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ABSTRACT 
The Wireless sensor networks (WSNs) are intended for use in applications where energy is constrained and 
therefore, the longevity of the network is an essential aspect to the design. From WSN protocols and data 
aggregation techniques which reduce the numbers of redundant data packets, save energy and make the network 
lifespan longer, have led to the increased importance of heterogeneous WSNs; Consequently, there is the need 
for efficient data gathering protocols that minimize energy consumption, congest time and enhance network 
lifetime of the HWSNs, This study focuses particularly on clustering algorithms for data collection in HWSNs. 
Clustering makes it easy to organize the sensor nodes and the operation of the main cluster involves collecting 
information from the nodes and delivering it to the sink node. Furthermore, this review goes further to explore 
other types of clustering methods such as LEACH, TEEN and SEP to determine their ability to improve data 
aggregate performance These reveal the special characteristics of HWSNs and the challenges faced; the 
network impact is shown and factors that affect the aggregate efficiency such as data collection, clustering and 
head selection, and routing are identified Advanced techniques like hierarchical clustering, Machine learning 
and Fuzzy logic based are also discussed as possible solutions Finally the review presents static issues such as 
security, reliability, and power and overviews major conclusions and future research agenda. The research 
contributes to the development of more effective ideas to further improve the network based on the assessment 
of WSN performance and the longevity of the wireless sensor network The research emerges as a handy tool for 
researchers and professionals in the field, most especially in data aggregation for HWSNs. 
 
Keywords: A new low-power-sensitive threshold-based energy-efficient sensor network protocol, 
stable.Election protocol, low energy adaptive clustering hierarchy. 
 
1. Introduction 
Technological advancements have integrated numerous sensors into the Internet of Things (IOT). Considering 
this, in 2021, IOT is going to be composed of just over 20 billion connected devices that can generate immense 
volumes at an unprecedented rate of more than 2.5 quintillion bytes of data per day. This will be driven by 
massive adoptions of artificial intelligence, whereby people can really leverage and gain value from the data. 
As a result of this, the sensor devices are finding their deployments in various applications for collecting and 
analyzing data [1]. A WSN is made up of several tiny sensor nodes operating on batteries. These nodes monitor 
a wide range of environments and physical factors from different locations, which include motion, temperature, 
pressure, vibration, noise, and contamination. The network's node collects data from unreachable locations and 
transmits it to the central location, also called the sinking station. WSNs deploy their mobile or permanent nodes 
in the required area in a suitable or random manner. Some of the attributes of sensor nodes include but are not 
limited to size, durability, power level, and energy consumption. The widespread application of WSNs ranges 
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from traffic control, industrial operations, military monitoring, etc., to medical diagnoses, industrial processes, 
military surveillance, and traffic management [2]. 
Data will be gathered, processed, and transmitted to the base stations routinely by the sensor. The number of 
sensors used in the process or frequency of reporting data depends upon the particular application of interest. 
Data collection, in general, represents a methodical procedure for collecting sensed data from multiple sensors 
and sending it to the base station for processing. Because the sensor node has energy limitations, considering 
the highly correlated data generated by neighboring sensors, it would be inefficient to perform raw data 
transmission directly from all sensors to the base station. In addition, base stations cannot process the vast 
amount of data generated by a more extensive sensor network. Therefore, certain networks need to be employed 
at the intermediate nodes or sensors in order to collect data and provide meaningful information. This can save 
energy and bandwidth potentially by reducing the number of packets sent to the base station [3]. 
In fact, the data packets from the surviving sensor nodes ought to be processed alone and combined as well as 
summarized by the key primitive called DA before they are forwarded to the upper nodes. Or, every single 
unnecessary or redundant bit will be hooked to the big sensor networks by being disconnected from its 
corresponding sensor node. First of all, data packets from surviving sensor nodes must be processed, merged, 
and summarized using the DA called essential primitive before being sent to the upper nodes. Thus, the collected 
data will be separated from its respective sensor node irrespective of the duplicate data and will get connected 
to the broad sensor networks. Sensor nodes communicate in a network carrying values with aggregators and 
other selected nodes to pass on the values. Each aggregator then sums the data before sending it, as in Figure 1 
[4]. 

 
Figure 1   Data Aggregation Scheme [4]. 

 
1.1 . Motivation of the survey 
Cluster-based protocols have contributed significantly to many domains in WSN, where most of the sensor 
energy is utilized efficiently to enhance the lifetime of the network. They make use of different methodologies 
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and optimization techniques towards effective management of clustering operations. Despite this fact, 
comprehensive reviews are yet to be presented that can provide more valuable insight into these clustering 
methodologies and help researchers learn about this topic and consider new research directions. With this 
objective in mind, the present survey is intended to bring out from different techniques and design characteristics 
a deep understanding of various clustering protocols that have contributed to network performance 
enhancement. This survey will provide the researchers with a comprehensive overview of the clustering domain 
by classifying protocols with regard to methodologies and functionalities and analyzing their strengths and 
weaknesses. 
 
