at each node between nodes and cluster-head, this is
the consequence of preserving energy reserves in the nodes and cluster-head.

The figure below shows how the nodes are organized in groups (clusters), the CO node
transmits its data to its nearest neighbor C1, C1 aggregates the data received with its own
and transmits them to its neighbor until they reach the leader node which transmits them
to the CH(cluster-head). So in this first organizational step (chain group), all nodes in the
cluster will transmit their data collected in their respective CHs (cluster-heads) by
connecting them through the chain, while each CH receive the collected data by the leader
node (the nearest node CH) of the chain.

) Sensor Node

Leader Node

. Cluster Head (CH)

Figure 2. Organization of nodes of a cluster as chain

Step 2: Application of PEGASIS at Cluster heads level

The principle of this second step is to organize cluster head nodes as a closely
neighbor chain. In order to prevent the farthest cluster-heads from the base station to die
quickly, thereby, aggregating the data at each cluster-head reduces the number of
transmissions to the base station to a single transmission carried out by the cluster-head
leader of the chain, which also reduces the load on the base station. This allows to save
and to regulate the energy consumption by cluster-heads.
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The below figure shows how the cluster-heads nodes will be organized, the node
CHytransmits its data to its nearest neighbor CH;, CH, aggregates the data received with
its own and transmits them to its neighbor until the cluster-head leader which transmits
them to the base station. So in this first organizational step (chain group), all cluster-heads
nodes will transmit their collected data respectively to the base station by being connected
to the chain, while the base station must receive the data collected by the leader node (the
closest node base station) in the chain.

Sensor Node

Station Base

CH Leader

@ custer Head

Figure 3. Organization of cluster heads as chain

To summarize, our approach is used to improve the LEACH protocol by using basic
concepts of PEGASIS protocol, this improvement can change in the LEACH’s topology
as shown in the figure below :

SensorNode @ Leader Node
@) Base station CH Leader

@ Cluster Heaa

Figure 4. Topology of our hybrid approach
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3.2. Major steps of our algorithm

The progress of our hybrid protocol is divided into several execution cycles (Figure
11). Each cycle begins with an initialization phase in which the chain clusters are formed.
The CHs are elected and the CH chain is formed, followed by a transmission phase where
the collected data is transferred through the chains to the CHs which in turn transmit them
to the control center through the CH chain. Nodes must all be synchronized to participate
in the initialization phase at the same time

Transmission

e E——

>
Initialization Cycle Time

Figure 5. Stages of execution of our hybrid approach

3.2.1. Initialization step

The initialization step begins with the creation of the groups in which we adopt the
same approach used in centralized LEACH-C, where the base station uses the simulated
success to form groups. This approach provides a better result compared to the distributed
approach, used in LEACH, in terms of forming groups and energy conservation. After
the formation of groups, cluster-heads are selected in a simplified way where only the
node that has the largest reserve of energy among the nodes of the same group, is elected.
Then we approach the construction of two chains, chain linked the same cluster member
nodes and other nodes linked the cluster-heads where a centralized method is followed in
which the base station uses the information sent by the nodes to form chain using the
chain forming algorithm proposed by PEGASIS algorithm.

3.2.2. Transmission step:

The transmission step is divided into several iterations in which nodes will transmit
their collected data, through the chain, to the cluster-heads. In addition, these cluster-
heads transmit in turn, their data through the chain they form to the base station. In each
iteration, a node transmits at least one data packet during its time slot previously allocated
by the base station. Knowing that the time slot allocated to each node is constant, the time
for each iteration of transmission will obviously depend on the number of existing nodes
in each cluster and the number of cluster-heads.

The transmission phase in our approach is divided into two stages: the first stage
concerns the intra_cluster transmission and the second stage concerns the inter-cluster
transmission. In the first stage, the members of each cluster node transmit their collected
data through the chain to their cluster-head. After the cluster-heads receives data, the
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transmission process proceeds to the second step of transmitting the collected data by the

cluster-heads through the channel to the base station. We can summarize this phase by
the following:

- Data collected through the sensor nodes.

- Transfer of aggregated and collected data from neighboring nodes through the
chain to cluster-heads.

- The cluster-heads transmit the received data from the closest neighbor through
the chain to the base station.

4. Evaluation of our approach

The simulation of our hybrid algorithm is the most important stage in our work since
we can prove the improvements made in terms of energy savings and overall lifetime of
the network using the results provided. The performance analysis of our hybrid routing
algorithm is evaluated using MATLAB. The results from the simulation are compared
with LEACH algorithms and PEGASIS in terms of network lifetime.

