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Abstract - The area of Wireless Sensor Networks (WSNs) is a
branch of IoT which has been used in recent years to perform
multiple tasks in various domains intelligently. This includes
surveillance, data gathering, and data transmission from
hazardous environments to safer destinations. Energy
awareness is a critical design issue in WSN due to the
imbalance of energy consumption among nodes, which among
other issues (lifetime, etc) are challenges affecting WSN
enhancement and performance. An Improved HMGEAR
(IHMGEAR) is proposed. In this approach, the threshold
probability for selecting CHs is modified to take into
consideration the distance of the nodes to the gateway, as well
as the residual energy of each node. In addition, the
heterogeneity of the last two regions (R3 and R4) was modified
by introducing two level heterogeneity in the last two regions.
For the purpose of validation, the developed IHMGEAR
scheme was compared with the HMGEAR protocol using the
number of alive nodes per round, number of dead nodes per
round, throughput, residual energy, and the number of packets
received by the receiver as performance matrices. After
performing simulation, the results show that the IHMGEAR
outperformed HMGEAR by 16.68%., 17.89, 7.86%, 23.93%,
7.86% respectively.

Keywords—HMGEAR, IHMGEAR, Energy-Aware, Multi-
hop, WSN, Gateway, Heterogeneity Wireless Sensor Networks

I. INTRODUCTION

(WSNs) are collection of sensor nodes that are normally
used to sense physical or environmental conditions, such as
temperature, sound, pressure, vibration, etc [1] They are
nodes capable of collecting, processing, and transmitting
data from critical terrains to safer locations. They are
utilized in various applications, such as in agriculture,
healthcare, environmental monitoring and military
surveillance. WSNs have the capability to aggregate data
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and forward it to the Base Station (BS) or sink for further
processing. Basically, sensor nodes consume energy while
transmitting, processing, or receiving information. These
sensor nodes work under the use of non-rechargeable
battery, which can last over several years or months[2].
Therefore, energy efficiency serves as the major objective of
WSN and it is responsible for enhancing the life expectancy
of the network. To minimize energy consumption in WSNss,
many energy preservation techniques such as clustering,
data aggregation, effective node deployment, cluster-based
routing protocols, collection tree protocols, etc. have been
developed[3]. Clustering is a technique in which network
energy consumption is well managed by minimizing the
transmission range of the sensors. In the clustering
technique, the network is divided into groups called clusters,
the Cluster Head (CH) manages the group communication
with the BS. Sensor nodes no longer transmit data directly
to the BS, instead, CHs receive the whole group messages,
aggregates, and forwards to the BS A unique example of
cluster based hierarchical protocol is the Low Energy
Adaptive Clustering Hierarchical (LEACH) based routing
protocol that provides the foundation of clustering [4]. In
LEACH, every Sensor Node (SN) randomly chooses a
number between 0 and 1. If this number is less than a
threshold value, that SN is elected as the CH for that round.
The threshold value gives eligibility to SNs that can serve as
CHs for each round and it is obtained [4] using equation (1)
below:
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T(n) denotes the threshold value
P is the desired percentage of CHs
r depicts the current round

G represents the set of nodes which have not been
CHs in the last 1/P rounds

Equation (1) is used in every round to determine SNs
which can be elected as CHs. Nodes that are selected to
serve as CHs for each round announce themselves as CHs
by sending broadcast messages to the network.

[5] Developed “An enhanced Heterogeneous Gateway
based Energy-Aware Multi-hop Routing (HMGEAR)
Protocol”. The scheme is based on the introduction of
heterogeneous nodes in the regions that were far from the
BS as well as employing multi-hop communication
technique among nodes in all the regions. This reduced the
energy depletion of distant nodes as they transmitted their
reports to the BS. The scheme further implemented an
energy hole removal mechanism to prevent holes that were
created as a result of death of nodes. With this, nodes
transmitted their data based on certain energy threshold
below which they could not transmit. Each energy-saving
technique introduced in this scheme resulted in low energy
consumption.