1.2 Contribution of the survey  
This survey outlines clustering protocols' techniques through a critical analysis of relevant features of the 
available various approaches. The explanation of protocols in the context of performance metrics and 
methodologies concerning clustering and classification regarding operational principles, network structure, and 
operational mechanisms is given. Network type and clustering methodologies come up with four categories 
regarding the clustering protocols surveyed. Major contributions from this survey are: 
1. 1. Presenting a new point of view in studying the existing clustering protocols, which are classified by 
operational principles, network structure, and methodologies.  
2. 2. Comparing the performance of different approaches based on feature, performance, and clustering 
parameters.  
3. 3. Analyzing various categories of protocols based on their objectives, key features, advantages, and 
disadvantages will help the researcher in shaping new research methodologies.  
4. 4. Extensive review of clustering parameters, feature methodologies, and performance of various 
protocols that would lead to a better understanding of clustering models. 
1.3. Problem Statement 
Heterogeneous Wireless Sensor Networks (HWSNs) are becoming increasingly important for real-world 
applications. However, traditional data transmission methods in HWSNs lead to: 
 High Energy Consumption: Sensor nodes have limited battery life, and frequent data transmissions 
deplete energy rapidly. 
 Network Congestion: Redundant data transmissions overload the network, hindering efficient 
communication. 
 Limited Network Lifespan: The aforementioned issues shorten the overall lifespan of the sensor 
network. 
Therefore, there is a critical need for advancements in data aggregation techniques specifically designed for 
HWSNs. These advancements should aim to: 
1. Reduce data transmission by eliminating redundancy and processing information closer to the source. 
2. Optimize energy usage by minimizing data transmissions and utilizing efficient aggregation methods. 
3. Extend network lifespan by conserving energy and reducing network congestion. 
  
 
 
1.3 Organization of the paper  
Overview of Heterogeneous Wireless Sensor Networks in Section 2. Importance of Data Aggregation 
Techniques in Section 3. Clustering Protocols for Energy Reduction in section 4. and Discussion  in Section 5. 
potential future research direction in section 6 , conclusion  In Section 7, the literature on clustering algorithms 
and these methods for HWSN energy conservation is reviewed. 
 
2. Overview of Heterogeneous Wireless Sensor Networks (HWSNs) 
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Network types depicted in Figure 2 are heterogeneous and homogeneous wireless sensor networks. Smart and 
sensor nodes in heterogeneous wireless sensor networks can be distinguished by their processing power and 
sensing ranges, for example. A high-level energy or communication capability is displayed by the heterogeneous 
high-level node CH, as seen in Fig 3. Three. Gathering and displaying data from its surroundings is the sensor 
node's principal job. Advancement nodes may have more memory and more powerful microprocessors and 
microcontrollers than cluster member nodes.  
Longer network lifespans, reduced latency, and improved data transmission reliability are just a few advantages 
of these HWSNs. Reduced latency, improved data transmission reliability, and extended network life are some 
benefits of HWSNs[5]. 
 

 
Figure 2 Sensor Node Structure  

The sensors positioned in the adjacent region provide duplicate data since these sensors usually identify the 
same events that must be quantified. The sink node will therefore be mostly in charge of managing the amount 
of data, bandwidth, and energy used. Data aggregation thus combines information from multiple sensors 
dispersed over the target environment. The objectives of this technique are to reduce superfluous data 
transmissions and provide information to the sink node . Figure 4 depicts two wireless sensor network 
environments: one with data aggregation and the other without[7-9]. 
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Figure 3  Heterogeneous high-level node CH  [6] 
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The heterogeneous WSN is even more versatile, since it is basically built from sensor nodes possessing different 
features, including a different kind of communication and sensing range-meaning also different kinds of sensors. 
As an example, one could build a WSN with nodes made up of diverse types of sensors. Assuming that there 
are two different kinds of sensor nodes, the higher-end ones would be more expensive and take longer to process, 
but they would also be much cheaper and have lower processing, communication, and sensing power. Mixing 
high-end and low-end nodes could result in an execution balance at a cost-effective level[10]. 
Hence, energy optimization has become a major research factor in HWSN. Secondly, some of the sensors may 
also forward the data in an HWSN by acting like relays. These, as compared to the other sensors, would die 
out way sooner. Applications running on HWSNs that require sending pictures or videos use a great amount 
of energy. As a result, HWSN might split into a number of independent network branches, where the Data 
transfer becomes challenging. 
The optimal approach to reducing data transmission process energy consumption and healing split network 
branches "must be found to enhance HWSN energy efficiency." The goal of the new relay nodes is to recover 
connectivity losses in HWSNs. However, as identified by earlier research, the placement of relay nodes is NP-
hard[11]. 
It is challenging to conduct energy efficiency research because packets are sent over unreliable networks. 
Various approaches have been proposed with respect to energy usage. Nevertheless, clustered routing 
algorithms are among the most reliable protocols for energy efficiency, load balancing, communication cost, 
and packet delivery from the sink node to the base station (BS). Prior research has largely focused on energy 
consumption; however, energy efficiency is an important aspect of WSN, and several energy-efficient 
algorithms have been created. 
However, none of these are really effective. Many routing algorithms have been created to handle different 
problems, such as energy usage, transmission costs, and load balancing. The review of the literature examines 
the different cluster-based routing protocol techniques with a focus on hierarchical based routing [12].  

