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TOM TAT

Trong nhitng niam gan ddy, mang cam bién khong day (Wireless Sensor Network — WSN) dugc nghién
ctru va ung dung trong nhiéu linh vuc trong cudc sdng nhu ciru hd, giam sat moi truong, tich hop cac ung dung
IoT... P4c biét, trong cac truong hgp ma nguf)n nang luong bi gidi han thi viéc duy tri thoi gian hoat dong ctia cac
nut cam bién trong hé thdng mang trd nén quan trong. Trong bai bao nay, chiing t6i tim hiéu hoat dong giao thirc
LEACH (Low Energy Adaptive Clustering Hierarchy) — mét giao thirc turong thich v&i ngudn niang lugng thap va
dé xuat giai phap cai tién dé nang cao hiéu qua sir dung trong mang cam bién khong day. Cac két qua mo phong
cho thdy, giai phap cua chung t6i dé xuat tt hon vé s6 lugng géi tin dén dwoc tram gbe va thoi gian sdng trung
binh ctia cac nat cam bién.

Tir khoa: Mang cam bién khéng dady, phan cum, nang lwong trong mang cam bién khong day, giao thire dinh tuyén.

*Tac gia lién hé chinh.
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ABSTRACT

In recent years, Wireless Sensor Network (WSN) has been researched and applied in many fields such

as rescuing, environmental monitoring, and IoT applications, etc. Especially, when the power source is limited,

maintaining the working status of the sensor nodes in the network becomes more and more important. In this

article, we explore the operation of the LEACH (Low Energy Adaptive Clustering Hierarchy) protocol - a protocol

compatible with low-energy sources and propose a solution to improve efficiency in wireless sensor networks. The

simulation results show that our solution is better in terms of the number of packets reaching the base station and

the average lifetime of the sensor nodes.

Keywords: Wireless Sensor Network, clustering, energy in wireless sensor networks, routing protocols.

1. INTRODUCTION
A Wireless Sensor Network (WSN) consists

of wireless sensor nodes scattered in a given
space to collect data of the physical signals at
the sensor node and send it to the Base Station
(BS).! The BS will aggregate the data and send
it back to the user via the Internet. A wireless
sensor node is equipped with components such
as a sensor, microprocessor, memory, radio
transmitter/receiver, and limited battery power.
BS has an unlimited energy source. Wireless
sensor networks are often deployed in places
with complex terrain, so recharging or replacing

batteries for sensor nodes is not possible.

Therefore, the research on solutions

to increase the lifetime of the sensor nodes
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Email: nguyenngocdung@qnu.edu.vn

https://doi.org/10.52111/qn;js.2023.17106

is always of interest. One of the solutions to
improve the efficiency and increase the lifetime
of the wireless sensor network is to design a
routing protocol for transferring sensor data to
the BS.2?

LEACH (Low
Clustering Hierarchy) is a distributed routing

Energy  Adaptive
protocol used in wireless sensor networks
based on the cluster proposed by Heinzelman,
which allows data within a cluster to be
processed locally to remove redundant data
before transmission.* Since the publication of
LEACH, various solutions have been proposed
by the research community based on LEACH to
save energy consumption further and increase

network lifetime.®?
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Figure 1. WSN architecture under LEACH protocol.

The LEACH protocol has many
disadvantages in selecting cluster heads and
assigning sensor nodes to clusters, causing
unnecessary energy consumption.’ We study the
operation of the LEACH protocol and consider
its limitations, thereby proposing a solution
based on LEACH to improve some parameters
such as network lifetime, the amount of data
received by the BS, and the energy consumed
by the network. This paper consists of five
parts. First, we introduce the wireless sensor
networks and issues to be researched. Part 2
presents the LEACH routing protocol and power
consumption model. Part 3 proposes solutions to
improve LEACH. Part 4 simulates and analyzes
the results. Finally, concluding remarks are made
in part 5.

2. LEACH PROTOCOL

2.1. Two phases of LEACH

The operation of LEACH is divided into rounds.
Each round consists of two phases: the set-up
phase and the steady phase.

