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Abstract

In this paper, the ML-LEACH routing protocol for the improvement of the pe
of in wireless sensor networks is studied. ML-LEACH is derived from LEAC
protocols. ML-LEACH is a Multi-Hop Layer. ML-LEACH is proposed to cofhp e for a
phenomenon that the energy consumption of the protocoﬁl%;i the

disadvantage of a wide sensor field of LEACH routin col.

protocol is set up in the environment in accordance with the Spécific\qumber of Layer and
a node in a wireless sensor network and its per@ eis pared. The simulation
MATLAB is used to let derives the number of Laye the nun& cluster heads.

Keywords: WSN, Routing Protocol, LEA@Q_-LEAC’:@/ered, Multi-Hop
1. Introduction x%\ s&\'\@
;

Routing protocol in a wir sor networke Is defined a method of setting the
transmission and receive pa@r e colk@jata, and a number of network operation
in the field between the sensor fiode work. Routing protocols is depending on
the operating environm f wirele@or networks. Life cycle of the network is
improved in accorda h the method of the routing protocol. As such the routing
protocol has a d B\ latiops & the life of the network for the life and energy
consumption o network. 1“The LEACH (Low Energy Adaptive Clustering
Hierarchy) ing prato is typical hierarchical routing protocols of the routing
protocol. LEAZH, the as the structural units of the cluster head node and a
member node tissue prove the energy efficiency of the network through it. LEACH
changes the role cluster head of the sensor nodes in the cluster of the clustering
process, each @The energy consumption of the cluster head, which may be heavy
with it theEby, onsumes energy uniformly to all sensor nodes within the cluster.

However H routing protocol, which is depending on the field size of the network
increas energy consumption efficiency of the long-distance has the disadvantage
at c@ eases rapidly. To this end, the improved routing protocol is ML-LEACH routing
gteCcOl. ML-LEACH routing protocol is applied with Multi-Hop Layer and which is
a on a conventional LEACH routing protocol. ML-LEACH routing protocol
divides the network put the Layer field in the network. The transmission distance between
the sensor nodes through the data transmission of Multi-Hop is reduced. Energy
efficiency in the wide sensor network field is improved than the LEACH routing protocol.
In this paper, the optimum number of layer and cluster head of ML-LEACH routing
protocol is derived from a simulation. Routing protocol LEACH is the basis of the typical
hierarchical routing protocol. ML-LEACH applied the number of cluster heads and the
number of Layer derived from optimal comparing of the performance. Paper is organized
as follows: The research in Chapter 2, Chapter 3 was the simulation results. And Chapter
4 presents the conclusions.
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2. Related Researches

2.1. LEACH Routing Protocol

The LEACH (Low Energy Adaptive Clustering Hierarchy) routing protocol is
hierarchical clustering based on the proposed routing protocols by Wendi B. Heinzelman.
LEACH is formed of a structural unit of the cluster head and the cluster member nodes.
[3] This allows to improve energy consumption efficiency of the network. The operation
of LEACH process stage is set-up phase and steady state. In the set-up phase of LEACH
by working with elected members elect a cluster head node in a clustered configuration
steps to configure a cluster. It determined the procedures for transmitting and receiving
data through the TDMA schedule. Thus, multiple clusters are formed in the network field
through the set-up phase and steady state. It has a hierarchical structure composed of a
cluster head and member nodes. The following Figure 1 shows a hierarchical cluster

structure of LEACH. \/

Firstly, @ et-up p of LEACH routing protocol consists of a cluster head
elected fr rk re or cluster formation. The cluster head is elected by the
probability of expressi a stochastic, Stochastic Threshold. Each round is periodically
selected as the cl ad. Every sensor node in the cluster will periodically rotate each
round is chose&mer head. A threshold is equal to the following expression formula

(1) for electing axluster head in the setup phase.
\L — P ifneG
O T(n) = | i-p(rmed) (1)
0 otherwise

ion (1) is a threshold expression for the average selection of elected cluster head.

ing the value of T (n) in the formula represents a threshold between 0 and 1. The

value of p is to elect a cluster head ratio. The value of r is currently in service round. The

value of G is the set of member nodes that have not been selected as the cluster head in

the previous round. The value of T (n) is given by the expression of a threshold. And

when random number of the n-th node is compared with T (n) and the value is less, the n-

th node is calculated to cluster head node. When a cluster head is elected by the threshold

formula, following cluster configuration and TDMA scheduling work is done through the
flow chart shown in Figure 2.

