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Abstract—The operation time of LEACH protocol is divided into several
frames. Each frame consists of a number of equal time slots where the selection
of cluster heads and the re-establishment of clusters are periodic. Each member
of the cluster exploits its own time slot to transmit the data, then it turns off its
radio to reduce energy consumption. Here, the clusters generated are not uni-
formly distributed and the time slots of the dead member nodes are not allocated.
We propose an improved version, which is based simultaneously on the integra-
tion of the clustering approach K-Means and the exploitation of the free time slot
in favor of cluster head in the transmission phase. The results show that the pro-
posed protocol allowed us to achieve increased throughput, improved reliability
of' the packet delivery ratio, low routing load and an effective reduction in energy
consumption for low node density in WSNs.

Keywords—wireless sensor networks, hierarchical protocols, LEACH,
K-means, clustering, time slot, throughput, NS-2.34

1 Introduction

The Wireless Sensor Networks (WSNs) are widely used in order to collect and
monitor information about a phenomenon or event such as ecology and environment
(temperature or pressure), agriculture, smart city, medical health and smart traffic sys-
tem in a geographical area. The WSN consists of a range of sensor nodes, including
one or more base stations (BS), as well as a router node. The number of nodes also
influences the network’s density and traffic. In addition, the area in which the nodes
are deployed depends on its shape, the position of the base station and the number of
included sensors. In this type of network, data is sent through intermediate nodes in
multi-hop communications from source nodes to the BS [1] [2]. Nevertheless, in sev-
eral communications, the energy of sensor nodes can be more particularly consumed
which involves the researchers to suggest clustering solutions. In this context, several
types of centralized, distributed or hybrid clustering protocols have been proposed with
the aim of generating better clusters and achieving energy efficiency, which leads to an
extension of the lifetime network [3] [4] [5] [6]. Due to its flexibility and efficiency,
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LEACH (Low Energy Adaptive Clustering Hierarchy) is one of the most widely used
routing protocols for clustering wireless networks. The LEACH process is happening
in the rounds. Each round is triggered by a set-up stage in which clustering occurs and
a steady phase where data transmission happens only during the time slot allocated to
each node [7] [8].

Although some works have been done to improve the LEACH protocol [9] [10] [11],
there are few studies to examine simultaneously the restatement of unused time slot at
each round and the impact of the non-perfect cluster formation during the steady phase
on the effectiveness of LEACH protocol. This paper focuses on solving this problem
by introducing a new improved protocol based on the K-Means clustering scheme in
order to rebuild clusters whose Cluster Heads (CHs) are approximately positioned at
the centroid of the members of each cluster and on the assignment the time slots of dead
nodes to each CH. As indicated by the simulation results, the new protocol presents
better performance than the current LEACH protocol. In terms of throughput, the pro-
posed approach avoids collision problems and reduces network traffic. It also illustrates
better packet delivery ratio and energy consumption for low node densities with better
overhead routing efficiency.

The rest of this paper is organized as follows: Section 2 covers the overview of clus-
tering-based hierarchical routing protocols, the time slot allocation in LEACH protocol
for wireless sensor networks and the problem formulation. Section 3 presents our pro-
posed routing protocol. In section 4, the performance analyzed of the proposed protocol
is evaluated through simulations. Lastly, section 5 concludes the paper.

2 Related work

The challenge imposed facing the routing protocols in wireless sensor networks is
to find the best technique for communication between nodes that guarantees (ensures)
better performances with less energy consumption. To do so, many routing protocols
using clustering techniques have been proposed such as: LEACH [7], LEACH-C [8],
K-Means [27] [28] [29].

In 2000, Heinzelman et al. [7] proposed a cluster-based routing protocol, called
Low-Energy Adaptive Clustering Hierarchy (LEACH) as shown in the Figure 1. LEACH
is a hierarchical routing protocol that operates in rounds. Each round is triggered by a
set-up phase for clustering and a steady phase for data transmission. During the set-up
phase, the clusters are created and the cluster heads (CHs) are selected.

At the beginning, all nodes have the same amount of energy and the same probability
of being CH. To do so, each node selects a random number between 0 and 1. If this
number is less than the threshold value T(n), the node becomes a CH for current round
and broadcasts a message advertising its CH status. The probability of being a CH is
given by the following T(n) threshold equation:

%; ifneG
T(n)= l—p*(rmodj (1)
p

0; otherwise
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where:

— p denotes the desired percentage of CH in that specific round.