figure 4  A sketch map of data aggregation. 
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Clustering is one of the widely used techniques for energy consumption reduction and enhancement of network 
lifetime in HWSNs, as can be seen in works such as [10, 13-17]   ]18 -21 [ : 
The High-Quality Clustering Algorithm (HQCA) uses fuzzy logic to select optimal Cluster Heads (CHs) based 
on criteria like residual energy, minimum and maximum energy in each cluster, and minimum and maximum 
distances between nodes and the base station [13]. 
In this regard, a Dynamic Uneven Clustering Protocol, DUCP autonomously clusters the Energy Harvesting 
Sources in energy harvesting wireless sensor networks, to enable CHs energy management and reduce energy 
consumption[14]. 
Therefore, the UCT2TSK algorithm, which is based on the theory of Interval Type-2 TSK Fuzzy Logic, takes 
into consideration relative distance to the base station, residual energy, and node density to optimize CHs and 
cluster sizes for a balance in energy consumption and an enhancement in energy efficiency[15]. 
The Clustering Election Game-Based and Two-Level Management Protocol (CEGT) divides the network into 
layers, selects layer heads based on location and energy, and then performs a two-stage screening and election 
games to dynamically select CHs, ensuring reasonable energy utilization and efficient load balancing [10]. 
Other energy-efficient clustering and routing protocols have also been developed for HWSNs, namely EDFCM, 
MCR, EEPCA, LEACH, and SEP to further prolong the lifetime and energy consumption of the networks   ]10 [ . 
Network coding and topology control techniques have also integrated with clustering to further reduce energy 
consumption in HWSNs[16, 17]. 
 
In heterogeneous networks, a variety of topologies are employed, which increases the network's complexity. To 
put it briefly, a heterogeneous sensor network makes use of two or more distinct types of network nodes, each 
having a unique set of features and battery life. The real cause of heterogeneous networks is that certain cluster 
heads need to have more sophisticated hardware and larger batteries in order to reduce the overall hardware cost 
of the remaining sensor network. However, the inability of the cluster head nodes to correct is being caused by 
role rotation. the cost of the remaining sensor network. However, role rotation is the reason behind the cluster 
head nodes  incapacity to correct. 
Multiple design factors in heterogeneous WSN lead to a successful wireless sensor network. Several of them 
are displayed as follows: 
1. Self-healing: In this aspect, WSNs differ from traditional networks.  
2. Memory and Processing Capabilities: It is expected that the sensor nodes' memory and   
    processing capabilities will be limited.  
3. Limited Bandwidth Consumption: Processing and sensing often require less energy than  
    communication. 
 4. Flexibility: The management system must have enough flexibility to quickly adapt to   
     modifications in the topology and dynamics of the network.  
5. Scalability: It is expected that a sizable number of sensor nodes will be installed.  
6. Production Costs: To reduce the cost of each sensor node, the management system should have  
    the fewest resources possible. 
 7. Power Consumption: Since most sensor devices are battery-operated, the management program  
     must be able to function on the sensor nodes without consuming an excessive amount of  
     energy[22]. 
3.  Importance of Data Aggregation Techniques 
Data collection is a process in which there is regular gathering of information from various sensors and then 
transmitting it to the base station for analysis. Not all sensors are enabled with the capability to send data to the 
base station directly or efficiently due to the energy limitation of every sensing node. This is explained due to 
redundancy caused by the large data overlap in the systems of nearby sensors . In addition, the base station does 
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not have the capability to handle such a large amount of data generated by a wider diversity of sensors . Such 
networks can save energy and bandwidth by integrating in-network data and providing meaningful information 
either at sensors or at intermediary nodes, thus reducing the number of packet transfers to the base station. In-
network data aggregation techniques that typically include the process of data integration from multiple 
sensors[23]. 
 
Besides, the energy- and bandwidth-consuming separate data transfer of each node reduces the lifetime of the 
sensor network. The algorithms for data aggregation have been developed to bypass this problem. Data 
aggregation aims at reducing network traffic and canceling the unnecessary data transfer with a view to increase 
energy and longevity while minimizing data overlap [24]. 
 
