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Abstract: In recent years, the Wireless Sensor Networks (WWSNsietworks, WSNs have shown shortages related to- high
have grown dramatically in many fields such as tai energy consumption rate, especially in CHs, limited
applications, environmental applications, and Iea#tssistant processing power, limited memory capacity, and low
applications. However, there are numerous problassociated communication reliability.

with applying the WSNs. Such problems are relatedpower More interestingly, the shortage in energy resintmited
consumption, ~ performance, reliability, installationost, and gpjlities and short network lifetime. Limitation anemory

hardware cost. _ _ puts more pressure on communication media to ertbare
Thus, many algorithms in the WSNs context have lrssidered delivery of data. [2]. Economic feasibility alse & major

to propose an improved solar Low Energy Adaptives@ting concern due to the extensive number of nodes irh suc

Hierarchy (LEACH) technique for maximizing the lifeie, . L
increasing the performance, increasing the reltgbil and networks. The WSNs nodes are operated in a veryelim

decreasing the costs. This proposed technique imprahe Size, hence the production cost of hardware arivact has
selecting Cluster Heads (CHs) process and poweringitit a 0 be considered before deploying these nodes.

renewable energy (solar cell). The OMNeT++ tool Hzmen Once the operational environment is well understdbis
employed to simulate such technique. After manyades have gives an idea under which conditions and circuntstarihe
taken place with different data sets, this studgdithat the lifetime \WSNs are expected to work. According to many reseas
of WSNs hgs been maximized,. the performancg hasibgwoved, g ch as [24] [23] [27] the best type of routingadat WSNs
the reliability has also been improved, and finale cost has ;.o the hierarchical routing protocols. In clustgrbased
decreased. WSNs, the network is divided into two layers, ahd hodes
in the same layer have the same attribute. The most
important clustering algorithm is a Low Energy Atae
1. Introduction Clustering Hierarchy (LEACH) [12] [26]. Thereforehis
study is conducted to improve the LEACH algorithm b
energizing the networks with solar power and imprgwthe
selecting process of CHs.

Keywords: WSNs, LEACH, and Solar Energy.

Recently, the development of embedded systemseksatted
in small, cheap, and portable devices. These deViage the
ability to sense, compute, and route data. The Mése
Sensors Networks (WSNs) consist of many hundreds Br Literaturereview
thousands of such devices. These devices are aaplioy

random and unattended fashion [1] [25]. They hdwve t
ability to work with each other and report theitlected data

As previously mentioned, the most valuable clustgri
algorithm in WSNs is LEACH [12]. In this respectany

i ial nod lled sink nod B St “Such yvorks have b(_een conducted to propose algorithms to
0 a special node called sink node or Base StaB&). Suc improve some issues related to the LEACH such as CH

nodes give the end-user the ability to monitor acHx distribution and cluster formation process
5 .

phenomenon (temperature, humidity, seismic etc). [ ;
WSNs have many additional features once comparéid Wlsome of these algorithms are closed to LEACH aniskn

other types of networks, especially Ad-hoc networRer as LEACH'’s descendants. The first attempt to selvme of
instance, WSNs have a higher number of nodes thamad: ;Esr(rik:e dp:gbrf(?;?fy\é\;]aessetreectigvr?rokf é’;s[i]‘ d-le-?ee'r "?“,:ﬁzors
hoc networks; WSNs nodes are deployed randomlyanym com P q iclude  th id ?’ ng h
cases; communications are not reliable due to ribguént ponent and to include the residual energy in the
change in network topology; and nodes in WSNs UE[cﬁalculatmn. However, a serious issue is not ccms_nﬂwhne
broadcasting communication [3]. It is worth mentianthat . € nhqdr(]as r?t'” must rllavguthe energy Ito secr;d ta t?mss
many applications have recently moved to WSNs dubdir In which the network will suspend. In order to sltnis

i A : blem, the authors modified the equation with the
low-cost and the feasibility in gathering interagtidata, as probiem, ) . o
the WSNs have the ability to give continuous andasdate probability of becoming CHs in the last rounds. Aiddally,

data. The most common applications are miIitar;}JS'ng residual energy in the selection of CHs imptbthe

