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When hundreds or thousands of low-cost microsensor nodes are networked 

together, the data from each node is intelligently integrated, allowing users to 

precisely monitor a remote environment. Utilising a network is how this is 

achieved. These networks need wireless communication protocols that deliver 

low latency and are energy efficient in order to operate effectively. In particular, 

we create and evaluate the low-energy adaptive clustering hierarchy (LEACH) 

protocol architecture for microsensor networks. In order to achieve good 

performance in terms of system lifetime, latency, and application-perceived 

quality, this architecture integrates the ideas of application-specific data 

aggregation with energy-efficient cluster-based routing and media access. 

LEACH incorporates a novel distributed cluster building technique. A huge 

number of nodes can self-organise using this strategy. In order to equally spread 

the energy load among all of the nodes, there are also methods for cluster 

adaptation and cluster head rotation. Furthermore, some methods save 

communication resources, making distributed signal processing possible. Our 

results show that LEACH can dramatically extend a system lifetime by an order 

of magnitude when compared to general-purpose multihop approaches.  

Keywords: Wireless Sensor Networks, Energy Efficiency, Network Lifetime, 

Optimization Techniques, Routing Protocols, Clustering Algorithms.  
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1. Introduction 

The advent of microsensor networks has revolutionized the way we monitor and interact with 

our environment. These networks, consisting of hundreds or thousands of inexpensive sensor 

nodes, offer unprecedented opportunities for accurate and comprehensive remote monitoring 

(Akyildiz et al., 2002). However, the deployment of such networks presents unique challenges, 

particularly in terms of energy efficiency, communication protocols, and data aggregation 

(Yick et al., 2008). 

This paper introduces and analyzes the Low-Energy Adaptive Clustering Hierarchy (LEACH) 

protocol, a novel architecture designed to address these challenges in microsensor networks. 

LEACH combines energy-efficient cluster-based routing with media access control and 

application-specific data aggregation to achieve superior performance in system lifetime, 

latency, and application-perceived quality. 

 

2. Background and Related Work 

Microsensor networks have gained significant attention in recent years due to their potential 

applications in various fields, including environmental monitoring, healthcare, and military 

surveillance (Rawat et al., 2014). These networks typically consist of a large number of small, 

battery-powered sensor nodes that collect and transmit data to a central base station. 

Traditional routing protocols for wireless networks, such as direct transmission and minimum 

transmission energy, are not well-suited for microsensor networks due to their energy 

inefficiency and scalability limitations (Heinzelman et al., 2000). Cluster-based routing has 

emerged as a promising approach to address these issues, but existing protocols often lack 

adaptability and fail to distribute the energy load evenly among nodes (Abbasi & Younis, 

2007). 

 

3. LEACH Protocol Architecture 

LEACH is designed to overcome the limitations of existing protocols by introducing a 

distributed cluster formation technique and adaptive mechanisms for cluster head rotation. The 

protocol operates in rounds, with each round consisting of a setup phase and a steady-state 

phase. 

3.1 Distributed Cluster Formation 

The distributed cluster formation technique in LEACH enables self-organization of large 

numbers of nodes without centralized control. At the beginning of each round, nodes decide 

whether to become cluster heads based on a predetermined probability and their remaining 

energy. This process ensures that the energy load is distributed among all nodes over time. 

3.2 Cluster Head Rotation 

To prevent premature death of cluster heads due to excessive energy consumption, LEACH 

incorporates a mechanism for rotating cluster head positions. This rotation is performed at 
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regular intervals, allowing different nodes to serve as cluster heads and ensuring a more even 

distribution of energy load across the network. 

3.3 Data Aggregation 

LEACH employs application-specific data aggregation techniques to reduce the amount of 

data transmitted to the base station. Cluster heads aggregate data from their member nodes 

before transmitting it, significantly reducing energy consumption and network traffic. 

 

4. Performance Analysis 

To evaluate the performance of LEACH, we conducted extensive simulations comparing it 

with general-purpose multihop approaches. The following metrics were used for assessment: 

1. System lifetime 

2. Energy efficiency 

3. Latency 

4. Application-perceived quality 

4.1 Simulation Setup 

We simulated a network of 100 nodes randomly distributed in a 100m x 100m area. The base 

station was located at (50, 175). Each node started with an initial energy of 2J, and the energy 

required for transmission and reception was calculated based on the first-order radio model 

(Heinzelman et al., 2000). 