 
The benefits of merging data include:  
 Maintaining energy and reducing traffic load through data aggregation;  
 this improves network resilience and reduces redundancy. 
 One of the best features of a smart data aggregation method is its ability to reduce node energy 
consumption while maintaining network lifetime.  
Notwithstanding these benefits, data aggregation also results in an increase in packet transmission latency 
within the network [25]. 
3.1  Classification of data aggregation protocols and approaches 
Data aggregation protocols define the rules of (a) combining sensed data through aggregation functions, (b) 
managing the transmission of data and control messages, and (c) routing aggregated data toward the base station 
or internet cloud. The ultimate objectives of these protocols are the minimization of redundant data 
transmissions, accuracy of data during aggregation, and prolonging the lifetime of WSN/IOT systems. To 
support these different applications and operation scenarios, we classify data aggregation protocols, with respect 
to: (a) the structure of WSN/IOT network; (b) the interference and fault-tolerance models employed; (c) the 
security and privacy concerns; and (d) the mobility. In Figure 5 a classification of some data aggregation 
protocols according to the described criteria is shown.[26]. 

 
 

Figure 5: A taxonomy of data aggregation protocols. 
 
4. Clustering Protocols for Energy Reduction 
Some of the objectives of clustering include data aggregation, fault tolerance, scalability, and energy efficiency. 
Clustering improves energy efficiency through the selection of energy-efficient nodes as CHs, which gather, 
compile, and transmit the data from other nodes. The re-clustering could achieve the goal of fault tolerance if 
the CH energy goes below the threshold value. Any node that outperforms on many factors can be selected as 
a CH. When the network forms clusters of equal size, the CHs close to the BS will run out of energy faster. In 
order to keep load balance and reduce the burden of the nodes closer to the base station, unequal clustering is 
formed. It is possible to do the clustering in both homogeneous and heterogeneous networks. When different 
amounts of resources are given to all the nodes in a network, it is called heterogeneous; in a homogeneous 
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network, every sensor node gets the same amount of resources. Heterogeneity can increase the lifetime of the 
network and enhance reliability but the cost of implementation is higher as well. 
Another important aspect is the optimum percentage of heterogeneous nodes to be added in the network. A 
heterogeneous node can have more network resources compared to conventional nodes in aspects such as 
energy, memory, link range, connection capacity, and so on. But there should be fewer such nodes to keep the 
cost factor in consideration. Energy heterogeneity in heterogeneous networks is addressed using a clustering 
technique in this work[27]. 
Clustering offers scalability benefits as the sensor network grows .Moreover, it offers reliability by exploiting 
the locally adapted solutions. The time to sleep and wake up is scheduled based on clustering techniques that 
minimize power consumption. In this regard, all sensors are not needed because most of the applications upon 
WSN use energy at night. As a result, it means that there is a bound on the number of sensor nodes allowed to 
sleep to save energy. Different academics have proposed many clustering techniques[28]. 
 
4.1 Comparison of Clustering Protocols in heterogeneous WSNs 
 
This comparison is focused on the effectiveness of the different clustering protocols in WSNs, with an 
emphasis on the heterogeneity of sensor nodes in terms of capabilities and characteristics , Table 1 refer to 
some previews work whishes compared based on (Network Type  , Nodes , Aggregation , Algorithm 
,Application , Remarks ). The different protocols were analyzed using a set of metrics that assessed their 
performance about how each protocol addressed opportunities and challenges of heterogeneous environments, 
shown in table 2. 
 

Table 1. Comparison of related techniques 

R
eference 

 

F
ocus 

 

N
etw

ork T
ype 

 

N
odes 

 

A
ggregation 

 

A
lgorithm

 
 

A
pplication 

 

R
em

arks 
 

[1] 

Improve SEP 
for 
heterogeneou
s WSNs 

Heterogeneou
s 

Not 
specifie
d 

Not 
specified 

SEP with 
threshold Not specified 

Focuses on 
energy 
efficiency 

[2]  

Reviews data 
aggregation 
techniques 

General 
WSNs 

Not 
specifie
d 

Data 
aggregatio
n methods 

Reviews 
various 
techniques Not specified 

Not directly 
comparable 
to 
HHSEECP 

[3]  

Reviews 
secure data 
aggregation 
techniques 

General 
WSNs 

Not 
specifie
d 

Secure 
data 
aggregatio
n 

Reviews 
various 
techniques Not specified 

Not directly 
comparable 
to 
HHSEECP 

[4]  

Discusses 
WSN 
challenges 
and 
possibilities 

General 
WSNs 

Sensor 
nodes 

Not 
specified 

Not 
specified Various 

Provides 
context for 
WSN 
research 
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[5]  
Surveys 
WSNs 

