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Abstract 
 
Network lifetime and throughput are one of the key concerns when 

developing wireless sensor network (WSN) routing protocols. Most of the 

latest systems, however, are oriented to extending network life. Low energy 

adaptive clustering hierarchy (LEACH) is one of the significant hierarchical 

protocols used to reduce energy consumption in WSNs. This article provides 

an extensive analysis of LEACH-variant clustering protocols for WSNs. This 

article is focused on cluster and CH selection techniques and their strengths 

and weaknesses. A new taxonomy will be provided based on distinct classes 

to discuss LEACH variations, and the present study will be contrasted with 

other existing studies. This paper surveys energy efficient routing schemes in 

WSN for extended lifespan. This paper exploits multilayer cluster 

architecture for energy-efficient selection of forwarding nodes, rotation of 

cluster heads, as well as inter- and intra-cluster routing. Comparison findings 

of the checked algorithms indicate the performance efficiency of the 

compared scheme in terms of different metrics published in the literature. 

 

Keywords: LEACH protocol, cluster formation, WSN, energy 

consumption, efficiency. 

 
1 Introduction 
 

Wireless sensor network consists of an enormous number of sensing 

elements capable to identify, recognize process and physical marvels and 
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communicate them through the sink to a base station. WSNs in present 

scenario are regarded as revolutionary information gathering tools as they 

feature easier deployment and better flexibility of devices in comparison to 

the wired solutions [1]. The WSN consists of nodes that are capable of 

detecting a change and all the nodes inter-connected and collectively transmit 

data to the sink. A transformation representing the operation of sensor 

networks is the combination of Sensing, Central Processing and Radio to 

achieve a large no. of applications [2]. These applications including building 

of a smart road network infrastructure, monitoring of sewage for reducing the 

blockage, helping the individuals to discover nearest parking spot in a new 

city etc.  

The productivity of such organizations is estimated by: (i) the lifetime of the 

WSN usually calculated as the difference between time spanning from the 

outset of the WSN and when the battery of the first sensor is exhausted. 

(ii)The throughput calculated by the extent of the data detected in nature 

which has effectively achieved the destination, and (iii) the delay and time 

were taken by the data gathered by the WSN to go from the detecting zone to 

the passage where the data is to be processed.  

The architectural model of OSI is followed by the WSNs for 

communication but the topology of the networks changes frequently because 

the many nodes enter into and leave the network at a time. This increase and 

fall in the number of nodes communicating in the networks directly impacts 

the energy efficiency as well as the quality of service of the sensor network. 

Energy or Power is an essential requirement for sensors to perform various 

operations. And the energy is devoted to the node components in the idle 

state also [3], therefore, the sources of energy have to be recharged or 

changed after particular intervals of time, but at times it becomes hard to 

recharge the batteries or to change them due to demographic conditions then 

there should be reliable alternatives to overcome such problems [4]. In 

addition to this, as the size of a sensor node is really small due to which it 

results in other corresponding constraints on resources such as energy, 

memory, computational speed, and communications bandwidth effecting the 

quality of service of the network. QoS [5] is the intensity of service provided 

to the users. In WSNs, the effectiveness of an application depends not only 

on the broadcast capability but also the tracking & monitoring capability. So, 

the QoS of a WSN is application-specific, such as the monitor ability of 

events, the covered area of the network, time delay in transmitting the data, 

the power consumption of network, etc. [6].  

All the steps from node deployment to network architecture 

(flat/clustered) and from environmental sensing to the communication of 

sensed data to the BS (routing) should be carefully planned for minimal use 

of Battery energy. In a clustered network architecture [4], nodes are grouped 

into clusters with one node named Cluster Head (CH) designated as their 

head and other nodes in the clusters designated as Cluster Members (CM). In 

the clustered network, the process of designating a node as the head of the 

cluster,  
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i.e. the option of CH, is typically the initial step, while the route for 

transmitting the data from the source to the destination is generally its final 

phase [5], but this sequence is not always the case. Therefore, nodes are 

assigned with different functions in a clustered network architecture. Figure 1 

shows possible functions of a node, depending on the underlying clustering 

algorithm during its lifetime. The node functions outlined in the figure shape 

the part of any clustering algorithm. A short description for each is also 

provided for better understanding of each function [6]. 