120 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016)

True Nod False
ode n
Cluster-Head?
\‘\
\\
o~ Wait f
Announce | 5 S | :" hor g
cluster-head status e cluster-nea
e announcements
///
- - I}

Wait for T Send Join-Request
Join-Request /—\ ——————— A message to chosen
message o cluster-head

Create TDMA Wait for

schedule from
cluster-Head

schedule and send
to cluster members
=0

Steady-state
Operation for
t= TpoungS€CON \V
Figure 2. LEACH Set-u@zhase qu%Chart

If the cluster head transmits a Bro ng, .t ages to the members of node.
When receiving this message, the of n mlts a Join Request message to
the cluster head in the minimu %\ce Whe iving the Join-Request message, the
cluster head transmits the Tﬁy& dulm e again to the member nodes. It sends a
data transmission schedule etw ratlon LEACH routing protocol is run
through this process. LE routing has the advantage of improving the energy
efficiency through the,s on of the terlng operations and periodic uniform cluster

3 nsumption of each sensor node. However, LEACH
aJnore energy efficient transmission of a load on the
as the maximum transmission distance is increased.

%E suitable in the Wide Sensor Network Field.

routing protocol is as follows.[5-7]
1) Increasmg ene nsumption efficiency through the cluster head within clustering.
consumption efficiency through the data aggregation within
clustering.
3) Loc&@]i orm energy consumption can be realized within clustering.
Dlsam ge of the LEACH routing protocol is as follows.
ed energy efficiency of the wide sensor field.
ability of the cluster head selection number of Stochastic Threshold.
@Greater the load on the energy consumption in accordance with the transmission
distance.

2.2. ML-LEACH Routing Protocol

ML-LEACH (Multi-hop Layered LEACH) routing protocol is proposed Multi-hop
Layered protocol by Young-1l Song. ML-LEACH is a routing protocol been proposed to
improve the disadvantages of the existing routing protocols typically LEACH routing
protocol. ML-LEACH improved energy efficiency in the wide sensor field by reducing
the transport distance through the Multi-Hop Layered. In Figure 3 shows structure of
layers and a transmission method of the ML-LEACHI4, 9-10].

Copyright © 2016 SERSC 121



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016)

(a) 3-Layer and 2-Hop and%
Figure 3. Multi Hop Transmission and Layer of LEACH

ML-LEACH, which is configured, based on ACH Vorm modifying the
transmission. LEACH is changed an eX|st|ng tpapsport syste e transmission method

of multi-hop, Energy consumption was d pr al to the square of the
maximum transmission distance and tr dIS ce between each sensor node. A
multi-hop transmission method of the EAC nsmltted to Layer Unit is set in
the field. Layer is set constantly rel’&’i 0 the%g tation. It is defined as the nearest
base station and the more low e@_ yer. Clustening performed in the interior of each
Layer. Cluster head in ML-LE% transii data belonging to one level lower than

Layer accepts all of the data of t mem@ es of the cluster.
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Figure 4. The Process of Cluster Formation for ML-LEACH
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Advantage of the ML-LEACH routing protocol is as follows.

1. The transmission distance between the cluster head with the arrangement of the
layers is divided. Reducing the load on the energy consumption of the transceiver
is reduced.

2. As the transmission distance is divided, efficiency is reduced in the Wide Area
Sensor Field.

Disadvantage of the ML-LEACH routing protocol is as follows.

1) Cluster head close to the base station is very high energy consumption burden.
Therefore the time is faster generation of FND.

