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ABSTRACT   
 
The wireless sensor networks (WSNs) field is one of the 
emerging and fast-growing fields in the scientific world. This 
has brought about the development of low-cost, and multi-
functional sensor nodes for easy and secure dissemination of 
information. Nonetheless, the problem of sensor nodes 
running out of energy quickly has been an issue. Many energy-
efficient routing algorithms have been proposed to solve this 
problem and preserve the longevity of the network. Most of 
the recent papers have shown so many protocols mainly 
designed to minimize energy consumption in the network but 
there are some limitations with regards to the area of 
operation and the optimization decisions. This paper 
proposes an Energy Efficiency Hierarchical Routing 
Technique (EEHRT) which is based on LEACH protocol to 
extend the lifespan of a WSN. In this work, the proposed 
Energy Efficient Hierarchical Routing Technique selects 
cluster heads based on the prediction of transmission energy 
through the shortest distance to the base station. Our 
approach rotates the role of Cluster Heads (CHs), and 
optimizes the CH selection by the prediction of energy 
transmission in every round and aggregating data before 
transmission to the BS. The important features which include 
member nodes formation and rotation, cluster head selection 
and rotation, and cluster optimization of our proposed 
hierarchical routing technique in transmitting data to the 
base station are analyzed and emphasized.  
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1. INTRODUCTION  
 
1.1 Background 
A wireless sensor network (WSN) is a wireless network that contains independent devices with 
sensors that are spread over a specific area to supportively observe conditions such as 
vibration, pressure, sound, temperature, motion contaminants at different positions in the 
environment[1]. WSN can contain hundreds or thousands of low-powered multi-functioning 
nodes, which work in an unattended environment with restricted computing and sensing 
functions[2]. The nodes in WSN are normally equipped with some radio transceivers, tiny 
microcontrollers and some batteries which provide energy to the nodes[3]. The network for 
monitoring a specific area in an environment is formed by these low-powered and inexpensive 
sensor nodes. The WSNs gather and transmit various kinds of data such pressure, sound and 
temperature about the monitored surrounding through the co-operation of the sensor nodes. 
The WSN involves a sizable number of sensor nodes with limited energy source which operate 
without any central infrastructure and a control point. The sensor nodes gather data locally from 
the environment and then forward them to the specific site known as Base Station (BS)[4]. 

 
Figure 1.1: Components of Wireless Sensor Network (WSN) 

 
When a large number of sensor nodes are deployed in a large area to co-operatively monitor a 
physical environment, the networking of these sensor nodes is equally important. A sensor node 
in a WSN does not only communicate with other sensor nodes but also with a Base Station (BS) 
using wireless communication[5].From Figure1.1 the base station sends commands to the 
sensor nodes and the sensor node perform the task by collaborating with each other. After 
collecting the necessary data, the sensor nodes send the data back to the base station.The 
base station also acts as a gateway to other networks through the internet. After receiving the 
data from the sensor nodes, a base station performs simple data processing and sends the 
updated information to the user via the internet[6]. Recently, there has been a huge 
development in the micro-electromechanical systems (MEMS) based technologies and this has 
brought about the deployment of large number of small sensor nodes. 
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The energy of sensor nodes has a major role in Wireless Sensor Networks[7]. Mostly the network 
failure happens because of lack of energy in the sensor nodes. The lifetime of sensor nodes is 
limited. So the WSN should efficiently use the sensor nodes and the power or energy and also 
the throughput should be efficient[8].There are number of algorithms and protocols which have 
been proposed to reduce the energy consumption in WSN. From those algorithms, few are well 
suitable solution for the wireless sensor networks but for this research, we will study and 
evaluate the effectiveness of Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol in 
cluster head selection, and proposes an improved clustering algorithm in the subsequent 
chapters[9]. 
 