— G is the list of regular nodes that did not become CHs during the previous 1/p
rounds

— ris the current round number.

In this step, the time division multiple access (TDMA) schedule is enhanced by
better investment of the TDMA time slot. If the sensor node has no data to send, the
associated TDMA slot will not be lost but will be allocated to another active node in the
current round. After a round, new CHs are randomly chosen on the basis of the nodes
that were never selected as CH or so that they have minimum times for becoming a
cluster head. Thereafter, the cluster head receives the data from the nodes of the cluster,
aggregates and transmits it them to the base station [32].

E)

. Regularnode Base Station

. Clusterhead

Fig. 1. Architecture of LEACH protocol

However, the distributed clustering algorithm used by LEACH forms adaptive clus-
ters during a given round, which does not guarantee the equitable distribution of CHs
in the network.

In order to address the limits of the LEACH protocol, a updated version called
LEACH-Centralized (LEACH-C) were proposed in [8]. During LEACH-C’s setup
phase, this protocol uses the centralized clustering algorithm where the base station
collects information about its current location and energy level from each node. The
BS determines the cluster heads, constructs the clusters using the simulated annealing
algorithm for solving the NP-hard problem which consists in discovering k optimal
clusters. Once the CHs and associated clusters are located, the BS sends the cluster
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header ID for each node. A node is considered to be a cluster head when the cluster
head ID fits its own ID. Otherwise, the node decides its TDMA slot and goes to sleep
until the data transmission time is reached. The steady-state LEACH-C process is the
same as that of LEACH.

In[14], the Genetic Algorithm based Energy Efficient Clustering Hierarchy (GAECH)
has been proposed considering a novel fitness function. It uses different kinds of met-
rics such as First Node Die (FND), Half Node Die (HND) and Last Node Die (LND)
for maximizing the lifetime of the network. In [15], Chamam et al. have proposed a
scheduling algorithm to maximize the lifetime of WSN. It determines the optimum
coverage of a subset of sensor nodes for each time slot during the operating cycle when
only those nodes are enabled and the other nodes are put to sleep. In [16], the authors
re-established the node time slots by assigning the free time of the dead nodes to other
alive nodes on each round. In the first step, it’s attributed to the first node in the list.
It will be granted to the last node in the second. It is reserved for a cluster member node
in the last step. The main objective is to make the average throughput of data reception
more efficient and thus to maximize the lifetime of the network. In [17], the proposed
technique scheme dynamically allocates time slots to each node in the Wireless Body
Area Networks using fuzzy logic. This assignment uses input parameters such as the
remaining node energy, the buffer rate, and the packet arrival rate. The results reveal
that this scheme is capable of improving the delivery of packets and reducing end-
to-end delays. In [18], the authors have proposed for Wireless Sensor Network a novel
centralized clustering approach by combining two clustering algorithms of k-means
and LEACH-C protocol in order to create a new cluster scheme and lengthen the life-
time of the sensor network. The parameters have considered are average end-to-end
delay, packet delivery ratio, average energy consumption, average throughput and con-
trol routing overhead. The results obtained by the approach called LEACH-Ckmeans
can effectively and hugely reduce the overhead and give no loss of packets to the desti-
nation. The authors of [42] have applied K-Means on LEACH routing protocol before
selecting CH and they investigated the effects of this technique on a variety of service
quality measures. As a result, they’ve reduced energy consumption and latency times
while improving stability, lifetime of the network and throughput. Bouakkaz et al. have
adapted the LEACH protocol in the clustering phase based on the number of clusters
and their CHs using the K-Means clustering method in their work [43]. According to
simulation results, this decreased power consumption, enhanced network lifetime, and
increased node survivability and data transmission to the base station. In [19] [39], the
authors have proposed a hybrid clustered routing approach based on k-Means algorithm
and LEACH protocol for WSN. A series of simulations using different clusters number
were carried out to determine the experimental optimum value of the number of classi-
fied clusters capable of providing energy efficiency in the sensor network. The result of
their approach minimizes the energy consumption and enhances the network’s lifetime
of sensor nodes. In [20], the authors have proposed a improved scheme in order to gener-
ate an equilibrate energy consumption on the cluster and maximize the network lifetime
by using the k-means algorithm. Also, they used the Gauss algorithms to choose the
cluster head and Davies Bouldin index (DBI) to find the optimal number of clusters k.
The results obtained made it possible to minimize the energy consumption and to
reduce the computation time. In another work [21], the authors explore how to extend
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the lifetime of WSN and increase its throughput by configuring a fair round time. This
work deduced the functions of lifetime and throughput that are correlated with the
appropriate number of frames in a LEACH round to extend the lifetime and increase
the performance [33]. In [38], the authors have developed a protocol that optimizes the
cluster size so that each CH serves approximately the same number of sensor nodes by
proposing a new Dynamic Re-clustering. The results reveal that the proposed protocol
extends the lifetime of the network while reducing overall energy consumption. Much
research carried out in this study has motivated the researchers to propose various pro-
tocols linked to the clustering technique in order to collect a maximum of data with the
least amount of energy and to exploit the time slot of nodes to maximize the lifetime of
the network [36] [37]. In [41], others authors have developed an efficient protocol that
includes grid-based mobile communication network formation to select the shortest
route from source node to target node for data transmission.