General 
WSNs 

Sensor 
nodes 

Not 
specified 

Not 
specified Various 

Provides 
context for 
WSN 
research 

[6]  

Reviews 
energy-
efficient 
routing for 
heterogeneou
s WSNs 

Heterogeneou
s 

Not 
specifie
d 

Not 
specified 

Routing 
protocols Not specified 

Similar focus 
on energy 
efficiency 

[7] 

Routing 
method for 
heterogeneou
s WSNs 

Heterogeneou
s 

Not 
specifie
d 

Not 
specified 

Routing 
protocol Not specified 

Similar focus 
on routing in 
heterogeneou
s WSNs 

[8]  

Data 
aggregation 
method for 
WSNs 

General 
WSNs 

Not 
specifie
d 

Data 
aggregatio
n approach 

Perceptuall
y important 
points-
based Not specified 

Not directly 
comparable 
to 
HHSEECP 

[9]  

Data 
aggregation 
approach for 
WSNs 

General 
WSNs 

Not 
specifie
d 

Data 
aggregatio
n approach 

Open pits 
mining-
based Not specified 

Not directly 
comparable 
to 
HHSEECP 

[10
]  

Reviews data 
aggregation 
algorithms 

General 
WSNs 

Not 
specifie
d 

Data 
aggregatio
n 
algorithms 

Reviews 
various 
techniques Not specified 

Not directly 
comparable 
to 
HHSEECP 

[11
]  

Clustering 
protocol for 
heterogeneou
s WSNs 

Heterogeneou
s 

Not 
specifie
d 

Not 
specified 

Clustering 
protocol 

Heterogeneou
s load 
balancing Not specified 

[12
]  

Evaluates 
DEEC-based 
routing 
protocol 

General 
WSNs 

Not 
specifie
d 

Not 
specified 

DEEC with 
enhanced 
threshold Not specified 

Compares to 
DEEC, a 
base for 
HHSEECP 

[13
]  

Compares 
WSN 
clustering 
algorithms 

General 
WSNs 

Not 
specifie
d 

Not 
specified 

Clustering 
algorithms 

Comparison 
of various 
approaches Not specified 

[14
]  

Analyzes 
energy 
efficiency of 
clustering 
protocols 

General 
WSNs 

Not 
specifie
d 

Not 
specified 

Clustering 
protocols 

Energy 
efficiency 
analysis Not specified 

[15
]  

Compares 
DEEC 
protocol 

General 
WSNs 

Not 
specifie
d 

Not 
specified 

DEEC 
protocol 

New version 
for extended 
lifetime Not specified 
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versions 

[16
]  

Reviews 
LEACH 
protocol 

General 
WSNs 

Not 
specifie
d 

Not 
specified 

LEACH 
protocol Review Not specified 

[17
]  

Clustering 
algorithm for 
heterogeneou
s WSNs with 
solar energy 

Heterogeneou
s 

Solar-
powere
d nodes 

Not 
specified 

Clustering 
algorithm 

Solar energy-
aware Not specified 

[18
] 

Clustering 
scheme for 
energy-
harvesting 
WSNs General 

Solar-
powere
d nodes 

Not 
specified 

Clustering 
algorithm 

Solar energy-
aware Not specified 

  
 
 
Energy Efficiency: Energy is one of the critical issues in WSNs, and this heterogeneity becomes graver since 
nodes in a practical environment may possess different power capacities. This comparison assesses how each 
protocol maintains energy resources to prolong network operation. 
 
Scalability: Scalability of the clustering protocols is of great essence in accommodating the dynamic nature of 
WSNs, especially for heterogeneous deployments, where the number or type of nodes might change from one 
node to the other. Scalable protocols can easily handle network expansion without performance degradation. 
 
Network Lifetime: Network lifetime is considered the most important factor in heterogeneous WSNs, and it has 
to be extended to enable it to continue collecting and transmitting data for a longer period of time. In this respect, 
the survivability aspect of a protocol with its effectiveness in the management of energy and network resources 
is considered. 
 
Security: With the advent of numerous IoT devices, one should ensure data security and privacy. This paper 
performs a comparison keeping in view the security features each clustering protocol has implemented to protect 
sensitive information against any kind of potential cyber threat. 
 
Complexity: Clustering protocols' complexities affect the feasibility of realization versus resources utilized. 
While complex protocols may provide advanced functionalities, large computational resources are taken up, 
and vice versa-their simpler counterparts focus on efficiency and conservation of resources. 
 
Heterogeneity Adaptability: Heterogeneous WSNs consist of nodes of different capabilities and may be 
designed for different sensing modalities or communication protocols. This adaptiveness of each protocol 
against such heterogeneity should be gauged to make sure it can integrate and cooperate seamlessly in a diverse 
range of environments. 
 
