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Abstract— In recent years, applications of wireless sensor networks cover a wide range of different 
fields as industrial, agriculture, military and many others. As the resources of nodes of wireless sensor 
network (WSNs) are limited, improvement of wireless sensor network routing protocols has become the 
destination of many researchers. Many researches try to solve problems of wireless sensor network, 
especially the life time problem, using meta-heuristic algorithms. This paper introduces an improved low-
energy adaptive clustering hierarchy (MLEACH). MLEACH suggests an equation for the selection of 
cluster heads based on the sine-cosine optimization algorithm. Simulation results show that MLEACH 
has improvements of network lifetime as well as its energy efficiency. 

Keyword - Wireless Sensor Network, Routing Protocols, LEACH, Threshold, Meta-heuristic and Sine-
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I. INTRODUCTION 

At present smart environment in industry, buildings, agriculture and transportation systems depends on 
Wireless Sensor Networks (WSNs) to collect data [1]. WSNs act may as infrastructures for usual networks; each 
consists of a group of smart nodes with limited energy and small capability of processing. Such nodes have two 
main functions. The first is sensing the physical parameters or variables that the network is established for 
according to its application such as temperature, light, earth vibrations and sound. The second function is 
gathering data, analyzing them and then sends such data to the base station that is responsible for taking 
decisions based on the information received. In the last two decades the field of optimization algorithms has 
noted significant developments[2, 3]. Many researches investigated the problem of wireless sensor routing 
protocols so as to decrease the energy consumption of routing information from nodes to the base station aiming 
to prolong the lifetime of the network. Heizelman developed  and  implemented  the  first  distributed  and  
clustered routing  protocol  with  low  energy  consumption called LEACH (Low Energy Adaptive Clustering 
Hierarchy) [4]. Then other improvements were introduced based on LEACH [5, 6]. This paper introduces an 
improvement to LEACH routing protocol based on a meta-heuristic approach. Optimization algorithms are 
discussed to find the optimal values for parameters of a given system. Optimization problems can be found in all 
research topics that make such algorithms very essential for researchers. 

II. RELATED WORK 

Xiangning and Yulin proposed an algorithm that improves the performance of LEACH routing protocol. The 
algorithm proposes a method for the choice of cluster heads, based on the energy of the nodes. Also the 
communication mode is changed from a single hob to a multiple hob one from a cluster head to the base station 
[7].   

Ali, Dey, and Biswas proposed an algorithm called ALEACH that improves the selection of cluster heads in 
LEACH. The algorithm selects the best node to be a cluster head based on the principle of distributing energy 
load among all the nodes [8]. 

Wang, Du and  Xu introduced a LEACH-TM algorithm that is  based on the principle of trust, they proposed  
a cluster-head adjusting procedure that  makes the cluster heads like routers having a multi-path between the 
cluster heads and the base station. This principles makes the performance of LEACH more efficient and 
increases the lifetime of the network [9]. 
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Xu, Jin and Lou proposed an algorithm called ELEACH. The way of selection of a cluster head in LEACH is 
random and the round time is fixed. The algorithm takes the remnant power of sensor nodes in to consideration 
so as to balance the network energy load and change the round time based on an optimal cluster size. This 
improvement of LEACH increases the lifetime of the network at least by 40% [10].  

Katiyar, Chand and  Gautam introduced an energy efficient clustering protocol (FZ-LEACH). its algorithm 
eliminates the problem of existence of very large and very small clusters at the same time. It solves the problem 
by using the concept of Far-Zone. Far-Zone is a group of sensor nodes in the network whose energies is less 
than a threshold value [11]. 

III. SINE-COSINE OPTIMIZATION ALGORITHM 

A sine-cosine algorithm is developed for solving the optimization problem. It depends on creating a number 
of random solutions and then using a mathematical model based on sine-cosine function to find the best solution 
for the problem. Several random and adaptive variables are integrated together in the sine-cosine algorithm so as 
to make sure of the exploration and exploitation of the search space during the search for the global solution.  
The sine-cosine algorithm performance is measured in three phases. The first phase is performed using well-
known test cases to test the exploration and exploitation, local optimum solution avoidance and convergence of 
the algorithm. The second phase uses some other metrics such that the search history, the average fitness of each 
solution and the best solution from the search space is obtained. Thirdly, the application of such algorithm has 
some difficulties to verify its performance in solving problems. The sine-cosine algorithm is described through 
the following steps 

I. Initialize a set of random solutions. 
Do 

II. Evaluate the fitness of each solution by appling the fitness function. 
III. Update the best solution. 
IV. Update r1,r2,r3,r4 that are random values between 0 and 1. 
V. Update the search agents using the following equations, 
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   (1) 

where t (iteration number) < maximum number of iterations 

VI. Return the best solution obtained by the algorithm. 

The above pseudo code shows that the algorithm starts with a set of random solutions. Then the algorithm 
saves the best solution after calculating the fitness functions. The algorithm then updates the random values and 
search agents. These steps are repeated until the maximum number of iteration is completed then it returns the 
best solution [12]. 