The idea and the development of WSNs were initially popularized in the military through the 
application of battlefield sound surveillance systems to detect and trace the enemies’ 
submarines. Nowadays, the application of this technology is not only seen in the military and 
the national security fields. The technology has however been made available in a wide range 
of areas such as the agricultural, environmental monitoring and many other fields[10]. WSN is 
growing rapidly in our modern society. Smart homes which are characterized by the wireless 
connection of controllable and automated devices which constantly monitor the homes, 
industrial locations, organization settings and the general environment are all based on the 
WSN technology[11]. Energy consumption has been a huge concern throughout the 
development of WSNs. The main source of energy of the sensor nodes in the WSN is small 
batteries[12]. For this reason, any technique to optimize the energy usage in WSN would be of 
great benefit to increase the lifespan of the network. 
1.2 Aims and Objectives 
 
The main objective of this paper is to improve upon the Low-Energy Adaptive Clustering 
Hierarchy (LEACH) protocol and propose an optimized algorithm for the clustering to prolong the 
network’s lifetime.To achieve this goal, we have proposed a technique whose principle of cluster 
head selection is based on the forecast of the highest residual energy after the subsequent 
round and the shortest distance through the nearest adjoining cluster head to the BS. 
Increasing the network’s lifespan is a great way of making the network more efficient. LEACH 
occupies more position in the field of WSN and most hierarchical routing protocols, which seek 
to extend the lifetime of networks are usually based on LEACH[13, 14]. In the area of WSNs, 
Communication, Sensing and Computation are the three major aspects that consume a lot of 
energy.  
 
When designing WSNs, the communication parameter should be made a primary objective 
whereas the sensing and the computation parameters could be made a secondary 
objective[15]. The communication cost is higher that of sensing and computation. Therefore, 
any efforts to reduce the communication cost by the right cluster head will go a long way to 
increase the lifespan of the network. Cluster heads in hierarchical routing protocols consume 
more energy since they are responsible for data collection and internal and external 
communications of the cluster[16].The secondary objective of this work is to achieve a network 
with an optimum number of cluster heads at each round of data transmission. By the end of 
this work, a network with an optimized number of cluster heads would be realized. 
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1.3 Significance of the Study 
The design of WSNs has two main challenging objectives. One is the network’s ability to transmit 
a large amount of data between the BS and the Sensor Nodes (SN)[17]. The other challenge is 
the minimization of energy consumption[18]. These two constraints show the significance of 
efficient routing algorithms in the design of WSNs. Because of the challenges in the design of 
efficient WSNs, many routing protocols have been proposed. Of all those techniques proposed, 
hierarchical routing algorithms highly satisfy the shortcomings in the WSNs design[19]. A 
hierarchical routing algorithm is usually understood to be a double layer architecture, where 
one layer mustselect the cluster head (CH) and the other layer is tasked with routing 
responsibility[20]. In a hierarchical routing protocol, a cluster head is the node with is 
responsible for data collection from other nodes in the cluster, accumulating and compressing 
all the data and then transmitting the data to the Base Station (BS)[21]. 
 
In this work, the LEACH protocol is analyzed. Our analysis of LEACH leads to the development 
of a new and more energy-efficient routing technique. It is important to note that, graphical 
representation of data to visualize the network behavior is important when working with a large 
amount of varying data. Energy consumption is crucial in this work so the energy level of every 
node in the network is of great interest. 
 
2. LITERATURE REVIEW 
 
2.1 The Concept of Clustering 
Hierarchical routing technique is mostly employed to transmit data from many sensor nodes 
towards one BS in a more efficient way[22]. The purpose of cluster-based routing is to make 
use of a network routing hierarchy that is based on a sizeable number of clusters as indicated 
in Figure 2.1 below.  

 
Figure 2.1 A Clustered network 
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Clustering is the method of grouping sensor nodes into small-sized clusters with the aim of 
reducing the data transmission time and the energy consumption rate of the sensor nodes in 
the WSN[23]. As shown in figure 2.1 some nodes are selected as Cluster Heads (CHs) based on 
a particular selection method and the remaining nodes are termed as Member Nodes(MNs). 
The MNs are responsible for collecting environmental data and transmitting them to the CHs. 
The CHs aggregates and further send the data to the Base Station (BS)[24]. 
 
