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ABSTRACT

The network lifetime is an important issue for employing
wireless sensor networks in space and extreme environments.
This is due to the fact that the sensing node energy is mainly
consumed by transmissions. For maximizing the network
lifetime in this paper a multi-hop clustering algorithm using
the fuzzy logic improvement methods is introduced. The
cluster heads nodes selection is based on four descriptors;
residual energy as primary parameter, node proximity to its
neighbors (centrality), distance to base station and node
concentration. The proposed multi-hop communication in
cluster nodes and between cluster heads reduces the
consumption of energy in the network. The results of
proposed algorithm are compared with LEACH, TLCP and
EHEED algorithms in MATLAB environment. The three
metrics FND (first node die), HND (half node die) and LNA
(last node alive) show the efficiency of proposed algorithm
for the network lifetime.
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1. INTRODUCTION

Under the emerging rapid developments of new science and
industries the integration of smart advanced distributed
sensing technologies is becoming a prerequisite to help with
surveillance, monitor, and controlling an environment and
associated processes. There are, however, many tradeoffs
among parameters including energy, delay, accuracy and
architecture types but the most important one is the energy,
which is cause to prolonging network lifetime [1]. Network
sensors may be implemented in remote field and are not
reachable easily. But, they should send their measurement
values to base station (BS) until their energy is drained. Then,
power unit (batteries) should have a long lifetime due to the
unavailability of the sensors. Therefore, network lifetime
becomes a critical and very important parameter.
investigations show that the network lifetime is strongly
depends on used routing protocol Several metrics like FND
(first node die), HND (half node die) and LNA (last node
alive) are defined in wireless sensor network to justify the
operation of network . For instance, FND parameter used in
industrial or domestic gas and fire detection devices due to the
importance of each sensor nodes, because failure of one node
can make catastrophic consequences especially in that
application.

2.RELATED WORKS

Smart sensors and network topology are prerequisites to
achieve the maximum network lifetime. Here, an accurate
routing should be used to not lose any data packet. In this
section, several types of routing protocols are explained.
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There are two types of routing protocols; flat and hierarchal.
Flat protocols distribute routing information to routers that are
connected to each other without any organization or
segmentation structure between them, while hierarchal
protocols often group nodes together by a function into a
hierarchy.

One of the flat protocols is DIRECT [2]. In DIRECT any
sensor node transmits its data directly to BS without any
intermediate node. So it doesn’t necessary for any node to
processing or retransmitting another node’s data. But all of
nodes consume a lot of energy to send their data separately in
long distance to BS. Thus, the nodes run out of power very
soon. GOSSPING [3] is a hierarchal protocol. Any Sensor
selects one of its neighbors randomly as destination and
transmits its data to that. The data packets are sending from
one node to another until being received at the BS. In
GOSSPING nodes don’t need to be compress and processing,
but because of random destination selecting, the data pockets
may transverse a long path to receive to BS. Another problem
of this protocol is delay. The LEACH (Low-Energy Adaptive
Clustering Hierarchy) protocol [4] proposes a power-efficient
clustering algorithm. This algorithm has two phases: setup
phase that runs stochastically with period ‘t’ for selecting
CHs. A threshold number T(i) for each node described as
fallow:

P , VieG

T(i)=1{1-P*(rmod )
0 , VigG

Where, for node i; P is the cluster head probability, r is the
number of the current round and G is the collection of nodes
that have not been cluster heads in the last 1/P rounds. Every
single node picks a random positive number between zero and
one, if the random number was less than threshold and node is
not CH for last 1/P rounds, the node becomes CH. The
ordinary nodes join to nearest CHs based on power of
received message that sent by them to consume less energy
and the clusters are formed.

The next phase is interaction phase which data is sent to BS.
LEACH uses Time Division Multiple Access (TDMA) as a
scheduling mechanism for sending ordinary node’s data to
CH. By data compressing node’s ability, the data packets
from several sensors combine to a single packet. This action is
done by CHs. LEACH, however, is not suitable for WSN
deployed in large regions since it prone to long delays when
applied to large sensor networks. Then, authors of [5]
proposed a clustering protocol and tried by using genetic
algorithm for selecting CHs to have minimum energy
consumption while covering network. They used two
operators; mutation and one-point crossover. The CHs are



chosen from the population in the current generation based on
their fitness. The nodes with higher fitness values are selected
as population in the next generation. Residual energy of the
nodes is the first parameter for selecting the cluster head and
the energy that required a node to send a message toward the
BS node is second parameter to select best CHs. Gupta [6]
uses fuzzy logic to select a cluster head. In this method,
during every round, the sensor that has the most chance is
selected as cluster head. Three fuzzy input descriptors are
used to calculate the parameters including: residual energy of
the nodes, centrality of the nodes, and concentration. These
parameters send to base station by nodes and it determines
cluster heads. HEED (Hybrid Energy-Efficient Distributed
clustering) [7], in this algorithm authors present a distributed
clustering to achieve a hybrid of energy and communication
cost. The HEED protocol calculates the number of iterations,
independent of the network diameter. Each node individually
decides to become CH or not by calculating the chance
including its residual energy as follows:

CHprob = Cprob X (Eresidual — Emax )

TLCP [8] proposes a two-level cluster protocol for
minimizing the energy consumption based on LEACH. In
here since one node is responsible for sending all network
node’s data, the energy of this nodes fall suddenly comparing
others in each round, on the other hand by failing this node all
network’s data has been lost.

EHEED (Extended HEED) [9] is the multi-hop technique that
is integrated in HEED. CHs are probabilistically selected by
their residual energy and an initial rate of cluster head,
ordinary nods join to them by ‘minimum degree cost’ or
‘maximum degree cost” or ‘“AMRP’ based on the network’s
application, ‘Minimum degree cost’ used to distributing
cluster head load, ‘maximum degree cost’ for create dense
clusters and ‘AMRP’ that denotes the average power required
by nodes to communicate with the CH is a reasonable
solution. Inter-cluster communications depends on the
network application. CHs may directly communicate with BS
or they can communicate with one another to aggregate their
information via multiple hops.

3.SYSTEM MODEL

Hierarchical clustering techniques are very useful to reduce
energy consumption [10] in wireless sensor networks.
Clustering is used in the applications for load balancing and
using efficient resources because of its scalability
characteristics for thousands of nodes and it is applicable for
data aggregation. Also Clustering is helpful in routing
protocols [11].  Sensor network clustering can reduce
consuming energy of communication by sending whole
cluster’s data within cluster heads after aggregating data, and
it’s not necessary for ordinary nodes to communicate directly
with BS.

In this paper, as tried to reduce energy consuming in wireless
network’s nodes or prolong the network lifetime, a multi-hop
routing is used to transmit node’s data to BS, because it is
obviously that most of node’s energy dissipated for
communication not for processing or sensing environment
[12].

The algorithm consists of 4 steps. Stepl explains the fuzzy
logic of selecting cluster head nodes among all nodes. In step
2 the cluster forming is described. Step 3 discusses about
cluster setup and dividing cluster into several zones. Step 4
explains the communication between CHs with another and
with BS.
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3.1 First Step (Fuzzy Logic)

System dynamic behavior is characterized by a set of
linguistic fuzzy rules. These rules are based on the knowledge
and experience of a human expert within that domain.

The fuzzy logic is more robust even when the parameters and
constants are not optimum in values, and can be used when
complete knowledge of the plant is absent or when the system
parameters can change dynamically. The fusion fuzzy logic
with clustering has a lot of advantages. The Fuzzy algorithm
based on if-then-else statements provides almost a small
portion of memory, with less time of execution, and simple
flat mathematics than other approaches. The fuzzy inference
system merges the rules to get a fuzzy output. Then the
defuzzifier maps the fuzzy output back to a crisp number,
which is used for making decisions to a node be CH or not. a
simple defuzzification method be used to denoted as center of
gravity (COG) in order to produce a crisp output [13].

In this step the best nodes selected to be CHs for gathering
and aggregating ordinary node’s data then transmit data
packets to BS. For selecting the best nodes as CHs , the most
effective parameters in fuzzy system should be employed,
because CHs are responsible for cluster’s data and consume
more energy. First parameter is nodes residual energy; CHs
consume more energy than ordinary nodes, where the nodes
should be selected for more residual energy in current round,
and this is the main characteristic for a node to be elected as
CH. The second parameter is distance to BS; since we want to
use multi-hop clustering, we try to have more CH nearer the
BS than farther ones. It causes the cluster radius be smaller
than those are farther. The necessity of this action is that the
CHs near the BS are intermediate CH and are responsible for
receive and transmit the data of farther CHs, whether farther
CHs are only responsible for their personal nodes.