In addition, we notice that the clusters produced by LEACH are unequal and the CH
is not located at the center of the member nodes of the cluster. These clusters increase
the distance of transmission between the sensor nodes and the CH. This means that
more energy is consumed in intra-cluster communications. To address the issue of the
non-perfect cluster formation, the CHs must be chosen nearer to the centroid cluster
[30] [31] [33] [40].

In this context, it is clear that the k-means clustering technique appears to be the
best approach optimizing the intra-cluster distance, producing balanced clusters and
maximizing the lifetime of the entire WSN network.

On the one hand, in LEACH protocol, where the time is splitted into several rounds,
the election of CHs and the re-establishment of clusters are periodic according to each
round time. However, when transmitting data, some regular cluster nodes do not have
the data they want to send or have died or are out of the coverage zone.

In addition, when the CH is dead, the collected data can no longer reach the BS. This
induces an overload of the network with unnecessary traffic from member nodes, an
excess consumption of energy that will not be exploited and loss of useful data due to
the fact that the CH did not fulfill its role. As a consequence, the TDMA slot reserved
for the dead nodes remains free throughout each round and not used which we can
otherwise invest in its slot time.

To overcome all those problems, we have exploited this free time by allocating it to
the special node CH under the effect of having a better optimization of the intra-clusters
using the k-means clustering approach.

3 Proposed method: Leach protocol based on the K-means
with investment of the free time slot

After integrating the centralized K-means clustering on LEACH Centralized proto-
col in [18], we present in this work our improved LEACH-KMEANS-FreeSlot contri-
bution which is building jointly on LEACH protocol and K-means clustering with the
best exploit of the free time slot relating to dead nodes in the network. In low-density
network, the proposed protocol is proved to be more efficient than the existing protocol
in terms of PDR, Average throughput, Normalized Routing Load (NRL), and energy
consumption.
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Thus, the associated algorithm is composed of many steps:

. First, K initial centers are chosen arbitrarily. In LEACH, the optimal value of K is

recommended to be 5% of nodes in the network [7] [8].

. Calculate the Euclidean distance between every sensor node and the centers and

attach them to the nearest centroids in order to form a cluster. Where the Euclidean
distance can be calculated by the following equation:

dy =2\t =y 0=y @

j=1 =1

dij: denote the Euclidean distance between sensor node S, and the cluster center Sj
S.: denote any sensor node in the cluster and (x, y,) its coordinates.
Sj: denote the cluster center and (xj, yj) its coordinates

. When all nodes have been assigned, recalculate the positions of centroid in each

cluster.

. Repeat Steps 2 and 3 until convergence. The convergence is obtained when there is

no node that changes its cluster in successive iterations.

. Second, the LEACH protocol is used to select the CH and its members in each

cluster.

In setup phase:

. The closest node to the cluster centroid which has more energy is selected as the

cluster head with a certain probability determined according to the threshold T(n).