To deal with the problem of scalability, sensor nodes can be grouped in clusters in order to 
simplify the mode of communication between them[25].  Every cluster has a unique node called 
Cluster Head (CH) in addition to some Member Nodes (MNs). The CH must gather data from the 
MNs in the respective cluster. In a clustered network, the data of each node is transmitted 
locally in its matching cluster but not transmitted through the entire network[26]. Every CH can 
recognize and receive data from their MNs in their corresponding cluster and other CHs that 
could be used to relay data to the BS. However, each MN has knowledge about only its CH but 
not about other nodes in the whole network. This makes the whole network looks smaller in the 
sight of all the nodes in the network.  
 
2.2 The Benefits of Clustering 
The sensed data in a cluster can have some form of correlation since the MNs are mostly sited 
close to each other. It is therefore imperative for the CH to perform data aggregation in order to 
remove redundant data by using suppression, maximum, minimum and average functions. This 
brings distinctions between raw and useful data[27]. For example, if MNs are sensing and 
transmitting data, the matching CH can determine the average value of the data and relay it as 
a single message. That is, data aggregation decreases the amount of data that is relayed 
towards the BS as well as the number of data transmissions in the entire network. This goes a 
long way to contribute to the better utilization of the limited bandwidth. Knowing that the 
amount of energy required in data computation is usually smaller than that used in data 
transmission, data aggregation can also reduce the overall energy consumption in the network 
and increase the network’s lifespan[28].  
 
In a clustered network, the number of computations required to determine the routing paths 
through which data is delivered to the BS is reduced[29]. This is because only the CH does the 
routing so there is less exchange of routing data among the nodes in the network. Also, the size 
of the routing overhead and the routing tables are reduced. This helps to minimize the network’s 
energy consumption and further increases the network’s lifespan. In flat routing protocols, all 
the nodes in the network have the same duties in the network and data usually through many 
hope and nodes before finally arriving at the BS[30]. This situation can increase the data 
transmission time. However, in hierarchical routing methods, data covers a bigger distance as 
it moves from one level to another .here, the data transmission rate is faster and the latency 
can be reduced[31].  
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From the above discussion, it could be seen that clustering routing techniques have some better 
advantages over the flat routing techniques. It is however pertinent to note that, clustering 
routing techniques also have some drawbacks such as the overhead that is likely to be incurred 
as a result of the exchange of messages among the nodes in the network during the cluster 
configuration and maintenance processes[32]. In all, the benefits of clustering routing 
techniques overshadow its limitations concerning energy consumption. 
2.3 The Elements Examined in the Design of Cluster-Based Algorithms 
 
A cluster-based protocol could either be implemented in a centralized or a distributed 
style[33].No central point is required to execute a distributed algorithm. The network 
configuration job is shared among all the member nodes in the network. The member nodes 
rely on the local information available to them to make network configuration decisions. This 
method is helpful because it does not keep any global information about the network. 
Nonetheless, the network configuration decision process by the member nodes requires some 
amount of computational resources.  
 
With the centralized protocol, the BS is used as a central point to configure the network[34]. 
The BS does not usually have limited computation and energy issues, so it is mostly used to 
execute the tasks that need a high amount of energy. The use of a centralized protocol can offer 
better control of the routing in the network. In either the centralized or the distributed clustering 
algorithm, there are three key aspects to be considered namely the  

 cluster head selection 
 cluster forming   
 cluster communications 

 
2.3.1 Cluster Head Selection 
In WSN, a CH could be a node with more resources than a regular node. In the case of CHs 
being a regular node, it is pertinent for re-clustering to be done to select a new CH[35]. This is 
done to avoid the quick depletion of the CH’s energy that may occur due to the various tasks it 
performs. CHs re-selection can also be a means of fault tolerance. Reselecting a new CH helps 
in establishing a new communication link for MNs when an old CH dies. When selecting a CH, 
it is important to consider the node’s location and residual energy[36]. The amount of CHs 
selected has an effect on the overall energy dissipation of the network. When the selected CHs 
are few, the distance between the MNs and their respective CHs is likely to be far apart. This 
situation increases the energy consumed in transmitting the data from the MNs to their 
corresponding CHs.  
 