 

 
 

Figure 1The nodes role during their operation in a cluster-based architecture. 

 

Energy-efficient routing aims to reduce energy consumption by 

enhancing many functional factors such as sink communication, cluster 

design, CH preference, inter-cluster and intra-cluster communication style, 

and CH rotation [7]. Although a clustered network has priority over a flat 

network in many respects for better network efficiency, it‟s part of cluster 

design still consumes more energy [8]. In this paper, we have targeted the 

issue of improving network throughput from the aspect of energy 

conservation for routing and its related functionalities. 
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2 Routing oN WSNs 
 

The routing protocol is a way to pick the appropriate route to transmit 

information from source to destination [9]. This method faces numerous 

problems during choosing path that depends on the network type, features of 

channel and performance metrics [10]. The information sensed by the SNs in 

a WSN is transferred to BS, which connects sensor network to other 

networks (may be online) where the information is gathered, monitored and 

take action accordingly. Fig. 2 gives a global overview of this classification. 

 

 
 

Figure 2 Classification of Routing Protocol in A WSN 

 
2.1 Data Aggregation Techniques 
 

On the basis of the network topology, the data aggregation networks can 

generally be divided into two parts: a flat and hierarchical network. The data 

aggregation node has excessive communication and computation load in Flat 

routing protocols; hence its battery is depleted more quickly. As a result, 

several structured or hierarchical algorithms is proposed to improve  

scalability and energy efficiency and are classified as shown in Fig. 3 [11]. 

 
 

Figure 3 Classification of Hierarchical Data Aggregation 
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2.1.1 Cluster-Based Data Aggregation 
 

SNs should perform efficient data fusion to increase the network 

lifetime. In this approach, there is no central processor node. SNs are 

organized into group of nodes called as cluster in which a CH is chosen as 

shown in Fig. 4 [12]. CH node has energy higher than other SNs. Cluster 

members are the low energy nodes. The cluster members send their 

information to CH. It is the responsibility of CH to aggregate and fuse the 

data with its own data. The fused data is forwarded further by CH to BS. Due 

to reduction in communication distance between nodes, the energy 

consumption by nodes is greatly reduced. Therefore, cluster- based data 

aggregation approach is an energy efficient approach. 

 
2.1.2 Chain Based Data Aggregation  
 

In cluster-based WSNs, when CH is distant from its member nodes, 

unnecessary energy is expended on interaction. This downside builds the key 

idea for chain-based data aggregation where each SN forwarded to its closest 

neighbor [13]. 

Chain based data aggregation is shown in Fig. 5 the sensor node that 

is farthest from the BS and in each point adjacent neighboring SN is chosen 

as the chain's successor based on the signal strength to measure the distance 

to all adjacent SNs in order to detect only one SN. The greedy chain 

formation method used may cause a few SNs to have relatively close 

neighbors along the chain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 Cluster Based Data Aggregation 
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Figure 5 Chain Based Data Aggregation 

 
2.1.3 Tree Based Data Aggregation 
 

In this approach, SNs are divided into different hierarchical levels. BS is 

considered at highest level and all other SNs are considered at low level as 

shown in Fig. 6 [14]. The nodes at level „0‟ are considered as leaf nodes. 

Each leaf node has its parent node. The leaf nodes transmit data to parent 

node. It is the responsibility of parent node to aggregate the information and 

then forward it to BS. There is balance of workload among nodes.  

