
Vol 10 Issue 12, Dec 2021 ISSN 2456 – 5083 Page 237 

 
 
 
 
 
 

 
 

ENERGY-EFFICIENT ROUTING PROTOCOLS IN WIRELESS 

SENSOR NETWORKS FOR ENHANCED QOS 

Sumati Behera, Dr. Aprana Sachin Pande 

 

Research Scholar, Sunrise University, Alwar, Rajasthan 

Research Supervisor, Sunrise University, Alwar, Rajasthan 

 

ABSTRACT 

Wireless Sensor Networks (WSNs) play a pivotal role in various applications, including 

environmental monitoring, healthcare, and industrial automation. One of the critical 

challenges in WSNs is the limited energy resources of individual sensors. This paper presents 

a comprehensive analysis of energy-efficient routing protocols designed to enhance Quality 

of Service (QoS) in WSNs. The study focuses on protocols that aim to prolong network 

lifetime, reduce energy consumption, and ensure reliable data delivery. 
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I. INTRODUCTION 

Wireless Sensor Networks (WSNs) have emerged as a transformative technology, 

revolutionizing the way we perceive and interact with the physical world. Comprising tiny, 

autonomous sensors equipped with sensing, processing, and communication capabilities, 

WSNs facilitate the collection of data from diverse environments, ranging from industrial 

settings to environmental ecosystems. These networks hold immense potential for 

applications in fields such as environmental monitoring, healthcare, agriculture, and smart 

cities, among others. However, a critical challenge that hampers the widespread adoption and 

effectiveness of WSNs is the inherent constraint on the energy resources of individual sensor 

nodes. 

The limited energy reservoir of sensor nodes stems from their miniature size, which imposes 

constraints on battery capacity and operational lifespan. Consequently, prolonging the 

network's overall lifetime while maintaining high levels of Quality of Service (QoS) becomes 

a paramount concern. QoS encompasses various aspects, including reliability, latency, 

throughput, and scalability, all of which are essential for ensuring that the network performs 

optimally in its intended application. As such, the development of energy-efficient routing 

protocols within WSNs represents a crucial research frontier aimed at addressing this 

challenge. 

This research endeavor is of paramount significance in the context of modern sensor 

networks, as it directly impacts the feasibility and sustainability of a diverse array of 
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applications. By optimizing the utilization of energy resources, we not only extend the 

operational lifespan of individual sensors but also enhance the overall resilience and 

robustness of the network. This, in turn, translates to increased data fidelity and timeliness, 

enabling more effective decision-making processes based on the information gleaned from 

the sensor data. 

Moreover, in the era of the Internet of Things (IoT), where an ever-growing multitude of 

devices are interconnected, energy efficiency in WSNs gains even greater prominence. The 

seamless integration of WSNs with other components of IoT ecosystems necessitates 

intelligent and energy-aware routing protocols to ensure the seamless flow of information 

while respecting the resource constraints of the individual sensors. 

To address this imperative, this paper embarks on a comprehensive exploration of energy-

efficient routing protocols tailored for WSNs with a primary focus on augmenting QoS 

parameters. Through an in-depth investigation, we aim to provide a critical evaluation of 

various routing strategies, elucidating their strengths, weaknesses, and trade-offs. These 

protocols encompass diverse paradigms, including clustering-based, data-centric, and 

location-based approaches, each tailored to exploit specific characteristics of the sensor 

network environment. 

II. ENERGY-EFFICIENT ROUTING METRICS 

Energy-efficient routing in Wireless Sensor Networks (WSNs) necessitates the establishment 

of robust metrics that serve as benchmarks for evaluating the performance of routing 

protocols. These metrics play a pivotal role in assessing the effectiveness of routing strategies 

in terms of energy consumption, network longevity, and overall Quality of Service (QoS). 

Herein, we elucidate key energy-efficient routing metrics and their significance in evaluating 

the performance of routing protocols within WSNs. 

1. Network Lifetime: 

Network lifetime stands as a cornerstone metric in energy-efficient routing protocols. It 

quantifies the duration for which the WSN can operate before a substantial portion of sensor 

nodes deplete their energy reserves. Prolonging network lifetime is crucial, especially in 

scenarios where manual intervention for node replacement is impractical or infeasible. 