To compare the lifetime of the network between the two algorithms LEACH and
PEGASIS and our algorithm, we measured the residual energy of sensor nodes for each
iteration to determine the number of communication rounds when 1%, 20%, 50% and
100% of nodes die, we reused and reconfigured according to our parameters, simulation
information LEACH and PEGASIS protocols provided in [11] and [12], and compared
with the results of our simulation, the result is given as a graph in below Figures:
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Figure 7. The performance results of a network of 50m x 50m with an initial
energy of 0.25j / node
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Figure 8. The performance results of a network of 100m x 100m with an initial
energy of 0.5J / node

Based on simulation results, we have shown that our hybrid algorithm improves the
energy dissipation inside and outside clusters, increases energy gain, and extends the
lifetime of the network from 50% to 75% compared to the LEACH protocol and from
10% to 17% compared to PEGASIS protocol.It remains to be noted that our algorithm
provided the best value, since it increases the lifetime of the network compared to
LEACH protocol, and significantly reduces the extreme latency introduced by the
protocol PEGASIS.

5. Conclusion

Motivated by the extreme latency introduced by the long nodes chain in the PEGASIS
protocol and poor energy dissipation in the LEACH protocol, where cluster heads and
farthest nodes die faster than others nodes, we tried to propose a new algorithm that
combines the benefits of both protocols in order to reduce their disadvantages and provide
a best value life / latency. To validate the improvements made by our protocol in terms
of extending the network lifetime and the effective management of energy consumption,
we simulated the operation of our algorithm with MATLAB and compared the results
with those provided protocol LEACH and PEGASIS.

The results from the simulation show that our protocol offers better power
management compared to LEACH and PEGASIS protocols. In addition, the degree of
latency caused by the long chain in the PEGASIS protocol is significantly reduced.



Novel approach to maximize the lifetime of Wireless sensor networks

REFERENCES

[1] Rajendra Prasad Mahapatra, Rakesh Kumar Yadav.,"Descendant of LEACH Based Routing
Protocols in Wireless Sensor Networks", vol. 57, pp. 1005-1014, 2015.

[2] Vishal Kumar Arora, Vishal Sharma, Monika Sachdeva., "A survey on LEACH and other’s
routing protocols in wireless sensor network”, vol. 127, pp. 6590-6600, August 2016.

[3] Abbas Nayebi, Hamid Sarbazi-Azad., "Performance modeling of the LEACH protocol for
mobile wireless sensor networks", vol. 71, pp. 812-821, June 2011.

[4] Madhura Mahajan, K.T.V. Reddy, Manita Rajput., "Design and Simulation of a Blacklisting
Technique for Detection of Hello Flood Attack on LEACH Protocol", vol. 79, pp. 675-682,
2016.

[5] V. Geetha, P.V. Kallapur, Sushma Tellajeera., clustering in Wireless Sensor Networks:
Performance Comparison of LEACH & LEACH-C Protocols Using NS2, vol. 4, pp. 163-170,
2012.

[6] Rina Mahakud, Satyanarayan Rath, Minu Samantaray, BabySradha Sinha, Priyanka Priya,
Ananya Nayak, Aarti Kumari., "Energy Management in Wireless Sensor Network Using
PEGASIS", vol. 92, pp. 207-212, 2016.

[7] Young-Long Chen, Jia-Sheng Lin., "Energy efficiency analysis of a chain-based scheme via
intra-grid for wireless sensor Networks”, vol. 35, pp. 507-516, 2012.

[8] Vishal Kumar Arora, Vishal Sharma, Monika Sachdeva.,"4 survey on LEACH and other’s
routing protocols in wireless sensor network", vol. 127, pp. 6590-6600, 2016.

[9] Abbas Nayebi, Hamid Sarbazi-Azad., "Performance modeling of the LEACH protocol for
mobile wireless sensor networks", vol. 71, pp. 812-821, 2011.

[10] Geetha, P.V. Kallapur, Sushma Tellajeera., "Clustering in Wireless Sensor Networks:
Performance Comparison of LEACH & LEACH-C Protocols Using NS2", vol. 4, pp. 163-170,
2012.

[11] Jian Shen, Anxi Wang, Chen Wang, Yongjun Ren, Jin Wang., "Performance Comparison of
Typical and Improved LEACH Protocols in Wireless Sensor Network", pp. 161-166, 2016.

[12] Binkal S Ahir, Rohan Parmar, Bintu Kadhiwala.,"Energy efficient clustering algorithm for
data aggregation in wireless sensor network”, pp. 683-688, 2015.

181