 

 
 

Figure 6 Tree Based Data Aggregation 
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2.1.4 Grid Based Data Aggregation  
 

In this technique, in each grid a fixed data aggregator is positioned and 

the information from all SNs is further aggregated. The sensors therefore do 

not communicate with other SNs within a grid. In a grid, until the last node 

dies, all of the SNs can be considered as data aggregator. For weather 

prediction and military surveillance, this method is often useful [15]. 

Aggregation of grid-based data is different in two respects from in-

network aggregation as shown in Fig. 7. First, each SN within the grid 

interacts with their adjacent SNs in network aggregation. Secondly, any SN 

that is inside the grid can achieve the role of collecting the data. This 

aggregation scheme in the network is suitable for areas where highly 

localized events occur. 

 

 
Figure 7 Comparison of Grid Based Aggregator with In-Network Aggregator 

 

3 Clustering in WSNs 
 

Using clustering, the area is subdivided into clusters that are formed on 

the basis of nodes similarities. The key benefit of utilizing clustering 

technique in WSN is to reduce network congestion. In a clustered network, 

data packet transmissions are forwarded from SNs to CHs, which are 

responsible for managing intra-cluster communications. CHs aggregate the 

collected information samples and transmit aggregated results to BS via 

either direct or multi-hop links[16]. Owing to this, the SNs that 

simultaneously try to access the wireless channel is reduced, resulting in 

reduced parallel transmissions and hence network congestion as compared to 

flat networks. Besides, reducing the number of simultaneous transmissions 

and network congestion increases data collection accuracy and scalability in 

clustered networks. This means that a greater number of data samples is 

received at CHs for aggregation because the intra-cluster links are more 
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reliable for the delivery of data packets in comparison to long routes which 

are established in at network from the event regions to the sink. 

 

3.1 Advantages of Clustering 
 

The clustering algorithm has many advantages in terms of energy saving 

and memory utilization[11]. Some of the benefits of clustering are discussed 

below: 

1. Scalability: Each cluster has leader SN which receives sensing 

information from member nodes and forward the collected packet to BS. 

Compared with a flat network, hierarchical networks are easily manageable 

and improves the scalability of the network.  

2. Data aggregation/fusion: CH receives the information from its CMs and 

aggregates that information by using average, summation, minimization or 

maximization techniques. Aggregation method reduces the size of data 

packets. CH also fuses some data during aggregation.  

3. Fewer loads: Only CH nodes play the responsibility of data aggregation. 

So, the load amongst all nodes is decreased. Also, the load of CHs is also 

balanced as CH rotates dynamically within network in each round. 

4. Minimum energy consumption: The process of data aggregation also 

minimizes the requirement of energy for transmission of data. Intra cluster 

communication allows less energy consumption. 

5. More robustness: CHs are rotated periodically among the SNs in order to 

circumvent the particulate node failure. So, the hierarchical networks are 

more robust against flat networks. 

6. Collision Avoidance: CH broadcasts the advertisement message using 

CSMA technique in order to avoid collisions. CMs also send the join request 

message using CSMA and transmit their sensed data to respective CH 

according to TDMA schedule. Using CSMA and TDMA technique, the 

collision is avoided to a great extent. 

 

3.2 Need of CH Election  
 

SNs consist of too much data information for an end user to process. 

Thus, there is a need of central leader or local BS in each cluster for 

aggregation and compression of information gathered from member nodes 

[17]. A central leader node is known as CH. CH helps to maintain 

information regarding cluster such as nodes count and route to every node in 

the cluster. A CH can produce an exact signal by raising the common signal 

and eliminating the inconsistent noise. Suitable CH can diminish 

consumption of energy and prolongs lifetime of network. Following are the 

few points listed which tells the responsibilities of CH: 

• CH does communication with all of the nodes of its own cluster. 
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• It should also have capability to communicate with the nodes.  

• It can communicate with the nodes of other cluster via CH or gateways. 