The third parameter is concentration; it raises the chance of
the nodes in dense area to be CH. The forth parameter is the
centrality. The last two parameters cause the total of distances
for communication between CHs and ordinary nodes become
minimum. Eventually, the nodes with a greater chance will be
CHs. As described four fuzzy descriptor and for each
descriptor three triangle membership functions (LOW,
MEDIUM, HIGH) is defined (Fig. 1), then 81 fuzzy rule base
is produced ; and for the output seven triangle membership
function (VERYSMALL, SMALL, RARLY SMALL,
MEDIUM, RARELY LARGE, LARGE, VERY LARGE) are
described (Fig. 2). Table 1 is containing 10 examples for
fuzzy system that calculates the chance of any node to being
CH.
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Fig. 1. Membership function for a fuzzy system input
(Energy)
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Fig. 2. Membership function for fuzzy system output

TaBLE 1. 10 TYPICAL Fuzzy SYSTEM RULE BASE

International Journal of Computer Applications (0975 — 8887)

py— -
# | Energy | Concentration Centrallt.y Disto Chance
(Ave-Dis) | BS

1 LOW LOW HIGH HIGH | vsmall
2 LOW MED MED LOW | vsmall
3 LOW LOwW HIGH MED small
4 MED Low LOW HIGH | rsmall
5 MED Low MED HIGH | rsmall
6 MED LOwW MED LOW med
7 MED HIGH LOW MED rlarge
8 | HIGH LOW LOW HIGH | rlarge
9 | HIGH MED HIGH LOW rlarge
10 | HIGH HIGH LOW LOW | vlarge

3.2 Second Step (Cluster Setup)

In this step, formation of clusters is described.

Three type of communication are defined. (i) intra-cluster
communication range which should be just enough to cover
all the cluster nodes, (ii) CH-BS range, CH can directly
communicate with the BS and (iii) inter-cluster
communication range [7] that is the communication between
CHs. Dynamic clustering causes new cluster heads are elected
and new clusters formed per round by calculating the fuzzy
chance of each node according to four fuzzy membership
function which are explained later.

By the first order radio model, which demonstrates power
consumption is proportional to second power of distance, if
distance between transmitter and receiver be shorter than d,
for longer distances it is proportional to fourth power of
distance, whereas d,, define as follows:

dO = /Efs/Emp

Here Ef, is free space and E, is multi-path fading channel

model, E, ;... is the energy dissipated of transmitter, E,,. is
expended energy by electronic circuits to serve digital
electronics actions such as actuation, sensing, signal
emission/reception and d demonstrate distance between
transmitter and receiver, k is the number of bits that will be
sending, then:

k x(E,, +E,xd?), if d<d,
K x(E, +E,xd*), if d>d,

TX
Power consumption for receiving k bits data is expressed by:

ERX =k X Eelec

With respect to the total power consumed for transmitted and
received signal is u(d)

Volume 89 — No 14, March 2014
u(ld) =a xd*+c

Where a is depend on physical environment, d is distance
between sender and receiver, ¢ is the energy of data
processing in each sensor nodes, a is the power that depend to

distance. The parameter’s values mentioned are a=1 , @ = 2
and, c = 1000.

After electing cluster heads, remaining nodes join to nearest
cluster head to consume the minimum energy, consequently
clusters are formed. To consider energy efficiency for intra-
cluster communication the multi-hop protocol is proposed.
First, CHs send an advertisement message; all nodes receive
several messages from all the CHs and they (nodes) recognize
the distance based on received signal power. Then, the nodes
select the nearest CH by sending an approval message. It is
very effective in energy preservation for nodes to send their
data from several smaller paths.

3.3 Third Step(Intra-Cluster

communication)
After the formation of clusters, every CH calculates cluster
radius by checking power of received signals from all nodes
that is equal to distance between CH to farther node. Then,
based on cluster radius, CH divides the cluster to several
zones and sends the number of zone to related nodes. Intra-
cluster communication range, should be just enough to cover
all the cluster nodes (Ivan et al., 2001), assuming the distance
of sender T to destination R is ‘d’. If there is an intermediate
node A between T and R, then [TA|=x, |[AR|=d —x

(Fig. 3).

o/

Fig. 3. The message be send from S to D via A

d

If the following condition is satisfied we have energy
efficiency and the best state is when A is in the middle of T
and R.

d > (c/(a(1 -2«

Then distance could be divided to n parts. n is the nearest
integer to the result of following formula.

n=d(a(a—1)/c)/®
Then the minimal power is calculated as:
de(a(a —1)/c)Y* + de(a(a —1)/c )0/

Like EHEED, the radius of cluster into equally small zones
has been divided, nodes based on their distance to related CH
getting in a zone if they satisfy the above equations. Any node
can easily recognize in which zone it is, by sending the
advertisement message from CH to zone 1 nodes and message
zone 1 nodes for zone 2 and so on. This message contains
node ID, CH-ID, the distance from parent node that is the CH
for the first zone and, the Node-Depth (for nodes directly
connected to the CH).