2) Instability of the cluster head select number of Stochastic Threshold. Accordingly,
the cluster does not exist in the layer is the data transmission which does not take

place.
3. The Optimization of Cluster Head for ML-LEACH -
In this paper, in a multi-hop transmission scheme which has the respecti ers
configured in accordance with the LEACH routing protocol, the energy’c ption

model will be proposed as follows. According to the metho oyn in it sent to
the upper layer at the lowest layer. In this case, the Ho 'm%er in aCeafdance with the
number of layers is defined as below.

The number of Hop based on the number of 1&@0

{(n+ 1)QUOTIENT (2)}
Then, the in the each layer is as follows:
The consumed energy of CH in layer 1( 1) per fr@ as below:
ECH layerl(l k, d:) -
IE e X (—— 1 + lEDg K 15[’3% to CH—layer2 (3)
Where, the each term repre er@l energy fowmtransmitting the data to the CH of a

layer-2, the energy for the Q data € c%e cluster member nodes and energy for
the aggregation data.

The consumed energy@luster mm odes in the layer 1(Enon.ch-iayers) per frame is
follow:

)

m:u =laye lEelec + lEFsd\.ﬂ[t.:. CH-layerl (4)
The cons ay of one‘eluster in the layer 1 is as below:
@ H |.EI.:y‘EI."1(1 k, d} + (_ - 1:] Ennn CH- lﬂ.]r‘El"l(l d}

erl(li K, d} + (E) nnn—CH—lﬂyerliL d} (5)
nergy in the layer 1 is Eq. 6.
k

Elayerl = a Ecluster—layerl (6)
Next'@kmsgmed energy of CH in layer 2(Ecp.iayer2) per frame is as below including
the e receive the data from the Ecy-iayen :
6“_[@“;(1, ) = Euae+ Baae X (3= 1)+ Epa (G +1) + B +
1EE'sdt2:H—layer2 toCH-layer3 (7

And, the consumed energy of cluster member nodes in the layer 2(Eqon-cH-layer2) PEr
frame is follow:

Ennn—CH—layerE (11 d} = lEge + lEFsdjz.i}.[tg CH-layer2 (8)
Therefore, the consumed energy of one cluster in the layer 2 is as below:
Ly J.'|I-
Ecluster—layer! ~ ECH—[&yerE (11 k, d} + ; Ennn—CH—layerE (11 d} (9)

Then, the total consumed energy in the layer 2 is shown Eqg. 10.
Elayer! = ; E:luster—layerﬂ (10)
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In the same method, the consumed energy of CH in layer (‘;—%— 1) (Ech-tayer(niz-1)) PEr
frame is as below:
Ecst tayer(a/z—1) 16 @) = [Egee + Egoe X (3= 1)+ Epy G +1) + 1Eae +
lece A2y 1ayertn/2-1) toCH—layer(n/2) (12)
And, the consumed energy of cluster member nodes in the layer (g — 1) (Enon-cr-tayer(niz-
1) per a frame is follow:
Ennn—CH—l&yer(n;"Z—l}(lJ d} = I'EE].EI: + lEf'Bdtz'dNtn CH-layer(n/2-1) (12)
The consumed energy of one cluster in the layer (? — 1) is as below:
E cluster—layer (n/2-1) = EcH-layer (n/2-1) LK.d) + gEnnn—CH—layer(n,f'Z—l} Ld (13

Therefore, the total consumed energy in the layer (? — 1) is as below.
k

Elayer(n,-"E 1) E:luster layer (n/2-1)
In the same way, the total consumed energy in the layer E is as below: 0? )

k
Elayer(n,n"z} i El:luster —layerin/ (15)
Applying the same process in the n—Iayer, (n-1)- layer, \ s follows.

The consumed energy of CH, cluster member tot con ed energy in the
layer-n is as below:

ECI—I—l&yer(n} {_l,k, d} = Q
N
IEEIEE X (_ - 1) + IEDA lEElEr" H—Layer(n@layer(n 1)

Em:m CI-I—layer(n}{l d} = me . f@ltn CH-layer(n) (16)

Elay@ n Ea \ayer(n}
And, the consumed energy o clustgr%nber nodes and total consumed energy in
the layer-n-1 is as follow:

ECI—I —layer(n— 1}(1 k, d}

lEElEI’.‘ x (k l_) + 1 elec lEf'Bd%H—layer(n—l} to CH-layerin—2)
la.yer(

= IEEIEE lEf'Edi%INtn CH-layer{n—1) 17)
Next, th@umed

the Iayer-(— + 2)is

CI-I—layer(
IEEI E'\x ‘ +1E [m, IEEI ac T lEFBdCI—I—layer[:-I-E} W CH—layer[%-l-l}

no H—CH—IEYEFLA + 2}{1 d) = lEepec + leg du Nto CI-I—layer(z+2}
k

erin—1) = E:luster —layerin—1)
of CH, cluster member nodes and total consumed energy in

(18)

@ Elayer(z+2} n cluster—layer(—+2)
nally, the consumed energy of CH, cluster member nodes and total consumed energy
in the Iayer-(§ + 1) is as below:

N N
E it taer@sn) 06 @) = Eetee + Eqtec X (E - 1) + Eps C+1) + By, +

IEFB dfn BS
— 2
E n DH—CH—]'E}’EFL%"' 1) U’ d} = IE slec T IEFB d"d N to CI-I—la}‘erLL+1} (19)
_ k
Elayer(%+ 1 — ; Eclu Bter—layer(%+ 1)

Therefore, Energy consumption of the entire sensor field is as follows.
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k

E= E?:iElayer(i} = ;EF:1Eduster—layerﬂi} (20)

Where,

Ecluster—layerl =
! N 7 2

, Egpec + ;lEDA + X leg, dMNtn CH-layerl + IEdeCH—l,a_verl to CH-layerZ

N N N 3
E:lum:er—layerZ = (: + 1) IEgpec + (E + 1) IEps + x leg, dMNtn CH-layer2 +
leg. d2

g“CH-layer2 toCH-layer3
2N N
Ecluster—layer['i'} = (I + 1) IEgpee + (E + 1) IEps + lEf‘sd“\qm CH— ],a_ver[u}
lerodiy g5
B N

E usror-layerBe1) = (3 +1) Bae + (+1)1Epa + Tlegd? CotctoyeriZen) +
ler.dy s

_ (2N N N oo .
Eclueter—layer[n—l} = (: + 1) lEE].El’.‘ + (E + 1) IEDA + ;leﬁadMNtn CH-layerin—1) + V

2
leg dC H-layer(n—1) toCH-layer{n—2) v
Ein ster—layer(n) —

N N N O
M Eqpee + ;lEDR + X leg di‘thn CH-layer(n) + IEFBdtZZI-I— 1o H-lapdri nAl)
That is as follows.
k
E ==, Ecluscar—layes() = {n (— + 1) 1EE.1&E Q 1Ep —Mﬂ _

N n 2 1
EIEDA+ EIE'FB i=1 dMNtD CH-layer(i) + IEFB —1 CI-I—layer(l oCH: Er(l-l-i} +

E?:E.H d%l—l—la_ver(l}mcH—layer(l—l)} + ZIEFB (21)

Applying the §:®1— X i=1,23-n ,

E [dtzl H-layer(ijto CI-I—layerI:Hl}] _E -—1 and

E[dtzll-l—layer(l}tn CH-layer(i—1) P 7 ,n 1o Eq 21, we gets the Eq 22.
E= E Ecluster—]@ = E {I’l (@llEEIEE +n (E + 1) IEps — 2lEqjec—

z

2lE[LEL + =
layer(l}tnﬂ{ laWerii+1) + E —_|.2 CI—I layer(iltoCH—layer(i— 1}} +
2eg, )lEElEC +n (— + 1) 1Eps — 21E o — 21Ep, +
M M= }»5\4
[ + Zlerd, 35} (22)
Differentiati .22 Wlth respect to k, — = 0, acluster optimum is calculated.