A network with too many CHs which are closely located could result in collisions and redundancy 
in their data transmission especially when the data is assumed to be correlated[37]. Again, a 
CH consumes more energy than MN due to do the kind of tasks it performs, therefore have too 
many CHs in the network tends to increase the overall energy dissipation in the entire 
network[38]. From the discussion above, it is essential to consider the number of CHs to be 
chosen in the network for optimized energy utilization.  
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2.3.2 Cluster Formation 
In cluster formation, the MNs of every selected CHs are identified to form various clusters. When 
clusters are being formed, it is important to make sure that MNs do not consume a large amount 
of energy whiles transmitting data to their respective CHs[39, 40].The duties of the MNs 
contribute to the burden of their CHs since every CH has to collect and aggregate the data from 
its NMs and later forward them to the BS. This implies that the more the tasks of the MNs 
increase, the more their corresponding CHs consume more energy. When clusters are formed 
in such a way that they have a similar sized and balanced load, it helps the CHs to use less 
energy in performing their tasks.   
 
2.3.2 Cluster Communication 
Intra-cluster communication and inter-cluster communication are the two main types of cluster 
communications[41]. With the intra-cluster communications, the data exchanges occur 
between each of the MNs and their respective CHs. This type of communication normally 
includes a one-hop transmission between each of the MNs and their CHs which simplifies the 
communications. Multi-hop transmissions become beneficial in cases, where the MNs have a 
very short transmission range and cannot reach their corresponding CHs.  
 
With inter-cluster communications, the interaction is normally between the CH and the BS[42]. 
This type of communication typically determines the path between each of the CH and the BS 
to transmit data. In small networks where the CHs are closer to the BS, a single hop becomes 
beneficial in transmitting data from the CHs to the BS. When the distance between the CHs and 
the BS are far apart, multi-hop transmission becomes more prudent in relaying data from the 
CHs to the BS.    
 
3. THE PROPOSED ROUTING TECHNIQUE 
 
3.1 Our views on the existing cluster-based algorithms 
In centralized protocols, the BS exploits its global knowledge of the network to produce better 
decisions, as opposed to distributed protocols where decisions are made locally and may not 
be the most efficient[43, 44]. This can help in avoiding uncertainty at the nodes since the BS is 
making decisions on their behalf while taking into consideration the conditions in the entire 
network. Utilizing a centralized algorithm can provide robustness where the BS reacts to any 
changes in the nodes’ conditions by re-configuring the network and providing the new routing 
paths. Moreover, centralizing the algorithm can offer flexibility in computing the entire routes as 
opposed to determining only the next-hop at the nodes themselves which is the case in 
distributed algorithms[45, 46].  
 
In centralized algorithms, the required computations are shifted from the nodes, which have 
limited computation capability and energy supply, to the BS, which has a much higher 
computation capability and no energy limitation[47, 48]. Having a centralized algorithm can 
avoid the need for exchanging messages between the nodes in the association process, e.g., 
nodes announcing they are CHs, and nodes choosing and joining their CHs, which are used in 
distributed algorithms. This can reduce the amount of signaling messages, helping to reduce 
collisions in the network.  
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However, centralized algorithms still require exchanging messages between each of the nodes 
and the BS, which needs to be considered in designing a centralized cluster-based 
algorithm[49, 50]. 
 
