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I. INTRODUCTION 
 

Wireless Sensor Networks (WSNs) represent a 

transformative technology in the realm of 

distributed sensing and data collection. These 

networks consist of spatially distributed 

autonomous sensors that monitor physical or 

environmental conditions, such as temperature, 

humidity, pressure, motion, or pollutants, and 

cooperatively pass their data through the network 

to a central location or sink [1]. Sensor Nodes: The 

fundamental units of a WSN, each sensor node 

typically comprises a sensing unit, a processing unit, 

a communication unit, and a power unit. These 

nodes are responsible for sensing data, processing 

it locally, and transmitting it to other nodes or a  

 

base station[2]. Base Station (Sink): This is the 

central node in the network where data from 

various sensor nodes is aggregated, processed, and 

possibly forwarded to external systems for further 

analysis. Communication Protocols: These protocols 

define how sensor nodes communicate with each 

other and with the base station. They are crucial for 

managing data transmission, energy consumption, 

and network scalability[3]. WSNs have a broad 

spectrum of applications across various domains: 

Used for tracking environmental conditions such as 

temperature, humidity, and air quality, WSNs can 

monitor ecosystems, agricultural fields, and weather 

patterns, in medical applications, WSNs enable 

remote monitoring of patient vital signs, chronic 

disease management, and assisted living., WSNs 
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enhance automation and monitoring of industrial 

processes, machinery health, and supply chain 

management.  

 

Deployed in defense applications, WSNs are used 

for battlefield surveillance, target tracking, and 

intrusion detection. WSNs contribute to urban 

management by monitoring traffic, pollution levels, 

energy usage, and infrastructure health. Despite 

their versatility, WSNs face several challenges that 

need to be addressed to optimize their 

performance and sustainability: Sensor nodes 

typically rely on battery power, making energy 

consumption a critical issue. Efficient power 

management strategies are essential to prolong the 

network’s operational lifetime.  

 

WSNs must support the addition of numerous 

sensor nodes without significant degradation in 

performance. Ensuring consistent and accurate data 

transmission in the presence of environmental 

interferences, node failures, and varying network 

conditions is vital. Protecting the network from 

malicious attacks, ensuring data integrity, and 

maintaining user privacy are significant concerns.  

 

Minimizing the cost of deployment and 

maintenance while maximizing the network’s utility 

is an ongoing challenge. To address some of these 

challenges, particularly energy efficiency, region-

based protocols have been developed. These 

protocols optimize energy consumption by 

organizing the network into distinct regions or 

clusters, each managed independently. By doing so, 

they reduce redundant data transmissions and 

balance the energy load among sensor nodes, thus 

extending the overall network lifetime. 

 

II. RESEARCH BACKGROUND 
 

A variety of projects have been finished recently. 

The SSE route routing system was developed by 

authors in [4] as a flexible, dependable, and 

sustainable routing strategy for WSN-IoT. To 

transfer the data packets from the sender to the 

recipient, it takes the least traveled path. The 

Advanced Zone-Stable Election Protocol (AZ-SEP), 

proposed by Rana et al.[5], considers the features of 

different WSNs in IoT contexts. The authors created 

AZ-SEP and compared it to the industry-standard 

LEACH routing protocol. The (OSR), which offers 

WSNs a dependable and adaptable downward 

routing mechanism, was first presented by[6]. The 

authors presented an analytical model and 

evaluated OSR's effectiveness using real-world 

testbed tests and simulations. The CH, which 

employs the LTE-M protocol, and the intra cluster, 

which implements the low power wide area network 

(LPWAN) self-networking algorithm in the WSN, 

were covered by Zhao et al. [7].  

 

The traditional K-mean approach is used to study 

the number of cluster heads and the optimal scale 

within each cluster. Furthermore, an asynchronous 

dynamic cluster head selection and clustering 

technique are shown, based on an improved K-

means technique. In the framework of 5G, C. 

Jothikumar et al. [8] proposed a system that 

maximizes energy efficiency and network longevity 

through improved cluster-based routing while 

employing a hierarchical routing technique for IoT 

applications. Unless three-fourths of the nodes are 

dead, the clustering phase begins before the 

chaining phase for the remainder sending data 

begins. 

