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ABSTRACT

Energy saving and prolonging network lifecycle are the most important targets for routing protocols in the
WSN. Clustering is an effective way for widespreadnetwork life by reducing energy
consumption. Nowadays, most studies aim at a homogeneous environment in which all sensor nodes have
the same amount of initial energy. However, in a heterogeneous network environment, a number of sensor
nodes are equipped with additional power sources, thus resulting in a power hierarchy. This heterogeneity
in the sensor nodes leads to network life, stability. In this paper, we have proposed to improve BEENISH
and DEEC protocols. Simulation results demonstrate that the proposed protocol has better performance in
terms of network life, stability and packet delivery compared to Enhanced Distributed Energy Efficient
Clustering (EDEEC), Enhanced Developed Distributed Energy Efficient Clustering (EDDEEC), Balanced
Energy Efficient Network Integrated Super Heterogeneous (BEENISH)
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1. INTRODUCTION

Nowadays, the wireless sensor network is working on communications, sensors, energy storage,
and low power computing. Clustering techniques made for the WSN to operate more efficiency.
It increases the power consumption of the sensor network and therefore prolonging lifetime.

LEACH by Heinzelman et al. [1] is a protocol based on the first clustering technique in which
Cluster Heads (CHs) are chosen at randomize. The main role of CH [2], [3] is to provide data
communication between sensor nodes and efficient base stations. Therefore, the cluster head
should have higher power than the other nodes, so that it performs data gathering. Other
recommended improvements for LEACH are DEEC [4], DDEEC [5], TDEEC [6], EDEEC [7],
EDDEEC [8], BEENISH [9] are clustering-based algorithms in which clusters are selected based
on the probability of the remaining energy ratios and the average power of the network. When
they go from the first directions to the most recent clustering algorithms in heterogeneous WSN,
It includes its main features in the selection of CH, cluster formation, as well as some limited
issues where algorithms only consider CH options based on energy levels that have not yet been
considered to the average distance between the nodes to the base station and their CHs which
their purpose is to balance the energy between the near nodes and far nodes from the average
distance of a node to their CH as well as the BS. This motivates us to introduce a new clustering-
based routing algorithm in the heterogeneous WSN network.
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In this paper, our protocol proposed an improvement based on the two protocols: BEENISH and
DEEC. The main idea is that still based on the ratio between the remaining energy and the
average energy of the entire network in the current round for each heterogeneous node type to
construct the probability for choosing a node becomes to CH as above protocols.

However, the proposed protocol will add the distance estimation component to the CH selection
probability as well as add the remaining energy estimation component to determining the
constraint for a node during the clustering process. This proposed protocol consists of four levels
of heterogeneity with four different node types (normal, advance, super, and ultra-super nodes)
with different power levels, the process of selecting clusters from nodes have higher power and
shorter distance to the base station. The proposed protocol prolongs the network life-time, the
throughput, especially the stability period, by homogeneous awared clustering algorithm.
Simulation results show that proposed protocol achieves longer network lifetime, throughput and
stability period than BEENISH in four-level heterogeneous environments.

The paper is organized as follows: Part 1: Introduction, Part 2 covers related research issues; Part
3 is the proposal protocol, followed by part 4: Simulation of the proposed algorithm;The last part
is the conclusions..

2. RELATION WORK

There are a lot of Clustering Algorithm in WSN. In this part, we will only consider to main
DEEC, DDEEC,TDEEC, EDDEEC and BEENISH algorithms that it related directly to our
proposal Qing and et al. [4] proposed a DEEC protocol based on the idea of Leach. The feature of
this protocol is to select the CHs using a probability-based approach to estimate the remaining
energy ratios of each node and the average power of the entire network.

In DEEC, the CHs are selected by a probability based on the ratio of the remaining energy of
each node and the average energy of the entire network. The probability for the normal and
advance nodes is calculated by the formula [2.1] [4]

Popt - Ei(1)

(1+a.m).E(r)

Popt -(1+a).E;(T)
(1+a.m).f(r)

for normal node

for advance node

Eq (2.1) The formula for calculating the probability of choosing CH in the DEEC protocol
Where:

Ei (r) is the remaining energy of the 'Si' node in the round ‘r’
E(r) is the average energy in the round 'r' of the whole network is calculated by the formula (2.2)

[4]:

E(I‘) = %Etotal (1 - g) (2.2)

Eq (2.2) The formula for calculates the average energy in the current round
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Where:
e N: Total number of sensor nodes in the network
e 1 current round
e E_total: The total initial energy for the whole network is calculated by the formula (2.3)

[4]:

Etotal = Yo Eo(L+a) = Eg(N+ Xl a;)  (23)