If d > (c/(a(1— 2'7%)))/% communication will be so
energy efficient. If distance SD is divided into n parts then the
minimal energy is .

de(a(a — 1)/c)V* + de(a(a — 1)/c )=/«

With satisfying explained equation, CHs send their data until
they get to the BS. For example, if cluster radius is divided
into four zones, each %25 of cluster radius will be one zone.
Also CH is in the middle of first zone (Fig. 4). This action
will save nodes energy because the distance divides to smaller
distances.

B oOrdinary node [ ]
¢ T T
+ Cluster head yd Fa N
g / N,
’f e\ Y ]
First zone —L \
| . \ \
Secondzone — « 0 ) |
| s v,
Third zone —ry \ o/
\ )
.

Fig. 4. Dividing zone to three clusters

3.4 Forth Step (Inter-

Clustercommunication)

Here node’s data is received to related CHs, data packets are
produced by CHs with compressing received ordinary node’s
data and theirs. According to third step description, if CH’s
data packets want to send via multi-hop path to related base
station, the consumption of energy can be reduced. The data
of CHs that are farther from BS should convey through nearer
CH to BS. There is two types of communications for CHs in
this step (Fig. 5): CH-BS; CH can directly communicate with
the BS and another one is inter-cluster communication.

BS sends advertisement message, CHs answer the BS to
recognize distances and the network is zoned for hierarchical
communication. Finally, like intra-cluster communication
there are multi-hop communication for inter-cluster
communication.

@ Ordinary - CH

© intermediate - CH

@ Final - CH

Fig. 5. Algorithm architecture

Like LEACH, in order to reduce collision among joint request
messages during third and this step, CSMA (Carrier Sense
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Multiple Access) is used as a MAC layer protocol. Nodes,
environment and communication features:

1. The network contains one static BS.

2. All nodes in the network are homogenous.

3. All nodes have similar capabilities in processing
4. Nodes are unavailable after deployment.

5. Nodes can detect the signal power.

6. Nodes can adjust their transmission power.

7. Nodes are location-unaware.

3.5 Experimental Results

To evaluate the performance of proposed algorithm, we
simulate the algorithm and LEACH, TLCP, EHEED with 150
random nodes in MATLAB.

In this section, the nodes spread into a 100x100 area. All
nodes have 0.5j initial energy with maximum 250-meter radio
range. A base station is in (200, 50) Cartesian coordinates and
the other parameters value mentioned in Table 2.

TABLE 2. PARAMETER VALUES IN SIMULATION
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Parameter Value

Network grid Form (0,0) to (100,100)

Base station At (200,50)

Threshold distance (dg) | 87 m

Egtec 50 nl/bit/

Efs 10_pl/bit/m?

Emp 0.0013 plbitm*

Epa S.nl/bit/signal

Data packet size 4000 bytes

Erx 50 pJ/bit/signal

Egx 50 nJ/bit/signal

Initial energy 0.5 I/battery
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Fig. 6. The results for
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As mentioned earlier, three metrics are used to qualify the
network. FND (first node die) is very important so it is
employed for application including on industrial or domestic
gas and fire detection, this metric is used because dying one or
more node might cause of mistake or danger on the case
study.



Other metric parameter is HND (half node die) that
demonstrate the number of round that half-number of all
nodes die, until this round we still have a view of entire
environment. LNA (last node alive) show the last round that
there is a minimum view.

These parameters use to justify the correct operation of
network. These parameters are simulated in MATLAB to
compare the outcomes with other simulated algorithm results
(Table 3).

TABLE 3. COMPARISON OF THE RESULTS

Algorithm FND HND LNA
L'II'EI'_AC?PH 735 1082 1291
EHEED 1141 1258 1311
Proposed 1133 1294 1433

. 1210 1321 1340
algorithm

Simulation result show that the proposal acts better than other
algorithms in FND and HND, for LNA also is better than
LEACH and TLCP (Fig. 6). According to graphs this is
obvious that the average consumption of the proposed
algorithm is less than the others.

4. CONCLUSION

In this paper, we have proposed an energy-efficient
distributed clustering approach for sensor networks. In this
approach, fuzzy logic is used to select the best nodes which
they became cluster-head. The fuzzy system makes decision
based on four parameters; residual energy as primary
parameter, node proximity to its neighbors (centrality),
distance to BS and node concentration. To minimize the
network energy consumption, a multi hop method used for
inter-cluster and intra cluster communication that causes the
distance, which a message should send through it, is divided
to several shorter paths. Comparative empirical study shows
that the proposal extends network lifetime by selecting a
suitable rate of CH and is less influenced with change the rate
of CH. This algorithm can be tuned easily to optimize energy
consumption according to selecting the best nodes for cluster
heads.
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