2.2.1. Set-up phase

In the setup phase, the clusters are organized and
CHs are selected. The CH creates a TDMA (Time
Division Multiple Access) schedule for member

nodes. Thus, the sensor nodes send their data to
CH in time slots allocated by the CH node.

Selection of cluster head

At the beginning of each round, LEACH
chooses a few nodes in the network to be the
cluster head. A sensor node chooses a random
number, r, between 0 and 1. If this random
number is less than a threshold value, T(n), the
node becomes a cluster head for the current
round. T(n) is defined:

;1 lle EG
T(n) = {1-P(rmod ) (1)
0 ifneG

Where:

—P is the percentage of cluster heads
—r is the selected rounds

—G@G 1s the set of non-cluster heads in the
last 1/P rounds

According to the threshold equation,
each node can be a cluster head only once in an
interval (I/P rounds). The threshold value T(n)
increases with each round in //P rounds, which
means that the probability of a node becoming
a CH increases after rounds. In the last round of
a cycle, the threshold 7(n) = I, so all nodes that
are not selected as CH will become CH in this
round. After this round, LEACH will move to a
new cycle and all live nodes in the network have
an equal chance of becoming CH.

Cluster formation: The cluster heads will
send a broadcast packet to the entire network to
announce that it is a cluster head, all non-CH
nodes will receive information from the CHs
and select the nearest CH node to join the cluster
based on the signal strength. At this point, the
network has formed clusters, each with a CH and
member nodes.

Schedule data transmission: After the
clusters have been formed, the CH schedules
the member nodes to send sensor data to the CH
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node using the Time Division Multiple Access
(TDMA) method. TDMA schedule helps nodes
know when it sends data to the CH to reduce
communication conflicts with other nodes in the
cluster.

2.1.2. Steady-state phase

In the Steady-state phase, sensor nodes use their
allocated TDMA slot to send the collected data to
the CH. After receiving the data from its cluster
members, CH aggregates and compresses them
into a packet, and transfers it to the BS. This
process reduces the amount of data that needs to
be sent to the base station to reduce the energy
consumption of the sensor nodes.

After the CH nodes send data to the base
station, the network will move on to the next
round.

2.2. Radio energy model

Sensor nodes use radio waves to transmit
broadcast data. Therefore, each cluster uses a
code to filter the signal according to the CDMA
(Code-Division Multiple Access) technique to
avoid conflicts with other clusters. The energy
usage model' is depicted in Figure 2.

Ep,(d)
k bit packet :
—> Transm.it — Tx Amplifier
Electronics
E,.*k emp* k*d? d
Eg.
k bit packet ]
- Receive
Electronics |
Eelec* k

Figure 2. Radio energy consumption model.

The energy to transmit k bits of data
between two sensor nodes with a distance of d
using radio waves as shown above is calculated
by the following formula:

ETx(k' d) = Eelec ¥ k + Eamp * k * d? (2)

https://doi.org/10.52111/qn;js.2023.17106

Where E,,,. is the energy to run transceiver
circuitry; &,,, is the energy consumption of the
amplifier.

The energy to receive k bits of data:
ERx = Eelec *k
3. IMPROVEMENT OF LEACH

In LEACH, the remaining energy of the CH
plays an important role in aggregating data from
the member nodes and transmitting it to the base
station. It is easy to see that a node with less
residual energy can still be selected as the CH
node. With a low-power CH node, the possibility
of running out of energy while aggregating and
transmitting data to the BS is very high, causing

sensor packet loss.

The E-LEACH? solution has partially
overcome the disadvantages of the LEACH
protocol with a new approach for cluster head
selection based on residual energy. When the
remaining energy of a node is lower than 50% of
the initial energy then the E-LEACH algorithm
is used as in Equation (3).

T(n) = 2P * Eresidual (3)
Einittial

Where, P is the percentage of nodes that
can become cluster head; Ejesiguas 1S T€mMaining

energy; Eininiar 18 initial energy of a sensor node.