Eq (2.3) The total energy calculation formula for the WSN is heterogeneous

e R: The total number of rounds of the network is given by the formula (2.4) [4]:

R — Etotal (24)

Eround

Eq (2.4) The formula for calculating the total number of rounds of a network

Where:
e E_total: calculated by the formula (2.3)

e E_round: The total energy consumed in the current round is calculated by the formula
(2.5) [4]:

Erouna = L(ZNEelec + NEp,y + kgmpdgoBs + Ngfsd?oCH) (2.5)

Eq (2.5) The formula for calculating the total energy consumption in the current cycle

Where:
e L: The bit length of the packet
e k: Number of CH
® Dyps: Average distance between CH and BS
® Dcu: Average distance between the member node and its CH.
[}

Dyps and dy,cy are calculated by the formula (2.6) [4]:

M M
dtOCH = \/Z_W rdtoBS = 0765; (26)

Eq (2.6) The formula for calculating the distance between CH and BS

Accordingly, the nodes with high residual energy will become CH more often than low power
nodes. The simulation results show that DEEC has a longer lifespan than the LEACH protocol in
a heterogeneous environment.
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The limitation of this protocol is that the average energy is estimated to be inversely proportional
to the energy consumed in each loop. This is a constraint in estimating DEEC's model.

Protocol (DDEEC) [5]is very similar to DEEC. The difference between the two lies in the
expression defining the probability for the normal and advance nodes to become a CH. After
several rounds of data transfer, the advance nodes have the same energy remaining as the normal
nodes. In this stage, DEEC continues to punish the advance nodes because the probabilities
selected for the advance nodes are higher than the normal nodes, which is not the optimal method,
so the advance nodes die faster than the normal nodes. To avoid this imbalance, DDEEC
introduces the remaining energy threshold. When the energy levels of the advance and normal
nodes fall below this threshold, the same probability is used for all nodes to become CH, making
the CH selection process more efficient.

TDEEC]6] uses the same CH selection process and estimates average energy as in DEEC. At the
start of each round, the decision nodes become CH by choosing a random number between 0 and
1. If the selected number is lower than the threshold T (s), the node becomes CH for that
round. The simulation results show that the EDEEC and TDEEC protocols are better than the
DEEC.

Parul Saini and Ajay K. Sharma has proposed protocol EDEEC [7] uses the concept of three
levels of heterogeneity in WSN. It consists of three types of nodes - normal, advance and super
based on initial energy. EDEEC combines different probability values for normal, advance and
super nodes.

In 2013, N. Javaid et al. suggest improvements EDDEEC protocol [8][9][10] based on DDEEC
and EDEEC protocol. The difference between EDDEEC and DDEEC is that it uses three levels of
heterogeneity in the WSN through the three node types that were introduced in EDEEC. On the
other hand the parameter c in the general formula for calculating probabilities for all nodes when

nodes and advance super energy level falls to the threshold T,ps1ue 12 ¢=0.025 not like ¢=0.02 in
DDEEC.

Also in 2013 N. Javaid et al. went on to make a new protocol BEENISH [11] is based on the
protocol EDEEC. The only difference is that it consists of four types of nodes - normal, advance,
super and ultra-super based on initial energy. BEENISH conbine to different probability values
for normal, advance, super and ultra-super nodes to increase heterogeneity in the WSN.

The probabilities of the ultra-super, super, advance and normal nodes to become CH are given
below: [14]

Popt - Ei(1)
1+m(a+ mo(—a+b+my(=b+w)))).E)
Popt -(1+a).E;(r)
1+m(a+ mo(—a+b+my(=b+w))))-Eq)

P@y = Popt -(1+).E;(r) (2.7)
super node

normal node

advance node

1+m(a+ mo(—a+b+my(—=b+w)))).Eq)
Popt -(1+u).E;(7)
1+m(a+ mo(—a+b+my(=b+u)))).Eg

ultra — super node
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The results show that this protocol significantly improves stability, energy efficiency and extends
network life.

In general, most heterogeneous WSN-based clustering algorithms have been developed and
improved for the primary purpose of extending life span, enhancing network stability, and
optimizing flow control. That is also the goal that the our paper wants to address in order to
propose improvements to its protocol

3. PROPOSAL PROTOCOL

Based on the clustering algorithms inheterogeneity WSN, we have built a routing algorithm based
on the protocols [8][9][10][11][12][13] is based on the ratio between the remaining energy and
the average energy of the entire network in the current round for each heterogeneous node type to
construct the probability for choosing a node becomes CH. However, the improved protocol will
add the estimation distance component to the CH selection probability as well as add the
remaining energy estimation component to determining the constraint for a node during the
clustering process. The main goal of this protocol is to reduce overall network power
consumption and prolonging network life.