II. LITERATURE REVIEW

Hierarchical routing protocols in WSNs, are seen as the
most energy-efficient schemes and have been widely used.
Any of the schemes divide the network into groups called
clusters, with each cluster having a central node, called
Cluster Head (CH) [4]. These heads receive the sensed data
from the local nodes, aggregate the data and report to the
Base Station (BS) through a single-hop or multi-hop
communication approach depending on the distance from
the BS. Some examples of such routing models can be
found in [14-16]. In the related literature, there are several
cluster-based routing algorithms that have been proposed in
wireless sensor networks. In [6] a hierarchical based cluster
head protocol proposed an Energy Efficient Clustering
Protocol to Enhance Performance of Heterogeneous
Wireless Sensor Network (EECPEP-HWSN). The novel
protocol selected the best possible node to be the CH based
on real time information, this enhanced stability period and
lifetime by reducing energy consumption in the form of
reducing internal overhead and cost of processing energy.
[7] Developed a new Energy Aware Cluster Based Multi-
hop (EACBM) Routing Protocol for heterogeneous
networks. The proposed algorism used the concept of
clustering and multi-hop communication to reduce the
energy consumption of SNs. Also, Sub-clustering concept
was used for those SNs which were not included in any
cluster, or which were out of the reach of CH. The basic
operation of EACBM routing protocol was clustering and
multi-hop data transmission. [8] Presented a Hybrid

Heterogeneous Routing Scheme for Improved Network
Performance in WSNs for Animal Tracking. The author
designed a hybrid system with sensor nodes having two
different energy levels. The location of each type of node
was fixed and cannot be altered. The author considered the
network as a farm automation, where animals need to be
monitored on daily basis, the base station has to be located
at a remote place. Sensors were placed on all types of
animals for monitoring their activities. The distance from
BS for each section of livestock will vary according to its
position. [9] Presented an Energy-Efficient Multilevel
Heterogeneous Routing Protocol for Wireless Sensor
Networks. In this paper, the proposed E-BEENISH
enhanced balanced energy efficient network-integrated
super-heterogeneous (E-BEENISH) routing protocol, that
used  single-hop  communication  for  four-level
heterogeneous WSNs, improving the lifecycle of the WSNSs,
the number of stable regions and throughput, through an
improved new threshold algorithm. Moreover, in order to
make full use of the network energy, the ratio of the
remaining energy to the global average energy and the ratio
of the distance from the member node to the BS and the CH
to the BS are weighted as a scheme for selecting the CH.
The drawback of this protocol was seen in the increase in
computational complexity due to numerous weighing factors
which have greatly affected the stability of the network.
Additionally the algorithm introduces network delay and
jitter caused by the data transmission process.
[10]developed A Gateway Based Routing Protocol for
Heterogeneous Wireless Sensor Networks (EAGBRP).
Energy-aware gateway-based routing protocol (EAGBRP)
was a geographical location based on a clustered
heterogeneous routing protocol for WSNs. EAGBRP was an
extension of M-GEAR. In M-GEAR, the sensor nodes are
divided into four logical regions based on their location in
the sensing field. The BS in M-GEAR is installed out of the
sensing area and a GW node was installed at the center of
the sensing area. [5] Developed “An enhanced
Heterogeneous Gateway based Energy-Aware Multi-hop
Routing (HMGEAR) Protocol”. The scheme was based on
the introduction of heterogeneous nodes in the regions that
were far from the BS as well as employing multi-hop
communication technique among nodes in all the regions.
This reduced the energy depletion of distant nodes as they
transmitted their reports to the BS. The scheme further
implemented an energy hole removal mechanism to prevent
holes that were created as a result death of nodes. With this,
nodes transmitted their data based on certain energy
threshold below which they could not transmit. The scheme
reduced the death rate of nodes. Each energy-saving
technique introduced in this scheme resulted in low energy
consumption. However, the threshold probability for
selecting cluster heads (CHs) proposed by [9] was based on
residual energy only. This affect the effectiveness of the
network; this is because, when a node was selected from a
far corner of the field as CH, it dissipated a large amount of
energy to transmit the data to the GW, as a result the CH