% (1 - )(Eelec + EDA.} + E'FBdtn BES FBP]:: =0
N Efg
O k. — — M 23
@O opt 21:(1_5 (Esla:-"'EDA}"'@ @3

4. Simulation Result

Using MATLAB simulation tools is derived optimal number of cluster heads and the
number of Layer ML-LEACH. The transmission failure is caused by cluster head node
and sensor node of absence as the disadvantage of Layer of ML-LEACH. A sensor node
placement for each Layer is arranged evenly. The base station is in the center of the
network. The value of the simulation parameters are set for the simulation as shown in
Table 1
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Table 1. Simulation Parameters in MATLAB

Simulation Parameters Value

Initial Energy of Node 051
Consumption Energy for transmit and receive 50 nJ/bit
Amplifier Energy for transmit 100 pJ/bit/m2
Message Packet Size 2000 bit

Field Size of Wireless Sensor Network 200*200/400*400

4.1. Optimal Layer in ML-LEACH

The energy consumption per round until FND to each Layer is measured to derive the
optimal route in the ML-LEACH protocol. The Layer of the ML-LEACH has the value ofo
1, 3, 5,7, 9-Layers. And ML-LEACH has a transmission systemto a 1, 2, 3, 4, S.
The number of intra-network nodes 50, 100, 200 is arranged. The following &s’ﬁows
the energy consumption each round to FND of each Layer

0
Table 2. Consumption Energy of perf w{}%’

Node #50 \
Layer Field 200 * 20 Field 400 *,400

#1 0 01815 0. 08«@

#3

#5 éﬂ 471

#7 5\\) 31566
0

#9 5022 28813
No¢ S@o

Fleld 0 Field 400 * 400

0.078222

\ 25164 0.042001

\ 4957 0.043206

Q 0.028762 0.064136

O 0.032856 0.072548

e #200
(Q(bf_ayer Field 200 * 200 Field 400 * 400

#1 0.050947 0.124390
#3  0.050766 0.084091

\b #5  0.053772 0.093415
O #7  0.062953 0.127019
O #9  0.069709 0.149098

Qe each energy consumption of up to Layer FND in Table 2 is shown above. In each

field 200*200 and 400*400 at # 3 Layer of Node 50, the highest energy efficiency in
energy consumption is 0.012275 and 0.020116. In each field 200*200 and 400*400 at # 3
Layer of Node 100, the highest energy efficiency in energy consumption is 0.025164 and
0.042001. In each field 200*200 and 400*400 at # 3 Layer of Node 200, the highest
energy efficiency in energy consumption is 0.050766 and 0.084091. Therefore, the
number of optimal is Layer #3 in ML-LEACH. This represents a graph shown in the
following Figure 5.
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: i umber of Optimal #3 Layer
4.2. Optimal Clust in ML-LEACH
Optimal num e cluster head in the ML-LEACH is intended to draw a number in
applying the preyidusly derived Layer # 3 environment. Comparison of the number of
cluster h is compared by the 10 cluster head. It is compared to the application of the
fields 2 400. Comparison of the optimal number of clusters about Layer No. 3 is

e following Figure 6. The optimum number is found to header cluster # 12.
d to the number of the cluster head # 10 is compared and has improved energy
ncy of from 1% to 27%.

Copyright © 2016 SERSC 127



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.11 (2016)

Field 200*200 of #3 Layer Field 400*400 of #3 Layer
4000 4000
2000 1 mcHeo | | 20007 B CH#10
0 A B CH#12 0 A B CH#12
FND DNof DNof LND FND DNof DNof LND
50%  80% 50%  80%

Figure 6. Comparison of the Optimal Number of Clusters

5. Conclusion

ML-LEACH compared to a representative of a hierarchical routing protocol t
has the advantage of the maximum transmission distance. Layer in the net set by
the separate fields. It improves energy efficiency for maximum transmissio ce over

This study has derived a number of optimal cluster he nd Lay -LEACH

routing protocols. Performance study was conducted in %{ increas efficiency of

Layer for the ML-LEACH. As a result of the sim , the numw transfer Hop is

changed depending on the application Layer. E ici also a difference

depending on the application Layer. Optimal nurs€r of Layeg exhibited the highest

energy efficiency with # 3 Layer. Optimal ck@s number @@+the field 100/200/400 of a
f

limited environment exhibited # 6, # 12, # urther r ch, an accurate simulation

assessment by defining a range of p nce @lon items for the performance

evaluation of the simulation Layer c stud
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