environmental, health assistant, and home applicsitiields ?het\’\ﬁ”:.“fetm}eﬁgﬂ mtro_duc?rc]i ahew appr(;a}cdetir;ng
[3]. However, despite its advantages over othergypf ¢ cume 0 S using three new metrics tharev
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namely Node Dies (FND), Half of Nodes Dies (HNAhda
Last Node Dies (LND). However, this approach stills
some problems, especially in the communication betw
nodes and BS, and the assumption that all nodesezai
BS directly, which is impractical in actual terms.
LEACH-Centralized (LEACH-C): was proposed in [11f.
this modified version of LEACH, BS has the coniogkr the
entire network which means decreasing in autonomy.
LEACH-Fixed number of clusters (LEACH-F): wa
proposed in [12]. In this technique, the numberclokters
through the entire network will be fixed, which meathat
any node can become CH only in its cluster. Theblpro
with this technique is the network dynamism. Thamdding
or removing the nodes is not feasible and all nadast be
stationary.

LEACH-Balanced (LEACH-B) was proposed in [7]. In

LEACH-B technique, every node must know its positamd
the position of the final receiver. Each node atmast
calculate the energy dissipation to a final receiBased on
this calculation, the node can choose its CH. LEABHsed

a decentralized technique which improves the nétwo

lifetime. However, a GPS may be required, whichndt
feasible in WSNSs.

Solar LEACH was proposed in [22]. Solar LEACH maeiif
the LEACH protocol to become solar aware. Accaydio
the authors, it is a good way to energize the Clitbh &
permanent power supply.

Tow Level-LEACH (TL-LEACH): was proposed in [17].
TL-LEACH used two levels of CHs denoted as prim@s
and secondary CHs. The secondary CHs collects foata
sensing nodes, performs data aggregation, and #etadihie
primary CHs. With this technique, better energyabhak was
achieved, especially in high-density WSNs. Addisilhy, it
used local coordination to enable scalability aobustness
of WSNs

LEACH-Energy Threshold (LEACH-ET) was proposed in0

[16]. LEACH-ET employed an energy threshold (ET) t
evaluate the CHs. The CH will be changed only iyth
reached ET. In the same respect, any node readheas\ill
be eliminated from the process of selecting CHs.

Advanced solar —aware LEACH (As-LEACH) was propose

in [13]. As-LEACH was an improvement over the poas
work introduced in [22].

Time Based-LEACH (TB-LEACH): was proposed in [14].

The selection of CHs and the formation of clustergB-
LEACH depend on a random timer and they are witlaowyt
global information about the network or the nodes.

Mobile Agent based-LEACH (MAT-LEACH): was
proposed in [10]. In this protocol, a mobile agentised as

CH, since the CHs in LEACH are the most consumin

energy nodes. Also, this protocol
effectively process data using a mobile agent.
Advanced-LEACH routing protocol for
networks (Armor-LEACH) was proposed

simulation results showed that there are three stimere
improvements in lifetime and performance compareth w
the LEACH.

The work in [24], used a single clustering algarithlt
selected the optimal CHs locations, then poweregheso
nodes with solar energy and used them as relay sno
between the base station and CHs.

introduced how te

micro-sensor.
in [4]. This
protocol was introduced to large-scale networks.e Tr‘H
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The proposed works in [24] [6], introduced hieraceh
network architecture. In these works, the primaogas are
equipped with a renewable energy source, and ttendary
nodes are equipped with the chemical battery.

3. Methodology

In trying to solve the energy problems in WSNs,iratd
resource of energy should be used. Moreover, theNSVS

resources.
There are many energy resources in the environniert,
these resources need to be converted into eldcareagy
and used as permanent power resources in WSNs.
environmental resources of energy, will ensure enua
feasibility due to a decrease in maintenance ariteries
replacement cost, and to increase the degree ohauny of
the nodes in the network, these resources of eramynore
suited for the long-term applications[19]. There amany
energy resources that are available in the enviemtjrbut
the most available, accessible, and harvestablures of
Energy is the solar energy. However, other typesnefrgy
such as wind energy, RF energy, and the energy
extracted from human movement power are not asbleass
solar energy. According to the authors in [18] [RH] solar
energy is the most reliable resource of renewalidegy. It is
daily predictable and seasonal. In addition, selaergy is
available and accessible in most of the time an@uery
place. Moreover, solar cells are small enough tanfithe
WSNs nodes easily. However, the solar energy
uncontrollable. This issue does not have that gtimpact to
affect the use of solar energy.