3.1 CLUSTERING PROCESS

First of all, considering the heterogeneity level in the network, the proposed protocol will remain
at level 4, consisting of four types of normal, advance, super, ultra-super nodes with four different
initial energy levels, knowledge of the authors [11] have shown, but instead the proposed protocol
will improve the level of forming clusters as well as additional components to estimate the
distance in the process of calculating the probability of choosing CH.

Similar to the above protocol, each node will select a random number in the range (0,1). If this
number is lower than the threshold value of the node s; then it becomes a node CH.

Based on the protocol of the authors [14] proposed to put into protocol enhancements to improve
the threshold T of the protocols based on heterogeneity WSN has previously built with the

P E;
—F xE ifseG
T(si) = 1-P;x [r modpii] Ey (31)

0 , otherwise

(3.1) The threshold formula for the CH option of the proposed protocol

expectation that the nodes has the power the remaining amount will be much higher chance of
becoming CH than by adding components to estimate the remaining energy of a node s; based on

the ratio (?). The formula to calculate threshold of CHs in Leach protoccol will be reconstructed
0
in formulas (3.1)

Where E; is the remaining energy of the node s;in the current round and the energy E, is the
initial normal node. P; is defined separately for each node depending on the extent inconsistent,
here is 4.
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The probability for selecting CH is modified in the proposed protocol by introducing the distance
estimation component compared to [1].
Suppose that, we have dyqends the actual distance from the node to the BS. Then we have:

dcurrent = \/(Xi - XBS)2 + (YL - YBS)2 (32)

(3.2) The formula calculates the distance of the current node to the BS
Where
deurrent: current distance from Node to BS
(X;,Y;): nodei Coordinate
®  (Xgs, Ygs):base station Coordinate

On the other hand, we take dgeraee 18 average distance from any node to the BS, dicuis the
average distance from the CH to the membership nodein the cluster and dipsis the average
distance of the CH to the BS by formula [2.6]

After that, we known that, Average distance from any node to BS by below Figure 1:

0 €3 Base Station

@ Cluster Head
O Cluster Member

M

s

°
O ducr

< P

M
Figure 1. Average distance from any node to BS

We have formula to calculate average distance from any node to BS:

Daverage = dtoBS + dtoCH (33)

(3.3) Formula to calculate Average distance from any node to BS

Based on dyyerage, We assigned the distance of near nodes and remote node from the base station
as shown in Figure 3.2.
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Figure 2. The distance of near nodes and far nodes from the base station

We define:
If deurrent <= d averagethen the probability of selecting a node becomes CH will be calculated by the
formula
IfE; () > Tyapsotute Then
Popt - Ei(r) " dcurrent fOT' normal node
1+m(a+ mo(—a+b+my(=b+u))))-Ew)  daverage
Popt (+) Fi(r) « Lewrrent €01 qdvance node
1+m(a+ mo(—a+b+my(=b+u))).Ew)  daverage
P(i)improve = 9 Popt (1+b) Ei(r) s eurrent for super node (3.4)
1+m(a+ mo(—a+b+my(=b+u))))-Ew)  daverage
Popt -(1+w).Ei(1) dcurrent _
@t moCarbrm(bTNEe * F—— for ultra — super node

(3.4) The formula for calculating the probability of improving when d cyrent<= dayerage With conditions
Ei(1)> T apsolute in the proposed protocol

IfEi(r) < Tabsolute'Then

Popt (1+w).E;(r) dcurrent
)i = C. p * .
P(l)meruve ¢ 1+m(a+ mo(—a+b+my(=b+w))-Ep) daverage for all nodes (3 5)

(3.5) The formula for calculating the probability of improving whend ¢ymen<= dayerage With conditions
Ei(r) <= Tapsonuee in the proposed protocol

Conversely, if deuren> d averagethen the probability of selecting a node becomesCH will be
calculated according to the formula as [8] for the 4 types of heterogeneous nodes.