IV. LEACH ROUTING PROTOCOL 

The main techniques of LEACH routing protocol include algorithms for distributing cluster head formation, 
adaptive cluster formation, and algorithms for selecting cluster head positions. The algorithm of distributing 
cluster head formation ensures self-organization of the base station. The algorithm of selecting cluster head 
positions and cluster formation is used to ensure that the energy dissipated is fairly shared between all nodes to 
prolong the lifetime of the network [7]. 

1)  LEACH protocol Description:  LEACH routing protocol works on a round concept where many rounds are 
run. Each round consists of two basic steps. The first is a cluster setup step and the other is a steady-state step. 
The first step selects the cluster heads and the steady-state step sends data from sensor nodes to base stations. 
Figure (1) shows the flow chart of LEACH routing protocol and its steps. 

2)  In the setup state LEACH selects the cluster heads from network nodes. Selecting a cluster head is based on 
a probability concept such that the number of cluster heads K in each round is a specific one. In each round, 
each node generates a random value between 0 and 1 and this number is compared with a time-varying 
threshold T (n).The node is elected to be a cluster head if its generated number is below the threshold T (n). At a 
cluster round r the threshold T (n) is described by eqn. (2) as follows. 
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Where p is the desired percentage of cluster heads to be chosen in each round. The maximum number of cluster 
heads in each round is K. Where the number of rounds in LEACH is determined by N/K. where N is the number 
of nodes and K is the expected number of clusters in each round. G is the set of nodes that are not to be cluster 
heads in 1/p rounds, and r is the number of rounds. Once the cluster-head nodes are selected, the network starts 
the second step of the protocol i.e. the steady-state, step where data is sent from nodes to the base station using 
CSMA protocol [13]. The value of p is determined based on the area of the network and the number of nodes in 
it. 

V. THE PROPOSED ALGORITHM (MLEACH) 

3)  The MLEACH stands for Modified LEACH. The modification of LEACH is in the set-up step i.e. in the 
selection process of cluster heads. MLEACH selects cluster heads in each round based on the sine-cosine 
optimization algorithm. In each round as in LEACH a random number (Rn) between 0 and 1 is generated. Also 
in each round, another random number r2 is also generated between 0 and 1, where a threshold equation is 
determined based on the value of r2 as given by eqn. (3) where the modified equation for determining the 
threshold is as follows. 
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Where r1 is a random value between 0 and 1, e is the energy of the node and r is the number of rounds. If the 
generated number (Rn) by the node is less than the threshold value T(n) it will be a cluster head as the basic 
equation of LEACH does. The following figure (2) a and b showed the different ways for cluster head selection 
decision in each algorithm.. 

 
Fig (1)  Flow Chart of LEACH Routing Protocol 
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Fig (2a) Selection Cluster Head in LEACH 

 
Fig (2b) Selection Cluster Head in MLEACH 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Ahmed O. Eid et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2018/v10i5/181005041 Vol 10 No 5 Oct-Nov 2018 1341



 

 

 

 

 

 

 

 

 

 

 

 

 

Many de
calculate
percentag
region is 
lifetime, 
node dies
M-in-K-o
gateways

This sect
the netwo
network 
located in
energy fo

Higher n
(proposed
which m
consump

Secon
the appli
earthquak
In other 
center of
the propo
locations

It is n
symmetri
number o
understoo

 
 
 
 
 
 
 

finitions were
d until the firs
ge of nodes di
 covered [15]
K-of-N lifetim
s. K-of-N lifet
of-N lifetime 
s are alive [16

tion presents t
ork lifetime fo
dies. The area
n the area. Fi
or each node i

number of rou
d algorithm) h

means also incr
ption as compa

dly the locati
ication of the 
ke detection th
applications a

f the network.
osed algorithm
s i.e. it prolong

noted from fi
ical location 
of rounds for
od in view of 

Fig (3

e introduced f
st node of the
ie [14]. Other
]. Other resear
me and M-in-K
time means th
means the tim

6]. In this pape

the simulation
or WSNs. The
a of the netwo
irstly, the base
is 0.5J and the

unds means an
has higher num
reasing the lif
ared with LEA

on of base sta
WSN the ba

he base statio
as agricultural
 So the locati

m (MLEACH)
gs the life tim

gures (6) and
from the cent
r the location
the symmetry

) Network dimen

VI. TER

for calculating
 network dies

r researches co
rches have de
K-of-N lifetim

he period is as
me duration u
er an N-of-N l

VII. SI

n results. The s
ese results con
ork is 100*10
e station is lo

e other simulat

n increase of 
mber of round
fetime of the 
ACH where th

ation in the p
ase station ma
n is preferred
l estates or an
ion of the bas
) has a numbe
e of the netwo

d (7) that the
ter point of th

n (25, 50) is c
y in sending da

nsions and the loc

RMINATION C

g the lifetime o
s, or until the l
onsider the lif
efined many m
me. N-of-N lif
s long as the n
until all M su
lifetime is con

MULATION R

simulation pro
nsidered the li
0 m2 and the 

ocated at the c
tion paramete

life time of th
ds. Less energ
network. Figu

he energy is m

roposed algor
ay be located
 to be at the o

nimal husband
e station was 

er of rounds m
ork in any loca

e number of r
he area cover
close to that 
ata to the base

cation of the base 

CRITERIA 

of a wireless s
last node of th
fetime of the n
metrics for the
fetime means 
number of gate
upporting gate
nsidered. 