• CH does communication in three steps: 

i. Receives data packets from its members 

ii. Performs compression of the data 

iii. Sends data to the sink or other CH 

 

3.3 Clustering Attributes 
 

To form the clusters, three attributes should be considered: methodology, 

cluster properties and CH selection. Clustering methodology is classified into 

three categories [11]: 

1. Centralized: the clustering information is collected at a single or multiple 

node (i.e sink) to optimally form the clusters. This scheme is expensive for 

WSNs as it needs frequent communications between the SNs to gather the 

information and/or form/manage the clusters. Moreover, the performance of 

clustering would depend on the availability of the node(s) which is in charge 

of forming the clusters. The clustering procedure would fail if the node(s) 

fails or is not available. LEACH-C utilizes a centralize scheme at the sink to 

form the cluster. 

2. Distributed: allows for the local performance of clustering at each node 

without any centralized control. Although distributed clustering has the 

potential to resolve the drawbacks of centralized clustering, it forms 

overlapped or un-balances clusters. LEACH is an example of distributed 

clustering. 

3. Hybrid: each cluster is formed in a centralized manner at a node (Cluster-

Head), whereas the inter-cluster links are formed according to a decentralized 

protocol. The contribution of hybrid clustering is to avoid forming 

overlapped and un-balanced clusters. TEEN uses a hybrid approach for 

clustering. 

There are four issues (clustering properties) that need to be considered in 

a clustering procedure. First the cluster count may be fixed or varied based 

on the node count and/or network application. It can be dynamically set by 

the network consumer in advance or during network deployment. For 

example, the cluster count is fixed in HEED, whereas it may be variable in 

LEACH. Second the cluster size can be either equal or unequal. The former 

establishes same size clusters, whereas the latter forms clusters of variable 

size i.e. LEACH. And the third inter/intra cluster communications focus on 

the communication patterns used by the sensor nodes within or between the 

clusters. They can be formed either as direct or multi hop, based on the 

network application, size and/or density. HEED establishes the links either in 

single or multi-hop, whereas single-hop links are created in LEACH. 

Each cluster is managed by either one or multiple nodes, namely the 

CHs. They may play different roles as aggregator, relay and/or data collector 

to manage intra-cluster communications. CH selection is a challenging issue  
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in clustering procedure as the efficiency and stability of a cluster depends on 

the CH properties. Selecting CH with low connectivity degree and/or residual 

energy leads to the formation of un-balanced, overlapped and/or unstable 

clusters. Hence, the nodes need to frequently or periodically re-cluster the 

network to adapt themselves with the application requirements or network 

characteristics. A CH is typically selected using one of three schemes: 

1. Deterministic: the CHs are selected according to a pre-defined criterion 

such as location address in advance of network deployment. 

2. Adaptive: CHs are dynamically chosen on basis of a set of features such as 

remaining energy and/or communication cost. 

3. Random: the cluster-heads are randomly selected without considering any 

specific criteria. 

 
3.4 Clustering Parameters 

 
During cluster formation various parameters are considered and these 

parameters [18] are listed below: 

1. Number of Clusters: In different clustering algorithms, number of CHs 

are variable. But in some cases, the number of CHs is assumed to be fixed 

prior to initialization of network. If the number of CHs is increased then 

average energy consumption of network is also increased. So, number of 

clusters is usually an important parameter in terms of energy efficiency. 

2.  Intra-cluster Communication: Intra-cluster communication can be either 

direct or multi-hop based. It depends upon the distance between CMs and 

respective CH. In case, where nodes are very far away from CH then nodes 

cannot directly communicate with CH, then SN uses intermediate nodes in 

order to communicate with CH. Multi-hop communication within same 

cluster reduces the energy consumption. 

3. Nodes and CH Mobility: If the sensor network is stationary means all 

SNs are fixed after deployment then communication within cluster or outside 

cluster is stable. But in case of mobile environment, node‟s position changes 

dynamically within network.  