 

III. ENERGY EFFICIENT ROUTING 

PROTOCOLS IN WSN 
 

Energy-efficient routing protocols in Wireless 

Sensor Networks (WSNs) are strategies designed to 

optimize the way data is transmitted between 

sensor nodes and the central base station or sink.  

 

The main goal of these protocols is to prolong the 

network's operational lifetime by minimizing the 

energy consumption of each sensor node.  

 

These reduce the power required for data 

transmission and reception, ensure that the 

network can function as long as possible before the 

energy resources of the nodes are depleted, 

prevent certain nodes from depleting their energy 

resources faster than others to avoid network 

partitioning. 
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Table 1: A comparison of energy efficient routing 

protocols in WSN 
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IV. REGION-BASED CLUSTERING 

ROUTING PROTOCOLS FOR WSN 
 

Region-based or zone-based routing protocols for 

Wireless Sensor Networks (WSNs) are designed to 

divide the sensor network into distinct regions or 

zones. Each region typically has a central node, 

known as a cluster head, that coordinates data 

collection and communication within the region.  

 

 
Figure 1: Region Based Routing in WSN[12] 
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This approach can significantly improve energy 

efficiency, scalability, and network 

management[11]. 

 

Table 2: A comparison of Region Based Clustered 

routing protocols in WSN 
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V. GATEWAY-BASED ROUTING 

PROTOCOLS IN (WSNS) 
 

Gateway-based routing protocols in Wireless 

Sensor Networks (WSNs) use a centralized or semi-

centralized approach where data from sensor nodes 

is routed through designated gateway nodes 

before reaching the base station.  

 

This approach can enhance network scalability, 

reduce energy consumption, and simplify network 

management. The gateway is mainly used in Region 

based protocol for efficient relay of data from all 

nodes to BS node. 

 

The GNER ((Gateway-Node-based Efficient 

Routing)) uses gateway nodes to collect data from 

sensor nodes and then transmit it to the base 

station. This reduces the number of direct 

transmissions to the base station, saving energy. 

 

The Virtual Grid Architecture (VGA) divides the 

sensor network into virtual grids, with each grid 

managed by a gateway node.  

 

The gateway nodes handle intra-grid 

communication and relay data to the base station. 

 

The Cluster-Tree Protocol 

This protocol organizes sensor nodes into clusters 

with a hierarchical tree structure. Gateway nodes 

(usually cluster heads) manage data aggregation 

and transmission to the base station. 

 

The Two-Tier Data Dissemination (TTDD) 

TTDD uses a two-tier architecture where sensor 

nodes send data to nearby gateway nodes, which 

then relay it to the base station. It supports both 

continuous and event-driven data reporting. 

 

The Gateway-Based Energy-Aware Multi-hop 

Routing (GEM)  

It elects energy-aware multi-hop paths through 

gateway nodes to route data to the base station. It 

considers both energy efficiency and network 

reliability. 

 

The Hierarchical Power-efficient Adaptive 

Clustering (HPAC) uses a hierarchical structure with 

gateway nodes acting as intermediate aggregation 

points. It focuses on reducing power consumption 

and balancing the load. 

 

The Distributed Gateway Discovery (DGD) allows 

sensor nodes to dynamically discover gateway 

nodes for data transmission. It adapts to network 

topology changes and optimizes communication 

paths. 
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VI. CONCLUSION  
 

Both region-based and gateway-based routing 

protocols significantly contribute to enhancing the 

energy efficiency and scalability of WSNs. Region-

based protocols excel in localized data 

management and load balancing, making them 

suitable for applications requiring fine-grained 

control over network segments. Gateway-based 

protocols, on the other hand, offer streamlined data 

flow and centralized management, ideal for large-
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scale and high-density networks. Selecting the 

appropriate protocol depends on the specific 

requirements of the application, including network 

size, deployment environment, and criticality of 

energy conservation. Continued advancements in 

these protocols will further improve the 

performance and longevity of WSNs, supporting a 

wide range of applications from environmental 

monitoring to industrial automation. 
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