RESULTS 

ogram is deve
fetime of netw
number of se

center of the n
rs are as given

he network. F
gy consumptio
ure (5) shows

measured durin

rithm is chang
. In some app

origin i.e. outs
dry the locatio
changed as in

more than the L
ation of base s

rounds are ne
red by the ne
of the locatio

e station regar

station 

sensor networ
he network die
network as the
e life time of 
the period un

eway nodes K
eways and ov

eloped by MA
work is that un
ensor nodes is
network as in 
n in table 1. 

Figure (4) sho
on during a ce
s that the ML
ng 100 rounds

ged to study i
plications as 
side the area c
on of base sta
n figure (6). T
LEACH routin
station as show

early the sam
etwork i.e. (50
on (75,50) an
rding the numb

rk. The lifetim
es, or until the
e period until 
the network a

ntil the first clu
K of N gateway
verall a minim

ATLAB 2015 t
ntil the first no
s 100 that are 
 figure (3).  T

ows that the M
ertain number 
LEACH has le

. 

its effect. Acc
forest fire de

covered by the
ation is prefer
The results sh
ng protocol in
wn in figure (

me for the ba
0,50). For exa
nd so on. Thi
ber of hops. 

me may be 
e a certain 
the entire 

as N-of-N 
uster head 
ys is alive. 

mum of K 

to analyze 
ode of the 
randomly 

The initial 

MLEACH 
of rounds 

ess energy 

cording to 
tection or 

e network. 
rred at the 
owed that 

n different 
(7). 

ase station 
ample the 
is may be 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Ahmed O. Eid et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2018/v10i5/181005041 Vol 10 No 5 Oct-Nov 2018 1342



P
N

B

I

P

E

E

E

E

E

M

a

Parameter 
Network Size 

Base Station L

Initial Energy 

P (Cluster Hea

ETX (Energy 

ERX (Energy 

EFS (Transmit

EMP ((Transm

EDA (Data Ag

M (Heterogen

alpha 

TABLE

Location (x , y

for Each Nod

ad Election Pr

for transmit d

for receive da

t Amplifier En

mit Amplifier E

ggregation En

eity) 

Fig (4)

Fig (5) The Re

E I.  Simulation pa

y) 

de 

robability) 

data) 

ata) 

nergy in free s

Energy in mu

nergy) 

) The Network lif

esidual Energy af

 

 

 

 

 

arameters 

V

(

0

0

5

5

space) 

ulti-path) 0

5

0

fe Time 

fter 100 rounds 

Value 
100*100 m2 

(50,50) 

0.5J 

0.1 

50 nJ 

50 nJ 

10 nJ 

0.013 PJ 

5 nJ 

0.1 

1 

 

 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Ahmed O. Eid et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2018/v10i5/181005041 Vol 10 No 5 Oct-Nov 2018 1343



Finally
the life ti
the numb
of cluste
improvem
100 roun

 

 

 

y, the propose
ime of a wirel
ber of cluster 
er heads of M
ment in Energ

nds. 

Fig (7) L

F

ed algorithm (
less sensor net
heads are cou
MLEACH is 
gy consumptio

Fig (6)

Lifetime of Netw

Fig (8) Number of

MLEACH) ca
twork irrespec

unted in each r
always lowe

on and hence 

Location of Base

work at Different L

 
f cluster heads vs

an perform be
ctive of the ch
round and dra
er than that 
on the lifetim

e Station 

Locations of Bas

s. number of roun

etter than the n
hange of locat
awn as in fig (
of the origin

me of the netw

e Station 

nds 

normal LEAC
tion of base st
(8).the figure 
nal LEACH. 

work. The resu

 

CH in view of 
tation. From te
shows that th
This will le

ults are shown

 

extending 
est results 

he number 
ead to an 
n for up to 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Ahmed O. Eid et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2018/v10i5/181005041 Vol 10 No 5 Oct-Nov 2018 1344



VIII. CONCLUSIONS 

This paper proposed a modification for LEACH routing protocol to select cluster heads in every round based 
on the equation of optimized sine-cosine algorithm. Selecting a cluster head doesn’t depend only on the 
probability of any node to be a cluster head but also on the energy of the node. Results show that the Modified 
LEACH (proposed algorithm) is more efficient than the normal LEACH in enlarging the lifetime of the network 
as a result of less consumption of energy. 
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