4. Node‟s type and Role: Node‟s type and its role is also considered as 

major factor in formation of cluster. Usually nodes are considered as 

homogeneous. In some cases, the CHs assign additional energy resources as 

compared to normal nodes, this type of network is known as heterogeneous 

network. In this type of network, the node type and its role are different.  

5. CH Selection: In some routing protocols, the clusters and CHs are 

predefined. But usually the CHs are selected periodically in each round using 

a probability function. Remaining energy is also major parameter which is 

considered during election of CH. 

6. Multi-level: In several clustering protocol, the multi-level cluster 

hierarchy is considered in order to have improved energy distribution. CHs  
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require more energy to directly communicate the data to BS. So, using multi-

level hierarchy, the efficiency of clustering algorithms is increased.  

7. Overlapping: The two or more cluster should not overlap with each 

other. Overlapping of different clusters create the intra-cluster noise 

distribution. So, the routing protocol should try to minimize the overlap. 

 

4 Leach-Based Routing Protocols in WSNs 
 

This subsection reviews routing algorithms based on LEACH. First, an 

overview of the LEACH algorithm will be available. Taxonomy of LEACH-

based algorithms is based on strength and weakness of the protocol. 

 

4.1 Low Energy Adaptive Clustering Hierarchy (LEACH) 
 

LEACH is a self-organized, adaptive clustering algorithm which makes 

equal use of randomization to distribute energy across the network [19]. 

Operation LEACH is divided into rounds. Each round consists of a setup and 

a steady state phase. The nodes that have selected themselves as the CH for 

the present round, emit a signal. After the clusters have been established the 

CHs establish a TDMA schedule for their cluster members (CMs). At a 

steady state level, the CMs share the information gathered to their CH. CHs 

achieve data extraction to remove unnecessary information and minimize 

information in a single packet, and directly forward information to the BS. 

The next round begins after a predetermined time. 

 
4.2 LEACH-Centralized (LEACH-C) 
 

LEACH doesn‟t promise any placement on number of CHs, a new 

protocol named LEACH-C presented by Heinzelman et al. [20]. Energy level 

of SNs is being considered by LEACH-C. Hence, the nodes that are having 

extra energy left over have more possibility to get chose as CH. In addition to 

this, the number of CHs is equal to the prescheduled optimal value. 

Limitation of LEACH-C are, CHs have to convey information to the BS 

directly, they deplete a noticeable amount of energy. Moreover, at the 

beginning of each round some particular control messages is required to be 

sent that consume some amount of energy. After the cluster setup is made in 

each round, dissipation of energy and latency increases.  

 

4.3 Threshold Sensitive Energy Efficient Sensor Network (TEEN) 
 

Manjeshwar et al. offered reactive data-centric approach named TEEN to 

cluster the network in which data samples are reported in a time-sensitive 

manner. SNs are grouped into a set of clusters based on their available data 

samples. They are assigned by two threshold parameters. Hard Threshold  
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(HT) is sensed data samples that shows new type/value data samples. Soft 

Threshold (ST) is the acceptable change rate of similar data samples. It leads 

to report data in the case of sudden changes. According to the threshold 

values, a data sample is transmitted to a CH if it is beyond HT and/or greater 

than ST. The CHs also consider the threshold values to report 

collected/aggregated data to the sink. It allows a fewer number of source 

nodes (instead of all) to transmit data according to changes that are 

interesting for the data consumer. However, it is unsuitable for periodic data 

collection as it returns no result until data values are changed and the 

thresholds are reached [21]. 

 
4.4 Adaptive Periodic TEEN (APTEEN) 
 

To overwhelm the drawbacks of TEEN, Manjeshwar et al. proposed an 

adaptive periodic TEEN (APTEEN) [22]. Similar to TEEN, source nodes 

transmit data samples when the values are beyond HT and/or greater than ST. 