. The elected CHs broadcast advertisement message that contains its identification

number (ID) and advertisement to join the cluster (join ADV)

. Each regular node listens to the advertising messages, chooses its CH with the

strongest signal and informs the selected CH that becomes a member of its cluster
with “join req” that contains its identifier (ID) using CSMA (Carrier Sense Multiple
Access).

. Each CH creates and communicates a TDMA (Time Division Multiple Access) slots

for each node in the cluster to send the sensed data. The technique used here also
allows the division of communication time into frames.

In steady phase:

10. Each regular node collects and transmits the sensed data to the CH in its own

11.

12.

13.

TDMA time slot.

After that, it turns off its contact interface outside the reserved slot time to save
more energy.

In this step, when the sensor node is dead, its time interval is reserved for another
node playing the role of CH. This adjusts the time slot synchronization between the
nodes and provides more energy to CH.

Finally, each CH receives data from the nodes of the cluster, aggregates them, and
transmits them to the base station.
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In order to explain the relationship between the lifetime of the network and the time
slot of the frame, the LEACH energy dissipation model [7] [8] [21] has been deter-
mined as follows:

L-E, +€,d*d<d,
— elec & (3)
weD L E +e -d*,d>d
elec mp 2 0
E\ ..« Energy expended over a distance d for transmitting a L bit message.

E . Electrical energy of the transmitter or receiver.
€4.S,,. Energy expended on a crossover amplifier over a distance d, which

By equation, the energy expended to obtain an L bit message is given (4):

E =LxE “4)

RX(L,d) elec

Here, we point out that this model takes into account three forms of energy during its
operation which are: acquisition energy, communication energy, and processing energy.
Nevertheless, the energy dissipation in the set-up phase is ignored because the number
of CHs (k = 5) is chosen according to the same network configuration deployed in
LEACH which proved optimal performance [8].

To better describe the energy dissipation and the division of the timeline during the
steady phase, it is noted that the data transmission works in several frames (m) accord-
ing to the following Figure 2.

i Frame i Frame E
< S >4
Time Shot i Time Shot i
Cluster formation I l o %
2 Setupphase Steady phase z Tin:e
< s X
) Round ’

Fig. 2. Timeline of LEACH operation for steady phase (Heinzelman et al. [7])

In each frame, the energy dissipation of a cluster head and member sensor node is
formulated as follows [8] [9] [21].

= +
Cluster—Steady phase ECluster Head-Steady phase ESensor member-Steady phase (5)
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where:
. is the energy dissipation of a cluster in steady phase of a round

Cluster Head-Steady phase: 15 the energy dissipation of a cluster head in a single frame.

Cluster—Steady phase

N N
EClusterHead—Steadyphase = (; - 1) : L : Eelec + (7 - lj . L . EDA

+L-E +e -d!
elec m,

P CH-BS

(6)

with:

N: represents the number of sensor nodes distributed in MxM area which includes
k clusters

N . . .
- ?: is the average of sensor nodes in each cluster that includes one cluster head

and %— 1] member nodes.

- E, :1is fixed to 50 nJ/bit (7

— E ... indicates the energy consumption for data aggregation, it is set to 5 nJ/bit/
signal.

- €, is fixed to 0.0013 pJ/bit/m* (®)

- d_, ... indicates the distance from CH to base station

CH-BS*
— L: is the length of data message in bits over the distance d.

: is the energy dissipation of a sensor member in a single frame.

Sensor member—Steady phase

Sensor member—Steady phase = L ’ Eelec +€ /s ’ dsz'en.mr member—CH
—L-E, +e,-—-
elec s 277: k
with:
— &g is fixed to10 pJ/bit/m? (10)
2 (n)

d =—
Sensor member—CH 2
N2k

sensor member_cpp- 18 the average distance between member sensors in a cluster and the
cluster head. To simplify the study, we assume that the cluster area is a circle.
Therefore, the energy dissipation of a cluster head and member sensor node in steady

phase for m frames is:
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N

ECluster—Steadyphase =m- |:E Cluster head —Steady phase + [ k - 1) E Sensor menber —Steady phase :|
N N
=m|| —-1|L-E, +|—-1|-L-E, +L-E, +e_-d*
k elec k DA elec mp CH-BS

2
+m- E_l LEI + e LM_
k dee TF 2m k (12)

According to this equation (12) and [9], we can conclude that energy dissipation in
the steady phase of a round is influenced by the time when the first sensor node dies and
the time length of the number frames spread over each round.