died faster and this also affected the throughputs of the
network. [11] Present a new hybrid energy-efficient protocol
with the goal of reducing energy consumption, extending
network stability, increasing network lifetime, and
increasing throughput. The suggested method is an
improved hybrid EEE-LEACH clustering procedure with
round phases for each cycle. Instead of the two stages of the
LEACH algorithm, the proposed protocol comprises four
phases for each round; the first round involved selection of
CH based on residual energy, the second phase involved
selection of root node, this node act as gateway node and its
function is to combined data from CHs and ANs for onward
transmission to BS. In the third phase Every CH develops its
routing table in this phase, which includes distances to all
CHs, ANs, the root, and the BS. The same is true for ANs.
However, the protocol is exceptionally complex in terms of
computations which is due to the presence of too many
coordinators used in the protocol. As a result the may
experience jitter and delay. [12] Propose an efficient routing
protocol for UAV-WSNs data collection to address the high
energy consumption and premature death of some sensor
nodes (SNs) caused by existing routing protocols. Firstly,
the UAV-WSNs data collection framework is established,
and a UAV communication coverage model is derived.
Secondly, according to the data transmission link, the
network area preliminarily was divided into air-to-ground
routing area and ground-to-ground routing area. Based on
this, a multi-hop routing protocol based on unequal-sized
clustering is proposed to promote the balance of energy
consumption between clusters. However, the design of the
protocol struggled with centralized UAV control, this has
led to excessive latency in data aggregation and UAV
repositioning in a very large-scale network deployment. In
addition, the protocol was not designed for movable node
which is practical in real life applications such as wildlife
tracking and disaster management. In this research, an
Improved Heterogeneous Gateway-based Energy-Aware
Multi-hop Routing (IHMGEAR) protocol is proposed. In
this approach, the threshold probability for selecting CHs is
modified to take into consideration the distance of the nodes
to gateway as well as the residual energy of each node.
Similarly, two level heterogeneity is also proposed in region
3 and 4 all these were done to further improve the network
lifetime and increase the stability of the network.

II1. METHODOLOGY

The network model which is based on [9] the network
divides the sensor nodes into four logical regions on the basis
of predefined threshold distance as shown in figure (1) . If
nodes whose distance (D) is less than the predefined distance
threshold (Dmax) and are closer to BS are deployed in
Region 1 (R1), but nodes whose distance (D) is less than
Dmax from BS and closer to GW are deployed in Region 2
(R2). The nodes whose distance is beyond the threshold
distance are divided into equal Regions (R3 and R4), those
that are closer to GW are deployed in R3, while those whose

distance (D) from the GW is greater than the predefined
distance threshold (Dmax) and faraway from the GW are
place in R4. Additionally the energy of nodes in R3 and R4
is heterogeneous in nature. This heterogeneity is of two
level; advance and intermediate SNs for both R3 and R4.
This was done to improve the energy balancing of the
network.
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Figure 1: IHMGEAR Proposed Model

The selection probabilities for CHs selection are
computed in R3 and R4 using equation (3.1), (3.2), (3.3)
and (3.4). The computation of selection probability (P_Z)
is based on the energy heterogeneity of the nodes in the
two regions. Where Z1 can be intl for intermediate SN,
or advl for advance SNs in R3, similarly Z2 can be int2
for intermediate SN, or adv2 for advance SNs in R4.

Since P (P_(adv,) P_int ) represents the CH probability,
ttherefore the modified selection probabilities which is
based on the work of Jibreel et al., (2022) for the two
regions is given by equations (3.1), (3.2), (3.3) and (3.4)
respectively:
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where:
E irepresents the residual energy of the node
E 0 denotes the initial energy of the node

a, b, and c are the factors for advance sensor nodes and
intermediate sensor nodes in the network.

x and m represent the percentage of sensor nodes
equipped with a and b times more energy resources than
the homogeneous sensor nodes in the network.

P_opt is the probability by which each node can become
a CH Authors and Affiliations

1) Energy consumption model

The consumption of energy in a WSN is divided into two
broad categories: transmitting data and receiving data.
The amount of energy a sensor node dissipates during the
transmission of data, ETx (k,d) is due to the transmitter
circuitry ETx-elec(k) and the transmitter amplifier ETx-
amp(k,d) as well as the distance between the transmitter
and the receiver (Nikolidakis et al., 2013). The energy
E (non-BS ) low energy sensor in Region 1 spent in
relaying k bits report to BS is given by Equation (5)

E (non-BS)=E TX(K.d BS) (6)

where, d BS is the distance between the homogeneous
nodes in Region 1 and the BS.

Each low energy sensor in Region 2 (R2) spent its energy
E (non-gw ) in relaying k bits report to the GW node
and is given by Equation (5) [9]

E (non-gw )=E TX (K,d gw) 7

where, d gw denotes the distance between the
homogeneous nodes in R2 and the gateway node.

The energy E (gw-BS ) spent by the GW node in
receiving k bits of data from R2 and R3, aggregating
them, and relaying the report to the BS is given by

Equation (7) [9]:

ng—BS :kEelect +kEelect (g) +k(§) EDA +ETX (K: dBS)
8

where:

E elect  represents the electronic energy of the
transmitter

n denotes the number of nodes deployed in the network

¢ depicts the number of clusters in the network

E DA stands for energy for data aggregation.