Routing protocols that successfully extend network lifetime are deemed highly effective, as 

they contribute to the sustainability and longevity of the sensor network. 

2. Energy Consumption: 

Energy consumption is arguably the most critical metric in the context of WSNs. It 

encapsulates the amount of energy expended by sensor nodes in transmitting, receiving, and 

processing data packets. Energy-efficient routing protocols strive to minimize this 

consumption to ensure nodes operate optimally over extended periods. By reducing 
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unnecessary energy dissipation, protocols can mitigate premature node failure and 

subsequently prolong the overall network's operational lifespan. 

 

3. Latency: 

Latency, or delay, characterizes the time taken for a data packet to traverse from the source 

node to the destination node. In WSNs, especially those deployed in time-sensitive 

applications like industrial automation or healthcare, minimizing latency is imperative. 

Energy-efficient routing protocols need to strike a balance between conserving energy and 

ensuring timely delivery of data. Achieving low latency guarantees that critical information 

reaches its destination in a timely manner, which is paramount for many real-time 

applications. 

4. Packet Delivery Ratio: 

Packet Delivery Ratio (PDR) quantifies the proportion of data packets successfully delivered 

to their intended destinations relative to the total number of packets transmitted. This metric 

is indicative of the reliability and robustness of a routing protocol. In energy-efficient routing, 

maintaining a high PDR is essential, as it ensures that data sent by sensor nodes is reliably 

received. Protocols that achieve a high PDR are considered proficient in maintaining QoS. 

In conclusion, these energy-efficient routing metrics serve as cornerstones in the evaluation 

of routing protocols within WSNs. They collectively provide a comprehensive framework for 

assessing the performance of protocols in terms of energy conservation, network longevity, 

latency, and reliability. By scrutinizing routing strategies through the lens of these metrics, 

researchers and practitioners can make informed decisions regarding the selection and 

deployment of protocols tailored to specific applications and network configurations. 

III. CLUSTERING-BASED ROUTING PROTOCOLS 

Clustering-based routing protocols represent a prominent category of strategies designed to 

enhance energy efficiency and prolong the operational lifespan of Wireless Sensor Networks 

(WSNs). These protocols organize sensor nodes into clusters, with each cluster having a 

designated cluster head responsible for managing communications within the cluster and with 

the base station. This hierarchical approach introduces a layer of organization that minimizes 

energy consumption and maximizes network scalability. Herein, we delve into the key 

characteristics and advantages of clustering-based routing protocols. 

1. Hierarchical Organization: 

A defining feature of clustering-based protocols is their hierarchical structure. Sensor nodes 

are grouped into clusters, and each cluster selects a cluster head through a predetermined 
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mechanism. The cluster head is tasked with aggregating data from cluster members and 

forwarding it to the base station. This hierarchical arrangement significantly reduces the 

energy expenditure of individual nodes, as cluster heads bear the brunt of the communication 

responsibilities. 

 

2. Efficient Data Aggregation: 

Clustering-based protocols facilitate efficient data aggregation within clusters. By 

consolidating data at the cluster level before transmission to the base station, redundant 

information is minimized. This aggregation process not only conserves energy by reducing 

the number of transmissions but also aids in alleviating network congestion, particularly in 

densely deployed WSNs. 

3. Load Balancing: 

These protocols often incorporate mechanisms for load balancing among cluster heads. This 

ensures that the energy consumption across the network is distributed more evenly, 

preventing premature depletion of specific nodes. Load balancing techniques aim to prolong 

network lifetime by mitigating the risk of overburdening certain clusters, which could lead to 

their early exhaustion. 

4. Dynamic Cluster Formation: 

Many clustering-based protocols employ dynamic cluster formation strategies. This means 

that clusters are reconfigured periodically or in response to changing network conditions. 

Dynamic clustering adapts to variations in node energy levels, traffic patterns, and 

environmental factors. As a result, the network can efficiently allocate resources and adapt to 

dynamic operating conditions, ultimately enhancing overall energy efficiency. 