4 Simulation and configuration

In this implementation, we use NS2 (Network Simulator, version 2) to simulate the
wireless network environment, it is a discrete event network simulator developed by
UC Berkeley. NS-2 is Open Source; it provides many versions [22] [23] [24] [25]. Here
we choose 2.34 as the version, under the OS Ubuntu, to implement our approach called
LEACH-KMEANS-FreeSlot. The main objective is to enhance the existing protocol
LEACH in terms of PDR, throughput, overhead, and energy consumption for wireless
sensor networks. With initial energy of 2 Joule, all the nodes used in this setting are
homogeneous and distributed randomly. The number of nodes used for this network
ranges from 25 to 125.

Table 1 displays the rest of the parameters used in this simulation to evaluate the
performance of the routing protocols. The tool AWK scripts is used to calculate the per-
formance metrics and analyze the Trace files. Finally, the obtained results are illustrated
in figures using the Gnuplot.

Table 1. Summary of simulation parameters [22], [24]

Parameter

Value

Channel type

Channel/Wireless Channel

Radio-propagation model

Propagation/Two Ray Ground

Number of nodes

25,50, 75, 100, 125

Simulation time

3600 s

Routing protocol

LEACH, LEACH-KMEANS-FreeSlot

Topology size

100 x 100 meters

Base Station Position (50,175)
MAC Type 802.11
Link Layer Type LL
Interface Type Queue
Meta size in packet.h 5000 MB
Traffic Type CBR
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To validate our simulations, we estimated an average of 10 runs for each various test
with different control parameters. In this simulation, the proposed LEACH-KMEANS-
FreeSlot protocol is compared to the current LEACH protocol in terms of Packet
Delivery Ratio (PDR), Average Throughput, Normalized Load Routing and Energy
Consumption. The simulation metrics used allow to determine network performance
needs that require upgrading for better performance. The protocol is said to be effective
if it is capable of transmitting data with higher packet delivery rate, high throughput,
low routing load and low energy consumption.

5 Results and analysis

In order to assess the efficiency and performance of the proposed system, we focus
on the following performance metrics described as follows [34] [35]:

5.1  Average throughput

This metric is obtained by measuring the average of the successful delivery of data
packets within a unit of time. The traffic corresponding to this metric can be injected
from any of the source nodes into the network with the same quantity. Furthermore, the
queue size at any node of the sensor is limited. The high value of this metric implies
that there is a stronger network of WSN [26] [27].

Figure 3 shows the average throughput analysis of the proposed LEACH-KMEANS-
FreeSlot with LEACH Protocol. The results show that the proposed protocol can suc-
cessfully deliver data packets to BS from the sources rather than the current protocol.
This can be clear because our proposed system prevents the collision problem and
reduces network traffic. Therefore, the objective of LEACH-KMEANS-FreeSlot pro-
tocol is achieved.

Average Throughput vs Number of Nodes
6000 T T T T T
5500 : : : ; :
5000
4500
4000
3500
3000
2500
2000
1500

Average Throughput [Kbps]

20 40 60 80 100 120 140

Number of nodes

Fig. 3. Average throughput vs number of nodes
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5.2 Packet Delivery Ratio (PDR)

This metric reflects the total number of packets received over the total number of
packets generated on the network that reaches the base station. The higher the value
of this metric is, the better performance and the reliability of the protocol is [26] [27].

Figure 4 provides an overview of the Packet Delivery Ratio of the proposed LEACH-
KMEANS-FreeSlot with the existing LEACH protocol over various node numbers. As
shown in Figure 4 and compared to the LEACH protocol, the proposed system’s PDR
value increases to a certain level (100 nodes) with increasing node density and then
starts to decrease again. It can be clearly seen that with a lower node density, LEACH-
KMEANS-FreeSlot records more PDRs than the LEACH protocol.

Therefore, it shows from the results that our proposed protocol exhibits better per-
formance with lower density.

Packet Delivery Ratio vs Number of Nodes

Packet Delivery Ration (%)

LEA!CH~KMEANS|‘FreeS|0t

1.2
20 40 60 80 100 120 140

Number of nodes

Fig. 4. Packet delivery ratio vs number of nodes

5.3  Normalized Routing Load (NRL)

This metric is determined by measuring the number of routing packets transmitted
per number of data packets received [27]. It is given by the formula:

NRL = Number of routing packets sent/Number of data packets received

When the routing load is higher, the network is overloaded with routing packets.
This leads to the wireless sensors consuming excessive energy.