Selecting CHs in a deterministic manner can better control the decision and can produce better 
distributed CHs. This is different from employing a probability function where nodes make the 
decision independently like in LEACH .Employing the residual energy as a parameter in CH 
selection can ensure that only nodes with high remaining energy are elected as CHs[51]. This 
can balance the energy consumption among the nodes. For cluster forming, LEACH-C considers 
only the distance parameter in determining the MNs of each CH. This may result in unbalanced 
cluster sizes, unbalanced energy consumption among CHs and thus, cannot effectively extend 
network lifetime. 
 
In many of the existing cluster-based protocols, CHs deliver their data to the BS in a single hop 
manner, like in LEACH-C[52]. This method requires high transmission power when CHs are far 
away from the BS. To address this issue, other protocols construct multi-hop routing paths 
between CHs and the BS based on residual energy alone or distance alone[53]. However, 
forwarding data based on the residual energy of the next-hop, CH alone can result in long-range 
transmissions which will require high transmission power. On the other hand, considering only 
the distance to the nexthop, the CH’s energy can be depleted quickly. Relying on one CH to relay 
data to the BS depletes its energy faster than the other CHs, which results in unbalanced energy 
consumption among CHs.  Unbalanced load results in unbalanced energy consumption, which 
shortens the network’s lifetime[54]. This is one of the issues that need to be considered in the 
case of multi-hop inter-cluster communication. 
 
Furthermore, in the existing centralized cluster-based algorithms, all the nodes in the network 
send their status information in every round to the BS[55]. This information is used in 
configuring the network. However, in practice, the network might suffer from a large amount of 
traffic because of these transmissions. Also, some of these transmissions can be redundant 
since the change in energy may not be significant and therefore, does not affect the network 
configuration. Unnecessary transmissions of nodes information increase the total energy 
consumption. That is another issue to be considered. 
 
More importantly, the existing cluster-based algorithms employ TDMA[56] schedules and CDMA 
codes for data transmission between MNs, CHs, and the BS[57]. In practice, it is hard to create 
such schedules and codes since they require synchronization between the nodes in the 
network, which is difficult to achieve in ad-hoc WSNs. For this reason, many WSNs do not use 
TDMA or CDMA schemes. Instead, they employ CSMA for the simplicity of access control. That 
is, it is asynchronous and the transmission can be done in a distributed manner. This means 
that there is no need to assign a time slot for each node that needs to transmit data. Again, the 
main standard for WSNs is IEEE 802:15:4 which employs CSMA for data transmission[58]. 
Therefore, it is more practical to have a routing algorithm that utilizes only CSMA during data 
transmission. 
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3.2 System Energy Model of a Sensor Node 
Having an understanding that the wireless communication component of a sensor node is 
responsible for the energy-draining activities, we use the radio model shown in Figure 3.1. The 
first order radio model offers an evaluation of energy consumed when transmission or reception 
is made by a sensor node at each cycle[59]. The radio has power control to expend the minimum 
energy required to reach the intended recipients. 
 

 
 
 

Figure 3.1: Schematic diagram of the first order radio model 
 
 
Mathematically, when a k-bit message is transmitted through a distance, d, required energy can 
be expressed as stated in the equation: 
𝐸்௫ =  𝐸௘௟௘௖௧ . 𝑘 + 𝐸௔௠௣. 𝑑ଶ. 𝑘                                       (3.1) 
 
Similarly, the energy consumed at the reception is shown in the equation below: 
 𝐸ோ௫ =  𝐸௘௟௘௖௧ . 𝑘                                                                (3.2) 
 
Where: 
𝐸்௫ି௘௟௘௖௧is the energy dissipation per bit at the transmitter. 
𝐸ோ௫ି௘௟௘௖௧is the energy dissipation per bit at the receiver. 
𝐸௔௠௣is the amplification factor   
𝐸௘௟௘௖௧is the cost of circuit energy when transmitting or receiving one bit of data 
k  is the number of transmitted data bit 
d  is the distance between a sensor node and its respective cluster head  
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The first order radio equation was used to verify the operation of our proposed algorithm, 
assuming that the radio channel being symmetric such that equal energy is used up when a 
node A transmits to node B and when a node B transmits to node A with a given signal to noise 
ratio.  
 