The energy spent in receiving and relaying k bits report
by the cluster head CH1 in R3 to the GW node is given
by Equation (8):

ECHl—gw:kEelect+kEelect (g - 1) +E7rx (K' dgw) ©

The energy spent in receiving and relaying k bits report
from the Cluster Head (CH2) in R4 to the CHI1 in R3 is
given by Equation (9):

ECHz—ClekEelect"‘(% - 1) +Erx(K,dcy1) (10)

where, dCH1 denotes the distance between the cluster
heads in R3 and R4.

Total energy E Tused in the network is given by
Equation (10):

Er=Enon—pstEqw_pstEcn1i—gwtEcha—cm1 (11)

Similarly, the threshold value for CHs selection was
modified to take into account, residual energy and distance
between node to GW station as criteria for the selection of
CHs in R3 and R4. A node is likely to be selected as CH if
its distance to GW is nearly equal to the average distance of
the network sensor node to gateway.

The threshold values are given by equation (12) and (13)

respectively:

( Py (Ia(iavg)+ﬁ(i,GW)|) ifn€eH,
T(n), = i 1—le(rmod(i)) a(iavg)

Ootherwise

(12)

where, H, is the set of heterogeneous nodes that has not

become a CH in the past pi round r in R3.

Pz2 (Ia(iavg)+ﬁ(i,GW)|) ifneH,
T(Tl)zz = 1—Pzz(rmod($)) a(iavg)
Ootherwise
(13)

where, Ho is the set of heterogeneous nodes that has not become a
1

CH in the past round (r) in R4

Phet2

B (i, GW) is the distance of node i to GW
a(iavg) denotes the average distance of the network sensor nodes

to the BS

a(iavg)=[a(l, GW)+a (2, GW)+a (3, GW)+a (4, GW)+
a(5,GW)+a(6,GW) + ...+ a(N,GW) )N  (14)

In the first round, CHs are elected separately in each of the
non-clustered Regions (R3 and R4). The advance nodes are



considered as the first set of CHs on the basis of their higher
energy. Then in the subsequent round, CHs are chosen
based on their residual energy and their proximity to GW.
Each node elects itself once every (r; 1/p) round, where 7;
represents the number of rounds to be CH for the sets of
node S;. A node can become CH only once in an epoch
(1/p) and the nodes that were not elected as CH in the
current round set C. Where C represents the set of nodes Si
that have not become CHs in the current round. The
probability of a node to (belong to set C) increases in each
round. The process is presented using pseudo code below:

Pseudo code: Choosing the first set of CH

1 Initialization
N: Number of Sensor nodes in the
network
2 Ei: Residual Energy of the node i
3 Ethl: Energy threshold for nodes in
region 3
4 Eth4: Energy threshold for nodes in
5 region 4
a(iavg): average distance of nodes
6 to GW
7 B(i, GW) is the distance of node i
to GW
8 p: probability of a node becoming a
9 cluster head

C: Set of nodes that have not

10 become CH in the last 1/p round
for each node in region 1
11
do:
12 determine Etni, Etn1 and a(iavg)
13 Eth1 = maximum energy of
distant node in region 3
14 Ethy = maximum energy of
15 distant node in region 4
a(iavg) = average distance
16 of all the nodes to GW
17 if node i has not been a cluster
head in the last r1/p
18 and
19 Ei > Ewm
and
20 B (i, GW) < a(iavg)
21 then node i is set to Scy in region
3
22 likewise
23 if node i has not been a cluster
head in the last r1/p
24 and
25 Ei > Etn
and
26 B (i, GW) < a(iavg)
27 then node i is set to Sc in region

4

IV.RESULT AND DISCUSSION

The results of the Improved Heterogeneous Gateway-based
Energy-Aware Multi-hop Routing (IHMGEAR) and the
Enhance Heterogeneous Gateway-based Energy-Aware
Multi-hop Routing (HMGEAR) of [5] are discussed
comparatively. Simulation is carried out using MATLAB
2018b to generate the results and the graphs. The results are
compared in terms of Number of Nodes alive, Number of
dead nodes, residual energy, throughput, and Number of
packets received by Base station.