Another disadvantage of the LEACH
protocol is that member nodes select the nearest
CH to join the cluster, which is the case where a
sensor node can send data back to the CH in the
opposite direction towards BS wasting energy.

To overcome the above two disadvantages,
we propose an improvement of the LEACH
protocol, called LEACH-MODI as follows:

Cluster head selection

We use the same solution as E-LEACH?
in selecting the CH node, when the remaining

energy of the node is greater than or equal to 50%,
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we use the threshold value 7(n) as formula (1).
Otherwise, we apply the cluster head selection
as shown in formula (3). Thus, nodes with
a larger remaining power source have a

greater probability of becoming a CH node.

After selecting the CH node, it will send
a broadcast packet HEAD ADV to announce
that it is the cluster head and its location to
the entire network. Other sensor nodes receive
HEAD_ ADYV packets from CH nodes and decide
to join a cluster in the following way.

Non-CH node joins a cluster

Non-CH node CMj will join the cluster
that contains CH, with the smallest /(i) according
to formula (4) and send a request packet to join
the cluster CH..

f(i) = 2*d(j, CH) + d(CH, BS) 4
Where:

—d(j, CH): distance between node CM,
and node CH,

—d(CH,, BS): distance between node CH,
and BS

The distance from node a to node b is
calculated according to the formula (5).

d(a,b) =/ (xq = xp)? + OV — ¥p)? )

Building the cluster according to formula
(4) helps the sensor node to choose the CH node
with the closer sensor packet path length, but the
number of sensor nodes between the clusters is
not too different.

LEACH _MODI is depicted in diagram
Figure 3.

4. SIMULATION AND ANALYSIS

We perform a simulation with 100 sensor nodes
randomly distributed in the simulation area

of 100m x 100m. The base station position is

(50,150). The above number of sensor nodes
and simulation areas can be applied to the
monitoring water environment (e.g., shrimp
ponds) or monitoring the health of patients of a
department in the hospital. The coverage range
of HEAD ADV and JOIN Cluster packets is
50m. In case a sensor node cannot find a cluster
to join, it sends the sensor packet directly to the
base station. In each round, all sensor nodes send
a 32-bit packet to CH and then aggregate and

send it to the base station.

The simulation parameters' are presented
in the following table:

Table 1. Simulation parameters.

Number of nodes 100

Network size 100m x 100m
Base station location (50,150)
Initial energy 0.75J

Data packet size 32 bit
Desired percentage of CH 5%

| S 50 nJ/bit

Eamp 100 pJ/bit/m?

The simulation is performed until 70%
of the network nodes run out of energy. The
simulation scenario is built on NS3 software and
uses the following parameters to evaluate the
effectiveness of the proposed protocol:

—Number of sensor packets that reach the
base station

—Number of sensor nodes that run out of
energy

—Average power consumption of the
network

— Average lifetime of network nodes

The location of the 100 sensor nodes and
the base station locations are shown in Figure 4.

https://doi.org/10.52111/qnjs.2023.17106

Quy Nhon University Journal of Science, 2023, 17(1), 57-65 | 61



QUY NHON UNIVERSITY

JOURNAL OF

SCIENCE

[ Start a round ]

v

True

In every node, generate random rd 0-1

Use T(n) with (1)

l

v

Eresidual/ Einittial

>=50%

False

Use T(n) with (3)

|

v
True False
Send a HEAD ADV A Receive HEAD ADV
_ _—— --p from CHs
broadcast packet I 4
Calculate f() for
HEAD_ ADV packets.
Choose CH with the
smallest ()
\ 4 *
Wait for JOIN_Cluster - Send a request
from cluster members :— -~ 4 -- JOIN Clusterto CH
v Y
Send TDNt[)A sch;dule Wait to receive TDMA
to member nodes --» ---p schedule from CH
Receive sensor data Send sensor data to CH
from member nodes “--- -
v
Collect data and send to
BS
\
v

Move on to the next round

Figure 3. Flow chart of the LEACH-MODI.
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Figure 4. Location of sensor nodes.