Efficiency of data aggregation: Data aggregation is considered one of the important roles in both avoiding 
redundant transmissions and saving energy in WSNs. This aspect investigates how each protocol will aggregate 
and process the sensor data efficiently with minimal latency and overhead. 
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Table 2. Comparison of Clustering Protocols 

Metrics SEP TSEP 
Z-
SEP 

DEEC HNS PHC TEEN EBCS LEACH 

Energy 
Efficiency 

High High High High Moderate High Moderate High Moderate 

Scalability High High High High High High High High Moderate 
Network 
Lifetime 

High High High High High High High High Moderate 

Security Moderate High High High High High High High Low 
Complexity Moderate High High High High High High High Low 
Heterogeneity High High High High High High High High Moderate 
Data 
Aggregation 

High High High High High High High High Moderate 

In WSN, various clustering protocols are proposed with the essential objective of improving network efficiency, 
maximizing node lifetime, and maintaining energy balance across the network. It finds its application in 
protocols like LEACH (Low-Energy Adaptive Clustering Hierarchy), PEGASIS (Power-Efficient gathering in 
Sensor Information System), and DEEC (Distributed Energy-Efficient Clustering), which have various methods 
of selecting cluster heads, aggregating data, and dealing with energy, one of them following :-  
3.1. SEP 
First to stretch the lifetime of a network comes Stable Election Protocol-SEP. It considers the possibility and its 
effects of energy heterogeneity; that is, the sensor nodes of the network use different amounts of energy at 
different instants of time. This may be due to their orientation w.r.t the base station: 
• The level of the data gathered in a CH depends on the scale of each cluster. 
• Some nodes face malfunction while in transfer due to the location of deployment. 
• The network may acquire another set of extra nodes with which to give life anew. 
• Renewable energy sources like solar, wind, and other energy sources may be used to power the nodes. 
It can be seen that all the foregoing techniques have the potentials to create an energy heterogeneity. The 
outcome of all this work is the SEP protocol that uses weighted election probabilities of each node for becoming 
CH based on its remaining energy. The network lifetime of WSNs with the SEP protocol instead of LEACH 
protocol enhances considerably[28]. 
4.1.1. TSEP 
The Threshold Sensitive Stable Election Protocol, or TSEP, is another hybrid protocol that incorporates the SEP 
and TEEN protocols. The protocol can be used as an example of a reactive network protocol, which, upon any 
changes within the data it detects, immediately acts to those changes. The TSEP can be used in heterogeneous 
networks for the benefit of these. The TSEP method consists of two phases. The first step is the division of 
people into advance, intermediate, and normal categories. Their initial energies are highest, moderated, and 
lowest, respectively. Eo for normal nodes, Eadv = Eo for advance nodes. 1+α), and Eint= Eo for the intermediate 
nodes. 1+μ), where μ is the extra energy factor μ = α/2 between the intermediate and normal nodes[29]. 
 
 
4.1.2 Z-SEP 
The base of the Z-SEP protocol is zone partitioning. The network contains more than one zone; for example, 
zone 0, zone 1, and zone 2. The standard node exists in network zone 0 while the advance nodes exist in zones 
1 and 2. The nodes that are not participating in the clustering process send data directly to the base station. 
It uses Zone 1 and 2 to select cluster heads. This protocol enhanced the stability period of the network and 
reduced the time period of instability introduced by direct transmission, but the power in conventional nodes 
gets exhausted in a very short span of time, which leaves a large area of coverage unexplored. The power in 
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conventional nodes dissipates in a very short span of time by making use of a wide area of coverage[30]. 
4.1.3 DEEC 
The DEEC protocol uses a heterogeneous routing technique to determine cluster leaders by dividing the average 
energy of the network by the residual energy of each sensor node. DEEC's two-level nodes are similar to SEP's 
in terms of node kind. The primary issue with this strategy is that when advanced nodes' energy levels fall to 
those of a regular node, they typically experience unfavorable outcomes. Thus, the goal of our research is to 
improve this tactic. ALBIRI  developed an energy-efficient heterogeneous network technique based on the 
DEEC protocol. The DDEEC protocol solves a fundamental issue with the DEEC methodology, which penalizes 
sophisticated nodes. Nevertheless, when deciding which option was best, the algorithm ignored the distance 
between each node and the base station[31]. 
 
4.1.3  LEACH 
 
LEACH was the first hierarchical routing system primarily designed for sensor networks. This adaptive 
clustering technology performs an even distribution of the energy load among the sensor nodes of a network by 
means of randomized cluster head rotation. This type of stochastic process has in common the characteristic of 
self-organizing, hence highly flexible. The layout used by the LEACH protocol is one-hop. Regular cluster 
nodes and a cluster header form every WSN cluster. 
The protocol randomly chooses the cluster head, which operates with the sensor nodes when monitoring the 
balance of power in the network. This approach divides the operation of LEACH into multiround, whereby at 
every round, there is the Setup and Steady phase; the cluster head, directly linked to the monitoring station, 
switches off as many nodes as possible to ensures energy conservation. 
 