However, source nodes re-sense and/or re-transmit data samples if count time 

(the allowed period between consecutive data reports) is expired. Hence, 

count time enhances data collection exibility when data consumer needs 

periodic data gathering. Assigning the threshold values to the nodes is a 

challenging issue for both TEEN and APTEEN algorithms. As the values are 

rooted in the application/consumer requirements, it reduces network exibility 

if they are allocated to the nodes in prior of deployment. On the other hand, 

threshold value allocation consumes network resources if the values are 

frequently flooded from the sink to the CHs especially in dense networks. 

 
4.5 Stable Election Protocol (SEP) 
 

SEP was introduced for heterogeneous WSNs to extend the stability 

period of the network by balancing energy consumption of SNs [23]. 

Advance nodes are given with extra energy than normal nodes, these nodes 

develop into CH that is good equality constraint to make sure the stability is 

enhanced. This protocol enhances the network period. Enhanced version of 

SEP (SEP-E), proposed by F.A. Aderohunmu et al. is a three-level 

enhancement of SEP  

 

4.6 Threshold-Sensitive SEP (TSEP) 
 

There are three kinds of SNs with varying energy levels are considered 

[24]. Similar to TEEN, the transmission of data is dependent on threshold 

parameters. TSEP enhance stability, lifetime of network. An enhance 

threshold sensitive SEP (ETSSEP) choose a smaller number of clusters and 

use left-over energy of SNs. ETSSEP completes better than SEP and TSEP 

for operational lifespan and stability.  
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4.7 Energy Efficient Heterogeneous Clustered-Scheme (EEHC) 
 
 EEHC aims to increase the operational lifespan and stability period of 

WSN [25]. CH election is based on weighted election probability (WEP) that 

is a function of initial energy of SN. The SNs closer to BS forward 

information directly to BS, whereas SNs far from BS opt cluster-based 

communications.  

 

4.8 Distributed Energy-Efficient Clustering Scheme (DEEC) 
 

Li Qing et al. investigated DEEC protocol for HWSNs. Selection of CHs 

by protocol is done using a probability function on the basis of ratio between 

residual energy of each SN and average network energy. For this reason, 

nodes having higher energy have more chances to be elected as a CH as 

compared to the nodes having minimum energy [26]. It is also known as 

energy aware adaptive clustering protocol because the nodes independently 

choose it-self as CH based on its residual energy. DEEC performs well as 

compared to competitive algorithms [27]. 

Elbhiri et al. proposed Developed DEEC (DDEEC) [28] and Javaid et al. 

proposed enhanced DDEEC (EDDEEC). It chooses CHs using initial and 

remaining energy of SNs as described in DEEC. The only difference is that 

EDDEEC consider the three level of heterogeneity. In DEEC and DDEEC, 

higher energy nodes are continually punished. To avoid this problem, 

EDDEEC proposed some changes in the election probabilities of different 

nodes to avoid the problem of over penalized of higher energy nodes.  

 
4.9 LEACH with Distance Thresholds (LEACH-DT) 
 

Kang et al. proposed a protocol LEACH-DT for the selection of CHs 

[29]. In LEACH-DT, the parameter for the selection of CH depends on its 

distance from BS. BS determines the distance between all the nodes using 

received signal strength. This data broadcasted to the nodes by BS [30]. The 

decision made by SNs are based on these data for the selection of CH. Single 

hop communication is used in SG that transmit the information to CH. Then, 

information transmitted to CH that is nearer to BS. By multi-hop 

communication, consumption of energy is decreased in the process of 

receiving the data from the SG. 

 

4.10 Two-Level Hierarchy LEACH (TL-LEACH) 
 

TL-LEACH is an extension to LEACH algorithm. The function of TL-

LEACH can be defined by help of phases. After the selection of primary CHs 

and secondary CHs, primary CHs direct the advertisement packet to leaf 

nodes. After this, secondary CHs share the advertisement to leaf nodes and 

also decide to which primary CHs it wants to belong.  
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The CHs create the TDMA schedule and allocate the time slots to 

respective leaf nodes. Secondary CHs share collected data to BS. Two level 

clustering process reduces the consumption to some extent in comparison 

with LEACH. Figure 8 shows Two-Level Hierarchy Structure. 