As previously mentioned, using the solar powerlustered

Sshould be designed in order to be able to equiph suc

The

that

WSNs will eliminate unnecessary maintenance, antl wi

increase the degree of autonomy of the nodes. Wills
result in more trusted and self-controlled netwolk.is
bvious from going through numerous previous litemes

%nd the previous discussion that the best techsiqoe

routing algorithms are the clustering techniquelsistering
made it easy to equip a solar cell to CH. The GHGluster-
&ased networks are similar to control centers [1#jen
ose CHs are equipped with a solar cell, the probbf
power consumption in those CHs will be solved. Ehix
another benefit of using natural-based sourcesefgy, this
is because they are not toxic, which introduceses n
technology that reduces harm and threats to thcerment

[18] [20] [15]. Using solar cell in WSNs has many

advantages.

Firstly, the nodes can receive and transmit thekgtac

without consuming the battery energy.

gecondly, the batteries can be recharged if theérgy is

onsumed during the absence of sunlight.

Thirdly, the batteries can be used as a backup ewezrany

failure occurs. It is clear that using natural-lshsesources of

energy is one of the best solutions in WSNs [18]] [A5].

owever, Due to the economic feasibility and dua targe

number of deployed nodes in the target areanbideasible

to equip all nodes in the network with a solar.c&hus, in

this paper, only CHs are equipped with a solar. cell

As previously mentioned in the literature reviewctsm,
ome solutions were introduced to integrate tharsobwer
ith the WSNs, Some of these studies are related

electrical engineering and are out of the scopthito study.

to
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Nevertheless, the introduced solutions in the ditgre are
limited and do not solve the problem of increasedrbead
that is related to the selection of CHs and theloarized
method of selecting CHs. Before the writing of thisidy,
there has been a big gap in using solar power WiiNs in
[22] [13]. Both papers have the problem of selert®Hs.
SLEACH algorithm has increased the lifetime of thegeted
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if their status indicates that they are solar pederthey

should be selected as CHs. If their status indicttat they

are battery powered, they will be ignored from siedection
of the CHs. This technique will ensure that the @¥th low
residual energy will be ignored from the race tadiee
CHs. The selection of the same CHs in each rousdeny
benefits over the entire network. One of the mbgmefits is

WSN compared to LEACH. ASLEACH are introducing thehe stability of the network. If the network is lsi, and

same work with minor changes in selecting CHs based
scanning technique, which firstly choose CHs, dmhtthe
selected CHs choose CH with solar power, the prgbos
work made some changes on the radio model thated in
communications on the network. Other works sucH |24
proposing the relay nodes between CHs and otheesnod
Each relay node is equipped with a solar cell tximize
their lifetime. In [6] they are proposing a locateechanism
to choose the best location of CHs solar powerexnivéver,
the introduced solutions have the problem of selga€HSs,
which is still randomized in nature, and the rantation
technique gives every node whether it is solar peder not
the chance to become a CHSs, which results in setptdw
residual energy of CHs. After each round, differantes
will be selected as CHs. This technique is goodlustered
WSNs because of its balanced energy consumptic
However, if the nodes are equipped with solar aaild these
nodes do not become CHs, the use of solar cellbgitome
useless. In addition, this solution is not feasiibleeal life
scenarios, because WSNs are expected to work itendad
and hostile environments.

In order to improve the techniques that are usesklacting
CHs, an improvement has been introduced to seleigt i@
solar LEACH. Because the CHs are consuming energy a
higher rate than other nodes, the solar cell iSppea into
CHs. This technique will accomplish the objectiasthis
study. Consequently, a simulator of solar LEACH bagsn
modified accordingly to improve the process of s
CHs based on their power status. The code of thelator
has Under the OMNeT++ simulator. The OMNeT++
provides a C++ Integrated Development EnvironmHDbiE],
which enables the writing, running, and debuggingthie
same IDE, and the simulation does not differentisgtveen
the messages and events. OMNeT++ provides a méthod
save the results through the finalization func{a1j.