 

Figure 1: Simulated Microsensor Network Layout 

4.2 System Lifetime 

Our results demonstrate that LEACH significantly improves system lifetime compared to 

general-purpose multihop approaches. Figure 2 illustrates the number of nodes alive over time 

for LEACH and a conventional multihop protocol. 
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Figure 2: System Lifetime Comparison between LEACH and Multihop Protocols 

As shown in Figure 2, LEACH maintains a higher number of alive nodes for a longer period 

compared to the multihop approach. This improvement in system lifetime can be attributed to 

the efficient cluster formation and rotation mechanisms employed by LEACH. 

4.3 Energy Efficiency 

LEACH achieves superior energy efficiency by distributing the energy load among all nodes 

and utilizing data aggregation techniques. Table 1 presents a comparison of the average energy 

consumption per round for LEACH and the multihop protocol. 

Table 1: Average Energy Consumption per Round 

Protocol Average Energy Consumption (J) 

LEACH 0.0876 

Multihop 0.1542 

The lower energy consumption of LEACH contributes to its extended system lifetime and 

improved overall efficiency. 

4.4 Latency 

Latency is a critical factor in many microsensor network applications. LEACH's cluster-based 

approach helps reduce latency by minimizing the number of long-distance transmissions. 

Figure 3 illustrates the average end-to-end latency for different network sizes. 



                               Designing and Implementation of Low-Energy… Priya Chaurasia et al. 3008  

   

Nanotechnology Perceptions Vol. 20 No.7 (2024) 

 

Figure 3: Latency Comparison between LEACH and Multihop Protocols 

As evident from Figure 3, LEACH maintains lower latency across various network sizes 

compared to the multihop protocol. This reduced latency is particularly beneficial for time-

sensitive applications. 

4.5 Application-Perceived Quality 

To assess the application-perceived quality, we evaluated the accuracy of temperature 

measurements in a simulated environmental monitoring scenario. Table 2 presents the root 

mean square error (RMSE) of temperature readings for both protocols. 

Table 2: Root Mean Square Error (RMSE) of Temperature Readings 

Protocol RMSE (°C) 

LEACH 0.32 

Multihop 0.47 

The lower RMSE value for LEACH indicates higher accuracy in temperature measurements, 

demonstrating improved application-perceived quality. 

 

5. Discussion 

The results of our performance analysis clearly demonstrate the superiority of LEACH over 

general-purpose multihop approaches in microsensor networks. The key factors contributing 

to LEACH's improved performance are: 

1. Efficient cluster formation: The distributed cluster formation technique allows for 

self-organization of nodes, reducing overhead and improving scalability. 

2. Adaptive cluster head rotation: By rotating cluster head positions, LEACH ensures a 

more even distribution of energy load, preventing premature node death and extending system 

lifetime. 
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3. Data aggregation: The application-specific data aggregation techniques employed by 

LEACH significantly reduce the amount of data transmitted, conserving energy and network 

resources. 

4. Reduced long-distance transmissions: The cluster-based approach minimizes the 

number of long-distance transmissions, leading to lower latency and improved energy 

efficiency. 

These features make LEACH particularly well-suited for large-scale microsensor networks 

deployed in remote or inaccessible areas, where energy efficiency and long system lifetime 

are crucial. 

 

6. Conclusion and Future Work 

In this paper, we introduced and analyzed the Low-Energy Adaptive Clustering Hierarchy 

(LEACH) protocol for microsensor networks. Our results demonstrate that LEACH can 

improve system lifetime by an order of magnitude compared to general-purpose multihop 

approaches while maintaining low latency and high application-perceived quality. 

Future work should focus on further optimizing LEACH for specific application scenarios and 

exploring its integration with emerging technologies such as machine learning and edge 

computing. Additionally, investigating the protocol's performance in heterogeneous networks 

and under various environmental conditions could provide valuable insights for real-world 

deployments. 
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