 
Figure 8 Two-Level Hierarchy Structure 

 
4.11 Energy Efficient Clustering Scheme (EECS) 
 
 Ye et al. presented EECS protocol [31]. Each SN transmit its data about 

the energy left to their neighboring nodes. SN elected as CH for the present 

round, if it does not find any other node that has higher residual energy in its 

vicinity. It helps in optimizing selection procedure of CHs and also help in 

reducing distance in intra-cluster communication. To minimize the cost of 

energy used in transmission purpose, SNs select those CH which are nearer 

to it. EECS help in balancing the consumption of energy. This protocol is 

only suitable for small-range network, as it uses direct transmission. Where 

CH-BS separation is large, there will be requirement of more energy to 

communicate. 

 

4.12 Energy-Efficient Clustering Protocol (EECP) 
 
 Kumar has presented a single-hop EECP [32]. In this protocol for 

calculation of WEP, it considers the remaining energy of SNs.  In S-EECP, 

data can be transmitted using nodes to the BS without using the relay node, 

due to this reason SNs faraway from BS die at a faster rate. Multi-hop 

communication can solve this problem by finding out the smallest pathway 

from each CH to BS. 

 

4.13 Deterministic Energy-Efficient Clustering (DEC) 
 

DEC helps in finding the state of SNs that are using residual energy to  
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elect a CH in a deterministic manner [33]. DEC elects a fixed number of 

CHs, thus confirming uniform distribution of energy consumption and 

prolonging the network's reliability. 

 
4.14 Vice CH LEACH (V–LEACH) 
 

V–LEACH is another protocol in this subcategory. Unlike LEACH, this 

algorithm utilizes a vice CH node through node remaining energy, thus 

improving the selection effectiveness of the CH [34]. Fig. 9 demonstrates the 

V–LEACH architecture. 

 
Figure 9 V-LEACH Architecture 

 

A mechanism is suggested in V–LEACH to prevent the premature death 

of CHs. Reorganized nodes and reselected CHs based on the notion of vice 

CH (VCH). A VCH is selected on the basis of remaining energy of CH and 

their ID is sent to all the SNs in a cluster. Instead of the earlier CH, ordinary 

nodes will start transmitting information to the VCH, which will become a 

standard node. 

Due to the selection of a VCH instead of a reclustering procedure, 

network lifetime in V–LEACH is considerably improved, thereby saving 

power throughout the network. In addition, the effectiveness of bringing 

information to the BS is improved by using the VCH to direct the data to the 

BS, including replacement of it by VCH. Thus, this protocol guarantees the 

sending of packets to the BS.  

 

4.15 Scalable Energy Efficient Clustering Hierarchy (SEECH) 
 

Tarhaniet al. introduced a SEECH protocol it is helpful in the application 

of periodic data transmission [35]. It uses the distributed to decrease the 

energy burden on CH.  SEECH performs well for large scale WSNs 

application. 
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4.16 Centralized Cognitive LEACH (Cogleach–C) 
 

Significant issue in WSNs is overcome by CogLEACH–C protocol [36]. 

A centralized spectrum-aware protocol is used to tackle the energy level to 

elect a CH. First, with its ID, network position, and remaining energy, each 

node transmits a signal to the BS. BS calculates the remaining total energy 

and the number of idle channels available. BS determines the choice for each 

node to be a CH or not. The protocol's main benefit is that the lifetime of the 

network is greatly improved due to the system used to pick a CH. A node 

having higher energy level has a high likelihood of becoming a CH, 

prolonging the lifetime of the network. 

It suffers from several drawbacks, though. It utilizes location data 

metrics for selecting the CH node in texts sent to the BS; this method is 

expensive due to GPS use. In calculating the probability of nodes becoming 

CHs, the protocol also depends on the BS. Consequently, communication 

overhead rises in the network due to the data directed to the BS from each 

node. 