3.3 Our proposed technique 
Based on our views expressed in sub-section 3.1 regarding the issues in the existing cluster-
based algorithms, we have proposed an Energy Efficient Hierarchical Routing Technique 
(EEHRT) for WSN. The main objective of our proposed technique is to reduce the total energy 
consumption in the network and to extend the network’slifetime. Our proposed technique is 
based on the principle of LEACH protocol.To minimize the energy consumption in WSNs, we 
have proposed a technique whose principle of cluster head election is based on the forecast of 
the highest remaining energy after the subsequent round and the shortest distance through the 
nearest cluster head to the BS. Since hierarchical routing technique offers a better scalability 
and efficient communication approach, its concept can also be effectively used to design energy 
efficient routing algorithm in WSN. 
 
In the proposed model, cluster formation is based on equal division of the area. Apart from the 
one cluster formation which makes use of the entire sensors area, other formation such as two 
clusters formation and three clusters formation involves equal segregation of the area. The 
Cluster Head selection stage comes after the cluster formation stage. The selection of CH within 
each cluster is done by selecting a node that requires less transmission energy to be the CH for 
a particular transmission round. Due to draining activities being constraint on a cluster head 
during data aggregation and transfer phase, the cluster head is rotated among the sensor nodes 
of each cluster at every transmission round. A completely new estimation of energy is carried 
out at the beginning of every transmission round to elect a new CH for the cluster therefore 
energy wastage is being reduce to its minimum, and utilization of each node’s energy is being 
maximized to ensure an increased network lifetime. 
 
The technique consists of following steps:  

i. Cluster formation which is based on equal division of the area . 
ii. Election of CHs  
iii. Data aggregation  
iv. Data transmission  

 
The Cluster Head election  can be also be described in the following four stages: 

i. The initial energy 𝐸௜௡(𝑛) of the node is measured  
ii. The distance 𝑑(𝑛) from each node to the BS or/to the corresponding higher level CH is 

measured    
iii. Estimation of the energy required by each node for transmission within the cluster is 

carried out using the formula: ൫𝐸௔௠௣ ∗ 𝑘 ∗ 𝑑ଶ൯ 
iv. The maximum energy after the subsequent transmission round for each node is 

estimated and selection of CH is done using the formula:  
max൫𝐸௜௡(𝑛) − 𝐸௔௠௣ ∗ 𝑘 ∗ 𝑑ଶ൯ then after the CH selection is carried out, the next 
cluster head selection will take place after the current round is completed.  
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A sleep-awake technique could be employed to avoid energy loss in the network. The maximum 
distance node is checked in each round after which the energy that is needed for data 
transmission is calculated (𝐸௧௛). In each round, if the energy level of a node  (𝐸௡) is less than 
or equal to (𝐸௧௛), the sensor node can transmit data but if the (𝐸௡) is less than (𝐸௧௛), it goes 
into sleep mode to conserve energy.  
 
The sleeping schedule of each node is set according to the (𝐸௧௛). We use the following equation 
to calculate the (𝐸௧௛). 
 
𝐸௧௛ =  ൫(𝐸𝑇𝑋 + 𝐸𝐷𝐴) ∗ 𝐷൯ +  ൫𝐸௔௠௣ ∗ 𝐷 ∗ 𝑑ସ൯        (3.3) 
 
Where D is the length of data packet and d is the distance between the maximum distance node 
and the sink. The CHs in the network forward both data generated by themselves and that of 
the MNs. The CH receives (𝐷ଵ +  𝐷ଶ +  𝐷ଷ+. . . +𝐷ே)and sends (𝐷஼ு + 𝐷ଵ +  𝐷ଶ +
 𝐷ଷ+. . . +𝐷ே) . When the distance between the 𝑁 and 𝐶𝐻is  𝑑 < 𝑑଴, the energy consumption is 
given in equation (3.4) 
 