4. Improved Solar Leach (ISLEACH)

In order to achieve the best results from the iations
between clustered WSNs and solar cell, modificationthe
technique of selecting CHs have been introducee. Sdtar
LEACH is dealing with the theoretical assumptionshaut
giving any attention to the special nature of WSisl its
practical, environmental, and economical charasties. In
real life, only nodes with solar cell should beco@ids to
ensure the reliability of the deployed WSNs, maxation
of their lifetime, and their performance. In addlitj the

every node knows its cluster without any additional
communication and control messages, the lifetimg te
performance of the network will be increased dracady.
The process of selecting CH based on their stataawn in
figure 1. After selecting the CHs, the steady phase

LEACH initialize.

Setup Phase Initialization

—

Announce CH status

v

Wait for join messages
requests

¥

Build TDMA schedule

- >

R’

Send cluster request
message

Iz node status = Solar?

Steady Phase

!

Figure 1. The process of selecting CHs

In both solutions, Time Division Multiple AccessIMA)

as medium access control (MAC) protocol. This tygfe
MAC protocols has a significant impact on energy
consumption on WSNs, due to its characteristicschvhi
include sleeping mode when the nodes in an idleusta
Using sleep mode in nodes will surely decreaseetiergy
consumption [8].

The environment parameters in the original solutma in
the proposed solution are the same. The defaulsitnession
range is set to be 190 meters, but all nodes aohrBS and
can adapt their transmission range. The node energy

overhead should be decreased because the overseag¢ohsumption is related to their distance from BBodder to
consuming more energy in order to transmit contrgichieve the most accurate results, assumptionst aheu

messages over the entire network and this consampiill

be increased as the diameter and density of theonet
increases, which will put all the resources in thegeted
network at stake. To ensure that the nodes thap@nered
only by the solar cell are selected as CHs, thectieh of
CHs that is based on their status is introducedgtwimeans,

environment that the adapted solutions are expdotegbrk
are made. The sun duration is set to be 2400 imitoth
solutions. The rounds are set to be 500 roundsnaytbe
half of the nodes will die before reaching this tem of
rounds. Every round consists of 10 frames, and the
simulation ends when the half of the simulated sode,



224
International Journal of Communication Networks &mfdrmation Security (IJCNIS) Vol. 8, No. 3, December 2016

which has, an implication for the reliability of ehentire

network. The percentage of CHs in each round iscséive NO. OF ROUNDS
CHs per round as in original LEACH, but this peltegre

can be tuned according to each individual netwdrke —#—IS-LEACH SLEACH
Computer specifications used in this simulationcess are 200

Processor: Intel (R) Core(TM) i5 CPU M 450 @

2.40GHz (4 CPUs), ~2.4GHz, Random Access Memory
(RAM): 4096MB RAM, Available OS Memory: 3766MB
RAM, System Manufacturer: Acer, System Model: Aspir

250
200

NUMBER OF ROUNLCS

5742, Operating System: Windows 7 Enterprise 64it, =0
Build 7601) Service Pack 1 (7601.win7spl_gdr.151019 100
1254). 50
5. Results 0

15 20 25 30 325 40 45 50 60 65
After many simulation scenarios, the improvemenmtshe NUMBER OF NODES
lifetime of simulated WSNs have been achieved atingrto
the study objectives and metrics. The followingufigs show Figure3. Number of Rounds.
the comparison between the solar LEACH and the queq
IS-LEACH.
From the figure 2, it could be seen that there s a DEAD NODES
improvement in the WSNs’ reliability and lifetimsince the —— IS-LEACH SLEACH

proposed technique of selecting CHs has achievétkrbe
reliability and prolongs the lifetime of the WSNs.
Interestingly, the diamond shapes represent fhaéntie of 20
IS-LEACH, and the squared shapes represents #igrld of
LEACH. It can be inferred that there is an increasehe
lifetime and reliability of WSNs.

LIFETIME COMPARISON i ,,”—c\,/\’\v/‘\,_.