 

4.17 Distance-Based Residual Energy Efficient SEP (DRESEP) 
 

Mittal and Singh proposed DRESEP protocol to form the cluster taking 

both MTE and LEACH advantageous features [37]. It uses a data-centered, 

reactive approach similar to TEEN. DRESEP protocol brings in the data 

transmission process two changes. Firstly, the protocol uses a reactive 

approach by making use of a threshold-based contact option between CMs 

and CH. Second, instead of direct transmission, the protocol adopts a dual-

hop transmission strategy between CH and BS 

Mittal et al. developed a DRESEP based stabilization-conscious method 

called SEECP [38]. By implementing the deterministic approach, the issue of 

unequal distribution of SNs is supposed to be eliminated. This protocol 

certifies a predetermined number of CHs, which effectively balances the load 

in all nodes. SEECP increases the network efficiency as compared to 

LEACH and DRESEP in terms of energy management and stability time. 

An evaluation of cluster-based routing protocols is shown in Table 1.  
Table 1 Comparison of cluster-based routing protocols. 

 
Protocol  Ref. Method  Node type  Nature  Cluster 

count  

Inter-cluster 

topology  

CH election  Networ

k 

Lifetim

e  

LEACH   Heinzelman et 

al. (2000) [19] 

Distributed   Homogeneous  Proactive  Variable  Direct  Random  Good  

LEACH-C  Heinzelman et 

al. (2000) [19] 

Centralized  Homogeneous  Proactive  Variable  Direct  Deterministic  Good  

TEEN   Manjeshwar et 

al. (2001)[21] 

Distributed   Homogeneous  Reactive  Constant  Multi-hop  Random  Excelle

nt  
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The above literature reveals the fact that in most LEACH-like clustering 

protocols, the CH option is probabilistic and that a low-energy SN has the 

possibility to become CH. A deterministic way of selecting CH, such as 

DEC, which uses node residual energy as a parameter for choosing CH, must 

be Considered. Instead of using only the residual energy principle, other 

considerations are also taken into account in balancing load between SNs. In 

addition, some CHs might be located near each other too. This indicates that 

CHs are not well distributed within the network. Therefore, designing an 

energy efficient cluster-based routing algorithm is the essential requirement. 

Scalability is an essential feature used to save energy of the network. The 

protocol used to save energy for small networks with few nodes can also be 

applicable to large networks, i.e. adapting to the wider domain of the network 

should be sufficient. 

Data transmission, routing type, network type, load balancing, energy 

efficiency, latency, reliability, scalability, and communication costs are 

various parameters that are involved in WSN communication protocols. 

 

5 Conclusion 
 

In addition to many WSN applications, knowledge about power 

consumption and network lifetime as well as available resources of such 

networks needs to be properly transmitted. In such networks the most 

significant difficulty is to route and move data to the destination node in 

accordance with the energy issue. The energy-efficient routing protocols  

therefore have important and successful roles in WSNs. They are divided 

into three main groups, depending on knowledge, network structure and 

reliability. This research analyzed protocols of energy-efficient routing in 

WSNs. The essential classifications were then introduced, and corresponding 

parameters of the protocol were compared. Despite the fact that these 

protocols perform well in terms of energy performance, issues such as 

service quality (QoS) are required to be solved in order to ensure that more 

energy-efficient approaches to data transmission are used in addition to 

ensuring a guaranteed rate of data transfer or delay. Another major routing 

issue is that the stationary presence of the sensor hubs and the sink is 

embraced by most of the current routing conventions. For instance, in 

conditions where the sink should be versatile on the battlefield, and maybe 

the sensors. In such cases, in such power-constrained conditions, new routing 

techniques are required to overcome the overhead of portability and topology 

changes, keeping the end goal in mind. The integration of WSN with wired 

networks is another possible future research for routing protocols (i.e. the 

Internet). 
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