5. Scalability: 

Clustering-based protocols offer inherent scalability. As the network expands, new clusters 

can be formed, each with its own cluster head. This allows WSNs to accommodate a larger 

number of nodes without compromising energy efficiency. The hierarchical organization 

ensures that the growth of the network is managed in a controlled manner, maintaining 

favorable energy characteristics. clustering-based routing protocols constitute a powerful 

paradigm in the realm of energy-efficient routing for WSNs. Their hierarchical organization, 

efficient data aggregation, load balancing mechanisms, dynamic cluster formation, and 

scalability collectively contribute to extending the operational lifespan of WSNs while 

maintaining desired levels of Quality of Service. By leveraging these advantages, clustering-

based protocols play a crucial role in enabling the sustainable deployment of sensor networks 

in a diverse array of applications. 
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IV. LOCATION-BASED ROUTING PROTOCOLS 

Location-based routing protocols represent a distinctive category of strategies within 

Wireless Sensor Networks (WSNs) that leverage the physical coordinates of sensor nodes for 

efficient data forwarding. These protocols rely on location information to make informed 

decisions about routing paths, aiming to minimize energy consumption and optimize 

transmission routes. Herein, we delve into the key characteristics and advantages of location-

based routing protocols. 

1. Utilization of Geographic Information: 

A defining feature of location-based protocols is their reliance on the spatial coordinates of 

sensor nodes. Each node is equipped with location-awareness, typically obtained through 

GPS or other localization techniques. This geographic information is then used to make 

routing decisions based on proximity, optimizing the path to the destination. By leveraging 

location data, these protocols can achieve more energy-efficient communication compared to 

traditional distance-insensitive methods. 

2. Greedy Forwarding Strategies: 

Location-based protocols often employ greedy forwarding strategies, where nodes choose the 

next hop based on proximity to the destination. This means that nodes aim to forward data 

packets to neighbors that are closer to the target location. This approach minimizes the 

number of hops required to reach the destination, reducing the overall energy expenditure of 

the network. 

3. Energy Efficiency through Shorter Paths: 

By utilizing location information, these protocols enable the establishment of shorter and 

more direct paths between nodes. This translates to lower transmission power requirements 

and reduced energy consumption. Consequently, location-based routing protocols are 

particularly well-suited for scenarios where energy conservation is paramount, such as in 

environments with resource-constrained nodes or when battery replacement is challenging. 

4. Robustness to Network Dynamics: 

Location-based protocols exhibit robustness in the face of dynamic network conditions. As 

nodes move or join/leave the network, the routing decisions are adaptively adjusted based on 

updated location information. This adaptability ensures that the network can efficiently 

respond to changes in topology, maintaining reliable communication pathways. 

5. Support for Geographically Targeted Applications: 

These protocols find extensive applicability in scenarios where data needs to be transmitted 

to specific geographic locations. Environmental monitoring, precision agriculture, and habitat 
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tracking are examples of domains where location-based routing protocols are particularly 

advantageous. By utilizing location information, these protocols ensure that data is delivered 

precisely where it is needed. 

6. Challenges in Localization Accuracy: 

While location-based routing protocols offer significant advantages, they are contingent on 

accurate localization information. Inaccurate location data can lead to suboptimal routing 

decisions and potentially degrade network performance. Therefore, ensuring reliable and 

precise localization techniques is essential for the effectiveness of these protocols. 

V. CONCLUSION 

In this comprehensive exploration of energy-efficient routing protocols within Wireless 

Sensor Networks (WSNs), it is evident that optimizing the utilization of energy resources is 

fundamental to achieving sustainable and effective network operation. Clustering-based 

protocols introduce a hierarchical structure, reducing energy consumption through efficient 

data aggregation and load balancing. Location-based protocols leverage geographic 

information for precise routing, minimizing transmission power and enabling targeted data 

delivery. Each protocol category offers unique advantages, addressing specific application 

requirements. The choice of protocol must be tailored to the particularities of the deployment 

scenario, balancing factors like network size, mobility, and energy constraints. As the Internet 

of Things (IoT) continues to evolve, the insights gleaned from this study will be instrumental 

in shaping the design and implementation of energy-efficient routing protocols, paving the 

way for a more interconnected, intelligent, and sustainable future. By harnessing the potential 

of these protocols, WSNs stand poised to play an increasingly pivotal role in modernizing 

industries, monitoring environments, and improving quality of life across diverse domains. 
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