Following are the major disadvantages of LEACH: 
• Inappropriate cluster head selection: As the LEACH algorithm does not consider each node's initial energy, 
all nodes have equal opportunities to be a cluster head. Choosing a low-energy node will cause it to malfunction 
quickly, which impairs the performance of the whole network. 
It selects cluster heads randomly using the unproven procedure, hence the cluster head distribution in the 
network is not proper; therefore, resulting in an unbalanced network load. Therefore, it is a serious matter. Also, 
it ignores the distance between the cluster head and the main station while the process of creation of clusters is 
concerned, thus threatening the optimization of energy within the network. 
Some other roles of the cluster head node will be that it will collect data from different ordinary nodes and, with 
a single hop, will send them to the monitoring station. Everybody knows that its energy gets drained out sooner 
compared to the rest of the nodes. The entire cluster will be finished in case the cluster leader dies. 
It is incompatible with long running applications; the latency makes it impossible to connect it to a large-scale 
sensor network. As we mentioned earlier, routine updates to the monitoring station could be sent either in the 
form of information about an event or a question or both. LEACH technique is suitable for those conditions . 
Vary in size from cluster to cluster: since some clusters took place by chance, most probably some of them have 
a high concentration of sensing nodes and others have a low concentration.[32]. 
 
4.1.4  PHC 
PHC is such a clustered routing technique proposed for data aggregation in heterogeneous WSN to enhance the 
life and efficiency of such networks. 
The PHC technique is based upon the method of forming clusters among sensor nodes; each cluster will have 
one Cluster Head that performs data aggregation responsibility, along with transmission[33-35]. 
The CH selection is optimized using techniques such as Genetic Algorithm (GA) and Prairie Dog Optimization 
(PDO) to balance energy consumption and network lifetime [35, 36]. 
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It follows therefore that PHC is also concerned with mechanisms and protocols for data aggregation and routing 
capabilities securely, even using Micro-segmentation, Batch Authentication, and Elliptic Curve Cryptography 
(ECC), so as to contribute to energy efficiency and safety for general data [34, 37, 38]. 
The PHC technique has been shown to outperform existing routing protocols in terms of network lifetime, 
energy consumption, throughput, and security [33-38].  
 
4.1.5  ES-NMPBFO 
The algorithm is designed to alleviate high computing by: 
the complexity of the standard bacterial foraging optimization (BFO) algorithm by introducing periodic BFO. 
Further, two learning strategies, the global best individual (gbest),the personal best of each candidate solution 
and personal historical best individual, are used in the chemotaxis operation. This is done in order to enhance 
the convergence speed and drive the bacteria towards the optimum position .Two elimination-dispersal 
operations are also proposed to avoid falling into local Optima and improve the diversity of solutions. The 
proposed algorithm is compared to Compared with five other algorithms on six validity indexes on two 
clustering cases of data, nine general benchmark datasets, and four credit risk assessment datasets .The 
experimental results show that the proposed algorithm significantly outperforms the other rival approaches[39].  
4.1.6 EBCS 
EBCS is an entropy information theory-based clustering routing technique in heterogeneous WSN. EBCS 
categorizes the network into three layers: one for data transmission, another for cluster formation, and the last 
layer for cluster head selection. More precisely, EBCS considers a set of variables such as the distance of the 
node from the gateway device, its residual energy, and node density distribution in the monitoring field to select 
nodes operating as cluster heads with the help of certain entropy schemes. 
The experiment results show that EBCS outperforms LEACH on the grounds of throughput and network 
lifetime. As shown by Hau, the intelligent agents can facilitate the AODV routing protocol for energy efficiency. 
Tan et al. suggested a clustering-based sector tree routing protocol for energy efficiency. According to this 
protocol the MST that links them provides the facility of communication to the nodes in a cluster. GAMAL et 
al.They proposed the technique for the combination of K-means clustering hierarchy with hybrid particle swarm 
optimization for creating clusters to enhance the lifetime of WSNs. This method has used K-means clustering 
hierarchy, where the fuzzy logic theory selects CHNs based on two parameters mentioned above: the level of 
residual energy and the distance between CHNs and BS. The scientists combined the technique of K-means 
clustering with the technique of particle swarm optimization in order to create clusters. Khatrinagbaf  proposed 
the best ant colony algorithm for maintenance[40]. 
4.1.7 TEEN 
TEEN It proposes threshold-based communication techniques to avoid useless transmission in energy-limited 
networks. The different threshold settings of TEEN can be selected by the sink node. It allows communication 
only between those nodes that can measure the variation in the wireless network atmosphere. When no variation 
is detected consecutively for numerous rounds, the majority of alive nodes are considered dead by it[41]. 
 