IfE; (T‘) > Tapsotute Then
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( Popt - Ei(r)

1+m(a+ mo(—a+b+my(~=b+u)))).Eq)
Popt -(1+a).E;(r)

1+m(a+ mo(—a+b+my (=b+u)))).Eg

P(L) =< Popt .(1+b).Ei(T)

1+m(a+ mo(—a+b+mq(~=b+u))).Eq
Popt -(1+1).E;(1)

1+m(a+ mo(—a+b+my(=b+u)))).Eq,

for normal node

for advance node

(3.6)

for super node

for ultra — super node

(3.6) The formula for calculating the probability when d ¢yyren<= daverageWith conditions E;(r)>
T bsolute i the proposed protocol [8]
IfE; (1) < Tapsotute» Then

Popt -(1+u).Ei(1)
“1+m(a+ mo(-a+b+mq(—b+u)))) Eq)

Pipn=c for all nodes(3.7)

(3.7) The formula for calculating the probability d ren<= daverage With conditions Ei(r) <=T psiuee in
the proposed protocol [8]

With Tgpsorute = 2. Eo [8]
3.2 STEP OF THE PROPOSED ALGORITHM

Step 1: Calculate the current energy of node i (E i), the energy of the current round (Er) by
formula (2.5)and the average distance of any node to the BS (d middle average) according to
formula (3.3).

Step 2:Estimate the average energy of the whole network in the current round of formula (2.2)

Step 3:Consider if deurent <= d average then selectionprobability CH P ;) will be calculated using the

formula (3.4) (ifEi(r) > Tabsotute) 07 (3.5) (if E; r) < Tabsotute)-
Conversely, if the deurent > daverage then the probability P ;) will be calculated using the formula

(3.6) (if E;(r) > Tapsotute) o (3.7) (if E;(r) < Tapsotute)-

Step 4: Consider the selected node CH which has been CH or not. If not, then select this node as
the CH for the next round and move on to step 5, otherwise if the selected node has made the CH
within the previous round, then the node becomes the member for the cluster and end theCH
selection process.

Step 5: Choose a random number from O to 1. Then compare this number with the threshold
value (based on improved formula (3.1)). If the random number is <= T, then this node i will be
CH and the CH selection will end, otherwise if the random numbe r>Tg; then the node i becomes
the membership node for the cluster and end the CH selection process.
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Based on the diagram by the authors [8][15] launched. We proceeded to build an improved map

as follows:

Calculate alive q
Zedes "

Calculate E, average

Calculate CH
percentage

«| Calculate Ei and Er
7 of every alive node

energy, deyren: and
dyverage Of the
network at present
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eceving energy o
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energy of normal node
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Figure 3. Block diagrams for the EDEEC, EDDEEC, BEENISH protocols, Proposed protocols for the

CH selection process.
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To demonstrate this proposal, we performed protocol simulation using Matlab Language with
parametersthat shown in Part 4.

4. SIMULATION AND EVALUATION

4.1 NETWORK MODEL

The network model used includes N(100) nodes in the MXM network field (100m x 100m). For
four sensor types, including Normal, Advance, Super, Ultra-super, are deployed randomly to
demonstrate heterogeneity in the sensor network with the BS located at the center of the
coordinate sensor field (50, 50) As shown in Figure 4.

100 o ® t
bt I
g0l
*
B0 - L a2
A » Normal Nodes
70 o g . + Advance Nodes
* .
°
® = + Super Nodes
2 « Ultra-Super Nodes
° . ' " .
- o Base Station
*® ®
a0 | . - *
. 4 +a *
B }
30 °
.
. -
20 _ ®
* L - m L] -
L
10
0 L 1 i o L 1 1 s 1 1
0 10 20 30 40 50 60 70 80 80 100

Figure 4. 4-level heterogeneous network model

In the network model, some assumptions were made to the sensor nodes as well as to the network
structure. Accordingly, the assumptions and properties of the network and sensor nodes are as
follows:

Sensor nodes are uniformly randomly deployed in the network.

There is one base station which is located at the center of the sensor field.

The nodes always have data to send to the base station.

The nodes do not recognize the position, ie not equipped with GPS antenna.

All nodes have similar capabilities in terms of processing and communications.
This promotes the need to prolong the life of every sensor.

e Sensor nodes have energy heterogeneity, which means different energy levels.
All nodes have different initial energies; Some nodes are equipped with more
power than normal nodes.
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4.2 PARAMETERS OF THE PROPOSED ALGORITHM

Table 1: Table of simulation parameters

Parameters Value
Network size (m * 100 x100
Root node position (m) (50,50)
Number of network nodes 100
Data packet length (bits) 4000
Threshold distance,, dy (m) 70
Integrated transceiver electrical energy, E.. 50 nJ/bit
Data Integrated energy, Epa 5 nJ/bit
Transmission of signal energy, Eg néu diops < do 10 pJ /bit/m’
Transmission of signal energy, Eqmp | néu diops >= do 0.0013
pJ/bit/m*
CH optimal probability, P, 0.1
4 levels of heterogeneity
ercentage of Advance nodes, m 0.5
Percentage of Super button, m g 0.4
Percentage of Ultra-super nodes, m 0.3
Energy for Advance nodes, a 1.5
Energy for Super nodes, b 2.5
Energy for Ultra-super nodes, u 3.5
Initial Power for Normal Nodes (Joules) 0.5

4.3 CRITERIA FOR PERFORMANCE EVALUATION

Performance indicators used for evaluating protocols are:stability time, network life, and number
of packets sent to the BS.