15 20 25 30 35 40 45 50 €0 65
NMUMBER OF NODES

DEAD NODES

—o—IS-LEACH SLEACH
€0000 .
Figure 4. Number of Dead Nodes
4000 A// In order to evaluate the performance of both sohgj a
20000 ’_f/’_‘\ measurement of the number of locater created messag

the entire run has been created. The number aht#ssages

TIME

0 created by both algorithms is shown in figure 5.18%
15 20 25 30 35 40 45 50 €0 65 LEACH, the number of created messages is 26973&0or
NUMBER OF NODES nodes, and in LEACH, the number of created messages
195208 for the same nodes number. This reveals that
Figure 2. Life Time of WSNs proposed IS-LEACH improves the performance of WSNs.
In addition, the IS-LEACH increases the number afrmds
when half of nodes die. Figure 3 shows the numbesunds MESSAGES CREATED

when half of the nodes die.

Increasing the number of rounds until the half ofles die

will improve the reliability of the entire networkSuch 350000
improvement will make the network more reliable ef¢an 2 300000
increasing and decreasing in the IS-LEACH as seen
Figure 3, but in general, the number of roundsl thé half a
of nodes die is better over the LEACH. Based onfithees =~ = 2000
above, the lifetime and reliability of the networkre 9 150000
maximized which achieve the first and third objees of 2 100000
this study. Also decreasing the number of dead siislene 3
of the main objectives in every attempt in WSNddfie
From Figure 4, it could be seen that approximatily a0 a5 30 a5 a0 45 so e e
number of dead nodes in each run is static, anditteest NUMBER OF NODES

number of dead nodes is five nodes when the nuraber

nodes was 35 nodes. Figure 5. Number of created messages

=4 5-LEACH sLEACH

U]
< 250000
(%]
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6. Conclusion

WSNs are a special type of networks. This type masy
limitations related to finite power resources. utls type of
networks, a special attention must be paid whengdieg

the network in general, and the routing protocnlspecific.
The node in WSNs is expected to work for years, that
problem that is related to the power supply ischita to
each node. Nodes in WSNs are equipped with a small
amount of energy, this energy is finite in nataad when
this energy is consumed, the node will stop doisgtask.
Another alternative is to use the technique of gyer
harvesting or scavenge from the environment. Enirgithe
node from the environment is not enough to imprtve
lifetime of WSNs. The routing protocols need todasigned

in such way that the power consumption should meedesed

as low as possible. Using clustered-based apprioadtSNs

is a good technique to manage the energy consumigtithe
entire network. Additionally, the clustering givethe
designer more control over the network, and some
transmission technique can be feasible, such awy usie
MAC protocols, which have been proven that they can
decrease the power consumption [23]. Many reseegdhe
the field of WSNs argued that the LEACH protocoltte
best clustering protocol, and many recent protoamdseither
depended on or inspired by LEACH. Despite the many
advantages in LEACH, the protocol needs some neadifin

in order to achieve the best results. Many reseaschave
tried to solve LEACH issues, but using LEACH with
environment power supply does not take that impagain
literature, in this study, an improved version bEACH has
been introduced to overcome the problem of CHsctele
and stability. The results as previously mentiosbdwed
that there is an improvement in both the lifetimel ahe
performance of the network. From the discussiorvapwe
conclude that combining the WSNs, especially thstelred-
WSNs with solar cell will prolong the lifetime andcrease
the performance of the entire network. Furthermaiging
such technique will decrease the number of deacesiod
Decreasing the number of dead nodes will extend the
coverage area field that the network is expectedvaok
through, and this will increase the reliability the network,
and decrease the cost of maintenance and installatst.
We recommend that a special attention must go 8 §hace
most researchers are giving all their attentioro ithe
lifetime. QoS in recent years has little attentiespecially in
real-time applications that modern WSNs are expette
work in fields such as industry monitoring or batlacking.
The static nature in WSNs needs to be reviewed. The
researchers do not investigate the importance aptaty
networks into the change in the environment or éatmthe
network itself. Dynamism in WSNs could decrease the
overhead that is associated with selecting CHs custer
nodes. When the dynamism factor increases, theonktw
could adapt itself to any changes in the envirortniena
good manner, which increases the throughput aneases
the reliability.
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