We present the simulation result in the
form of graphs (Figure 5, Figure 6, Figure 7) and
a data table (Table 2).

According to Figure 5, LEACH-MODI
and E-LEACH protocols are better than LEACH
protocols in maintaining the number of live
nodes. This result is obtained by changing the
threshold value T(n) according to formula (3)
when the nodes have the remaining energy less
than 50% of the initial energy. Therefore, nodes
with more energy have a higher probability of
becoming CH, so energy consumption is more
uniform between nodes. Because of the more
even distribution of energy between nodes in
the LEACH-MODI and E-LEACH protocols,
the number of nodes running out of energy
increases rapidly in the last period. The LEACH-
MODI protocol maintains the number of alive
nodes better than the E-LEACH protocol for the
duration of the simulation because of the way a

member node joins the cluster.

100 - — Leach
—— E-leach
—— Leach-MODI

90

80 A

70 1

60 1

Number of alive nodes

50 1

40

30 1

4] 5000 10000 15000 20000
Number of rounds

Figure 5. Number of live nodes.

The power consumption in a wireless
sensor network is shown in Figure 6. The LEACH
and E-LEACH protocols consume the same
power for the first half of the time. Because the
operation of the protocols is the same when the
power is more than 50% of the initial energy. The
LEACH-MODI protocol consumes less power
than the other two protocols in the first period
because of the way the member node selects
the cluster leader node according to formula (4)
instead of selecting the nearest cluster leader
node to join the cluster. This approach avoids
the case of sending sensor packets to the CH in
the opposite direction to the BS. Round 15000
and later, the average remaining energy of the
LEACH-MODI protocol decreases rapidly
because its number of live nodes is much more
than the other two protocols.

1.0 4 — Leach
— E-Leach
—— Leach-MODI

° ° o
S (=} -~}

Average remaining energy (%)

o
N

0.0

0 5000 10000 15000 20000
Number of rounds

Figure 6. Average remaining energy.

Figure 7 shows the number of packets
that reached the base station. The three protocols
have the same number of packets arriving at the
BS as no node runs out of power. The LEACH
protocol is less efficient at the end time because
CH nodes run out of energy while aggregating
data from member nodes. Furthermore, the
number of nodes alive is less than in the other
two protocols.
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Figure 7. Number of sensor packets reached by BS.

The lifetime of the sensor nodes and
the number of packets arriving at the BS are
shown in Table 2, showing that the LEACH-
MODI protocol is better than the LEACH and
E-LEACH protocols.

Table 2. Summary of simulation results.

Leach-
Leach E-Leach
MODI
The first
round has a 8.145 8.487 9.174
dead node
Average
number of
13.457 15.938 16.838
rounds of
dead nodes
Number of
data packets
. 1.548.120 | 1.729.970 | 1.786.580
reaching the
base station

Simulation results show that the LEACH-
MODI protocol is better than the other two
protocols in some evaluation parameters but
still has many disadvantages. For example, the
selection of cluster heads without considering
the geographical location of the nodes affects
the network's energy consumption. Moreover,
LEACH-MODI has not considered the case of
complex network environments such as many
obstacles. In a transmission environment with
many obstacles, the sensor node transmitting a

https://doi.org/10.52111/qn;js.2023.17106

signal with signal strength based on distance is
no longer suitable.

5. CONCLUSION

Energy efficiency and energy load balancing in
wireless sensor networks are issues of great
concern today. In this paper, we have proposed
a LEACH-MODI solution based on LEACH
by changing the way a cluster head node is
selected and how a cluster is selected for the
joining of a member node. The results of the
paper show that our proposed protocol is better
than the LEACH protocol in maintaining the
average lifetime of the network nodes and the
number of packets reaching the base station.
However, the LEACH-MODI protocol has
some disadvantages in selecting cluster heads
and when the network operates in complex
environments. Therefore, we will focus on
research to overcome the disadvantages of
LEACH-MODI in the coming time.
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