*Stability Time: stability over time, we want to talk to round that thedead first node or round
from theinitialize network until the first node dies.

* NetworkLifetime: The network longevity, mean number of roundwhich all dead nodes or
initialize the round from the network until all the nodes are deaded.

* The number of packets are sent to BS: According to this metric, we refer to the total package
is sent directly to the BS from the CHS channel or not CH nodes.

4.4 SIMULATION SCENARIO
Table 2: Simulation Scenario

Protocol
Evaluation Criteria evaluation
Stability (first node dies) EDEEC,
Time to live (last node dies) EDDEEC,
Throughput (Number of packets sent to BS) BEENISH,
The average remaining power of the network nodes Proposed protocols
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4.5 SIMULATION AND EVALUATION RESULTS
4.5.1 Stability And Network Life

In this case, we consider a network containing 50 normal nodes having E, energy, 30 advanced
nodes having 2 times more energy than normal nodes, 14 super nodes having 5 times more

energy than the normal nodes and 6 ultra-super nodes having 7 times more energy than the
normal nodes.

Table 3: Network life table comparison of simulated participants

Protocol First node to die (round) Last node dies (round)
EDEEC 1003 7761
EDDEEC 1409 7697
BEENISH 1087 10839
Proposed 1817 11923
Nodes alive during rounds
100 i-. LIII T T T T
| — — —EDEEC
T BEENISH
%0 |1| EDDEEC
i Proposedalg
BO - . .
[
i
701 : 1
N
@ 60 1 .
5 i
$ sof LS. . |
B
=1
= 40 F .
30 - .
201 .
10+ .
1 1 1 I 'I o %_l
Du 2000 4000 6000 8000 10000 12000

x(rounds)

Figure 5.Comparative life-time graph of simulated engagement protocols
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Figure 6. Comparison graph of node dead time of simulated join protocols

Figure 5 and 6 show the number of alive and dead nodes during the network lifetime. The first
node for EDEEC, EDDEEC, BEENISH, and Proposed Protocol dies at 1003, 1409, 1087, and
1817 rounds, proposed protocol is higher 81% EDEEC, 28% EDDEEC, 67% BEENISH of the
number of rounds that the first node dies. And all nodes die at 7761, 7697, 10839, and 11923
round, proposed protocol is higher 53% EDEEC, 54% EDDEEC, 10% BEENISH of the number

of rounds that the last node dies.

As can be seen from Figs. 5 and 6, Proposed protocol performs better than the other selected
existing protocols in terms of network lifetime, stability period. Thus, the proposed protocol
consumes less energy which leads not to only prolong network lifetime but also prolong stability
period in comparison to the other protocols

4.5.2 Throughput (Number Of Packets Sent To BS)

Table 4: Comparison of average throughput and energy balance of simulation protocols

Protocol Throughput (packets / loops)
EDEEC 277879
EDDEEC 317084
BEENISH 300801
Proposed 330375
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Figure 7. Comparison graph of average throughput and energy balance of simulation protocols

Figure 7 shows that the data sent to the BS is more for proposed protocol as compared to the
others protocols. The throughput for EDEEC, EDDEEC, BEENISH, and Proposed Protocol are
277879, 317084, 300801, and 330375. proposed protocol is higher 18.9% EDEEC, 4.1%
EDDEEC, 9.8% BEENISH of the number of packets.
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Figure 8. Comparison graph of average remaining energy of simulation protocols

Figure 8 shows the average remaining energy of simulation protocols. The result shows that
proposed protocol is the most efficient among the other protocols in terms of stability period,

network lifetime, and number of packets sent to the BS.
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5. CONCLUSIONS

The proposed protocol uses the correct heterogeneity of nodes to improve the life of the
network. In this paper, we propose a algorithm to increasing the heterogeneity of nodes as in
some previous related works, but adds the distance estimation component between the remote
nodes and more close BS on to theCH selection probability, as well as additional estimated
components remaining energy in the CHthreshold selection. Accordingly, we can see that this
proposed algorithm has improved communication between heterogeneous nodes and prolonged
the life of nodes to maximize communication. Simulations suggest that the proposed protocol
better than EDEEC, EDDEEC and BEENISH, offers a better mechanism for routing as well as
balancing energy in wireless sensor networks.
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