The simulation parameters are presented in the table below:

Table 1: Simulation Parameters

S/N  Parameter (unit) Value

1 Network field 100m x 100m

2 Number of nodes 100

3 Initial energy of normal  0.5J]
nodes (Ej)

4 Message size 4000 bits

5 Radio electronics 50N;j/bit
energy)

6 Free space energy (Ef 10 Nj/bit/m?

7 Amplification Energy 0.0013Pj/bit/m?
(Emp

8 Probability (P, 0.1

9 Energy level for 3
Advance nodes (advl)

10 Energy level for 2
intermediate nodes
(intl)

11 Energy level for 1.5
intermediate nodes
(int2)

12 Energy level for 2

Advance nodes (adv2)
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Figure 2: Number of Nodes Alive

The network number of nodes alive per round is studied and
results are presented in Figure 2. The figure shows the
number of active sensors for each clustering round in
HMGEAR and the developed THMGEAR protocol. As
shown in the figure, all the 100 deployed nodes stay longer
alive in the developed protocol when compared to the
HMGEAR. It can be observed that the number of nodes
alive has significantly increased after 1500th round, in
addition, between 4000th to 4500 round there was a drastic
drop in the percentage of the nodes alive, and this was also
significantly improved. This has demonstrated better
network stability in the in the developed protocol.

B. Number of Dead Nodes per Round
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Figure 3: number of Dead Node per Round

Figure 3 shows the number of dead nodes per round, in a
network for the developed IHMGEAR and the HMGEAR
protocol. It is observed that the new protocol has a better
stability period than the existing protocol. Figure 3 confirms
the results presented in Figure 4 and shows that the
proposed algorithm maintained a low death rate of the nodes
for all rounds until all nodes are dead. It is observed from
the Figure 4 that the death of the first node occurred after
1100 rounds in the HMGEAR protocol and after 1750
rounds in the developed protocol. As shown in figure 4., the
IHMGEAR outperformed the HMGEAR with an average
percentage improvement of 17.89% after 5000 rounds. This
confirms that, for each round it safest to use IHMGEAR
protocol.

C. Residual Energy
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Figure 4: Residual Energy

Figure 4 shows the performance of the developed protocol
in terms of residual energy per round in comparison to the
existing HMGEAR protocol. It is noticed from the result in
figure 4 that the developed scheme outperformed the
HMGEAR protocol. The improvement was steady right
from the 1st round up to the 4500th round as seen from the
figure. Moreover, after about 4200th round the residual
energy was zero for all the nodes in HMGEAR, which is in
contrast to the modified scheme where the node maintains
their energy until the last round. This is due to the
introduction of two-level heterogeneity in R3 and R4 which
further modified the selection probability of the nodes to
save energy. Furthermore, the modification of the threshold
value introduced in the scheme has ensured that only nodes
that have highest residual energy and closest to the GW are
selected as CHs, thus saving the energy of SNis.



D. Packet Sent to BS per round
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Figure 5: Packet Sent to BS per round

Figure 5 is a plot showing the performance of the developed
IHMGEAR and the HMGEAR in terms of the number of
packets sent to BS per round. This figure was generated to
analyze how the two protocols paired in terms of throughput
efficiency. The two protocols began with the same
throughput rate, however after 1000th round noticeable
improvement was observed. This improvement is as a result
of the residual energy and distance criteria that were
considered in electing the cluster heads. The nodes with
high residual energy and also closer to GW are elected as
the Cluster heads. Hence these nodes used less energy to
transmit data to the BS. This translated to even more packets
sent to the BS as a result of reduced in number of dead
nodes.

E. Packet Received by BS per round
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Figure 6: Packet Received by the BS per Round
Figure 6 shows the performance of the developed
IHMGEAR and the HMGEAR protocol in terms of number
of packets received by the BS per round. As seen from the
figure, the BS received more packets in the developed

scheme when compared to the ones received by the
HMGEAR protocol. This has demonstrated the superiority
of the developed scheme over the existing HMGEAR
protocol. This is due to more efficient energy conservation
techniques employed in the developed scheme; this include
sleep scheduling, threshold modification, and improved
heterogeneity. This allow more data to be sent by the nodes
to increase the rate of reception by the BS.

V. CONCLUSION

In this research, an Improved HMGEAR was developed,
based on the work of [5] The aim of this work was to
increase the effectiveness of the existing work by
introducing two level heterogeneity in Regions R3 and R4
of the existing scheme. This was done in order to improve
energy balance and increase the stability of the existing
HMGEAR protocol to achieve optimum performance at
reduced cost of resources. In addition, the threshold for the
selection of CHs in the last two regions was modified to
take into account the distance of nodes to the GW and its
residual energy as selection criteria for CHs selection in the
two regions. This was done so that only nodes that were
closer to the GW and having higher residual energy were
selected as CHs, which prevented distant and weak nodes
from becoming CHs. Simulation was carried out to obtain
the result that showed that the new scheme outperformed the
existing scheme in terms of stability period, throughput,
residual energy, and the number of packets sent to BS.
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