It is unique in having two different thresholds for the amount of data that TEEN collects, namely Hard Threshold 
and Soft Threshold.Once it reaches HT, the cluster node is allowed to send data to the nearby station. ST 
indicates that sensor node will continue to gather data until it reaches or exceeds this threshold. Hence, additional 
threshold values were set for this protocol. Additional parameters are also set for the case of heterogeneous 
sensor network[42]. 
 
It proposes TEEN protocol, a clustering technique that aims to point out abrupt changes in sensing attributes 
such as temperature. While the nodes periodically sense their environment, they consume lower energy than 
that proactive networks since data transmission is highly controlled and less frequent owing to two thresholds. 
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Data are transmitted only when required; hence, much less energy can be consumed. APTEEN: Adaptive 
Threshold sensitive Energy Efficient sensor Network technology: is an extension to TEEN that is also a hybrid 
protocol approach but adjusts the threshold values within TEEN based on the changing nature with respect to 
the application and user interest. APTEEN has a query diffusion system supporting three types of queries: 
historical, on-time, and persistent queries[43]. 
 
5. Discussion 
This survey paper deals with the use of Google Scholar for searching many keywords related to data aggregation 
on a heterogeneous network based on different capabilities, processing, and energy in order to detect new papers, 
conferences, and articles in the same field. 
Article It is worth mentioning doesn't contains comments, book surveys ,reports, monitoring editorial, and the 
non-English languages materials that are written in this field environment. This examines area purposes, take 
place, preferences, and impediments of data  conglomeration instruments on networks. based on that, the open 
polices  and future patterns through the information conglomeration components on networks are explored. 
These protocols for clustering have emerged as one of the powerful techniques in the management of energy 
consumption in WSN, though there are areas for improvement along with exciting possibilities for the future. 
It is limited by the focus on explicit metrics . Although network lifetime and/or energy efficiency have 
significant importance, most protocols aim at this without considering other critical issues such as data accuracy, 
latency, or security. Furthermore, with most of the protocols, it has been assumed that deployment of nodes 
would be static. Real applications, however, include mobile nodes, which implicitly require dynamic cluster 
and CH selections. Moreover, the efficacy of applying some protocols decreases due to large-scale deployment 
because of increased control overhead and complex cluster management. Finally, heuristic optimization 
techniques have their own set of challenges that are usually in conflict with each other regarding computational 
cost. A balance between attaining desired objectives and reducing computational burden presents a dilemma. 
6. Future Directions  
The future development of WSN clustering protocols lies in multi-objective optimizations. This means protocols 
should be able to design various factors optimally all at once, such as network lifetime, energy consumption, 
data accuracy, latency, and security. Besides, the protocols must adapt to dynamic topologies owing to mobile 
sensor nodes. 
This calls for effective cluster reconfiguration mechanism and techniques for CH selection. Scalability and 
distributing clustering is also an important feature in dealing with deployments on a large scale. This may 
involve techniques in the formation of distributed clusters and hierarchical clustering structures. Finally, 
heuristic optimization coupled with machine learning methods might drive much better performance both in 
cluster formation and CH selection. This will enhance the adaptiveness , thereby rendering WSN clustering 
protocols more robust. 
  
6. Conclusion 
In summary, improving network performance and extending network lifetime requires the use of clustering 
protocols to reduce energy consumption in heterogeneous wireless sensor networks (HWSNs). To address 
energy consumption issues in HWSNs, several algorithms and protocols have been proposed.  
Longer choice Set head is an essential factor to improve HWSN performance because it has a significant impact 
on data collection efficiency and network lifetime. 
To address these limitations, can proposed a new approach based on  the Hierarchical Ultra Energy Clustering 
Protocol . This approach includes features of established protocols such as SEP, TSEP and DEEC. The 
techniques integrates super nodes or super ultra-node  to improve the network hierarchy and adjust the selection 
of cluster heads based on energies remaining to improve energy consumption . 
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The development process involved modifying the existing protocols or hybridization to create novel algorithm 
to introduce adaptation of cluster head election mechanism. This resulted in a foundational script for this 
mechanism , which can be further refined and tested in specific simulation environments. 
These findings suggest that significant gains in energy efficiency and network stability for HWSNs can be 
achieved by means of creative algorithm development and optimization techniques. In order to protect networks 
from security threats, future research should give special attention to how mobile nodes affect cluster head 
selection mechanisms and how to integrate security measures.  
To further improve the performance of heterogeneous wireless sensor networks, clustering algorithms for 
isomorphic sensor networks with energy replenishment and energy consumption optimization must be 
developed. 
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