𝐸ே

஼ு =  𝐷ே
஼ு(𝐸௘௟௘) +  𝐷ே

஼ு൫𝐸௙௦൯(𝑑ଶ)                             (3.4) 
 
When the distance between 𝑁 to 𝐶𝐻is > 𝑑଴ , the energy consumption is given in equation 
(3.5) 
 
𝐸ே

஼ு =  𝐷ே
஼ு(𝐸௘௟௘) +  𝐷ே

஼ு൫𝐸௔௠௣൯(𝑑ସ)                         (3.5) 
 
Energy consumed by CH to transmit data to the Sink(S) when the distance between them is 
𝑑 < 𝑑଴ is given in equation (3.6) 
 
𝐸஼ு

ௌ =  𝐷஼ு
ௌ (𝐸௘௟௘) + 𝐸஽஺ + 𝐷஼ு

ௌ ൫𝐸௙௦൯(𝑑ଶ)                 (3.6) 
 
When the distance between the CH and S is 𝑑 > 𝑑଴, the energy consumption is given in 
equation(3.7) 
 
𝐸஼ு

ௌ =  𝐷஼ு
ௌ (𝐸௘௟௘) + 𝐸஽஺ + 𝐷஼ு

ௌ ൫𝐸௔௠௣൯(𝑑ସ)              (3.7) 
 
𝐸்௢௧௔௟_஼ு =  𝐸஼ு + 𝐸ே(3.8) 
 

𝐸஺௩௘௥௔௚௘_஼ு =
𝐸்௢௧௔௟_஼ு

𝑁
                                                       (3.9) 

 
Energy saving in each round for a normal node: 
 
𝐸ௌ௔௩௘ಿ

=  𝐸௘௟௘ + 𝐸்௑ + 𝐸௔௠௣(3.10) 
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Energy saving for CH : 
 
𝐸ௌ௔௩௘_஼ு =  𝐸௘௟௘ + 𝐸஽஺ + 𝐸்௑ା 𝐸ோ௑ +  𝐸௔௠௣          (3.11) 
 
Energy saving for all sleep nodes is given in equation (3.12) 
 

𝐸ௌ௔௩௘೅೚೟ೌ೗
=  ෍ 𝐸௜

௡

௜ୀ଴

                                                         (3.12) 

 
The sleep-awake technique is based on the (𝐸௧௛). The nodes that are far from the sink have a 
high probability of sleeping, therefore conserving energy to increase the network’s lifespan. Due 
to the limited energy of sensor nodes, the implementation of the sleep-wake technique is very 
useful to enhance the lifetime of the network.  
 
4. CONCLUSION 
 
4.1 Conclusion 
A major challenge in designing an efficient protocol for wireless sensor networks is maximizing 
the network’s lifetime. Clustering has been considered one of the most viable methods for 
addressing the challenge of maximizing network lifetime. In this paper, we proposed an energy 
efficient hierarchical routing technique in which cluster heads are elected based on the 
prediction of transmission energy via a shortest distance to the base station. Our approach 
rotates the role of CH, and optimize the CH selection by prediction of  energy transmission  in 
every round and aggregating data before transmission to the BS. The important features which 
include cluster formation and rotation, cluster head election and rotation, and cluster 
optimization of our proposed hierarchical routing technique in transmitting data to the base 
station were emphasized.  
 
The concept of hierarchical routing technique can be effectively used to design energy-efficient 
routing protocol in WSN. With the energy awareness algorithm being our core interest in this 
work, our proposed hierarchical technique, which uses the prediction of the smallest 
transmission energy via the shortest path possible to send data to the BS offers more reduced 
energy consumption and also increases the lifetime of the WSN. 
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