However, wireless sensor nodes are based on a small power source. A low routing
load is therefore desirable in a wireless network, which contributes to improving the
efficiency of the protocol.

Based on Figure 5, it is observed that the normalized routing load for the proposed
protocol decreases as the number of nodes increases and produces low results com-
pared to LEACH.
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Therefore, we can conclude that LEACH-KMEANS-FreeSlot has better perfor-
mance in the context of routing overhead because it has a lower NRL.

Normalized Routing Load vs Number of Nodes

0.8 T T T T T

0.75 I LEACH —*— _
B 07 F LEACH-KMEANS-FreeSlot —*— |
3 .
E 0.65 [~ —
5 0.6 - =
o
€ 055 R
©
& osf -
2 045 -
S o4l "

085 [~ -

0.3 | 1 1 1 [l

20 40 60 80 100 120 140
Number of Nodes

Fig. 5. Normalized routing load vs number of nodes

5.4  Energy consumption

The energy consumption remains a critical issue for wireless sensor networks.

Less energy consumption means that the related protocol is effective and therefore
the WSN lifetime is longer. In this work, the two LEACH-KMEANS-FreeSlot and
LEACH protocols are evaluated in terms of energy consumption for different nodes.

Figures: Figure 6 (a, b, ¢) shows the energy consumed for the number of nodes 25,
50, and 100 by the two protocols in a round. The first graph (Figure 6a) shows that
during the simulation, the proposed LEACH-KMEANS-FreeSlot consumes less energy
than LEACH for 25 nodes. In Figure 6b and for 50 nodes, the energy consumed by the
LEACH-KMEANS-FreeSlot protocol is much lower than that of the LEACH until it
almost exceeds 125 seconds. However, the energy expended increases throughout the
remainder of the simulation for the LEACH protocol.

It is noted that for high density (Figure 6¢) the LEACH-KMEANS-FreeSlot com-
bined with free slot time reserved to CH and the LEACH protocol are evaluated at the
same rate until almost time 200. After that, the proposed protocol diverges from the
classic protocol. Because it’s time for the nodes to begin depleting their resources,
which produces the free time slots that will be reused by other nodes in the new
LEACH. However, this is due to the traffic added by CH as soon as the node died as
well as that of the kmeans re-clustering during the recreation of the clusters for the
proposed protocol.

Therefore, we can conclude that the proposed protocol records better performance in
the context of energy consumption than the existing LEACH for low density wireless
sensor networks.
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Energy consumed vs Round for 25 nodes

Energy consumed [J]

: | ' | LE|ACH-I(I\‘1EANS-F}’eeSIotI "

0 20 40 60 80 100 120 140 160 180
Round [s]

Fig. 6a. The energy consumption compared with the round for 25 nodes

Energy consumed vs Round for 50 nodes

Energy consumed [J]

i-LEACH-KMFANS—FreeSilot "

0 50 100 150 200 250 300
Round [s]

Fig. 6b. The energy consumption compared with the round for 50 nodes
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Energy consumed vs Round for 100 nodes
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Fig. 6¢. The energy consumption compared with the round for 100 nodes

6 Conclusion

In this paper, we presented an overview of related hierarchical protocols based on
LEACH for wireless sensor networks and we try to demonstrate the influence of the
time length of round on the energy dissipation in the network. Also, we proposed a
novel improved clustering approach based on k-means with restatement of the time
slots in order to generate equilibrated clusters and to allocate the time slot of dead
nodes to the cluster heads. In addition, this work provided evaluation and comparisons
between LEACH and the proposed protocol under varying density through the simula-
tion NS2 platform. Experimental results reported that the proposed approach increases
the throughput, improves the efficiency of PDR, reduces the routing load, and mini-
mizes the energy consumption for low node density in WSNs. However, judging from
the energy consumption at the high node density, it is completely consumed after 200
rounds of time, which is not ideal and severely limiting the application’s scope. Future
research will focus on overcoming the constraints of this approach and attempting to
validate it in a real context.
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